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4-(2-Piperidyl)-1,3-dioxolanes with Local Anesthetic, Spasmolytic, and
Central Nervous System Activity'
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A series of 2-(2-piperidyl)-1,4-dioxaspiro[4.5]decanes aud 4-(2-piperidyl)-1,3-dioxolanes with alkyl and aryl
substituents was synthesized by the acid-catalyzed condensation of (2-piperidyl)-1,2-ethanediol with ketones

and acetals.

The yields were best when using acetals.

Local anesthetic properties, generally with parallel

papaverine-like activity, were widely distributed through the series and were most prominent when benzyl sub-
stituents were at the 2-position of the dioxolane ring. Several compounds had the unique property of shortening

reaction time in the hot-plate test.

The spectrum of activities of one structure, 2,2-diphenyl-4-(2-piperidyl)-1,3-

dioxolane, led to the separation of its racemates and the resolution of one of them.

Substituted dioxolanes exhibit a variety of effects
which include hypnotic and spinal depressant,? para-
sympathomimetic,® antispasmodic,* central stimulant,?
and central depressant® activities. We have prepared a
group of 4-(2-piperidyl)-1,3-dioxolanes with substitu-
ents at position 2 (V). One of the structures (V, Ry,
R, = phenyl) proved to be particularly interesting
and was additionally substituted on the piperidine
nitrogen with various groups.

The chemistry and those pharmacological properties
most widely distributed in the series are described in
this report. Additional pharmacological findings have
been described elsewhere™® or are to be published.

Chemistry.—The dioxolanes were prepared by the
general method of condensing ketones or acetals with
vicinal glycols in the presence of an acid catalyst.

The acetals, some not previously reported, were
prepared by two methods. Method A, described by
Lorette and Howard,? was used successfully with several

H*
Method A: R'R?*CO + 2ROH 4 CH;C(OCHj): —>
R'R*C(OR): + CH;COCH; + 2CH,CH

aliphatic and mixed ketones (Table I) and with one
aromatic ketone, benzophenone, the methylal of which
was also readily prepared by reaction with dimethyl
sulfite.!® Neither method A nor dimethyl sulfite could

(1) Portions of this work were presented before the Division of Medicinal
Chemistry at the 141st National Meeting of the American Chemical Society,
Washington, D. C., March 1962.

(2) (a) ¥. M. Berger, J. Pharmacol. Exptl. Therap., 96, 213 (1949); (b)
V. Boekelheide, L. Liberman, J. Figueras, C. Krespan, F. C. Pennington,
and D. 8. Tarbell, J. Am. Chem. Soc., T1, 3303 (1949).

(3) (a) E. Fourneau, D. Bovet, F. Bovet, and G. Montezin, Bull. soc.
chim. biol., 26, 516 (1944); (b) J. N. Ambacle, J. Physiol. (London), 110,
145 (1949); (¢) R. Verbecke and G. R. Vlecschhouwer, Arch. Intern.
Pharmacodyn., 81, 1 (1950).

4) (a) F. F. Blicke and F. E. Anderson, J. Am. Chem. Soc., T4, 1733
(1952); (b) F. F. Blicke and I, L. Schumann, ibid., T4, 2613 (1952); (e)
F. F. Blicke and G. R. Toy, 1bid., T7, 31 (1955); (d) F. F. Blicke and H. E.
Millson, Jr., tbid., T7, 32 (1955).

(3) R. M. Jacob and H. M. Joseph, U. 8. Patent 2,916,493 (1959).

(6) (a) B. Weiss and C. G. T. Ewing, 4m. J. Pharm., 181, 307 (1959);
(b) ¥. Melson, Acta Biol. Med. Ger., 6, 395 (1961).

(7) (a) J. Hidalgo, J. Gallin, B. Williams, and C. R. Thompson, Pharma~
cologist, 3, No. 2, 69 (1961): (b) C. R. Thompson, B. Williams, L. G. Hersh-
berger, and J. Hidalgo, ibid., 8, No. 2 (1961); (¢) T. P. Pruss, J. Hidalgo,
and C. R. Thompson, Proceedings of the Western Pharmacological Society.
1963, Vol. 6, p. 40: (d) T. P. Pruss and J. Hidalgo, Federation Proec., 23,
No. 2 (1964).

(8) (a) J. Hidalgo and C. R. Thompson, Proc. Sor. Exptl. Biol. Med., 114,
92 (1963): (b) J. Hidalgo and C. R. Thompson, Arch. Intern. Pharmacodyn.,
153, 105 (1965).

(9) N. B. Lorette and W, L. Howard, J. Org. Chem., 28, 521 (1960).

(10) W. Voss, 4nn. Chem., 485, 283 (1931).

be used successfully to prepare acetals of the substituted
aromatic ketones, 4,4’-dimethoxybenzophenone and
phenyl 2-thienyl ketone. Method B'' was used for
substituted aromatic ketones and 9-fluorenone. These

PCls NaOCH;
Method B: R'R*CO —> R'R2CCl; ——— R'R*C(OCHg),

acetals (Table I) were found to be free of ketones, as
shown by the absence of infrared absorption in the
carbonyl band, except for 5 and 8 which nonetheless
gave satisfactory yields of dioxolanes.

The vicinal glycol was obtained by hydrogenating
(2-pyridyl)-1,2-ethanediol hydrochloride!? (I) in water,
acetic acid, or methanol using platinum oxide catalyst
to give (2-piperidyl)-1,2-ethanediol hydrochloride (II).
Rhodium on carbon was also a suitable catalyst.

Z
@—CHOHCH@H H;-P10, OUCHOHCHon
HCI H

HCL

N
I II

This glycol (IT) has two asymmetric centers (*)
resulting in a mixture of two racemates. A portion of
the higher melting (8) racemate hydrochloride could be
separated from the crude hydrogenation product by
fractional crystallization from 2-propanol, but a more
practical separation, which gave pure samples of each
racemate, was to condense the mixture of glycols with
the methylal of benzophenone (method D). The re-
sulting dioxolane racemates were then separated (see
Experimental Section) and hydrolyzed to give high
recoveries of the glycols.

The compounds in Table IT were prepared either by
condensation of (2-piperidyl)-1,2-ethanediol hydro-
chloride (IT) with ketones (III) (method C) or by con-
densation of the glycol with acetals (IV) (method D).
Method C was reasonably satisfactory for the 2-(2-
piperidyl)-1,4-dioxaspiro[4,5]decanes but was com-
pletely inadequate for the 2-substituted 4-(2-piperidyl)-
1,3-dioxolanes since aromatic and mixed ketones were
quite unreactive with the (2-piperidyl)-1,2-ethanediol
hydrochloride. However, their acetals (IV) reacted
smoothly by method D to give good yields. 2-Propanol
was a good solvent for the condensation and encouraged
the separation of crystalline crude products. A very

(11) W, Schlenk and E. Bergmann, bid., 463, 199 (1928).
(12) F. E. Cislak, U. 8. Patent 2,743,277 (19586).
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A, oc
Conipdl. Yield, L.p. tnmad, Carbon, 'y -~ yvdrogen, ‘-~

na. R! Re s Method o K WO I'neraula Cabml, Tonml Calerl. Fonnd

1 ClIh CéHs Cslls A A7 Tho 1.4517

2 Cells Cells CsHy A a6 80--90 43, 1.4765 sl .22 T6.80 10,23 1011

3 CsllsC1. CsHsC I (il A 44 1471040335 15623 Cly H Oy 8@ T2 84.00° H ) Tous

4 Cslls CeHs Clls A 147 1H7-108¢

B) CHs {CeHs)« (11 Csllz A 437 132--135 () 10620 Co Oy 80 72 80,72 904 788

[ Cslls CeHsCH: Cas A 210 I41-146 {35

Y 4-CHs0C¢Hy 4-CHs;0Cs1ly Csliz B 6991 1.3302

8 2-Thienyl CsHs CH;s B 240k

Y CsHs 4-C1CsHa CHas 1 iRl 1.3667 Ci11i5C100 G8.55 649.03 5.7 DT
10 4-ClCsHy 4-Cl1CsH4 CHa B 55% CrsHiaCLO» G0. 62 60.97 .75 4.HY
11 CrHgt CHs Iy 5L

+ Uncorrected temperature.

was also prepared in 4397 vield using dimethyl sulfite.1
some contamination with ketoue.
aver-all yield, sce method in Experimental Section.
2-thienyl ketone. 7 Anal. Caled.: C1, 13.50.
erystallized fromn benzene, 1t nup. 87-88°,

» Lit. b.p. 62° (1 mm.), n*p 1.4752,
there wus a strong aliphatie C-H band ut 2950 em. ™, although the carbon analysis indicates the presence of ketone.
¢ Corrected temperature, lit. m.p. 107.5°.
o This material was not analyzed foit did react to give a satisfactory vield of dioxolane,
s Reerystallized from 2-prapanot;
Found: CL, 13551,

* The carbonyl band was absent from the infrared speetrm and
4 Thisx methylal
7 The infrared spectrum indicated
“ Two-step
the melting point was depressed by phenyl
FReerystallized from 2-propanol. ¢ Fluoren-9-ylidene,  * Re-

R a~l¥ (25) enantiowmers were prepared from the pure «
Rz/L‘U racemate.  Attempts to resolve the g racemate (21) of
m this compound have not succeeded.

/" method C (-H,0) \
O—‘ CHOHCH,OH

The o racemate 20, its optical enantiomers 24 and 25,
and the g racemate 21 of 2,2-diphenyl-4-(2-piperidyl)-
1.3-dioxolatie were the starting materials for the prepa-
ration of the nitrogen-substituted compounds in Table

N

I){ H (1)><OZ II. The method' of preparing the acyl derivatives
y Hct ROR gave better yields when the amount of acyl chloride

HCl . T o ! .
11 \ was increased from 1 to 2 moles/mole of amine.  Acyl
N\ method D (~2ROH) / (l@l’l\'@il\'@.\f-\\'em 1'(\(111(.'&:(1 'by LiAIH, to give the corre-
R OR sponding N-alkyl derivatives although this procedure
N . . ) . . -
on wax not successful with the benzoyl derivative. N-
v Methyldioxolanes were prepared by catalytie hydro-

slight excess of hydrogen chloride in the reaction mix-
ture would initiate the reactiou, especially when method
D was cmployed. The (2-piperidyl)-1,2-cthanediol
hydrochloride condensed satisfactorily, either as the
a,8 racemate mixture or as oue of the pure racemates.
When a pure racemate of the glycol was used, its race-
mate assignment was also given to the dioxolane prod-
uct.

Because of important pharmacological properties of
some of the mixed racemates, numerous pure racemates
were prepared. @-di-2,2-Diphenyl-4-(2-piperidyl)-1,3-
dioxolane hydrochloride!® (20) was of particular interest.
This was first separated from the g-racemate by frac-
tional crystallization but was later purified on a sub-
stantial scale by the preparation of the pr-tartrate sult.
The o, mixture (method D) was fractionally crystal-
lized from ethanol-methanol which precipitated a por-
tion of the 8 form. This left a mixture enriched to an
extimated 859 of the « form and prevented the copre-
cipitation of the 8 racemate in the subsequent pre-
cipitation step. The 85:15 mixture of hydrochlorides
wus treated with aqueous caustic and the free bases
were treated with prL-tartaric acid in methanol to give
a precipitate of the prL-tartrate salt of the pure « race-
mate. The free base of the « racemate was also re-
colved through b~ and r-tartrate salts. The tartrates
of the d and [ enantiomers were then converted to the
hydrochlorides. Larger quantities of the «-d'* (24) and

(13) Dioxadrol.
(11) Dexoxadrol.

genation in the presence of formaldehyde.

For ull compounds in Table IT, procedures described
1 the Experimental Section for the preparation of
dioxolaties of one racemate are also illustrative of the
preparation of the other racemate of the same strue-
ture.

Pharmacology.—The approximate LDsg; values were
determined by intragastric administration of 29, aque-
ous solutions or suspeusions in gum tragacanth to dose
groups of five fasted mice. Doses were graduated af
0.3 log interval to u limit of 800 mg./kg. Groups of
five mice were employed to determine the time of peak
action aud the 17Dj; against the seizure pattern induced
by a maximal electroshock (MES).?*  Topical local
anesthesian was assayed by the rabbit corneal test.
The conjunctival sac was instilled with 0.25 ml. of 197
test solution.  The disappearance of the blinking reflex
upon pitting and stroking the cornen with a blunt probe
was considered evidence of local anesthesia.  Aetive
compounds were retested in progressive 0.3 log dilu-
tions to provide a comparison of potency with procaine.
In vitro spasmoly=ix against BaCly was determined in a
muscle bath of oxygenated tyrodes solution at 37°
using rabbit ileunn strips. The test compound wus
added to the bath and followed in 1 min. by BaCl..
The musele strip was washed 1 min. later and allowed to
rest 5 min. between tests.  The EDy values of the test

(15 Leveaxadml,

1161 WU B, Weaver aml W, AL Whalex, J. Am. Chene. Sve., 69, 513 {10475
2T R Dowman awl H, 11, Strond, J. Chem. Soc., 1342 (19503,

P18 B AL Swinyaed, J. Ao Phaon, Assoc., Sei. Ihi., 88, 201 (1449,



January 1966

compound and papaverine were determined and the
activity was expressed as their ratio. Analgesic
properties were detected by the hot-plate method!®
after an oral dose of one-fourth of the LD;. At the
time of peak action (determined in the MES test)
groups of ten mice were tested and activity was ex-
pressed as the percentage change from mean pretreat-
nient reaction times.

Results.—Many compounds in this series protected
the mice against electroshock seizures and several were
effective at doses less than one-fourth of the LDi.
The most active compound (18) had a phenyl substitu-
ent at position 2 on the dioxolane and the next most
active compounds were both racemates (28, 29) of a
structure containing the fluoren-9-ylidene group. There
was 1o correlation between the MES and local anes-
thetic activity. None of the compounds protected
the mice against strychnine- or pentylenetetrazole-
induced seizures, but two (18, 24) showed partial pro-
tection vs. strychnine lethality and heterogeneous pro-
tection against pentylenetetrazole-induced seizures.

Many compounds in the series were local anes-
thetics. Least potent were the spirodecanes (Table
IT) in which local anesthetic potency was diminished by
a chloro substituent and augmented by multiple methyl
or phenyl substituents. The 2-substituted dioxolanes
(Table II) were also relatively low in potency when a
single benzene group was present (13, 16, 17, 18, 19),
but the 2,2-diaryldioxolanes were consistently potent.
The highest potency was associated with aralkyl sub-
stituents (15, 31, 32). These compounds were 50-80
times as potent as procaine in terms of minimal effec-
tive concentrations. The local anesthetic potency as-
sociated with the 2,2-diphenyl-4-(2-piperidyl)-1,3-di-
oxolane (21) was not diminished by hydrogenation of
the phenyl groups. Activity remained with the intro-
duction of a new basic nitrogen in the side chain at-
tached to the piperidine nitrogen (51, 52, 53). Con-
verting the piperidine nitrogen to a tertiary amine by
methylation (34, 37) had little effect, but propylation
(43, 44), benzylation (47, 50), N-oxide formation (54,
55), and quaternization (38, 39) of the basic nitrogen
caused a sharp drop in potency.

The spasmolytic activity of these compounds was
papaverine-like. The n vitro activity against BaCls
was considerable and was generally parallel to local
anesthetic potency. Interestingly, the activity against
BaCl, reached its peak in the o racemate (14) of one
structure, but the local anesthetic activity was at its
maximum in the 8 racemate (15) of the same structure.
Although the data are not included in Table II, the
in vitro anticholinergic activity of these compounds was
less than 19 of that of atropine with the notable ex-
ception of 2,2-diphenyl-4-(2-piperidyl)-1,3-dioxolane
which, when N-methylated (34) and quaternized (39),
was about 259 as active as atropine.

The reaction times on the hot plate were unexpected.
A few compounds (12, 13, 29, 31) showed a conventional
increase in reaction time. On the other hand, the «
racemate (20) of 22-diphenyl-4-(2-piperidyl)-1,3-di-
oxolane hydrochloride caused an unusual decrease in
the reaction time, a property also possessed by certain
other a racemates (18, 20, 40, 43, 47). In those race-

(19) N.B. Eddy and D. Leimbach, J. Pharmacol. Ezptl. Therap., 10T, 383
(1953).
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mates where the separate enantiomers were tested, this
property was confined to the a-d isomer, such as 24,
which is under clinical investigation. This decrease in
reaction time was shown by other a-d isomers (35, 48,
57), but not by their corresponding a- enantiomers (36,
49). The racemates which either decreased or in-
creased reaction time also were highly effective in the
maximal electroshock seizure pattern test, although the
latter property was 1ot confined to these racemates
alone.

Experimental Section®

Anhydrous 1- and 2-propauol, l-butanol, 2,2-dimethoxy-
propane, 1,1-dimethoxy-2-phenylethane, hydratropaldehyde, and
the tartaric acids were obtained froni commercial sources. Com-
mercial grade ketones were used except for the substituted cyclo-
hexanones supplied by the Dow Chemical Co. 3,5-Dimethyl-
cvelohexanone was prepared by catalytic hydrogenation of
commercially available 3,5-dimethyleyelohexenone. Dimethoxy-
phenylinethane was prepared from benzaldehyde in acidified
methanol.2?  We are grateful to Dr. F. E. Cislak of Reilly Tar and
Chemical Co. for supplies of (2-pyridyl)-1,2-ethanediol hydro-
chloride.?2

Catalytic hydrogenations were done at 4.2 kg. /cm.? (60 p.s.i.) of
hydrogen in a Parr low-pressure apparatus at room temperature.
In the descriptions of product isolations, solvents were evapo-
rated at 15-20-mm. pressure on the steam bath.

(2-Piperidyl)-1,2-ethanediol Hydrochloride (II).—A solution
of 116 g. (0.66 mole) of (2-pyridyl)-1,2-ethanediol hydrochloride?
in 60 ml. of water, in which was suspended 2 g. of PtO,, was
hydrogenated for a period of 30 hr. or until approximately the
theoretical amount of hydrogen wus absorbed. The filtered
solution was evaporated to a syrup which was diluted with an
equal volume of 2-propanol and re-evaporated. This dilution
and evaporation was repeated twice, leaving a viscous hygroscopic
syrup weighing 120 g.

Anal. Caled. for C;H,;NOq- HCL: C, 46.28; H, 8.88; Cl, 19.52;
N, 7.71. Found: C,46.4; H,88; Cl,194; N, 7.9.

A 19 water solution of this material had a low-intensity broad-
band ultraviolet absorption spectrum, while a 0.0019; water solu-
tion of the aromatic starting material had a stroug peak at 260
mu indicating that the hydrogenation was more than 999 con-
plete. A portion of the syrup, dissolved in saturated aqueous
potassium carbonate solution containing a small amount of potas-
sium hydroxide, was extracted with chloroform. The solvent
was evaporated and the residue was distilled to give the free base
of (2-piperidyl)-1,2-ethanediol (59 recovery), b.p. 120-123° (2
mm.), n¥p 1.5070.

Anal. Caled. for C:H,sNO,: C, 57.90; H, 10.41; N, 9.65.
Found: C,38.2; H,10.1; N, 9.3.

A. a Racemate.—A solution of 305 g. (0.88 mole) of a-dl-2,2-
diphenyl-4-(2-piperidyl)-1,3-dioxolane hydrochloride (20), 3 ml
of concentrated HCL, and 25 ml. of water in 2 1. of methanol was
warmed on a steam bath overnight and evaporated at reduced
pressure, and the residue was washed with ether. The ether
phase was discarded and the residue was dissolved in 150 ml. of
butanol and evaporated, crystals forming in the process. After
recrystallization from a mixture of 250 ml. of ethauol, 50 ml. of
2-propanol, and 50 ml. of ether, 122 g. (76 ) of a-dl-(2-piperidyl)-
1,2-ethanediol hydrochloride was obtained, melting at 101°.

B. 8 Racemate.—By the same process, 450 g. of B-di-2,2-
diphenyl-4-(2-piperidyl)-1,3-dioxolane hydrochloride (21) gave a
909 yield of g-di-(2-piperidyl)-1,2-ethanediol hydrochloride, m.p.
138°, after recrystallization from a miixed solvent of 2 1. of 2-
propanol and 300 ml. of methanol.

(20) Melting points were determined on a Fisher-Johns block and are cor-
rected. Elemental analyses were done by Berkeley Analytical Laboratory,
Berkeley, Calif.. and West Coast Analytical Laboratories, El Cerrito, Calif.
Infrared spectra were recorded on a Baird Model 4-55 spectropliotometer
nsing KBr disks for solids and thin layers between disks for lignids. TUltra-
violet spectra were recorded on a Cary Model 14 ultraviolet spectrophotome-
ter. Optical rotations were observed using a Gaertner Model L-320 polar-
imeter.

(21) R, D. Haworth and A. Lapworth, J. Chem. Soc., 121, 79 (1922).

(22) M.p. 120-122°, Anal. Caled. for C;HyNO:-HCl: C, 47.87: H,
5.74; Cl, 20.19; N, 7.98. Found: C, 47.83; H, 5.67; Cl 19.98: XN,
7.99.
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Connnl. mate Yiebl, eyvaa, ——Carbon, ;-
no. R usedd e Moy, cC. solveni” I'yrmuola Caled, Fomm}

2-(2-Piperidyl)-1,4-dioxaspiro[4.7]decanes  (Method C)

1 }I (,Y,‘d' a4 .Hn‘i .\ C]:;H%N()rilcl -)()G‘-i B
RE Lo w,8 7 210214 A-B CuH4NO»-HCL 60.96 6083
3 6-CHy o, 20 257240 C CiHy:NOy- HCH 60.96 60.62
4 7-CH, o8 S 222-223 A ChHasNOy-HC 60.96 60 .80
h 8-CH; w8 A0 248 C CyHuNO.- HCH 60.9G 60, 65
6 7-CH;, 9-CH, a,f 22 209-210) A CrHe;NOg-HCI 62.15 62, 04
7 6-CoHj; 8 10 214 i C:HsNOy-HCI 62.15 (G1.92
8 6-Cl 3 15 224-225 A-D CiHeCINO.- HC 5271 5247
0 5-C1 « b 229 dec. C (CsHpCINO,- HCI 52.71 52,65
10 s-Cl 3 47 6-197 A ChisHeeCIN O, - HC G271 3.59
S&-C(CHa)s « 23 254254 ¢ CrHaNO;-HCI (34.22 63,04

12 8-CHj, 8-CeHs B 3t 247250 1D CaoHoeN Oy HCL 0826 065.19

2-sSubstituted 4-(2-Piperidyl)-1,3-dioxolanes  (3Alethod D)

R1 I
13 11 CyHCH @3 10 115-163 A CiHaNO, - H i3, 48 (S
CsHCH. CeH:CH. w 64 (5} ¢ C::HaNOL-HCH .67 Ty

15 CeI1;CH. CeH;CHo 3 it 235 C CusHpyNOs HCI 70.67 70.86

16 H CyH, w3 44 211 ¢ CiHiygNO2 - HC 62.33 62.3

17 CHy; CsHa 3 35 231-253 ¢ Ci:Ha NO2- HC 63 .48 63 .88
1R C.H; C¢H, o ad 256 I-A CieHosNO2- HC 64,52 (64.60
Q] CaHs CeH. i3 50 241)-241 E-A CisHagN Oy - HCI 64.52 tid 28
20 CeH, CsH; @ 507 254-256  C CyHopN Oy HCI 69.45 G048
21 CeHs CsH, 8 10 200-301 I CaHyN Oy - HCH 60.45 6913
22 CeH, 4-ClCIH, w,3 14 257254 L CaopHaCINO:- HC 03, th SRR
23 4-CIC¢H, 4-CI1CeH, o8 4 200-205 A Cogly CLNOy- HCH 57,91 AS Lo
24 CeHa CH, ad 72! 252-253 A CupHayNO,- HCH 09 .45 (447
25 CsH, CyH, -l 68 251-254 A CpoHz N0 HCL 69,445 69, 61
26 CeH,4 2-Thienyl o 24 211-213 A CisHa N8 -HCH 61.43 6G1.29
27 CeHs 2-T'hienyl 3 33 276 dec. [E-A CisHaNOS-HCI 61.45 61.13
28 Fluoren-9-ylidene a 48 278 dee. A CuyHaNO2-HCI 69,86 69.82
24 F loren-9-vlidene 8 3 249-250 E-C CoHy NOy- HCL 69 .86 69.71
30 CeHp C'oHi 3 44! 282 ded A CaHaNO,s- HCI 67.10 67.07
31 CH, (CeHDCH 3 34 195-200 C Caul1sNO,-HCL 70.67 70,50
32 CeH, CsH;CH. @ ad 230-2454 LA CoHapNO:-HC TH.08 T0.05
33 1-CH,OCsH, 4+-CH,OCH, 76 272 dec. ); CoHay N Oy HCH 65. 10 64.70
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Comparative pharmacology

Local Bariolytic Hot~
LDsa, anesthesia, activity. plate®
mg./kg. AES® min. eff. in vitro, reaction
—Hydrogen, %— ——Chlorine, 9o ~—-Nitrogen, %— orally EDso, < conen.? rabbit ileum time, % of
Caled. Found Caled. Fonnd Caled. Found in mice mg./ke. (proc. = 2) (papav. = 13 control
9.24 9.05 13.25 13.53 5.35 5.58 759 >75" 1 neg. <0.3 100
9.50 9.38 5.08 5.29 600 150 2 neg. <0.5 100
9.50 9.31 5.08 5.01 600 150 1 <0.2 100
9.50 9.76 12.86 12.82 5.08 5.01 600 >150 1 0.3 100
9.50 9.25 5.08 5.04 600 >150 1 0.5 100
9.74 9.77 12.23 12.13 4.83 4.95 500 >125 0.25 1 100
9.74 9.56 4.83 5.01 800 >200 0.5 0.5 100
7.83 7.6 23.94 23.76 800 200 1 neg. 0.3 100
7.83 7.67 23.94 23.78 600 >150 0.5 neg. 0.5 100
759
7.83 8.09 23.94 24 15 800 200 0.5 neg.’c <0.4 100
1509
10.15 9.44 11.15 11.25 4.41 4.87 600 150 1 1 100
8.59 8.71 10.08 10.32 400 <100 0.25 1 204
7.82 7.67 12.49 12.29 4.94 5.12 300 <80 1 0.3 150
7.55 7.58 3.75 3.73 200 >50 0.1 20 100
259
7.55 7.70 3.75 3.71 200 >50 0.025 2 100
37.5¢
7.47 7.77 5.19 5.40 75 >20 1 0.5 100
7.81 7.98 4.94 4.97 400 >100 1 neg. 1 100
8.12 8.22 4.70 4.76 600 12.5 1 1 69m
82"
8.12 8.16 4.70 4.92 600 <75 1 1 126°
6.99 7.08 10.25 10.06 4.05 4.14 240 60 0.1 2 63°
6.99 6.85 4.05 3.85 600 >100 0.1 1.5 100
6.10 6.50 18.65 18.33 3.68 4.10 400 >100 0.1 3 100
5.35 5.13 3.38 3.19 600 >150 0.25 0.5 100
6.99 6.89 10.25 10.15 340 50 0.1 1 52P
70m
6.99 6.84 10.25 10.41 4.05 4.22 230 75 0.1 1 100
6.30 6.22 9.12¢7 9.547 400 >50 0.5 3 100
<100
6.30 6.14 9.12¢ 9.347 600 >100 0.1 3 100
6.45 6.69 10.31 10.08 300 <40 0.4 1 100
6.45 6.31 10.31 10.25 300 40 0.4 neg. 1 184
10.14 9.52 9.91 9.51 600 >150 0.1 3 100
7.55 7.60 9.48 9.55 400 50 0.025 1.5 131
7.28 7.22 3.89 4.01 600 75 <0.05 1.5 125
6.95 7.09 8.73 8.65 800 >200 0.3 0.7 95
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Tasre 11 (Continucd}
Glyeol®
race~ Re-

Compd. matd Yield, erystn. ~—=Carban, “—-
no R nged % M., 2C, solvent? Formnla Caled. Famnl
N-Substituted 2,2-Diphenyl-4- (Z-plperldy )-1,5-dioxolanes

Ph
R(‘:
R3
34 CH; « 9 267-268 I CoHosNOo- HCL 70.08 69.97
35 CH; a-d 80 287 dee. E CaHosN 0y HCL 70.08 60,83
30 CH; a-l 62 282 dec, I CallsNO, - HCH 70.08 7029
37 CH; 8 49 Lro--177 A CoyHasN O, HC .08 738
38 CH;-CH,I a 45 201-204 C CaaHoINO, 06,78 506.46
39 CH; - CH;I 3 42 227228 E CoaHosING, a6, 78 56.93
40 HOCH.CH, a 21 208-210 G CaoHoNO3- HCI 67.76 67.81
41 CH;3;CH,CO a 82 S6-87 D-G CopHayNO;y TH.38 75.61
42 CH;CH,CO 8 83 PLIT--1EY A CoHaeNOy TH.08 75.28
45 CH;CH,CH, a 03 191192 1) CauHygNO,- HCH 71.20 1,25
44 CH,CH.CH., 3 60 162--164 A-D CuHaeNO:-HCL 71.20 T1.0R
45 CICH,CO a Rt 120-121 H-G CayHpCIN Oy 08,47 68,387
46 CICH.CO B ) 145-146 H CoyHayCINO; 8. 47 (8. 65
47 CsH,CH, « 35 164-166 A-I CaHaNOy- HCH 74.38 74.34
48 CsH;CH., a-d 17 191-194 A CeH2oNO,-HCI T4.38 416
49 CeH;CHa: a-l 19 195-196 A Ca:H,yy,NO,-HCI 74.38 Y183
50 CeH.CH, B8 86 202-205 -1 C:szgNOg +HC1 74.28 7330
51 (C.H;).NCH.CO @ 80 172173 A-1 ClasHy N3 - HCI 68.03 68.47
52 (C.H;)NCH,CO B 51 166--167 A-T CasHyN,O3- HCIL 68.03 68,22
55 (C:H;):NCH.CH, o] 27 160-164 B ClagHyNoOs - 2HCH 64,85 .70
54 CH;, N-oxide 3 39 100 dee. CaHyNO;-HCl 67,10 G7.20
Hd CH;, N-oxide @ 17 113 B CuHpsNQ;y - HCL- CHO7 66. 42 15, 89
56 C H;CH,, N-oxide @ 19° 191 E-B CrHagNO,-HCH 71.75 71.65
57 CH,CHCH, a-d* 28 198-199 A Cy;HsNO:- HCH 71.58  T1.52

* (2-Piperidyl)-1,2-

¢ Rabbit corneal test, see Pharmacology section.
tion. ¢ Intravenons. * Intraperitoneal.

Method A. Propylals.—The preparation of 1,1-dipropoxy-1-
phenylpropane is illustrative of the preparation of propylals.®
Propiophenone (140 g., 1.04 moles), 320 g. of 1-propanol, 107 g.
of 2,2-dimethoxypropane, 200 nil. of hexane, and 0.2 g. of p-
toluenesulfonic aeid mouohydrate were heated in a 2-1. flask fitted
with a dropping funnel and a 28-plate Oldershaw distillation
colunin. Distillate was removed from the column at such a rate
that the overhead temperature was held at 48-49°. The distilla-
tion period was approximately 10 hr. during which 436 ml. of
dixtillate was collected while a total of 280 mil. of hexane was
added i three portions through the dropping funnel. The final
distillate, collected at a very high reflux ratio, boiled at 64°. The
reaction mixture was stabilized by adding 0.2 g. (or sufficient to
produce an alkaline reaction) of sodium methoxide, placed i1 a
low-pressure distillation apparatus with a vacuum-jacketed 25-

ethanediol racemates described in Experimental Section.
methanol; ¥, dimethyl sulfoxide; G, pentane; H, benzene; I, ethyl acetate.
¢ One-fourth LD;, oral in mice, see ref, 19,
¢ 2-(2-Piperidyl)-1,4-dioxaspiro{4.6imdecane hydrochloride prepared using eyeloheptanone.

» A, Z-propanol; B, acetone; C, ethanol; D, ether; I,
» Maximal electroshock seizure in mice, see ref. 1s.
7 Aixed racemates, see Cheniistry sec-

em,  Vigreux column, and stripped of solvents at reduced pressure.
The residue was then distilled, and the portion boiling at 86-02°
(3 mun.) was redistilled to give 131 g. (53%), b.p. 89-90° (2.5-3
. ).

Method B. Methylals and Propylals.—In this method the
acetals were prepared »ia the dichlorides. Dichlorides were
prepared from phenyl 2-thienvl ketone,?® 9-fluorenone,?® and
4-chlorobenzophenone?® according to the literature cited. The
preparation of the dichloride of 4,4'-dichlorobenzophenone is not
iu the literature aud illustrates the method. 4,4’-Dichlorobenzo-
phenone (100 g., 0.4 mole) was heated on a steam bath with 120

(23) (a) W, Minnis, J.
and C. E. Alhertson, thid,, 70, 1954 {1948):
Andrews, tbid.. T4, 6192 (1952).

Ao, Chem. Soe., 81, 2144 (1929): (b) I. . Ray
(c) W. W. Kaeding and 1. J.
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~—Hydrogen, %— ~—=~Chlorine, %—— —=Nitrogen., Yc—
Caled. Found Caled. Found Caled. Found
7.28 7.11 9.85 9.38
7.28 7.46 9.85 9.81
7.28 7.21 3.89 3.91
7.28 7.16 9.85 9.70 3.89 4.01
6.06 5.84 3.01 2.80
6.06 6.06 27.27 27.08 3.01 3.11
7.24 6.88 9.09 8.86
7.45 7.09 3.83 3.93
7.45 7.02 3.83 3.92
7.80 7.79 9.14 9.15
7.80 7.71 3.61 3.52
6.27 6.06 9.19 9.38
6.27 6.21 9.19 9.02
6.94 6.89 8.13 8.21
6.94 6.75 8.13 8.37
6.94 6.94 8.13 8.09
6.94 7.24 8.13 7.99
7.69 7.73 6.10 6.34
7.69 7.64 6.10 6.26
7.95 7.68 5.82 6.19
6.97 7.15 9.43 9.56
7.43 7.48 8.17 8.88 3.23 3.34
6.69 6.73 7.84 7.79
7.31 7.59 9.19 9.12

7 Not recrystallized.
° 75-mg. dose. ? 50-mg. dose.
in the Experimental Section.
Section.

7 Sulfur.

ml. of toluene and 91 g. (0.44 mole) of PCl; for approximately 6
hr., then allowed to stand several davs, and evaporated on the
steam bath at 20-nnu. pressure. The residue was extracted
with benzene, the benzene was evaporated, and the residue was
crystallized from 300 ml. of pentane. Evaporation of the mother
liguid gave a secoud crop. The combined crops, 93 g. (769,),
melted at 51-53°.

The general procedure’ for converting dichlorides to ketals is
illustrated by the preparation of bis(4-chlorophenyl)dimethoxy-
methane. Sodium methoxide was formed by slowly adding 180
ml. of dry iethanol to 14 g. (0.61 g.-atom) of sodium. The
solution was chilled to 0° by an ice bath, and 95 g. (0.31 mole)
of bis(4-chlorophenyl)dichloromethane suspended in 230 ml. of
chilled dry methanol was added at a rate that allowed the stirred
solution to remain below 10°. The mixture was stirred 45 min.

4-(2-P1pERIDYL)-1,3-DIOXOLANES
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Comparative pharmacology

k Low solubility prevented complete testing.
» Crystallized with 1 mole of acetoue.
t {a]p22 +9.0° (¢ 1, methanol), prepared from 24 by the method described for 50 in the Experimental

Local Bariolytic Hot-
LDso. anesthesia, activity, plate?
mg./kg. MES® min. eff, in vitro, reaction
orally EDse. % conen.? rabbit ileum  time, % of
in mice me./kg. (proc. = 2) (papav. = 1) control
400 100 0.125 5 100
25¢
600 125 0.25 2 78
37.5¢
300 >75 0.1 1 100
75h
300 >75 0.25 4 100
759
800 >150 0.25 neg.* 1 100
75%
600 >150 0.25 neg.t <0.5 100
600 >75 0.25 3 78°
<150
>800 >200 Insol. Tusol. 125
3007%
>800 >200 Insol. Insol. 100
3007
400 100 2 4 65
600 >75 2 5 100
<150
800 >200 Insol Tusol. 100
400
800 >200 Insol. Insol. 100
600 >75 0.5 neg <0.3 65
<150
>800 120 0.5 neg.* <0.3 65
>800 200 0.5 neg. 1 100
>800 >200 0.15 neg.* 0.3 100
400
300 >75 0.25 3 100
150 >50 0.1 15 100
12.5¢
150 >37.5 0.1 8 100
107
800 200 2 1eg. <0.3 100
600 150 1 <1 75
600 >150 1 neg. 85
300 75 1 <1 52

! See Experimental Section. ™ 25-mg. dose. »12.5-mg. dose.
¢ Prepared from 47 by the method described for 54

and then allowed to warm to room temperature. After refluxing
2 hr., the hot mixture was filtered and the filtrate was concen-
trated to give two successive crystalline crops which were com-
bined and recrystallized from 2-propanol to give 66 g. (72%) of
product, m.p. 68.5-70°.

Method B was modified for the preparation of bis(4-methoxy-
phenyl)dipropoxymethane. 4,4’-Dimethoxybenzophenone (90 g.,
0.37 mole) was dissolved i1 350 ml. of benzene, and 94 g. (0.74
mole) of oxalyl chloride was added dropwise during a 2-hr. period
of stirring. Following an additional 1 hr. of stirring, the evolu-
tion of gases was completed by 1 hr. of reflux and evaporation of
all volatile material at reduced pressure. The residue was a red
crystalline mass, m.p. 100-105°.2¢ This material was dissolved

(24) H. Staudinger, K. Clar, and E, Czako, Ber., 44, 1645 (1911).
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in 300 ml. of dry benzene and added dropwise aver w 2-hir, period
to u stirred solution of sodium propoxide in 1-propanal at 5°.
The latter solution was prepared by carefully adding 450 ml. of
dry l-propanol to 18 g. (0.78 g.-atom) of sodinm,  After adding
the benzene solution, the reaction mixture slowly warmed to room
temperature and was filtered. The filtrate was concentrited to
an o1l which was distilled without fractionation to give K3 g.
(677 based on the ketone) of product, bup. 1570-172° (L ).

Method C. Dioxolanes.-—Tlie preparatian of 2-(2-piperidyi-
1,4-dioxaspira[4.5]decane hydrochlaride (1) is illustrative of the
procedure used to make the dioxaspirodecanes appearing in Tahle
IT.  Cyelohexanove (43 g., 0.44 male) and 39 g. (0.22 mole) of
the mixed racemates of (2-piperidy1)-1,2-cthanediol hydrachloride
(IT) were dissolved in 150 ml of 2-prapanol and the solution wax
adjusted to about ptl 2 with dry ITCL  After standing at rammn
temperature for 3 days, a ervstalline precipitate was removed by
filtration.®  The filtrate was heated 2 lir. on the stemin bath, and
a second precipitate then developed overnighi.  The cambined
precipitates (36.9 g., m.p. 220-221°% were washed with n =mall
amount of 2-propanal, and veeryvstallized from 2-prapanol to
give 31 g. (54%¢) of produet, m.p. 920-221°,

Method D. Dioxolanes.--——The 2-subxtituted dioxolimes ap-
pearing in Table II were prepared by the reaction of aromatic
ketuls  with  (2-piperidyl)-1,2-ethanediol  hydrochloride.  The
pracedure is lustrated, except for minor variations in reaetion
time and quantities of solvent, by tlie preparation of 2,2-di-
phenyl-4-(2-piperidyl)-1,3-dioxolane hydrachloride.  2-Propanal
(2-1) and 1436 g. (7.9 moles) of the mixed raecemates of (2-piper-
1dy])-1,2-ethanediol hydrachloride were heated and stirred in a
5-1. flask equipped with a thermomeler. When the temperature
reached 80°, 2012 g. (8.8 males) of dimethoxydiphenyimethane
was added, followed by 1 g. of dry HCl in a few milliliters of 2-
propanol. A rapid reaction ensued with evalution of methanal
vapors and the development of a heavy precipitate.  After a few
minutes methanol evolution subsided and the mixture waxs then
heated and stirred for 2 hr, and filtered wann on a snction funnel.
The filter cake was washed successively with 2-1. poartions of sal-
vent, four times with ether and three times with 2-propanol, to give
2042 g. (7577) of crude produet, m.p. 254-255°.2%  The mother
liquor wus cancentrated by ane-thivd and gave a secand crap of
19 g, m.p. 238°,

Racemate  Separation.  2,2-Diphenyl-4-(2-piperidyl)-1,3-
dioxolane Hydrochloride. A. 3 Racemate (21).—A 680-g.
(1.97 males) portion of crude 2,2-diphenyl-4-(2-piperidyl)-1,5-
dioxalane hydrochloride prepared hy method 1) was dissalved in
6.8 1. of absalute ethanol and 2 1. of methanol at reflux, and the
salution wax allowed to stand for 3 days ot 25° when it was de-
canled from approximately 170 g. of arystals, A saturated zolu-
tiom of the erystals (8% w./v.) in hot methanaol gave a H0. weiglt
recavery of pure 8 racemate, nup. 501°.

B. « Racemate (20).--The decanted mother liquor from a
ervstullization of (rude o racemate was evaporated to a dry
powder and 660 g. (1.9 males) was suspended in 800 ml. of 107
aqueans NaOH. The suspeusion wax vigorously stirred with
suecessive portions of 800 and 500 ml, of ether, the solid phase
disappearing during the first equilibration, and the combined
extracts were dried (MgSO:) and evaporated to 586 g. of oil.
The oil was dissolved in 2.2 1. of methanol to which was rapidly
added 177 g. (1.05 males) of vi-tartarie acid monohydrate in 1.3 1
of methanol while stirring. DPrecipitation began innnediately
and the niixture was allowed to stand quietly at room tempera-
ture for 2.4 hr. when it was filtered and the filter cake was washed
four thnes with 250-ml. portions of methanol aud dried to give
5006 g. of pretartrate salt, m.p. 222-228°. This was stirred in 2
mixture of 1.6 1. of 1047 aqueous NaOIl and 2 1 of ether until the
salid had disappeared.  The agnemis phuse was re-extracted with
twa successive H00-ml. portions of ether and the cowbined ex-
{racts were dried (MgS0,).  Evaporation of the ether gave 401 g.
of oil which was dissolved in 1.25 1. of methanol, and 350 ml. of
dry ether containing 48 g, of dry (1 was added rapidly with
<tirring. This solution was quickly diluted with 2.5 1. of dry

(25) Those reaction mixtures which gave rueager precipitates were dilnted
wich echer hefore the work-wqo o facilirate eryvstallization »f the ernile prod-
FELN

(16) Quandtarive infraced analysis no (bis crwle pradove smbBeated (e
the a amwl g racemates were present in 3:2 ratio. The analyiical mneilhod wilt
Le pablished Ly Dr. Dale Rabertsan of Arapaboe Chelnicals. Ine,, Bosleder,
Colo.. and Dr. I1. N. Beniams of Cutter Labnratories.
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cther,  After =tunding 40 min., the precipitaie was filtered,
washed twice with 400-ml. portions of 3:1 dry ether-methanol
and then 50 ml. of dry ether to give 416 g. of the o racemaie, m.p
248--253°.

Resolution of « Racemate (20). A. J Enantiomer (24).
Compound 20 (24.4 g., 0.071 mole) was converted to the [ree
hase by the extraction procedure described in the preceding sec-
iion (B) and the residual oil (21.5 g., 0.069 mnole) was dissolved
i Sl of methanot and stirred while rapidly adding 2 solo-
tim af 5,83 g 10.08390 male) of 1+ -lartarie acid i 80wl of
methanol.  After standing for 2.5 hr., the solution was filtered
and the precipitate wax washed with 30-ml. portions of methanal
leaving 11.4 g. of tartrate salt, m.p, 241-244°, The filtrate was
set axide for pnrification of the I enantivmer. A portion (9 g.,
0.012 maolej of the tartrate =alt was decompaosed by suspension in
40 ml, of 104 aqueons NaOH and extricted into three successive
Al portions of ether.  The combined extracis were dried
(Mg=ROd and evaporated to an ol which was taken up i 225
wl ol methanaol snd acidified 1o ptt 3 with 3.5 7 ethereal HCL
After 2 hr,, the mixtire was filtered and washed three times with
L=l portions of 301 ether-methanol and dried to give 7.0
L7200 nup. 24%-256°, of wxd cnnntiomer, [a]%b +33.9° (e,
methanal i,

B. [ Enantiomer (23).—The altrate retaimed ahbove was
evaporaled to 16.2 g. of residiie which was converted to the free
hase by snspending it in 25 ml of 2077 aqueous NaOI1 and equil-
thrating it with four successive 30-ml. partions of ether. The
combined extracts were dried (MgS0,4) and evaporated to an il
which was treated, as described in A above for the prepuaration of
the s/ isamier, by dissolving it in 45 ml. of methanol and then add-
ing 3.39 g. (0.023 male) of v-{ — =tariarie acid in 45 ml. of metha-
nol.  Of this 10.1 g. of precipitated tartrate salt, 8.7 g, was can-
verted, via the free hase, to the hydrochloride, 7.01 g. (689¢), m.p.
248-254°, of the a-d enantiamer, [o]®p —34.5° (¢ 2, methanol ).

4-(1-Methyl-2-piperidyl)-2,2-diphenyl-1,3-dioxolane Hydro-
chloride. A. 8 Racemate (37).--Camupound 21 (25 g, 0.07
male) dissotved in 250 ml of merhanol was mixed with 34 g of
3570 ngueons tormalin and 2 g, of 107, palladium on carbon.
The mixhure was hydrogenated until ab=orption stopped (6 hr.}
and filtered.  The filtrate was evaporated to an ol which wis
dituted with 2-propanol and re-evapnrated several times wuntil 1l
ervstallized,  The ervsuals were washed  with ether and re-
ervstallized twice by dissolving in 2-propanol and dihning with
ether o give LLS g {40 1 of praduet, nup. 175--177°, An addi-
tonal 6.0 g, m.p. 166--171°, was ohitoined from the mother lignaor,

B. « Racemate i34). ~-Byv the procedure described in =cr-
ton A abave, 345 g. (L1 mole) of 20 was reductively N-methyl-
ated.  The filtered reaction mixture was evaporated 1o a while
powder, stirred with 100 b of water, and refiltered 1o give 24.2
g, of erude 834, This was recrystallized three times from metha-
ual and twice from 5 wethanol-water to give 3.1 g (9751,
nLp. 267--268°, of « racemate.

(',  «- Enantiomer 736).--Compound 25 (20 g., (.U58 male}
wits redietively methylated as deseribed in =ection A abave und
the crude product was reerystallized from methanol ta give
13 . (622 1 of produes, 100, 282° dece., {o]2n —30.7° (¢ 1, metha-
nol).

D. «~! Enantiomer 135).--By the procedure described in
section A abave, 24 (25 g., 0.072 male) was methylated to give
225 g, (870, ) of product, nnp. 287° dec., [a}®p 4+31.8° (¢ 1,
methanol).

a-dl-4-[1-(2-Hydroxyethyl)-2-piperidyl]-2,2-diphenyl-1,3-di-
oxolane Hydrochloride (40).—A =uspension of 69 g. of 20 in
100 ml. of 10”7, aqueous NaOll was stirred vigorously with threc
seeessive 1a0-ml partions of bhenzene (the salid phase disap-
peared during the second extract) and the extracts were com-
bined and dried (KxCO;1.  Evaporation of the solvent gave 59.5
g. of vily free hase. A partion of this oil (15.4 g., 0.044 male)
was dissolved in 50 ml of 1:1 methanol-water and then mixed
with 25 ml. of methanol containing 2.2 g. (0.05 mole) of ethylene
oxide. The mixture was placed in a glass pressure flask i1 a
steanm bath, heated at 100° for 16 hr., and then evaporated to an
vil which was diluted with benzene and re-evaporated to a dry oil.
This was taken up in dry benzene and treated with 1.14 g. (0.03
mole) of dry HCL in 25 wl. of 2-propanol which precipitated a
crop of 5.8 g. The mother ligquor was evaporated and the amnor-
phous residne was washed with dry ether and then triturated with
2-propanol to give more erystals.  The combined crystal crops
were recrystallized from ethanol-ethier and then from ethanol to
give 4.2 ¢, 1317, of prodiet, nip. 208-210°,
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a=dl-2,2-Diphenyl-4-(1-propionyl-2-piperidyl)-1,3-dioxolane
(41).—A mixture of 150 ml. of ethylene dichloride, 50 ml. of 409,
aqueous NaOH, and 30.0 g. (0.087 mole) of 20 was stirred vigor-
ously for approximately 1.5 hr. until all the solid phase had dis-
solved. The reaction mixture was then chilled in an ice-salt
bath to —5° and with continued stirring a solution of 16 g. (0.17
mole) of propionyl chloride in 50 ml. of ethylene dichloride was
added dropwise during a period of 1 hr., while the reaction mix-
ture was held at —5-0°, Stirring was continued as the bath
slowly rose to room temperature and the aqueous phase was
separated and extracted with fresh solvent. The combined sol-
vent extracts were washed with dilute HC], dried (K,CO;), and
evaporated to an oil which was crystallized three times from ether
by adding pentaue to give 26 g. (829,) of product, m.p. 86-87°.

a=dl-2,2-Diphenyl-4-(1-propyl-2-piperidyl)-1,3-dioxolane Hy-
drochloride (43).—Lithium aluminum hydride (3.75 g., 0.1 mole)
was suspended in 200 ml. of absolute ether in a 2-1. flask fitted
with a condenser, stirrer, and dropping funnel and flushed with
dry nitrogen. While stirring, a solution of 26 g. (0.071 mole) of
41 in 900 ml. of dry ether was added during a period of 4 hr. at a
rate which gave a slight reflux. Stirring was continued overnight
and then 25 ml. of water was carefully added and a white pre-
cipitate formed. The ether phase was decanted and evaporated
to an oil which was diluted with 300 ml. of benzene, and 4.0 g. of
dry HCl in 10 ml. of 2-propauol was added. The acidic solution
was evaporated at reduced pressure and a small amount of ether
was added to the residue which then crystallized to give 27 g.
(989%), m.p. 191-192°.

B-dl-4-(1-Chloroacetyl-2-piperidyl)-2,2-diphenyl-1,3-dioxolane
(46).—A suspension of 72 g. (0.21 mole) of 20 in 250 ml. of 209,
aqueous NaOH was stirred vigorously with 400 ml. of ethylene
dichloride until the solid phase had been dissolved. The stirred
mixture was then cooled to 0° and 45 g. (0.40 mole) of chloro-
acetyl chloride in 100 ml. of ethylene dichloride was added drop-
wise, during a period of 1.5 hr. After an additional hour of stir-
ring, the mixture gradually warmed to room temperature and the
phases were separated. The aqueous phase was extracted twice
with small portions of ethylene dichloride and the combiued
solvent phases were dried (K.COjs), evaporated to an oil, redis-
solved in 250 ml. of dry benzene, and chilled to give 59 g. (739) of
product, m.p. 145-146°.

a=dl-4-(1-Diethylaminoacetyl-2-piperidyl )-2,2-diphenyl-1,3-
dioxolane Hydrochloride (51).—A solution of diethylamine
(24 g., 0.33 mole) and 32 g. (0.083 mole) of 45 in 100 ml. of dry
benzene was refluxed for 3 hr.  After standing at room tempera-
ture for several days, the precipitate was filtered off and the fil-
trate was evaporated to an oil which was taken up in dry benzene
and treated with 3 g. (0.082 mole) of dry HCI in 17 ml. of 2-
propanol, The solvent was removed aud the amorphous residue
was diluted with ethyl acetate. A chalky precipitate formed
which was separated and recrystallized from 2-propanol by
dilution with ethyl acetate to give 30.5 g. (80%) of product, m.p.
172-173°.

B-dl-4-{1-(2-Diethylaminoethyl )-2-piperidyl]-2,2-diphenyl-1,3-
dioxolane Dihydrochloride (53).—Compound 52 (19.0 g., 0.041
mole) was suspended in 50 ml. of 129, aqueous NaOH and ex-
tracted three times with 100-ml. portions of ether and the com-
bined extracts, dried over barium oxide, were evaporated to a
residue, which was taken up in 100 ml. of anhydrous ether.
Following the reduction procedure used for the preparation of 43,
this ether solution was added to a suspension of 1.28 g. (0.034
mole) of LiAlH, in 100 ml. of ether and reduced. The reaction
product was dissolved in benzene and treated with 1.2 g. of HCl
in 2-propanol. A small precipitate was discarded and the filtrate
was evaporated to a residue which crystallized when it was re-
fluxed with benzene. It was recrystallized from 2-propanol-ethyl
acetate and then from acetone to give 2.6 g. (139%) of 53, melting
at 160-163°,

4-(1-Benzyl-2-piperidyl)-2,2-diphenyl-1,3-dioxolane Hydro-
chioride- A. « Racemate (47).—The free base of 20 was pre-
pared by equilibrating a suspension of 36 g. (0.1 mole) of the
hydrochloride in 100 ml. of 209, aqueous NaOH with three
successive portions of benzene. The combined extracts, dried
over K.COs, were concentrated to 250 ml. and treated with 8.5 g.
(0.05 mole) of benzyl bromide at room temperature. After 2
days a precipitate was removed. The filtrate was refluxed for 2
hr. to give a small additional precipitate which, together with the
first crop, weighed 20.4 g. (0.052 mole, calculated as the hydro-
bromide of the starting material). The filtrate was acidified by
careful addition of dry HCI in a small amount of 2-propanol and
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then concentrated to a hard glass which was triturated with dry
ether to give a chalky precipitate. Several recrystallizations
from 2-propanol-ether acetate and one from ethyl acetate con-
taining a trace of 2-propanol gave 7.6 g. of product (35% based
upon benzyl bromide), m.p. 164-166°,

B. 3 Racemate (50).—The free base of 21, prepared as in
section A above (18.5 g., 0.06 mole), was dissolved in 100 ml. of
ethanol together with 4.9 g. (0.029 mole) of benzyl bromide,
allowed to stand several hours, and refluxed 4 hr. The precipi-
tate of 11.4 g. was removed and the filtrate was evaporated to
an oil of 11.0 g. which was diluted with benzene and treated with
1.0 g. (0.027 mole) of dry HCl in a small amount of 2-propanol,
to give a precipitate of 10.8 g. (86% based on benzyl bromide),
m.p. 202-206°. Recrystallization from methanol-ethyl acetate
gave 6.9 g. of 50, m.p. 202-205°.

C. «-d Enantiomer (48)—Compound 24 (34.6 g., 0.1 mole)
was dissolved in 200 ml. of methanol and the free base was liber-
ated by the addition of 5.4 g. (0.1 mole) of sodium methoxide.
After filtering, the solution was evaporated to an oil and dis-
solved in 100 ml. of benzene containing 21.4 g. (0.125 mole) of
benzyl bromide aud 27.6 g. (0.2 mole) of K,CO;. The mixture
was stirred at room temperature for 16 hr. and equilibrated with
water, and the benzene phase combined with an ether extract of
the aqueous phase was dried (K.CO;) and evaporated to an oil.
The oil was taken up in dry benzene and treated with 22 ml. of 2-
propanol containing 3.5 g. (0.1 mole) of dry HCl. The solvent
was then evaporated and the residue was diluted with dry ether.
The precipitate which separated was recrystallized twice from
methanol-ethyl acetate and twice from 2-propanol to give 7.5
g. (17%) of 48, m.p. 191-194°, [a]%D +16.7° (¢ 2, methanol).

D. «-l Enantiomer (49).—Using the same procedure as in
section C above starting with 25, «-l-4-(1-benzyl-2-piperidyl)-
2,2-diphenyl-1,3-dioxolane hydrochloride was prepared, 8.5 g.
(199), m.p. 195-196°, [«]®p —16.6° (¢ 2, methanol).

8-Methyl-8-phenyl-2.(2-piperidyl)-1,4-dioxaspiro[4.5]decane
Hydrochloride (12).—A solution of 500 g. (3.72 moles) of hydra-
tropaldehyde in 2.5 1. of methanol was stirred under nitrogen,
cooled to 3°, and treated in 3 min. with a cold, freshly prepared
solution of 4.0 moles of sodium methoxide in 2.5 1. of methanol.
The teniperature was maintained at 0 & 2° during the next 2 hr.
while a solution of 287 g. (4.10 moles) of methyl vinyl ketone in 2 1.
of methanol was added with good stirring. After warming to
room temperature overnight, the solution, still under nitrogen,
was heated at 60° for 5 hr. It was cooled slightly, acidified to
pH 6 with 250 ml. of glacial acetic acid, and the solvents were
evaporated. The saline precipitate was dissolved by the addi-
tion of 700 ml. of water, and the mixture was extracted with three
700-ml. portions of ether. These were united, washed with two
150-ml. portions of water, and concentrated on a steam bath.
The residue was refluxed with 250 ml. of benzene under a Dean-
Stark trap to remove 25 ml. of water and then distilled to yield
438.5 (639;) of 4-methyl-4-phenyl-2-cyclohexeun-1l-one, b.p. 114~
115° (1 mm.), n2‘p 1.5600.

Anal. Caled. for C3H,40: C, 83.83; H, 7.58. Found: C,
83.37; H, 7.56.

A mixture of 83.7 g. (0.45 mole) of 4-methyl-4-phenyl-2-cyclo-
hexenone and 2 g. of 59 palladium on carbon in 120 ml. of ethyl
acetate was hydrogenated to completion in 2 hr. The catalyst
was filtered off and the filtrate was concentrated to give a crystal-
line residue which was dissolved in 250 ml. of warm glacial acetic
acid, mixed with 220 ml. of water, and cooled to give an oil which
crystallized. After standing overnight at —7°, the crystals were
filtered, washed quickly with two 50-ml. portions of cold 509
acetic acid and two 30-nl. portions of cold 25% acetic acid, and
dissolved in 125 ml. of ether. This was washed with a little
dilute K>CO; solution and then with water anud concentrated on a
steam bath. The oil was allowed to crystallize and was dried
(P:0s) to give 54.5 g. of 4-methyl-4-phenylcyclohexanone (64%),
ni.p. 41-43.5°. :

Angl. Caled. for C;H,s0: C, 82.94; H, 8.54. Found: C,
82.78; H, 8.30.

A mixture of 20 g. (0.11 mole) of 3-dl-(2-piperidyl)-1,2-ethane-
diol hydrochloride and 20.7 g. (0.11 mole) of 4-methyl-4-phenyl-
cyclohexanone in 100 ml. of 2-propanol was acidified by the addi-
tion of 0.01 mole of 4.2 A7 dry HCl in ether. The solution was
refluxed for 4 hr. and let stand overnight. The solvent was then
distilled and the syrupy residue was refluxed in 100 ml. of ben-
zene under a Dean—-Stark trap for 95 hr. until 1.7 nil. of water had
been collected. The solvent was evaporated and the crystalline
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residue was reerystallized {our times from 1:2 methanol-ether to
give 3.07 g. (85¢), uL.p. 247-250°,

Material from the mother liquors (17.5 g.), despite repeated
crystallizations  from  various solvents, melted at 202-219°,
We were unable to show this material to be different fram the
3.07-g. fraction by elemental analyses, mixture melting poiut,
infrared absorption, ar thin layer chromatography, and its con-
fignration at the spiro carbon remains in donbt.

B3-{-2,2-Dicyclohexyl-4~(2-piperidyl)-1,3-dioxolane Hydro-
chloride (30).—Cowpound 21 (17.3 g., 0.05 mole) was suspended
in aqueons caustic and extracted into ether, and the ether was
evapurated to give an oil. The oil was dissolved in 110 mlb of
cald glacial acetic acid and 3 g. of 5¢¢ rhodivim vu alumina and
hydrogenated for 26 hr. while the hydrogen pressure drapped 1.13
kg./em.? (:aled. 0.88 kg, /cu?). The mixture was filtered and thie
solvent wux distilled at reduced pressure leaving a residue which
was neutralized with 50 ml. of 892 NaOH and extracted with
ether. The combined extracts were dried (MgS0,), filtered, and
evaparated to an oil which ervstallized on contact with dry ether.
The 12 g. of crude proditet was dissolved in 200 ml of ether and
it= hydrochloride was precipitated by adding 136 g (0047 mole:
of dry TCH in 24 ml. of 2-propunol. 2

Reervstallization from 2-
propanol gave 7.8 g, (4497) of product, m.p. 282° der,
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3-ill-4-(1-(Methyl-2-piperidyl)-2,2-diphenyl-1,3-dioxolane N -
Oxide Hydrochloride (54).—Compound 27 (10 g., 0.028 male;
was suspended 1 aqueons canstic and extracted inta ether, wowl
the ether wax evaporated to give an oil which was taken np ne b
bl ot methonol containing 14 ml of 3007 1.0 in water.  The
restetins mixtare stood for 2 weeks at +2° while o precipitate
developad,  The solvent was removed and the residie was ke
np in 30 mb of wethannl, stirred with 100 myg, of PtO. antil ne
farther hubbles developed, and then filteved.  Removid of the
solvenl guve o white =alid which wus reerystatlized from ethad
acelate eomtaining o trace of methanol. T was redissolved v,
fresh, dry methant-cthyl acetate and treated with 0.7 g0 of dry
HCTH 5 mlboaf 2-propanns! to preeipitate the hydrochlorvide, whih
wus recryvstallized from 75 ml of bitanol containing o srace »f
methanol and then fron ethanol ta give 4.2 ¢ (40 [1 of pradioee,
dec, pt. 190°,
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3-Indolylsuccinimides and
3-(3-Pyrrolidinyl)indoles
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In a previous publication? we reported that 3-indole-
succinic aeid (I) could be converted to 3-indolesuce-
cinimide (IT) by fusion with urea. Treatment of I
with 1.3-dimethyl- and 1,3-diethylureas under the sanie
conditions has given N-methyl- and N-ethyl-3-indolyl-
succinimides (ITI, Scheme I). The same products
lave also been obtained by the reaction of 3-indole-
succinimide with methyl and ethyl iodides, respec-
tively, in the presence of potassium carbonate in di-
methylformamide.  The reaction of potassium 3-indole-
succinimide with ethyl iodide in dinethylformamide
gave N-ethyl-3-indolylsuceinimide in good yield.

Other N-substituted 3-indolylsuccinimides were pre-
pared by the reaction of 3-indolestuccinic aeid with
amines in refluxing toluene, witli azeotropic removal of
the water formed. N-(2-Morpholinoethyl)-, N-(3-
morpholinopropyl)-, and N-[2-(2-pyridyethyl]-3-in-
dolylsuceinimides were prepared in this manner (Scheme
I) and are recorded in Table I.

Reduction of the N-substituted 3-tudolylsuccin-
imides® with lithium aluminum hydride in dioxane or
tetraltydrofuran  produced the corresponding  3-(1-
substituted 3-pyrrolidinyl)indoles® (IV, Table II).
In some cases these products could not be obtained in
pure form and are not reported here.

An approach to thie synthesis of 3-(2-pyrrolidinyl)-
indoles seemed possible through a procedure analogous

(1) Ty whom inqairies enncerning tlis manaseript showld be alddressed.

(2) Y. C. Perron and W. ¥. Minor, J. (irg. Chem., 24, 1165 (1950).
1) Y. (o Perron and W. I'. Minor, U, 8. Patent 3,109,844 (Nov. 5, 1963).
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to that of Burckhalter and Short,* who hydrogennted s-
aroylpropionitriles over Raney nickel catalyst to pro-
duce 2-arylpyrrolidines.  Therefore, 3-(8-cyunopro-
pionyl)indole? was hvdrogenated in methanol over Raney
nickel eatalyst until hydrogen absorption had ccased.
The uptake corresponded to 2 moles and the product
was identified as 2-(3-indolyl)-1-pyrroline (VI), analo-
gous to the 2-aryl-1-pyrrolines obtained by Burckhalter
and Short when the hydrogenations of 8-aroylpropioni-
triles were interrupted after the absorption of 2 moles
of hydrogen. Thix compound was converted to the

(-t

) J. H, Burckhalter and J. Y. Sbort, .J. Org. Chem., 28, 1181 (1958;.
3y J

. Szmuszkoviez, J. Am. Chem, Soc., 82, 1180 (1960).



