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A series of 2-(2-piperidyl)-l,4-dioxaspiro[4.5]decanes and 4-(2-piperidyl)-l,3-dioxolanes with alkyl and aryl 
substituents was synthesized by the acid-catalyzed condensation of (2-piperidyl)-l,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)-l,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,2 para­
sympathomimetic,3 antispasmodic,4 central stimulant,6 

and central depressant6 activities. We have prepared a 
group of 4-(2-piperidyl)-l,3-dioxolanes with substitu­
ents at position 2 (V). One of the structures (V, Ri, 
R2 = 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 elsewhere7,8 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,9 was used successfully with several 

H + 
Method A: RWCO + 2ROH + CH3C(OCH3)2 — > 

RWCXOR^ + CH3COCH3 + 2CH3CH 

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.10 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) F. M. Berger, J. Pharmacol. Exptl. Therap., 96, 213 (1949); (b) 
V. Boekelheide, L. Liberman, J. Figueras, C. Krespan, F. C. Pennington, 
and D. S. Tarbell, J. Am. Chem. Soc, 71, 3303 (1949). 

(3) (a) E. Fourneau, D. Bovet, F. Bovet, and G. Montezin, Bull. soc. 
chim. bid, 26, 516 (1944); (b) J. N. Ambache, J. Physiol. (London), 110, 
145 (1949); (c) 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, 74, 1733 
(1952); (b) F. F. Blicke and E. L. Schumann, ibid., 71, 2613 (1952); (c) 
F. F. Blicke and G. R. Toy, ibid., 77, 31 (1955); (d) F. F. Blicke and H. E. 
Millson, Jr., ibid., 77, 32 (1955). 

(5) R. M. Jacob and H. M. Joseph, U. S. Patent 2,916,493 (1959). 
(6) (a) B. Weiss and C. G. T. Ewing, Am. J. Pharm., 131, 307 (1959); 

(b) F. 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., 3, No. 2 (1981); (c) 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 Proc, 23, 
No. 2 (1964). 

(8) (a) J. Hidalgo and C. R. Thompson, Proc. Soc. 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., 25, 521 (1960). 
(10) W. Voss, Ann. Chem., 485, 283 (1931). 

be used successfully to prepare acetals of the substituted 
aromatic ketones, 4,4'-dimethoxybenzophenone and 
phenyl 2-thienyl ketone. Method B11 was used for 
substituted aromatic ketones and 9-fluorenone. These 

PCls NaOCHs 
Method B: R'R2CO — > R'R2CC12 > R1R2C(OCH3)2 

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)-l,2-ethanediol hydrochloride12 (I) in water, 
acetic acid, or methanol using plat inum oxide catalyst 
to give (2-piperidyl)-l,2-ethanediol hydrochloride (II) . 
Rhodium on carbon was also a suitable catalyst. 

CHOHCH2OH H 2 " P t ° 2 , LN^L JCHOHCH 2OH 

HC1 H 
HC1 

I II 

This glycol (II) has two asymmetric centers (*) 
resulting in a mixture of two racemates. A portion of 
the higher melting (/3) 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 I I were prepared either by 
condensation of (2-piperidyl)-l,2-ethanediol hydro­
chloride (II) 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)-l,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)-l,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, ibid., 463, 199 (1928). 
(12) F. E. Cislak, U. S. Patent 2,743,277 (1956). 
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slight excess of hydrogen chloride in the reaction mix­
ture would initiate the reaction, especially when method 
D was employed. The (2-piperidyl)-l,2-ethanediol 
hydrochloride condensed satisfactorily, either as the 
a,(3 racemate mixture or as one 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. a-dZ-2,2-Diphenyl-4-(2-piperidyl)-l,3-
dioxolane hydrochloride13 (20) was of particular interest. 
This was first separated from the /3-racemate by frac­
tional crystallization but was later purified on a sub­
stantial scale by the preparation of the DL-tartrate salt. 
The a,/3 mixture (method D) was fractionally crystal­
lized from ethanol-methanol which precipitated a por­
tion of the {5 form. This left a mixture enriched to an 
estimated 85% of the a. form and prevented the copre-
cipitation of the /3 racemate in the subsequent pre­
cipitation step. The 85:15 mixture of hydrochlorides 
was treated with aqueous caustic and the free bases 
were treated with DL-tartaric acid in methanol to give 
a precipitate of the DL-tartrate salt of the pure a race-
mate. The free base of the a racemate was also re­
solved through r>- and L-tartrate salts. The tartrates 
of the d and I enantiomers were then converted to the 
hydrochlorides. Larger quantities of the a-du (24) and 

113) Dioxadrol . 
(14) Dexoxadrol . 

a-l1'" (25) enantiomers were prepared from the pure a 
racemate. Attempts to resolve the @ racemate (21) of 
this compound have not succeeded. 

The a racemate 20, its optical enantiomers 24 and 25, 
and the jS racemate 21 of 2,2-diphenyl-4-(2-piperidyl)-
1,3-dioxolane were the starting materials for the prepa­
ration of the nitrogen-substituted compounds in Table 
II. The method16 of preparing the acyl derivatives 
gave better yields when the amount of acyl chloride 
was increased from 1 to 2 moles/mole of amine. Acyl 
derivatives were reduced by LiAlH4 to give the corre­
sponding X-alkyl derivatives although this procedure 
was not successful with the benzoyl derivative. X-
Methyldioxolanes were prepared by catalytic hydro-
genation in the presence of formaldehyde.17 

For all compounds in Table II, procedures described 
in the Experimental Section for the preparation of 
clioxolanes of one racemate are also illustrative of the 
preparation of the other vaccinate of the same struc­
ture. 

Pharmacology. —The approximate LD50 values were 
determined by intragastric administration of 2% aque­
ous solutions or suspensions in gum tragacanth to dose 
groups of five fasted mice. Doses were graduated at 
0.3 log interval to a limit of 800 mg./kg. Groups of 
five mice were employed to determine the time of peak 
action and the ED.-)0 against the seizure pattern induced 
by a maximal electroshock (MES).1S Topical local 
anesthesia was assayed by the rabbit corneal test. 
The conjunctival sac was instilled with 0.25 ml. of \% 
test solution. The disappearance of the blinking reflex 
upon pitting and stroking the cornea with a blunt probe 
was considered evidence of local anesthesia. Active 
compounds were retested in progressive 0.3 log dilu­
tions to provide a comparison of potency with procaine. 
In vitro spasmolysis against BaCl2 was determined in a 
muscle bath of oxygenated tyrodes solution at 37° 
using rabbit ileum strips. The test compound was 
added to the bath and followed in 1 min. by BaClj. 
The muscle strip was washed 1 min. later and allowed to 
rest. 5 min. between tests. The EDS0 values of the test 

(15i Levnxadroi . 
16) W. K. Weave r and W. M. Wlialey, ./. Am. Chem. Aoc. 69, 515 i l 9 4 7 j . 

.17) K. 10. K o w m a n a n d II . H. S t roud , J. Chem. Soc, 1342 (1050). 

. IS. K. A. Swinyard , J. Am. Vkarm. Assoc. Sci. Ed., 38, 201 f l949 / . 
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compound and papaverine were determined and the 
activity was expressed as their ratio. Analgesic 
properties were detected by the hot-plate method19 

after an oral dose of one-fourth of the LD50- 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-
ment 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 LD a . 
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 no 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 
II) 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)-l,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), X-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 in vitro activity against BaCI2 

was considerable and was generally parallel to local 
anesthetic potency. Interestingly, the activity against 
BaCl2 reached its peak in the a racemate (14) of one 
structure, but the local anesthetic activity was at its 
maximum in the /3 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 1% of that of atropine with the notable ex­
ception of 2,2-diphenyl-4-(2-piperidyl)-l,3-dioxolane 
which, when Nf-methylated (34) and quaternized (39), 
was about 25% 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 a 
racemate (20) of 2,2-diphenyl-4-(2-piperidyl)-l,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. Exptl. Therap., 107, 383 
(19S3). 

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-l 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 not confined to these racemates 
alone. 

Experimental Section20 

Anhydrous 1- and 2-propanol, 1-butanol, 2,2-dimethoxy-
propane, l,l-dimethoxy-2-phenylethane, hydratropaldehyde, and 
the tartaric acids were obtained from commercial sources. Com­
mercial grade ketones were used except for the substituted cyclo-
hexanones supplied by the Dow Chemical Co. 3,5-Dimethyl-
cyclohexanone was prepared by catalytic hydrogenation of 
commercially available 3,5-dimethylcyclohexenone. Dimethoxy-
phenylmethane was prepared from benzaldehyde in acidified 
methanol.21 We are grateful to Dr. F . E. Cislak of Reilly Tar and 
Chemical Co. for supplies of (2-pyridyl)-l,2-ethanediol hydro­
chloride.22 

Catalytic hydrogenations were done at 4.2 kg./cm.2 (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)-l,2-ethanediol Hydrochloride (II).—A solution 
of 116 g. (0.66 mole) of (2-pyridyl)-l,2-ethanediol hydrochloride22 

in 60 ml. of water, in which was suspended 2 g. of P t0 2 , was 
hydrogenated for a period of 30 hr. or until approximately the 
theoretical amount of hydrogen was 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. Calcd. for C7Hi5X02-HCl: C, 46.28; H, 8.88; CI, 19.52; 
N, 7.71. Found: C, 46.4; H, 8.8; CI, 19.4; N, 7.9. 

A 1 % water solution of this material had a low-intensity broad­
band ultraviolet absorption spectrum, while a 0.001% water solu­
tion of the aromatic starting material had a strong peak at 260 
m,u indicating that the hydrogenation was more than 99% com­
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)-l,2-ethanediol (59% recovery), b.p. 120-123° (2 
mm.), n25D 1.5070. 

Anal. Calcd. for C7H16N02: C, 57.90; H, 10.41; X, 9.65. 
Found: C, 58.2; 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)-l,3-dioxolane hydrochloride (20), 5 ml. 
of concentrated HC1, 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 ethanol, 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. /3 Racemate.—By the same process, 450 g. of j}-dl-2,2-
diphenyl-4-(2-piperidyl)-l,3-dioxolane hydrochloride (21) gave a 
90% yield of /S-<#-(2-piperidyl)-l,2-ethanediol hydrochloride, m.p. 
138°, after recrystallization from a mixed 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 spectrophotometer 
using KBr disks for solids and thin layers between disks for liquids. Ultra­
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. Calcd. for CiHtNOs-HCl: C, 47.87; H, 

5.74; CI, 20.19; X, 7.98. Found: C, 47.83; H, 5.67; CI, 19.98; X, 
7.99. 
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C 
E 
E 
A 
A 

A 
A 

E-
A 
E-
A 
CI 
E-
F 

43 

-A 

-A 

-A 

a 

A 

Ci.-,H2,N02-HCl 
C22H27X02-HC1 

C22H27X02 • HCl 

Ci4H19X02-HC] 
C,5H21X02-HC1 
C,6H23X02-HCI 

C1(,H23X02-HCI 
C2„H23X02-HC1 
C2(IH23X()2-HC1 
C20H22C1X(VHCI 
C2oH21Cl,X02-HCl 
C20H23XO2-HCl 

C2oH23N02-HCl 
CISH21X02S-HC1 

CISH21X02S-HC1 
C20H21XO2-HC4 
C2„H2lX()2 • HCl 
C»oH37lX()o-HCl 
C22H27XO2-H0] 
(•2,H23X()2-HCl 
C22H27X()4-HC1 

03.48 
70.67 

70.67 

62.33 
63.4S 
64.52 

64.52 
69.45 
69.45 
63. 10 
57.91 
69.45 

69.45 
61.43 

61.43 
69.86 
69. SO 
67.10 
70.67 
70.08 
05.10 

63.00 
70.77 

70.86 

62.34 
63.88 
64.60 

64.28 
69.48 
69.15 
03.34 
58.10 
69.47 

69.61 
61.29 

61.13 
69.82 
09.71 
67.07 
70.59 
70.05 
64.70 
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LDso. 
mg./kg. 

-—Hydrogen, %—. • Chlorine, % Nitrogen, % , orally 
Calcd. Found Calcd. Found Calcd. Found in mice 

—• Compara t i 

M E S C 

ED6o, 
m g . / k g . 

ive Pharmacol 
Local 

anes thes ia , 
min . eff. 
% concn . d 

(proc . = 2) 

Logy-
Bar io ly t ic 
a c t i v i t y , 
in vitro, 

rabbit ileum 
(papav. = 1} 

— — > 
Hot­
plate6 

reaction 
time, % of 

control 

75" >lbh 1 neg. < 0 . 3 100 

600 150 2 neg. < 0 . 5 100 

600 150 1 

600 >150 1 

600 >150 1 

500 >125 0.25 

800 >200 0.5 

800 200 1 neg. 

600 >150 0.5 neg. 

75° 

7.83 8.09 23.94 24.15 800 200 0.5 neg.* < 0 . 4 100 

150" 

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 

9.24 

9.50 

9.50 

9.50 

9.50 

9.74 

9.74 

7.83 

7.83 

9.05 

9.38 

9.31 

9.76 

9.25 

9.77 

9.56 

7.76 

7.67 

13.25 

12.86 

12.23 

23.94 

23.94 

13.53 

12.82 

12.13 

23.76 

23.78 

5.35 

5.08 

5.08 

5.08 

5.08 

4.83 

4.83 

5.58 

5.29 

5.01 

5.01 
5.04 

4.95 

5.01 

7.82 7.67 12.49 12.29 

7.55 7.58 

7.55 7.70 

7.47 

7.81 
8.12 

8.12 

6.99 

6.99 

6.10 

5.35 

6.99 

6.99 
6.30 

6.30 

6.45 

6.45 
0.14 

7.55 

7.28 

6.95 

7.77 

7.98 
8.22 

8.16 

7.08 

6.85 

6.50 

5.13 

6.89 

6.84 
6.22 

6.14 

6.69 

6.31 
9.52 

7.60 

7.22 

7.09 

10.25 

18.65 

10.25 

10.25 

10.31 

10.31 

9.91 

9.48 

8.73 

10.06 

18.33 

10.15 

10.41 

10.08 

10.25 

9.51 

9.55 

8.65 

< 0 . 2 

0.3 

0.5 

1 

0.5 

0.3 

0.5 

100 

100 

100 

100 

100 

100 

100 

4.94 

3.75 

3.75 

5.19 

4.94 

4.70 

4.70 

4.05 

4.05 

3.68 

3.38 

4.05 
9 .12 ' 

9.128 

3.89 

5.12 

3.73 

3.71 

5.40 

4.97 

4.76 

4.92 

4.14 

3.85 

4.10 

3.19 

4.22 
9.54 ' 

9.34a 

4.01 

300 

200 

25" 

200 

37.5" 

75 

400 

600 

600 

240 

600 

400 

600 

340 

230 

400 

600 

300 

300 

600 

400 
600 

800 

<80 

>50 

>50 

>20 

>100 

12.5 

<75 

60 

MOO 

MOO 

M 5 0 
50 

75 
>50 

<100 

MOO 
<40 

40 

M 5 0 
50 

75 

>200 

1 

0.1 

0.025 

1 

1 neg. 

1 

1 

0.1 

0.1 

0.1 

0.25 

0.1 

0.1 

0.5 

0.1 
0.4 

0.4 neg. 

0.1 

0.025 
<0 .05 

0.3 

0.3 

20 

2 

0.5 

1 

1 

1 

2 

1.5 

3 

0.5 

1 

1 

3 

3 
1 

1 

3 

1.5 
1.5 

0.7 

150 

100 

100 

100 

100 

69" 
82" 

126° 

63" 

100 

100 

100 

52" 

70™ 

100 
100 

100 
100 

184 

100 

131 

125 

95 
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TABLE II {Continued) 

Compel. 

Glycol" 
race-
mate Yield, 
used ir,: 

Re-
crystn. 

solvent.'' M.p., ?C. solvent' Formula 

X-Substituted 2,2-Diphenyl-4-(2-piperidy])-l,3-dioxolaues 

()APh 

I 

••---—Carbon, r{ —- • 
Calcd. Found 

34 

35 

30 

37 

38 

39 
40 

41 

42 

43 
44 

45 

40 
47 

48 
49 
50 

51 
52 

CH3 

CH3 

CH3 

CH3 

CHs-CHsI 

C H r C H 3 I 
HOCH2CH2 

CH3CH2CO 

CH3CH2CO 

CH3CH2CH2 
CH3CH2CH2 

CICH2CO 

CICHaCO 
C6H5CH2 

CsHjCHo 
C6H6CH, 
C6H6CH2 

(C2H5)2NCH2CO 
(C2H6)2XCH2CO 

54 

00 
56 

(C2H5)2XCH2CH2 

CH3, N-oxide 
CH3, X-oxide 
C H6CH2, X-oxide 
CH2CHCH2 

a-d 

a-l 

li 

a-l 

0 

9 

80 

62 

49 

45 

42 
21 

82 

83 

1)8 
60 

86 

75 
35 

17 
19 
86 

80 
51 

267-268 

287 dec. 

282 dec. 

175-177 

201-204 

227-228 
208-210 

80-87 

117-ill) 

191-192 
162-164 

120-121 

145-140 
104-166 

191-194 
195-196 
202-205 

172-173 
166-167 

100-163 

E 

E 

E 

A 

C 

E 
C 

D-G 

A 

1) 
A-D 

H-G 

H 
A-I 

A 
A 
E - I 

A-I 
A-I 

B 

C21H26N0,-HC1 

C2,H25XCVHC1 

C 2 1H 2 iXOrHCl 

('2iH23X02-HCl 

C22H28IX02 

C22H2SIXO, 
C22H2TN03-HC1 

C23H27X03 

C23H27X03 

C23H29X02-HC1 
G23H29X02-HC1 

C'ssHs^JlNOs 

C22H24C1X03 

C27H29N02-HC1 

C27H2!)X02-HC1 
C27H29N02-HC1 
C2 7H2 9XOrHCl 

C26H34X2(.)3-HC1 
C26H34N203-HC1 

('26H36X202.2HC1 

-d' 

39 
17 
19' 
28 

70.08 

70.08 

70.08 

70.08 

50.78 

56.78 
67.76 

75.58 

75.58 

71.20 
71.20 

09.97 

69. S3 

70.29 

70.38 

50.46 

50.93 
67.81 

75.61 

75.28 

71.25 
71.08 

68.47 

04. S3 

68.37 

68.47 
74.38 

74.38 
74.38 
74.38 

68.03 
68.03 

OS. 05 
74.34 

74. 10 
73. S3 
73.30 

08.47 
08.22 

04.70 

V 
B 
E-B 
A 

C2iH2!,N(VHCl 
C2 ,H2 6N03-HCl-C3H6O r 

C27H29X03-HC1 
C23H27X02-HC1 

07.10 
00.42 
71.75 
71.58 

07.20 
05.89 
71.65 
71.52 

190 dec. 
113 
191 
198-199 

" (2-Piperidyl)-l,2-ethanediol raeemates described in Experimental Section. h A, 2-propanol; B, acetone; C, ethanol; D, ether; E, 
methanol; F, dimethyl sulfoxide; G, pentane; H, benzene; I, ethyl acetate. ,; Maximal electroshock seizure in mice, see ref. 18. 
d Rabbit corneal test, see Pharmacology section. ' One-fourth LD.50, oral in mice, see ref. 19. -'' Mixed racemates, see Chemistry sec­
tion. 1 Intravenous. * Intraperitoneal. ' 2-(2-Piperidyl)-l,4-dioxaspiro[4.6]undecane hydrochloride prepared using cycloheptanoiie. 

Method A. Propylals.—The preparation of 1,1-dipropoxy-l-
phenylpropane is illustrative of the preparation of propylals.9 

Propiophenone (140 g., 1.04 moles), 320 g. of 1-propanol, 107 g. 
of 2,2-dimethoxypropane, 200 ml. of hexane, and 0.2 g. of p-
toluenesulfonic acid monohydrate were heated in a 2-1. flask fitted 
with a dropping funnel and a 28-plate Oldershaw distillation 
column. 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 456 ml. of 
distillate was collected while a total of 280 ml. of hexane was 
added in 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 in a 
low-pressure distillation apparatus with a vacuum-jacketed 25-

cm. Vigreux column, and stripped of solvents at reduced pressure. 
The residue was then distilled, and the portion boiling at 86-92° 
(3 mm.) was redistilled to give 131 g. (53%), b.p. 89-90° (2.5-3 
mm.). 

Method B. Methylals and Propylals.—In this method the 
acetals were prepared via the dichlorides. Dichlorides were 
prepared from phenyl 2-thienyl ketone,23" 9-fluorenone,23b and 
4-chlorobenzophenone23c according to the literature cited. The 
preparation of the dichloride of 4,4'-dichlorobenzophenone is not 
in the literature and illustrates the method. 4,4'-Dichlorobenzo-
phenone (100 g., 0.4 mole) was heated on a steam bath with 120 

(23) (a) W. Minnis, ./. ,1m. Chem. Sot-., 81, 2144 (1929); (b) F. E. Ray 
and C. E. Albertson, ibid., 70, 1954 (1948); (c) W. W. Kaeding and L. J. 
Andrews, ibid.. 74, 6192 (1952). 
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— H y d r o g e n , %— 
Calcd. F o u n d 

' Chlor ine , % < 
Calcd . F o u n d 

, N i t rogen , %-—-
Calcd. F o u n d 

' 
LDBO, 

m g . / k g . 
oral ly 

in mice 

•—• i^ompar 

M E S C 

ED50, 
m g . / k g , 

a i i ve pna rmacu iugy 
Local 

anes thes ia , 
min . eff. 

% concn. 
(proc. = 2) 

Bar io ly t ic 
ac t iv i ty , 
in vitro, 

r a b b i t i leum 
(papav . = 1) 

H o t ­
p l a t e 6 

reac t ion 
t ime , % of 

control 

7.28 

7.28 

7.28 

7.28 

6.06 

6.06 
7.24 

7.45 

7.45 

7.80 
7.80 

6.27 
6.94 

6.94 
6.94 
6.94 

7.69 
7.69 

7.95 

6.97 
7.43 
6.69 
7.31 

7.11 

7.46 

7.21 

7.16 

5.84 

6.06 

6.88 

7.09 

7.02 

7.79 
7.71 

6.27 6.06 

6.21 
6.89 

6.75 
6.94 
7.24 

7.73 
7.64 

7.15 
7.48 
6.73 
7.59 

9.85 

9.85 

9.85 

27.27 
9.09 

9.14 

9.19 

9.19 
8.13 

8.13 
8.13 
8.13 

9.43 
8.17 
7.84 
9.19 

9.38 

9.81 

9.70 

27.08 
8.86 

9.15 

9.38 

9.02 
8.21 

8.37 
8.09 
7.99 

9.56 
8.88 
7.79 
9.12 

3.89 

3.89 

3.01 

3.01 

3.83 

3.83 

3.61 

6.10 
6.10 

5.82 

3.23 

3.91 

4.01 

2.80 

3.11 

3.93 

3.92 

3.52 

6.34 
6.26 

6.19 

3.34 

400 
25" 

600 
37.5" 

300 
75'' 

300 
75» 

800 
75" 

600 
600 

>800 
300* 

>800 
300" 
400 
600 

800 
400* 
800 
600 

>800 
>800 
>800 

400* 
300 
150 

12.5" 
150 

10» 
800 
600 
600 
300 

100 

125 

>75 

>75 

>150 

>150 

>75 
<150 
>200 

>200 

100 
>75 

<150 
>200 

>200 
>75 

<150 
120 
200 

>200 

>75 
>50 

>37 .5 

200 
150 

>150 
75 

0.125 

0.25 

0.1 

0.25 

0.25 neg.* 

0.25 neg.4 

0.25 

Insol. 

Insol. 

2 
2 

Insol. 

Insol. 
0.5 neg.* 

0.5 neg.* 
0.5 neg.4 

0.15 neg.* 

0.25 
0.1 

0.1 

2 neg. 
1 
1 neg. 
1 

5 

2 

1 

4 

1 

< 0 . 5 
3 

Insol. 

Insol. 

4 
5 

100 

78 

100 

100 

100 

100 
78° 

125 

100 

65 
100 

Insol. 

Insol. 
< 0 . 3 

< 0 . 3 
1 
0.3 

3 
15 

< 0 . 3 
< 1 

<1 

100 

100 
65 

65 
100 
100 

100 
100 

100 

100 
75 
85 
52 

' Not recrystallized. * Low solubility prevented complete testing. ' See Experimental Section. '» 25-mg. dose. " 12.5-mg. dose. 
0 75-mg. dose. " 50-mg. dose. » Sulfur. * Crystallized with 1 mole of acetone. " Prepared from 47 by the method described for 54 
in the Experimental Section. ' [« ]D 2 2 +9 .0° (c 1, methanol), prepared from 24 by the method described for 50 in the Experimental 
Section. 

ml. of toluene and 91 g. (0.44 mole) of PCU for approximately 6 
hr., then allowed to stand several days, and evaporated on the 
steam bath at 20-mm. 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 
liquid gave a second crop. The combined crops, 93 g. (76%), 
melted at 51-53°. 

The general procedure11 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 methanol 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. 

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 in 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°.2i This material was dissolved 

(24) H. Staudinger, K. Clar, and E. Czako, Btr., 44, 1645 (1911). 
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in 300 nil. of dry benzene and added dropwise over a 2-hr. period 
to a stirred solution of sodium propoxide in 1-propanol at 5°. 
The latter solution was prepared by carefully adding 450 ml. of 
dry 1-propanol to 18 g. (0.78 g.-atom) of sodium. After adding 
the benzene solution, the reaction mixture slowly warmed to room 
temperature and was filtered. The filtrate was concentrated to 
an oil which was distilled without fractionation to give So g. 
(67/c based on the ketone) of product, b.p. 170-172° (1 mm.). 

Method C. Dioxolanes.—The preparation of 2-(2-piperidyl)-
l,4-dioxaspiro[4.5]decane hydrochloride (1) is illustrative of the 
procedure used to make the dioxaspirodeeanes appearing in Table 
I I . Oyclohexanone (43 g., 0.44 mole) and 39 g. (0.22 mole) of 
the mixed racemates of (2-piperidyl )-l ,2-ethanediol hydrochloride 
(II) were dissolved in 150 ml. of 2-propanol and the solution was 
adjusted to about p l l 2 with dry 1IC1. After standing at room 
temperature for 3 days, a crystalline precipitate was removed by 
filtration.25 The filtrate was heated 2 hr. on the steam bath, and 
a second precipitate then developed overnight. The combined 
precipitates (30.9 g., m.p. 220-221°) were washed with a small 
amount of 2-propanol, and recrystallized from 2-propanol to 
give 31 g. ("Ar/i) of product, m.p. 220-221°. 

Method D. Dioxolanes.—The 2-substituted dioxolanes ap­
pearing in Table II were prepared by the reaction of aromatic 
ketals witli (2-piperidyl )-l,2-ethanediol hydrochloride. The 
procedure is illustrated, except for minor variations in reaction 
time and quantities of solvent, by the preparation of 2,2-di-
phenyl-4-(2-piperidyl)-l,3-dioxolane hydrochloride. 2-Propanol 
(2-1.) and 1436 g. (7.9 moles) of the mixed racemates of (2-piper-
idyl)-l,2-ethanediol hydrochloride were heated and stirred in a 
5-1. flask equipped with a thermometer. When the temperature 
reached 80°, 2012 g, (S.8 moles) of dimethoxydipheirylmethane 
was added, followed by 1 g. of dry HOI in a few milliliters of 2-
propanol. A rapid reaction ensued with evolution of metlianol 
vapors and the development of a heavy precipitate. After a few 
minutes methanol evolution subsided and the mixture was then 
heated and stirred for 2 hr. and filtered warm on a suction funnel. 
The filter cake was washed successively with 2-1. portions of sol­
vent, four times with ether and three times with 2-propanol. to give 
2042 g. (75'.',') of crude product, m.p. 234-238°.M The mother 
liquor was concentrated bv one-third and gave a second crop of 
119 g., m.p. 238°. 

Racemate Separation. 2,2-Diphenyl-4-(2-piperidyl)-l,3-
dioxolane Hydrochloride. A. 0 Racemate (21). A 680-g. 
(1.97 moles) portion of crude 2,2-diphenyl-4-(2-piperidyl)-l,3-
dioxolane hydrochloride prepared by method I) was dissolved in 
6.X I. of absolute ethanol and 2 1. of methanol at reflux, and the 
solution was allowed to stand for 3 days at 25° when it was de­
canted from approximately 170 g. of crystals. A saturated solu­
tion of the crystals (S'/c w./v.) in hot methanol gave a 50r,' weight 
recovery of pure (3 racemate, m.p. 301 °. 

B. a Racemate (20).—-The decanted mother liquor from a 
crystallization of crude a racemate was evaporated to a dry 
powder and 660 g. (1.9 moles) was suspended in 800 ml. of 10'',' 
aqueous NaOH. The suspension was vigorously stirred with 
successive portions of 800 and 500 ml. (.if ether, the solid phase 
disappearing during the first equilibration, and the combined 
extracts were dried (AlgSOO 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 moles) of Db-tartaric acid monohydrate in 1.5 1. 
of methanol while stirring. Precipitation began immediately 
and the mixture was allowed to stand quietly at room tempera­
ture for 2.5 hr. when it was filtered and the filter cake was washed 
four times with 250-ml. portions of methanol and dried to give 
506 g. of DL-tartrate salt, m.p. 222-228°. This was stirred in a 
mixture of 1.6 1. of lO1),'- aqueous NaOH and 2 1. of ether until the 
solid had disappeared. The aqueous phase was re-extracted witli 
two successive 500-ml. portions of ether and the combined ex­
tracts were dried (MgS04). 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 IIC1 was added rapidly with 
stirring. This solution was quickly diluted with 2.5 1. of dry 

(25) Those reaction mixtures which gave meager precipitates were diluted 
with ether before the work-up to facilitate crystallization of the crude prod­
uct. 

(20) Quantitative infrared analysis on this crude product indicated that 
the a and fi racemates were present in 3:2 ratio. The analytical method will 
tie published by Dr. Dale Robertson of Arapahoe Chemicals, Inc., Boulder, 
Colo., and Dr. II. X. Beniams of Cutter Laboratories. 

Vol. U 

ether. After standing 40 mill., the precipitate was filtered, 
washed twice with 400-inl. portions of 3:1 dry ether-methanol 
and then 50') ml. of dry ether to give 416 g. of the a racemate, m.p 
248-253°. 

Resolution of a Racemate (20). A. d Enantiomer (24). 
Compound 20 (24.4 g., 0.071 mole) was converted to the free 
base by the extraction procedure described in the preceding sec­
tion (B) and the residual oil (21.5 g., 0.069 mole) was dissolved 
in NO ml. of methanol and stirred while rapidly adding a solu­
tion of 5.83 g. (0.039 mole) of L-( + Martarie acid in 80 ml. of 
methanol. After standing for 2.5 hr., the solution was filtered 
and the precipitate was washed with 30-ml. portions of methanol 
leaving 11.4 g. of tartrate salt, m.p. 241-244°. The filtrate was 
set aside for purification of the I enantiomer. A portion (9 g., 
0.012 mole) of the tartrate salt was decomposed by suspension in 
40 nil. of 10' , aqueous NaOH and extracted into three successive 
50-ml. portions of ether. The combined extracts were dried 
(Mg80,) and evaporated to an oil which was taken up in 22.5 
ml. of methanol and acidified to pll 3 with 3.5 M ethereal HOI. 
After 2 hr., the mixture was filtered and washed three times with 
15-ml. portions of 3:1 other-methanol and dried to give 7.0 g. 
'72',"), m.p. 248-256= , of a-d enaiitioiner, [a}-!,D +33.9° (c 2, 
met hanol). 

R. / Enantiomer 125).-- The filtrate retained above was 
evaporated to 16.2 g. of residue which was converted to the free 
base by suspending it in 25 ml. of 20','J aqueous NaOH and equil­
ibrating it with four successive 50-ml. portions of ether. The 
combined extracts were dried (MgS04) and evaporated to an oil. 
which was treated, as described in A above for the preparation of 
the d isomer, by dissolving it in 45 ml. of methanol and then add­
ing 3.39 g. (0.023 mole) of u-( — Vtanaric acid in 45 ml. of metha­
nol. Of this 10.1 g. of precipitated tartrate salt, 8.5 g. was con­
verted, via the free base, to the hydrochloride, 7.01 g. (68(),), m.p. 
248-254°, of the a-d enantiomer, [«]2 3D —34.5° (c2, methanol). 

4-(l-Methyl-2-piperidyl)-2,2-diphenyl-l,3-dioxolane Hydro­
chloride. A. rf Racemate (37).--Compound 21 (23 g., 0.07 
mole) dissolved in 250 nil. of methanol was mixed with 34 g. of 
37'), aqueous formalin and 2 g. of 10',' palladium on carbon. 
The mixture was hydrogenated until absorption stopped CO hr.) 
and filtered. The filtrate was evaporated to an oil which was 
diluted with 2-propanol and re-evaporated several times until it 
crystallized. The crystals were washed with ether and re-
crystallized twice by dissolving in 2-propanol and diluting with 
ether to give 1 1 .X g. i 49' < ) of product, m.p. 175-177°. An addi-
l ional 6.0 g., m.p. 166-171 °, was obtained from the mother liquor. 

B. a Racemate (34). -By the procedure described in sec­
tion A above, 34.5 g. (0.1 mole) of 20 was reduetively N-mefhyl-
ated. The filtered reaction mixture was evaporated to a while 
powder, stirred with 100 ml. of water, and refillered to give 24.2 
g. of crude 34. This was recrystallized three times from metha­
nol and twice from 50 ' , methanol- water to give 3.1 g. ( 9 ' , ). 
m.p. 267-268°, of « racemate. 

('. ix-l Enantiomer (36).- -Compound 25 (20 g., 0.058 mole) 
was reduetively methylated as described in section A above and 
the crude product wa> recrystallized from methanol to give 
13 g. (62'.; i of product, m.p. 282° dec.. ia]21n -30 .7 ° t> 1, metha­
nol). 

D. a-d Enantiomer (35).—By the procedure described in 
section A above, 24 (25 g., 0.072 mole) was methylated to give 
22.5 g. (87'), ) of product, m.p. 287° dec , [a]25D +31.8° (r. 1, 
methanol). 

«-,//-4-[l-(2-Hydroxyethyl)-2-piperidyl]-2,2-diphenyl-l,3-di-
oxolane Hydrochloride (40).—A suspension of 69 g. of 20 in 
100 ml. of 10';V aqueous NaOH was stirred vigorously with three 
successive 150-ml. portions of benzene (the solid phase disap­
peared during the second extract) and the extracts were com­
bined and dried (K2fX)a). Evaporation of the solvent, gave 59.5 
g. of oily free base. A portion of this oil (15.4 g., 0.044 mole) 
was dissolved in 50 nil. 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 in a 
steam bath, heated at 100° for 16 hr., and then evaporated to an 
oil 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 IIC1 in 25 ml. of 2-propanol which precipitated a 
crop of 5.8 g. The mother liquor was evaporated and the amor­
phous residue was washed with dry ether and then triturated with 
2-propanol to give more crystals. The combined crystal crops 
were, recrystallized from ethanol-ether and then from ethanol to 
give 4.2 g. (21'.; ) of product, m.p. 208-210°. 

HALVEHKSTADT. AM) R. K. ALLEN 
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a-(«-2,2-DiphenyI-4-(l-propionyl-2-piperidyl)-l,3-dioxolane 
(41).—A mixture of 150 ml. of ethylene dichloride, 50 ml. of 40% 
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 HC1, dried (K2C03), and 
evaporated to an oil which was crystallized three times from ether 
by adding pentane to give 26 g. (82%) of product, m.p. 86-87°. 

a-cK-2,2-Diphenyl-4-(l-propyl-2-piperidyl)-l,3-dioxoIane 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 HC1 in 10 ml. of 2-propanol 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. 
(98%), m.p. 191-192°. 

/WM-(l-Chloroacetyl-2-piperidyl)-2,2-diphenyl-l,3-dioxolane 
(46).—A suspension of 72 g. (0.21 mole) of 20 in 250 ml. of 20% 
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 combined 
solvent phases were dried (K2CO3), evaporated to an oil, redis-
solved in 250 ml. of dry benzene, and chilled to give 59 g. (73%) of 
product, m.p. 145-146°. 

o:-d/-4-(l-Diethylaminoacetyl-2-piperidyl)-2,2-diphenyl-l,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 HC1 in 17 ml. of 2-
propanol. The solvent was removed and 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°. 

,3-dM-[l-(2-DiethyIarmnoethyl)-2-piperidyl]-2,2-diphenyl-l,3-
dioxolane Dihydrochloride (53).—Compound 52 (19.0 g., 0.041 
mole) was suspended in 50 ml. of 12% 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 LiAlH4 in 100 ml. of ether and reduced. The reaction 
product was dissolved in benzene and treated with 1.2 g. of HC1 
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. I t was recrystallized from 2-propanol-ethyl 
acetate and then from acetone to give 2.6 g. (13%) of 53, melting 
at 160-163°. 

4-(l-Benzyl-2-piperidyl)-2,2-diphenyl-l,3-dioxolane Hydro­
chloride. A. 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 20% aqueous NaOH with three 
successive portions of benzene. The combined extracts, dried 
over K2CO3, 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 HC1 in a small amount of 2-propanol and 

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 HC1 in a small amount of 2-propanol, 
to give a precipitate of 10.8 g. (86% based on benzyl bromide), 
m.p. 202-206°. Re crystallization from methanol-ethyl acetate 
gave 6.9 g. of 50, m.p. 202-205°. 

C. a-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 and 27.6 g. (0.2 mole) of K2CO3. 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 (K2CO3) 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 HC1. 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]26D +16.7° (c 2, methanol). 

D. a-l Enantiomer (49).—Using the same procedure as in 
section C above starting with 25, a-Z-4-(l-benzyl-2-piperidyl)-
2,2-diphenyl-l,3-dioxolane hydrochloride was prepared, 8.5 g. 
(19%), m.p. 195-196°, [<*]25D -16 .6 ° (c 2, methanol). 

8-Methyl-8-phenyl-2-(2-piperidyl)-l,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 temperature was maintained at 0 ± 2° during the next 2 hr. 
while a solution of 287 g. (4.10 moles) of methyl vinyl ketone in 21. 
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. I t 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 (63%) of 4-methyl-4-phenyl-2-cvclohexen-l-one, b.p. 114-
115° (1 mm.), W«D 1.5600. 

Anal. Calcd. for Ci3HuO: 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 5% 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 50% 
acetic acid and two 50-ml. portions of cold 25%. acetic acid, and 
dissolved in 125 ml. of ether. This was washed with a little 
dilute K2CO3 solution and then with water and concentrated on a 
steam bath. The oil was allowed to crystallize and was dried 
(P2O5) to give 54.5 g. of 4-methyl-4-phenylcyclohexanone (64%), 
m.p. 41-43.5°. 

Anal. Calcd. for C13H160: C, 82.94; H, 8.54. Found: C, 
82.78; H, 8.30. 

A mixture of 20 g. (0.11 mole) of |3-dZ-(2-piperidyl)-l,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 M dry HC1 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 ml. of water had 
been collected. The solvent was evaporated and the crystalline 
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residue was recrystallized four times from 1:2 methanol-ether to 
give 3.07 g. (8%), m.p. 247-250°. 

Material from the mother liquors (17.") g.), despite repeated 
crystallizations from various solvents, melted at 202--2190. 
We were unable to show this material to be different from the 
3.07-g. fraction by elemental analyses, mixture melting point, 
infrared absorption, or thin layer chromatography, and its con­
figuration at the spiro carbon remains in doubt. 

i3-</?-2,2-Dicyclohexyl-4-(2-piperidyl)-l,3-dioxolane Hydro­
chloride (30).—Compound 21 (17.3 g., 0.05 mole) was suspended 
in aqueous caustic and extracted into ether, and the ether was 
evaporated to give an oil. The oil was dissolved in i 10 nil. of 
cold glacial acetic acid and 3 g. of 5 ( c rhodium on alumina and 
hydrogeuated for 26 hr. while the hydrogen pressure dropped 1.13 
kg./('in.2 (calcd. 0.88 kg./cm.2). The mixture was filtered and the 
solvent was distilled at reduced pressure leaving a residue which 
was neutralized with 50 ml. of &C/L NaOH and extracted with 
ether. The combined extracts were dried (.MgS04), filtered, and 
evaporated to an oil which crystallized on contact with dry ether. 
The 12 g. of crude product was dissolved in 200 ml. of ether and 
its hydrochloride was precipitated by adding 1.30 g (0.037 mole; 
of dry 1101 in 24 ml. of 2-propanol. llecrystallization from 2-
propanol gave 7.8 g. (44'..:(.) of product, m.p. 282° dec. 

ji-f//-4-(l-(Methyl-2-piperidyl)-2,2-diphenyl-l,3-dioxolane N-
Oxide Hydrochloride (54).—Compound 27 (10 g., 0.028 mole, 
was suspended in aqueous caustic and extracted into oilier, and 
the ether was evaporated to give an oil which was taken up in 100 
nil. of methanol containing 14 ml. of 30(7 !h(>-; in water. The 
reaction mixture stood for 2 weeks at + 2 ° while a precipitate 
developed. The solvent was removed and the residue was taken 
up in 50 ml. of methanol, stirred with 100 nig. of Pi(.)•.. until no 
furl her bubble.- developed, and then filtered, liemoval of llie 
solvent gave a white solid which was re-crystallized from elh\i 
acetate containing a trace of methanol. It wa- redis-olved in 
fre-h, dry methanol --ethyl acetate and treated with 0.7 g. of dry 
1101 in 5 ml. of 2-propanol to precipitate the hydrochloride, which 
was recrystallized from 75 ml. of butanol containing a trace of 
methanol and then from ethanol to give 4.2 g. (40',,' i of product, 
dec. pt. 11)0°. 
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In a previous publication- we reported that 3-indole-
succink; acid (I) could be converted to 3-indolesuc-
cinimide (II) by fusion with urea. Treatment of I 
with 1,3-dimethyJ- and 1,3-diethylureas under the same 
conditions has given N-methyl- and N-ethyl-3-indolyl-
sueeinimides (III, Scheme I). The same products 
have 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-
methylforniamide. The reaction of potassium 3-indole-
succinimide with ethyl iodide in dimethylformamide 
gave N-ethyl-3-indolylsuccinimide in good yield. 

Other N-substituted 3-indolylsuccinimides were pre­
pared by the reaction of 3-indolesuccinic acid with 
amines in refluxing toluene, with azeotropic removal of 
the water formed. X"-(2-Morpholinoethyl)-, N-(3-
morpholinopropyl)-, and X-[2-(2-pyridyl)ethyl]-3-in-
dolylsuccinimides were prepared in this manner (Scheme 
I) and are recorded in Table I. 

Reduction of the N-substituted 3-indolylsuecin-
ituides3 with lithium aluminum hydride in dioxane or 
tetrahydrofuran produced the corresponding 3-(l-
substituted 3-pyrrolidinyl)indoles3 (IV, Table II). 
In some eases these products could not be obtained in 
pure form and are not reported here. 

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

(1) To whom inquiries (-onceriiinii this manuscript should be addressed. 
(2) Y. G. Perron and \V. F. Minor, ./. Org. Chem., 24, 1165 (195(1). 
(3) Y. G, Perron and W. F. Minor, ['. S. Patent 3,109,844 (Nov. 5, 1903). 
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to that of Burckhalter and Short,4 who hydrogeuated tf-
aroylpropionitriles over Raney nickel catalyst to pro­
duce 2-arylpyrrolidines. Therefore, 3-(0-cyanopro-
pionyl)indoler> was hydrogeuated in methanol over Raney 
nickel catalyst until hydrogen absorption had ceased. 
The uptake corresponded to 2 moles and the product 
was identified as 2-(3-indolyl)-l-pyrroline (VI), analo­
gous to the 2-aryl-l-pyrrolines obtained by Burckhalter 
and Short when the hydrogenations of /S-aroylpropioni-
triles were interrupted after the absorption of 2 moles 
of hydrogen. This compound was converted to the 

(4) J. H. Burckhalter and J. II. Short, J. Org. Chem., 23, 1281 (1958). 
(5) J. Szmuszkovicz, J. Am. Chem. Hoc, 82, 1180 (1960). 


