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recrvstallized. '' Aeetonitrile. 

l-t'yclohexyIcarbonyI-4-sulfamyIpiperazine.—By a similar 
procedure 16.5 g (0.1 mole) of 1-sulfamylpiperazine and 16.1 
g (0.11 mole) of cyclohexauecarbonyl chloride in 150 ml of 
methylene chloride containing 11.0 g (0.11 mole) of triethylamine 
gave 8.2 g of the desired product, mp 205-206.5°. 

Anal. Calcd for C„H21X.,03S: C. 48.0: H. 7.7; X, 15.3. 
Found: 0 ,47.7 : 11,7.5; X, 15.0. 

l-Isopropylthioacetyl-4-sulfamylpiperazine. -Under a nitro­
gen atmosphere, 4.8 g (0.02 mole) of l-chloroaeetyl-4-sulfamyl-
piperazine vvas added to 2.3 g (0.03 mole) of 2-propanethiol and 
2.2 g (0.04 mole) of sodium methoxide in 75 ml of methanol. 
The reaction mixture was allowed to stir for 2 hi-, concentrated 
to one-fifth the original volume, and added to 75 ml of water. 
The resulting precipitate was filtered, dried, and recrvstallized 
from ether; yield 2.3 g, mp 113-114°. 

Anal. Calcd for C.H19N30.1.S2: C, 38.4: H, 6.8: X, 14.9. 
Found: C, 37.8: H, 6.8; X, 14.8. 

l-Ethylcarbamoyl-4-suIfamylpiperazine. To 9.9 g (0.06 molej 
of 1-sulfamylpiperazine in 90 ml of D.MF was added slowly 
4.7 g (0.066 mole) of ethyl isocyanate and 6.6 g (0.066 mole) of 
iriethylamine. After heating the reaction mixture for 1 hr on a 
steam bath it was cooled, and filtered. The desired product 
was recrysfallized from ethanol, 7.0 g, mp 178-180°. 

.I/10/. Calcd for CiH16X403S: C, 35.6; H, 6.8; X, 23.7. 
Found: 0 , 35.6; H, 6.7: X, 23.9. 

l-Methylsulfonyl-4-sulfamyIpiperazine.—To a solution of 1.7 
g (0.01 mole) of 1-sulfamylpiperazine and 1.1 g (0.011 mole) of 
triethylamine in 15 ml of D M F was added 1.3 g (0.011 mole) 
of methanesulfonyl chloride. The reaction mixture was heated 
at steam bath temperature* for 1 hr followed by cooling and the 
addition of ether. The resulting precipitate was filtered and 
recrvstallized from acetone, 1.0 g, mp 248-250°. 

Anal. Calcd for 0.,H,3X304S2: 0 , 24.7: H, 5.4: X, 17.3. 
Found: O, 24.8; H, 5.2; X, 17.5. 
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.Main- neuro- and psychopharmaeologically active compounds 
contain planar, near-planar, or nonplanar cyclic moieties with 
acidic or basic functions in the rings or in side chains. In older 

('1/ S u p p o r t e d by a research ^iiint from Smi th Kl ine and lO'eneh Oubooi 
t o n e s to whom we express oiu' upprei-hilion. 

to further delineate these requirements we have prepared a num­
ber of derivatives of cyclododecane with functional groups as 
they are encountered in typical drug molecules. 

Xone of these compounds showed an interesting degree of 
biological activity in dose range studies in rats and mice.2 ()nl\ 
at dose levels of 200 mg/kg in rats and 500-2000 mg/kg in mice 
did some of the derivatives produce overt effects such n< de­
creased motor activity and hypotonia. Xone of the compounds 
was active, in rut tests for antipyretic activity by the procedure 
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TABLE I 

PHYSICAL, ANALYTICAL, AND OTHEB DATA 

N o . 

1 
2 
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5 
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8 
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12 .95 
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9 . 7 5 

1 1 . 4 5 

9 . 4 3 

.—•—Charac te r i s t i c 
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1110 (s) ( C O O 

3150 (s) (OH) , 2765 (in) 
[ (CHi ) iN] 
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3240 (m) ( N H bonded) 
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[ ( C H 8 ) i N ] , 1640 (s) 
( C = 0 ) 

2760 (m) I(CHa)2N] 
3330 b r o a d (OH) 

3475 ( O H ) , 1725 (s), 1735 
(s) (CO2H), 1375 (s), 
1590 (s) (COO) 

3275 (s) ( O H ) , double t 
1095, 1120 (s) (COC) 

1085 (s), doub le t 1120, 
1110 (s) (COC) 

2730 (m) ( C H ; N ) , doub le t 
1120, 1110 (s) (COC) 

3300 (m), 3330 (m) ( N H ) , 
1580 (m) ( N H ) 

of Winder, et al.,z and for the ability to antagonize pentylene-
tetrazole-induced seizures by the method of Bastian, et a?.4 

Experimental Section 

Melting points were taken in a liquid bath and are corrected; 
boiling points are uncorrected. Infrared spectra were deter­
mined on a Perkin-Elmer 337 spectrophotometer. Yields, physi­
cal data, analyses, and infrared absorption bands are listed in 
Table I . The derivatives of cyclododecane (ketones, olefins, 
dienes, lactams, etc.) used as starting materials were purchased 
from the Aldrich Chemical Co. 

2-PiperidinomethylcycIododecanone hydrochloride (1) was 
prepared by a Mannich reaction.6 A mixture of 9.1 g (0.05 
mole) of cyclododecanone, 6.08 g (0.05 mole) of piperidinium 
chloride, 2.25 g (0.075 mole) of paraformaldehyde, 20 ml of ab­
solute ethanol, and 10 drops of concentrated HCl was refluxed 
and stirred for 1 hr. Another 1.05 g (0.05 mole) of paraformalde­
hyde was added, and stirring and refluxing continued for 16 hr. 
Ethyl acetate (40 ml) was added, and the mixture was allowed 
to cool. The separated colorless crystalline solid (13.72 g, 
S7%) was filtered off and purified by sublimation. 

2-DimethyIaminomethylcyclododecanone hydrochloride (2) 
was prepared in a similar manner. 

2-PiperidinocycIododecanoI Hydrochloride (3).—A mixture 
of 42.5 g (0.5 mole) of piperidine, 24.2 g (0.2 mole) of piperidin­
ium chloride, 18.2 g (0.1 mole) of epoxycyclododecane, and 100 
ml of ethylene glycol was refluxed for 7 days. On cooling, a 
colorless solid separated and was filtered off; additional quantities 
were obtained by dilution of the filtrate with water and extrac­
tion with ether. 

2-Acetoxy-l-piperidinocycIododecane (4).—A mixture of 10.17 
g (0.33 mole) of 3, 33.66 g (0.33 mole) of acetic anhydride, 6 
drops of H2SO4, and 100 ml of tetrahydrofuran (THF) was re­
fluxed for 8 hr, cooled, and poured into 150 ml of water. Excess 

(3) C. V. Winde r , J . W a x , B. W e r r a n o , L. Scot t i , S. P . S tockhouse , a n d 
R. H. Wheelock, J. I'harmarol. Exptl. Therap., 133, 117 (1961). 

(4) J . W . B a s t i a n , \V. E . K r a u s e , S. A. Rid lon , a n d N . Ercol i , ibid., 127, 
75 (1959). 

(5) p . F . Blicke, Org. Iteactious, 1, 329 (1942). 

K2C03 was added to pH 9 and the mixture was thoroughly 
extracted with ether. Work-up gave 8.90 g of viscous oil, 
bp 147° (0.3 mm), which was redistilled through a 50 X 1.25 
cm column packed with 62-mm glass helices. 

Dimethylaminocyclododecane Hydrochloride (5).—Using a 
modification of a method by Moore,6 a mixture of 51 ml (0.8 mole) 
of dimethvlformamide (DMF), 18.4 g (0.1 mole) of cyclododeca­
none, 10 g of MgClY6H20, and 38 ml (46 g, 1.0 mole) of 99% 
formic acid was refluxed and distilled. During the first 3 hr, 
95 ml was allowed to distil off, and the temperature reached 
145°; it stayed at this point for the remainder of the reflux 
period. An additional 50 ml of DA1F was added, refluxing was 
continued for 48 hr, and the cooled mixture was poured over ice, 
made alkaline, and extracted well with ether. Work-up gave 
8.80 g of an oil which was converted to the hydrochloride in an­
hydrous ether. 

l-(3-DiethylaminopropyIamino)cyclododecane (6).—Working 
by the general method of Billman, et al.,"' a mixture of 37.6 g 
(0.2 mole) of cyclododecanone, 22 g of 3-diethylaminopropyl-
amine, 400 mg of p-toluenesulfonic acid, and 150 ml of benzene 
was refluxed for 18 hr under a Dean-Stark trap to remove water. 
The mixture was cooled, excess solid KOH was added for 2 hr, 
the liquid was filtered, and the benzene was removed in vacuo. 
The residual oil was dissolved in 300 ml of dry methanol and 
reduced by careful addition of 7.56 g (0.2 mole) of NaBH4 

in small portions to the ice-cooled stirred mixture. After stirring 
at 25° for 16 hr the methanol was removed in vacuo and the liquid 
was added to 200 g of ice-water. I t was acidified, extracted 
well with ether to remove 8.55 g of crude cyclododecanol, made 
basic, saturated with NaCl, extracted with ether, and worked up. 
Fractional distillation through a 50 X 1.25 cm column packed 
with 62-mm glass helices yielded an oil. 

Benzylaminocyclododecane hydrochloride (7) was prepared 
analogously using benzylamine. Acidification of the reduction 
mixture with 10% HCl gave an insoluble salt which was filtered 
off and dried. 

l-[l-(N,N-Dimethylammonium)-3-(N,N-diethyl-N-methyI)-
N-propylammonium|cyclododecane Diiodide (8).—To a mixture 

(6) M . L. M o o r e , ibid., 5, 319 (1949). 
(7) J . H. Bi l lman a n d A. C. Uiesing, ./. Org. Chum., 22, 1068 (1957). 
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of 7.14 g (0.025 mole) of 6, 25 ml of anhydrous methanol, and 
4 g of NaOH was added dropwise, with stirring, 6.2 ml (0.1 mole) 
of methyl iodide. The mixture was refluxed for 5 hr, and then 
an additional 2 ml of CH3I was added. After stirring overnight 
at 25°, another 2 ml of CII3I was added, and the mixture was re-
fluxed for 3 hr and taken to dryness. The residue was crystal­
lized from ethanol-ether and then from acetonitrile. 

In a similar way, N-benz)l-N-cyclododecyl-N,N-dimethyl-
ammonium iodide (9) (from 7), and l-[N-(2-azacyclotridecyl)-N-
methyl)-3-(N,N,N-trimethyIammonium)] diiodide (10) were 
prepared. 

(2-Diethylaminoethoxy)cyclododecane Hydroch'oride (11).--
A mixture of 18.4 g (0.1 mole) of cyclododecanol, 4.93 g (0.11 
mole) of 5(Jr7 Xal l in mineral oil, and 200 ml of anhydrous toluene 
was refluxed for 5 hr; it was cooled, and 12.54 g (0.1 mole) of 
/3-diethylaminnethyl chloride in 100 ml of toluene was added. 
After stirring and refiuxing for another 15 hr, the mixture was de­
composed with ice, acidified, and extracted continuously foi­
l s hr. From this ether extract 10.15 g of cyclododecanol was 
recovered. The aqueous portion was made basic, saturated 
with NaCl, and extracted continuously for 12 hr. The residue 
from the ether extract was distilled, bp 155° (0.2 mm), and con­
verted to the hydrochloride in anhydrous ether. 

l-(3-Dimethylaminopropyl)cyclododecanol (12).- -Using the 
general directions of Alarxer,8 36.4 g (0.3 mole) of 3-dimethyl-
aminopropyl chloride suspended in 100 ml of dry ether, was 
added to a stirred slurry of 7.2 g (0.3 g-atom) of Mg turnings 
(activated with Cl l j l ) and 30 ml of boiling ether over a period 
of 45 min. The mixture was refluxed for an additional 2 hr, 
and then 54.6 g (0.3 mole) of cyclododecanone in 125 ml of ether 
was added. After another 24 hr of remixing the mixture was 
decomposed with saturated NFT^Cl solution, made basic, and ex­
tracted with ether for 12 hr. Removal of the ether gave 23.4 
g of product which was recrystallized and finally sublimed at 65° 
(0.2 mm). 

1-Ethynylcyclododecanol (13;. M a g n e s i u m acetylide \va? 
prepared from 9.6 g (0.4 g-atom) of .Mg, 43.6 g (0.4 mole) of 
ethyl bromide in 260 ml of THF, and acetylene, by the method 
of Jones, el al.% To the metallic-looking suspension was added 
36.4 g (0.2 mole) of cyclododecanone in 75 ml of T H F at 0°. 
The mixture was stirred at 26° for 4 hr and then refluxed for 2 
hr, decomposed with XII4CI solution, extracted with ether and 
worked up. The oily residue from the dried ether solution 
weighed 14 g. 

l-(3-Dimethylamino-l-propynyl)cyclododecanoI (14).—By a 
modification of a patented method,10 a stirred mixture of 125 mg 
of CuS0.1; 5.2 g (0.025 mole) of 13, 3.26 g (0.04 mole) of dimethyl-
ammonium chloride, and 3.7 ml (0.05 mole) of 40% formalde­
hyde solution was refluxed for 3 hr, and allowed to stand over­
night. Another 3.7 ml of formaldehyde solution and 125 mg 
of C11SO.1 were added, stirring and refiuxing was resumed for 3 
hr, and the mixture was cooled and at pH 5 extracted with ether 
to remove 2.88 g of starting alcohol. The mixture was now 
made basic to p l l 10, extracted with ether, and worked up. 
The colorless residue from the ether extract was sublimed at 90° 
(0.4 mm). 

Carbamoylcyclododecane (15).—By the method of Loev and 
Kormendy,11 7.75 ml (0.105 mole) of trifluoroacetic acid was 
added dropwise to a stirred mixture of 9.2 g (0.05 mole) of cyclo­
dodecanol, 6.5 g (0.1 mole) of sodium cyanate, and 50 ml of 
dry benzene over a 1-hr period. After being stirred for 16 hr, 
20 ml of water was added, and the mixture was extracted with 
ether and worked up. 

l-(3-Dimethylaminopropyl)-2-oxoazacyclotridecane (16).— In 
a nitrogen atmosphere 9.6 g (0.2 mole) of 50% N a i l in mineral 
oil was added slowly to a refiuxing mixture of 39.4 g (0.2 mole) 
of 2-azacyclotridecanone, 50 ml of dry toluene, and 150 ml of 
ethylene glycol dimethyl ether (diglyme). The mixture was 
refluxed for 4 hr and then 24 g (0.2 mole) of 3-dimethylamino-
propyl chloride in 50 ml of diglyme was added at once. The 
mixture was refluxed for 11 hr and then stirred at room tempera­
ture for 12 hr. It was worked up by adding 20 ml of methanol, 
removing all solvent, diluting with 400 ml of water, acidifying 
to p l l 1, and extracting with ether. The aqueous extract was 

(8) A. Mar.xer, Ilrlr. Cliim. Aria, 24, 22;St: (1941). 
(,'Jj ]•:. II. R. .Jones, L. S k a h e b o l , and M . (". Whi t ing , J. Chem. So,:.. 171').' 

( ltlf>(i). 
ill)) 1\ D i m r o t h , P. HurTiier, H. Osier , and II. P a s e d a r h , G e r m a n Pa ten t 

1,100,1)17 ( l t l l i l ; ; CUm. Ahslr.. 55, lilOliOn ( IWi l ; . 
' 1 1} li. Loev ami M. 1-'. K o r m e n d y , ./. Org. Chem.. 28 , 3421 (1W03J. 

made basic, saturated with XaOI. extracted with ten 100-ml 
portions of ether, and dried (Na-jSOO. The oil from the other 
was fractionally distilled. 

l-i 3-Dimethylaminopropyl)-l-azacyclotridecane (17). To a 
stirred and refiuxing mixture of 9 g of LiAlTL in 500 ml of dry 
ether was added dropwise 28.48 g (0.1 mole) of 16 in 150 nil of 
ether. The mixture was stirred at room temperature for 14 hi 
and worked up by the addition of 25 ml of water, followed by 
50 r ; XaOII. It was filtered, the filler cake was washed with 
ether, the combined elder extract was dried ( I v O V l . and the 
remaining oil was distilled. 

2-Piperidino-5,9-cyclododecadien-l-ol Hydrochloride 118). A 
mixture of 100 ml of ethylene glycol, 42.5 g (0.5 mole) of piperi-
dine, 1S.S g (0.106 mole) of l,2-epoxy-5,9-eyclododeradieno, 
and 24.2 g (9.2 mole.) of piperidinium chloride was refluxed for 7 
days. It was poured into 400 ml of ice water and 100 ml of 10 
A' XaOII was added. The mixture was extracted with ether 
and worked up. The oil from the ether yielded two fractions, 
2.S5 g boiling at 50-66° (.0.7 mm) and 24.43 g t'NS' , i boiling at 
147-156° (0.3 mm'. The high-boiling oil was converted to the 
hydrochloride using ethereal 1101. 

The acetate ester hydrochloride t 19) was prepared with acetic 
anhydride (see 4). 

2-(3-Dimethylaminopropyl)-5,9-cycIododecadien-l-ol Mono-
citrate (20). To 4.86 g (0.2 g-atom) of .Mg turnings was added 
15 ml of THF, one crystal of iodine, and 4 drops of methyl iodide. 
When the reaction had begun, 24.25 g (0.2 mole) of 3-dimelhy]-
aminopropyl chloride in 50 ml of T H F was added to maintain 
refiuxing. The mixture was refluxed for I additional hr, and 
then 18.8 g (0.106 mole) of l,2-epoxy-5,9-cyclododeeadiene in 50 
ml of T H F was added all at once and refiuxing continued an 
additional 4N hr under a nitrogen atmosphere. The ice-cooled 
mixture was decomposed with excess saturated XII4CI solution, 
make alkaline ipll II ' with XaOII. and extracted with ether. 
The oil from the ether was distilled through a 50 X 1.25 cm 
column packed with 62-mm glass helices to yield 17.51 g (02' , i 
of product, bp 201-215° (0.2 mm). This was converted to the 
monocit rate salt by allowing it to react with a saturated ethereal 
solution of citric acid. 

Spiro(4-hydroxymethyl-l,3-dioxolane)-2,r-cyclododecane 
(21). -A stirred mixture of 36.84 g (0.4 mole) of glycerol, 18.4 g 
(0.1 mole) of cyclododecanone, 800 mg of /Moluenesulfonic acid, 
and 300 ml of benzene was refluxed for 30 hr under a Dean 
Stark trap to remove water and then cooled. After addition 
of 100 ml of sanitated K2COu solution, the mixture was extracted 
with seven 100-ml portions of ether. The combined ether ex­
tract was washed with three 100-ml portion.- of water, dried 
(Xa2S04), and evaporated. The residual oil crystallized from 
low-boiling petroleum ether. 

Spiro(4-chloromethyl-l,3-dioxolane)-2,r-cyclodo(lecane (22 i. 
- A mixture of 33.15 g (0.3 mole) of 3-chloro-l ,2-propanediol, 

36.4 g (0.2 molej of cyclododecanone, 400 mg of p-toluenesulfonic 
acid, and 250 ml of benzene was refluxed for 24 hr with removal 
of water, and worked up as described for 22. 

Spiro( 4-piperidinomethyI-l ,3-dioxoIane )-2,l'-cyclododecane 
(23).- -A mixture of 13.74 g (0.05 mole) of 22, 22 ml (0.4 mole) ol 
piperidine, and 150 ml of D.VIF was refluxed for 2 hr. The sol­
vent was removed, and the residual oil was acidified and extracted 
with ether. The aqueous extract was made alkaline, extracted 
with five 100-ml portions of ether, and dried (Xr.S(V). After 
removing the ether, the basic extract was distilled to yield frac­
tions distilling at 35-55° (0.3 mm) and about 200° (0.3 mm;. 
The high-boiling fraction was redistilled through a 50 X 1.25 
cm column packed with 62-mm glass helices to yield an analytical 
sample, bp I8S-1930 (0.2 mm). This fraction crystallized <m 
standing. 

2,l'-Spirobenzothiazolinylcyclododecane(24) was prepared by 
a modification of the method of Elderfield and McOlenaehen.'2 A 
mixture of 25 g (0.2 mole) of freshly distilled 2-aminobenzono-
thiol, 36.4 g (0.2 mole) of cyclododecanone, and 100 ml of dry 
methanol was refluxed for 8 hr under a nitrogen atmosphere. 
Then 70 ml of the methanol was distilled off, while maintaining 
a nitrogen atmosphere. The warm flask containing the mixture 
was purged with nitrogen, stoppered tightly, and kept at 4° 
overnight. The solid that had formed was ground up, washed 
with 50 ml of methanol on the filter, and dried to yield colorless 
crystals. 

i 12; it. I'.lderiield and 1-,. .1. Al c< ' lenacheu, ./. Am. Vi,,,n. >:<„., 82, UIS2 
(19«0; . 


