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der nitrogen for 4 days, the products were carbon dioxide 
(44743, di-I-naphthglurea (l%), and four unidentified 
substances, none of which was the expected secondary 
amine. 

PyroZ?/sis procedure. Thermal degradations performed in 
the presence of solvent were carried out in flamed ground- 
glass equipment. All the solvents were dried by use of Linde 
5A molecular sieves. The reaction flasks were swept by a 
stream of Linde high purity nitrogen free from carbon dioxide 
and dried by passing through a tower of molecular sieves. 
After the reaction vessel, the gas stream was cooled to  
-78" to remove organic vapors and monitored for carbon 
dioxide with Ascarite-filled absorption tubes. 

Degradations done in the absence of solvent were carried 
out in a 2.5 X 30 cm. Pyrex test tube that was flame dried 
before use. The test tube had provision for a thermometer, 
thermocouple, a nitrogen sweep stream, and a reflux con- 
denser. The test tube was heated in an aluminum block,Za a 
cylinder 6 in. in diameter and 12 in. high, insulated by 4 in. 
of rock wool. The block was heated by a 500-watt cylindrical 
heater operated through a relay-cont.rolled Variac and a 120- 
watt heater operated through a Fenwal, bimetallic thermo- 
regulat.or. Temperature fluctuations within the pyrolysis 
tube were held to a +0.3O ra,nge. 

In a typical pyrolysis the sample ( 6 2 0  g.) was placed in 
the pyrolysis tube, the system flushed with nitrogen for 15 
min., the tube placed in the heating bath and allowed to 
equilibrate for 10-15 min. (while collecting evolved carbon 
dioxide which was used as a correction factor). After constant 
temperature had been reached by the pyrolysis mixture, 
reaction rates were followed by collecting carbon dioxide in 
Ascarite-filled weighing tubes. In the case of pyrolysis of 
the 0'8-enriched carbamates, helium was used as a sweep 
stream and the evolvrd carbon dioxide was frozen out in 
traps cooled to - 168" (liquid nitrogen). The carbon dioxide 
was transferred to evacuated gas sampling bulbs and ana- 
lyzed for variously tagged species of tagged carbon dioxide. 

Solid degradation residues were separated by solubility 
differences and chromatography on activated alumina. 
Liquid degradation residues were separated by distillation or 
vapor phase chromatography. 

A11 vapor phase chromatography was carried out with an 
F and M Scientific Corp., Model 202 programmed gas phase 
chromatograph, using helium as a carrier gas and 10- ta 
12ft .  silicon-oil packed columns. Quantitative analyses were 
done by the techniques of both internal normalization of 
peak area and internal standardization. Qualitative work was 
carried out using authentic samples.z4 

(23) F. Daniels, J. H. Mathews, J. W. Williams, P. 
Bender, G. W. Murphy, and R. A. Alberty, Experimental 
Physical Chemistry, McGran-Hill Book Co., New York, 
N. Y., 1949,4th ed., p. 534. 

(24) R. L. Pecsok, Principles and Practice of Gas Chroma- 
tography, John Wiley and Sons, Inc., New York, N. Y., 1950. 

Autocatalysis in the formution of carbon dwx& from 1- 
naphthyl isocyanate. The equation for autocatalysis dC/dt = 
k(a - z ) ~  ( b  + 2) was integrated by partial fractions to give 

A plot of the right-hand side of the equation us. time was 
linear to at leaat 21% of reaction, when 1-naphthyl isocya- 
nate was pyrolyzed at 268" with 0.3 mole % of added N,N'- 
di-1-naphthylcarbodiimide. 

OlkEnriched I-hezadecaml. By a slight modification of the 
method of B m h a n , z  O%nriched 1-hexadecsnol was p m  
pared in an over-all yield of 52%. 

To 5.000 g. (0.270 mole) of Olhenriched water, containing 
32.08% 01* and 0.965% 0 1 7  (from the Weizmann Institute, 
Rehovoth, Israel) and 30 ml. of dry xylene was slowly added 
27.6 g. (0.270 mole) of freshly distilled acetic anhydride. 
The mixture stood for 1 hr. a t  room temperature followed by 
warming to  60' for 11.5 hr. The resulting mixture of xylene 
and 0'8-enriched acetic acid waa slowly added to 24.65 g. 
(0.542 mole) of a 52.7% mineral oil dispersion of sodium 
hydride (Metal Hydrides Corp.) in 80 ml. of dry xylene. 
After completion of the dropwise addition, the mixture was 
warmed to gentle reflux, cooled, and the O1*-enriched sodium 
acetate filtered off as 44.15 g. (0.537 mole) of white solid 
(dried). 

Using the method of Drahowzal and Klamannzs the new 
compound, 1-hexadecyl ptoluenesulfonate, was prepared in 
83.4% yield as a white solid, m.p. 48-49' (recrystallized 
from ether). 

Anal. Calcd. for CzsHtoOsS: C, 69.65; H, 10.17; S, 8.09. 
Found: C, 69.71; H, 10.02; S, 8.85. 

Following the procedure of Boschan,s the 018-enriched 
sodium acetate was treated with 1-hexadecyl p-toluenesul- 
fonate to give a 55.2% yield of 018-enriched 1-hexadecyl 
acetate, and the acetate was reduced to O%nriched 1- 
hexadecanol, m.p. 49-50', in 95% yield. The latter sub- 
stance was used to  prepared the 0'8-enriched 0-hexadecyl 
N-1-naphthylcarbamatea. 

Based on the procedure of synthesis, the 018content of the 
alcohol should have been 8%. The data of Table I11 indicate 
that the actual content was 7.9%. 
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(25) R. Boschan, J .  Am. Chem. Soc., 81,3341 (1959). 
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A number of 3- and 3,4-substituted sulfolanes, prepared for biological screening, are described. 

The marked chemical reactivity of sulfolene-3 3- and 3,4-substituted sulfolanes were prepared and 
made it an attractive starting material for the syn- are tabdated in Tables I and 11. 
thesis of sulfone-containing analogs of a variety of The 3-substituted sulfolanes, compounds 1 
known biolcigiaally active oompounds, A number of through 11, were readily prepared by alkali~cat~ 
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No. RI 
18 
19 
20 
21a 
21b 
22a 
22b 
23 
24 
25 
26 
27 

- O H  
-0Ac.HBr 
- 0 B z  
- 0 C O G H f l O r p  
--OCOCJ&NOrp 
-OCOC$ICNHrp 
--OCOCsHiNHrp 
-OCOCH( G H &  
- O H  
- 0 A c  
-HgOAc 
-HgCl 

* Anal. Calrd.: N, 9.39. Found: N, 9.42. 

103-104" 
151' 
9+100" 
151-152' 
216-217" 
145-146' 
190-191' 
100-101' 
197-198' 
111-112" 
105" 
170' 

alyzed reaction of the appropriate alcohol, thiol, 
or amine with sulfolene. Relatively hindered amines, 
such as phenylisopropylamine and N-benzyl-N- 
(2dimethylaminoethyl)amine, did not react under 
these conditions. Hydrazine reacted smoothly with 
sulfolene to give 3-sulfolanylhydrazine (compound 
15).2 

Although both N- and 0-alkylation could con- 
ceivably have occurred in the reaction of sulfolene-3 
with 2-methyl- and 2-ethylaminoethano1, the sole 
products were the N-alkylated substances (com- 
pounds 10 and 11) as indicated by the presence of 
strong hydroxyl absorption and the absence of 
ether and N-H absorption in the infrared spectrum 
of the products. The properties of various deriva- 
tives (compounds 12, 13 and 14) were also consist- 
ent with these structures. 

Sulfolene did not react with isonicotinic acid 
hydrazide, even in the presence of strong basic 
catalysis. 

The desired N-isonicotinoyl-N'-(3-sulfolanyl)- 
hydrazineaa (compound 16) was prepared by treat- 
ing 15, as the free base, with isonicotinic acid ester 
or acid chloride (Fig. 1). 

Choline and acetylcholine analogs (12 and 13) and 
the benzilic ester (14)ab were prepared from 11. 

Repeated a.ttempts to prepare the benzhydryl 
ether of l l a c  by condensation with benzhydryl 
chloride or with diphenyldiazomethane were un- 
mccessful. An attempt to synthesize this com- 
pound by heating together sulfolene-3 and 2- 
methylaminoethyl henzhydryl ether failed. 

(1) M. T. Leffler and W. D. Krueger, J .  Am. Chem. Soc., 
71, 370 (1949), had also observed that highly hindered 
snbsttrmea do not add to sulfolene. 

(2) It waa hoped that compound 15 might serve aa a 
useful derivative for aldehydes and ketones, but the reac- 
tion producte were all oils. 

(3) An analog of (a) iproniazid, (b) benactyaine, (c) 
diphenylhydramine, (d) proc'aine, (e) Trasentine (Ciba), 
(f)  amylocaine. 

~~ 

83 
40 
50 
62 
11 
71 
70 
48 
45 
30 
63 
50 - 

40.20 7.31 
31.79 5.34 
55.10 6.05 
47.55 4.91 
47.55 4.91 
52.33 6.08 
52.33 6.08 
64.32 6.21 
26.18 5.02 
40.69 5.12 
20.56 2.96 
15.59 2.35 

40.06 
31.80 
54.99 
47.50 
47.45 
52.56 
52.32 
64.40 
26.16 
40.29 
20.64 
15.30 

7.43 
5.58 
6.15 
4.95 
5.11 
6.19 
6.47" 
6.58 
5.14 
5.57 
3.32 
2.59 

+ 0 

0 

r@Cl 0 II 
(-COR) 

mNHNH2 
15 

so, 

Figure 1 

Most of the 3,4disubstituted sulfolanes that 
were prepared were derivatives of the dimethyl- 
aminoethanol analog (18) which was synthesized in 
high yield by the reaction of Cchlorosulfolano1-3 
with dimethylamine.' 4Dimethylamino-3~uif~ 
lanol (18) was quaternized to give a choline analog 
(24). 

When 24 was heated with acetic anhydride in an 
attempt to synthesize the acetylcholine analog 
there was obtained, instead, trans-sulfolane-3,4- 
diol diacetate 25. 

The pnitrobenzoate of 24 separated into two 
isomeric substances (21a and 21b) in a 15:l ratio, 
undoubtedly the trans and cis isomers respe~tively.~ 
Each of these was then reduced to the corresponding 
paminobenzoate (22a and 22b).ad 

The diphenylacetate*e (23) and benzoatesb (20) 
were readily synthesized, but the bemilategb could 
not be prepared. 

(4) The structurea of all of the 3,4diaubstituted com- 
pounde are believed to be tram on the baais of the kuown 
atereochemical courae of the reactions involved. In one 
inatance, compounds 21s and b, 8 d amount of an 
isomeric substance (ck) waa obtained, suggesting that a 
small amount of cia4chloroaulfolanol-3 was probably 
present in the starting materiel. 
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IocH2CH=CH2 so2 

Hg(0Ac)r CHsOH I 
CH301Hg0Ac 

HP(0Ac)z CHIOH I OCHB 17 OCH2&HCH2HgOAc 

so2 so2 

17 

CH30-LzHgC1 
67 
Figure 2 

Several sulfolane mercurials were prepared as 
indicated in Fig. 2. The very insoluble mercury chlo- 
ride derivative was stable, but the mercury acetates 
gradually decomposed on standing. 

During the course of this work we also prepared 
the known cis- and trans-~ulfolane3,4diols.~ The 
literature dealing with the identity of the sulfolene 
3,4-epoxide intermediate used for the synthesis of 
the trans-glycol is in a rather confused state. The 
melting point of the epoxide was initially reported 
as being 130"' then 159-160°7, and once again 
124.5-126.08 We have found that both the high and 
low melting points are correcti.e., we have iso- 
lated two epoxides (m.p. 123-125" and 157-159") 
from the same reaction mixture and found that both 
are converted to the same trans-glycol (see Fig. 3). 

Although the high- and low-melting forms of the 
epoxide could not be interconverted, they must 
correspond to two different crystalline modifica- 
tions of the same substance.9 

"'I,!"" 
m.p. 157-159" m.p. 123-125" 

""T" 
m.p. 159-160" 

Figure 3 

(5) E. de Roy van Zuydewijn, Rec. tm. chim., 57, 445 

(6) 0. E. van Lohuiaen and H. J. Backer, Rce. t r w .  chim., 

(7) W. R. Soreneon, J .  Org. Chem., 24,1796 (1959). 
(8 )  M. Prochmka and V. H o e  Cdl. Ctceh. C h .  

Co"., 24, 1509 (1959). 
(9) The only other poesibility, that one of theee mtmtances 

b the isomeric 4-hydroxy-2alfolene, k, ruled out, as this 
compound ia known and ia a liquid.' 

(1938). 

68,1137 (1949). 

As the melting point of the high-melting form of 
the epoxide is almost identical to the melting point 
of the trans-glycol product, it is possible that the 
two groups reporting only the low-melting oxide 
did, in fact, have mme of the high-melting material 
also, but assumed it to be the glycol. 

Pharmacology. The mercurial compounds were 
found to be devoid of diuretic activity; the other 
compounds described in this paper were given a 
m o w  dose range and were tested for hypotensive 
activity, and were found to be essentially inactive 
in both screens. 

 EXPERIMENTAL^^ 
Sulfolene-3, 4-chlordolanol-3, and 3-allyloxyaulfolane 

were kindly supplied by the Shell Development Co. and used 
aa received. 

3-AUcozysvlfoluna (Compounds 1 to 4). Powdered sulfo- 
lene-3 (1 mole) waa added to a solution of 0.1 mole of potas- 
sium hydroxide dieeolved in 2 moles of the appropriate alc- 
hol. On warming to about 35" a slow spontaneous exothermic 
reaction resulted. The temperature waa kept below 50" by 
gentle cooling when necessary. The solution waa maintained 
a t  40-50" for 48 hr.; then the base waa exactly neutralized 
with hydrochloric acid, and the solution waa concentrated on 
the steam bath in umuo to constant weight. The resulting oil 
was then taken up in bemene, washed with saturated ealt 
solution, dried, concentrated, and distilled. Aa sulfolanes 
have a tendency to decompose a t  high temperatures, most of 
the products were molecularly distilled. The products were 
colorless to pale yellow oils. Compounds 1 and 4 were com- 
pletely miscible with water, 2 waa moderately soluble, and 3 
was only slightly soluble. They were all soluble in all of the 
common organic solvents except hexane. 
6( N - M m  and N,Ndimethyl)lam (Com- 

pound~ 5 and 6). Mulfolene (100 g.) waa added to 315 g. of a 
25% aqueous methylamine or 286 g. of 40% dimethylamine 
solution containing 4.74 g. of potassium hydroxide. The 
solution waa heated a t  35-45" for 10 hr.; then the volatile 
material waa removed in DOCIU), and the resulting oil waa 
taken up in benzene, dried, concentrated, and molecularly 
distilled. The products were colorless oils completely mie- 
oible with water. 

LXWyluminoethyl3-sulfolanylethet, h y d r m  (Com- 
pound 7). Dimethylaminoethanol (26.7 g., 0.3 mole), 21 g. 
(0.19 mole) of sulfolene, and 0.5 g. of powdered potassium 
hydroxide were placed in a pressure bottle and heated a t  65". 
After 1 hr., 10 g. of the dark mixture waa removed, but no 
recognizable reaction product could be isolated. The balaucc 
of the reaction mixture was heated in a sealed bottle a t  60- 
70" for 5 days. At the end of thb time the orange solution 
was taken up in benzene, filtered, and concentrated, giving 
20.5 g. of a viacous orange oil. The oil was dissolved in eth- 
anol and treated with ether previously saturated with hydro- 
gen chloride. An oil formed that was converted to a mlid 
after vigorous stirring. The extremely hygroscopic salt waa 
recrystallized from a hot mixture of ethanol and isopropyl 
alcohol to which isopropyl ether waa added to cloudiness. 
The white solid wm recrystalli&ed again from ethanol. 

Dielhylamindhyl M f h n y l  ad&&, hydrobromida (Com- 
pound 8). An aqueous solution of 21 g. (0.123 mole) of di- 
ethylaminoethanethiol hydrochloride was treated with the 
theoretical amount of d u m  hydroxide in water containing 
a little sodium hydrosulfite. The resulting free base was ex- 
tracted with ether, dried, and the ether was evaporated 
giving 13 g. (79%) of the pale yellow aminoethyl mercaptan. 

The mercaptan, 14.8 g. of sulfolene, and 0.3 g. of powdered 
potassium hydroxide were heated in a pressure bottle for 3 

(10) All melting points are corrected. 
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days at 60". The solution rapidly turned dark, and then 
slowly became lighter. The resulting orange oil was dis- 
solved in benzene and filtered from some flocculant material 
present, and then the volatile materials were removed by 
heating in vacuum. The residual viscous orange liquid, 24 g., 
could not be induced to  crystallize, nor could solid deriva- 
tives other than the picrate be formed. 

The entire quantity was converted to  the picrate which 
was then recrystallized from ethanol-acrylonitrile (29 g.). 
Fifteen grams of this salt was dissolved in 100 cc. of warm 
acetonitrile and passed through an alumina column to de- 
composed the picrate. The column, of ordinary (alkaline) 
Fisher alumina, was 2 in. high and 3.5 in. in diameter, and 
acetone was used as the eluent. Four reactions of approxi- 
mately 150 cc. each were collected, then individually evap- 
orated to pale yellow, water-miscible oils. The first two 
fractions readily gave solids with ethereal hydrogen bromide 
(the hydrochlorides were too hygroscopic to handle conven- 
iently). The hydrobromide recrystallied nicely from alcohol. 

N-DimethylaminoethyGS-sulfolanylamine dihydrochloride 
(Compound 9). 3-Sulfolene (20 g.) and 15.4 g. of dimethyl- 
aminoethylamine were placed in a pressure bottle and heated 
at 60" for 2 days. The resulting oil was taken up in benzene, 
treated with charcoal, and concentrated, giving a water- 
miscible orange oil. The oil was dissolved in ethanol and 
treated with ethereal hydrogen chloride giving a curdy pre- 
cipitate, which was recrystallized from acetic acid-ethanol- 
hexane mixture. 

N-Alkyl-N-(9-hydroxy~thyl)-S-sulfolanylamine (Com- 
pounds 10 and 11). Sulfolene-3 (3.8 moles) and 4.55 moles of 
methyl- or ethylaminoethanol were mixed and heated a t  
80-85" for 2 hr., then a t  75" for 15 hr." The excess amine 
was removed by heating on a steam bath a t  5 mm. for 2 hr. 
The resulting orange oils were molecularly distilled, giving 
colorless or very pale yellow oils miscible with water and 
most organic solvents in all proportions. The N-methyl 
compound ( 10) crystallized after several months. 

&Hydroxyethyldimethyl-S-sulfolanylammonium iodide 
(Compound 12). To a solution of 15 g. of 11 in 60 cc. of 
absolute alcohol was added with vigorous stirring a solution 
of 2'2 g. of methyl iodide in 40 cc. of ethanol. After 35 min. 
the solution, which was originally completely homogeneous, 
started to  turn cloudy and gradually an oil settled out which 
soon crystallized. After an additional 3 hr. of standing, the 
mixture was placed in an ice bath overnight. The white 
crystalline product was recrystallized from methanol. 

2-Acetozyethyldimethyl-S-sulfolanylammonium iodide (Com- 
pound 13). Acetic anhydride (10 cc.) and 10 g. of 11 were 
heated on the steam bath for 2 hr.; then the excess anhydride 
and acetic acid were removed i n  vacuo leaving 12.5 g. of 
reddish oil. This acetate was heated with toluene, and 1.5 
g. of starting material separated and was discarded. The 
remaining 11 g. of oil was treated with 7 g. of methyl iodide. 
An oil slowly formed. On stirring and chilling the oil 
gradually solidified. The product was treated with a mixture 
of isopropyl alcohol-isopropyl ether and filtered, then re- 
crystallized from methanol. 

N-Methyl-N-(S-sulfolanyl)aminoethyl benzilate (Com- 
pound 14). A mixture of 10 g. nf 11 and 17 g. of methyl ben- 
zilate was dried by azeotroping with benzene; the benzene 
was then removed, and 0.5 g. of sodium was added. The mix- 
ture was put in a bath at loo", and put under 20-30 mm. 
vacuum for 24 hr. The resulting tacky brown oil (25 g.) was 
dissolved in ethanol and treated with ethereal hydrochloric 
acid. The resulting gum was dissolved in water and the solu- 
tion was extracted with benzene; then the aqueous layer was 
made basic, and the resulting oil was extracted with ethyl 
acetate. Evaporation left a viscous oil which on treatment 
with a small volume of ethyl acetate crystallized. The prod- 
uct was recrystallized from alcohol. 

(11) The addition of a small amount of base appeared to  
accelerate the reaction somewhat. 

S-Sulfolan~lhydrazine hvdroChlol.de (Compound 15). 3- 
Sulfolene (25 g., 0.212 mole) and 14.3 g. of 95% hydrazine 
were placed in a pressure bottle and heated for 17 hr. a t  
70". The reaction mixture waa diluted with ethanol and con- 
centrated under reduced pressure, giving a gray oil, 30.5 g. 
(96%). A solution of 4.0 g. of this oil in 50 ml. of ethanol was 
treated with ethanolic hydrogen chloride; a white crystalline 
solid formed immediately and was filtered and washed with 
ethanol. It was recrystallized from methanol with addition 
of just a trace of water and then addition of ether. 

N-(S-Sulfolany1)-N'-isonicotinoylhydrazine hydrcchloride 
(Compound 16). (a) Three grams of 3-hydrazinosulfolane 
and 2.5 g. of methyl isonicotinate were heated a t  100" for 20 
hr. a t  50 mm. The pressure was then reduced to  remove un- 
changed ester, leaving 5.5 g. of black amorphous solid. 
This was dissolved in ethanol, treated with charcoal, and 
then with ethanolic hydrogen chloride. The resulting solid 
was recrystallized from ethanol The yield was 1.65 g. 

(b) 3-Hydrazinosulfolane (3 g.) was dissolved in benzene 
containing a small quantity of ethanol. To this was added 5 
g. of isonicotinoyl chloride hydrochloride and 2 cc. of pyri- 
dine. A gum formed. The mixture was refluxed for 1 hr. and 
concentrated; then the residue was extracted with hot alco- 
hol, leaving 0.5 g. of tan crystals identical to the previous 
product. 

3-Acetoxyme~curi-9-methoxyp~opyl S-sulfolanyl ether 
(Compound 17). To a solution of 30 g. (0.170 mole) of 3- 
allyloxysulfolane in methanol was added a hot methanolic 
slurry containing 54 g. (0.170 mole) of mercuric acetate and 
12.2 ml. (0.204 mole) of glacial acetic acid over a period of 
30 min. The mixture was stirred and refluxed overnight; 
the cloudy reaction was cooled, filtered, and the filtrate 
evaporated t o  dryness under reduced pressure at  a tempera- 
ture not above 60", to  give an oil. The oil was dissolved in 
the minimum amount of cold chloroform and then reprecip- 
itated with ether. The supernatant liquid was poured off 
and the product dried in a vacuum desiccator. 
~-Dimethylamino-S--sulfoEanol (Compound 18). To a slurry 

of 50 g. (0.294 mole) of 4-chloro-3-sulfolano1 and 200 ml. of 
tetrahydrofuran was added with vigorous stirring 45.8 g. of 
dimethylamine dissolved in 300 ml. of tetrahydrofuran. 
After 3 days a t  room temperature the suspension was filtered 
and the solid rinsed with tetrahydrofuran. The filtrate was 
concentrated to dryness leaving a red solid which was dis- 
solved in the minimum amount of acetonitrile and then 
cooled. The resulting solid was rinsed with ether, then re- 
crystallized from ethanol-ether. It was very soluble in water 
and most organic solvents other than hexane. 

4-Dimethylamino-3-sulfolanol acetate hydrobromide (com- 
pound 19). Acetyl bromide (0.067 mole) was cautiously added 
with vigorous stirring to  a solution of 10 g. (18) in 50 ml. of 
pyridine. The resulting slurry was rapidly heated to reflux, 
then cooled and poured into 200 ml. of water. No oil sepa- 
rated, so the solution was taken to dryness by heating in 
vacuo, giving a red-brown oil which slowly crystallized. It 
was recrystallized from ethanol. 

4-Damethylamino-S-sulfolanol benzoate (Compound 20). To 
a solution of 5 g. (0.028 mole) of 18 in 15 ml. of pyridine was 
added 4.7 g. (0.0336 mole) of benzoyl chloride. The solution 
was quickly heated to boiling, boiled for a short while, cooled, 
and then poured into 100 ml. of water. An oil separated which 
crystallized on stirring. The product was recrystallized from 
ethanol water. 
4-Dimethylamino-S'-sulfolanol p-nitrobenzoate (Compounds 

21a and b). p-Nitrobenzoyl chloride (10.4 g.) was added to a 
solution of 10 g. of 18 in 50 cc. of pyridine. The solution was 
refluxed for 5 min., cooled, and poured into water and the 
resulting solid was extracted with 200 cc. of boiling ethanol. 
The insoluble isomer (21b) amounted to  2 g. The filtrate or  
cooling deposited the other isomer (ala), 11.4 g. 

4-Dimethylamino-8-sulfolanol p-aminobenzoate (Com- 
pounds 22a and b). Compounds H a  and b were each reduced 
at 50 p.s.i.g. in acetic acid solution using a 10% palladium 
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on carbon catalyst. The product, isolated by removing the 
acetic acid, was recrystallized from isopropyl alcohol. 

4-Dimethylamino-3-sulfolanyl diphenylacelate (Compound 
23). To a warm solution of 11 g. (0.0615 mole) of 18 in 50 
ml. of pyridine was rapidly added 17 g. (0.074 mole) of di- 
phenylacetyl chloride. After the solid had dissolved, the 
solution was boiled briefly and poured into 200 ml. of water; 
an oil separated immediately which thickened but would not 
solidify. The oil was extracted with ether, the ethereal solu- 
tion dried, filtered, and concentrated, and then the oily resi- 
due crystallized on standing (25.0 g.). It wm recrystallized 
from alcohol-ether. The product was insoluble in water and 
dilute base, was soluble in dilute acid and partially soluble in 
ether. 

4-Trimethylammmium-5-suZfolunol iodide (Compound 24). 
To a solution of 3 g. of 18 in ethanol waa added 4.7 g. (0.034 
mole) of methyl iodide in 10 ml. of ethanol; the solution was 
stoppered and allowed to  stand overnight. The resulting 
white solid was recrystallized from ethanol-water. 

trans-J,4-Sulfolanedwl diacetate (Compound 25). A solu- 
tion of 5 g. of 18 in 50 ml. of acetic anhydride was heated on a 
steam bath for 17 hr.; then the solution was taken to dryness 
leaving a black solid which was recrystallized from alcohol 
to give a white crystalline solid. 

3-Acetoxymercuri-2-methoxysu.ljohne (Compound 26). 
To a solution of 11.8 g. of d o l e n e - 3  in absolute methanol 
was added 2.42 g. of benzoyl peroxide, then a solution of 
31.9 g. of mercuric acetate and 7.2 cc. of acetic acid in hot 
methanol. The solution was refluxed overnight, then con- 
centrated a t  5MO". The resulting oil was stirred with ace- 
tone and the insoluble white solid was discarded. The solvent 
was removed at room temperature, the oil was dissolved in 
chloroform, treated with charcoal, and thrown back out 
with ether, giving a colorless oil. After several weeks the oil 
crystallised, m.p. 105". 

3-Chhloromercuri-4-methozysulfolane (Compound 27). To a 
concentrated aqueous solution of the acetate (26) was added 
0.85 g. of sodium chloride. A white precipitate formed rapidly. 
After being stirred for 0.5 hr., the solid was filtered and rinsed 
thoroughly with water. It could not be recrystallized without 
decomposition. 

Sulfolene-8 epoxide. Barium carbonate (9.8 g., 0.05 mole) 
was added to a solution of 17.1 g. (0.1 mole) of khlorosul- 
folanol-3 dissolved in 200 ml. of hot water. The mixture was 
stirred and maintained a t  85' until all the carbonate went 
into solution (2 hr.). On chilling, 6 g. of a solid formed and 
was filtered, m.p. 120-125". On recrystalhation from ace- 
tone this material separated into two substances, ( a )  m.p. 
123-125", and ( b )  m.p, 157-159". The infrared spectra of 
(a) and (b) in Nujol mulls were identical. 

Anal. Calcd. for C41E$04 (for substance a):  C, 35.81; H, 
4.58. Found: C, 36.23; H, 4.87. 

Anal. Calcd. for C,H&Op (for substance a): C, 35,81; H, 
4.58. Found: C, 35.92; H, 4.72. 

When the dehydrohalogenation was carried out in more 
dilute solution (500 cc. of water), the only substance isolated 
was (b). 

Substance (b), 5.5 g., was suspended in 25 ml. of water 
and heated in an autoclave for 2 days a t  210°, the autogene- 
ous pressure reaching 200 psig. The resulting brown solution 
was concentrated to give 5.5 g. of an oil that soon crystal- 
lized. It was recrystallized several times from an alcohol- 
acetone-benzene mixture to give 1 g. of trans-3,4-sulfolane- 
diol, m.p. 159-160'. A mixed melting point with the starting 
epoxide [substance ( b ) ]  melted a t  125-130". By the same pro- 
cedure, substance a was converted to  the identical trans-3,4- 
sulfolanediol.'* 

Anal. Calcd. for C4H8S04: C, 31.57; H, 5.30. Found: C, 
31.64; H, 5.40. 
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The acid-catalyzed condensation of a ditertiary glycol and several wchloronitriles has led to  a convenient synthesis of 
I-azabicycloalkanes. The three-step method involves the formation of an wchloroalkyl-I-pyrroline which is reduced with 
aqueous sodium borohydride to the o-chloroalkylpyrrolidine and then to the bicyclic base via intramolecular alkylation. 
None of the intermediate products is isolated. The final product is obtained in 6045% yield based on the glycol. 

The chemistry of 1-azabicycloalkanes has re- 
ceived considerable attention in the last decade 
and several comprehensive revie ws4 have appeared 

during this period. Particular significance has been 
attributed to the 1-azabicyclo [3.3.0loctanes, more 
commonly referred to as the pyrrolizidines, because 

(1) This work was supported from funds granted by the 
National Institutes of Health (RG-6248). 

(2) Presented before the 16th Annual Southwest Re- 
gional Meeting of the American Chemical Society, Okla- 
homa City, Okla., December 1-3, 1960. 

(3)  American Cancel' fiociety Summer Renmreh Fellow, 
1860, 

(4) H. R. Ing, Heterocyclic Compounds, Vol. 3, R. C. 
Elderfield, ed., Wiley, New York, 1952, p. 396; Houben- 
Weyl, Methoden der Organ~schen Chemie, Band X I  2, G. T. 
Verlag, Stuttgart, 1958, p. 582; T. S. Stevens, C h i s f r y  
of Carbon Compounds, Val. 4, E. H. Rodd, ed., Elsevier, 
New Yark, 1957, p. 117. 


