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Cprl . , 
P e n t a n o i c ac ids 

5-Ethylamino-
5-Isopropylamino-
5-B-Butylamino-
5-.5-Butylamino-
5-Cyclohexylamino-
5-Dimethylamiuo-
5-Diethylamino-
5-Piperidino-

As the hydrochloride 

Yield, 
rr a 

72 
70 

71 

,Sl 

70 
72 

of the acid. 

M . p . , 
0 C . 

129-133 
124.5-120r 

121-122 
190-192 
100-103..") 
19S-201 
204-207' 

*> Calcd. for C, 

TABLE II 

-Ac id .HCl 
Cl . 

Calcd . 

18.12 
10.91 
10.91 
14.98 
19.52 
10.91 
15.99 

. 1 , H e C l O 2 N : 

Anal. 

C, 

F o u n d 

17.84 
10.85 
16.87 
14.98 
20.00 
10.74'' 
15.SS 

53.08; 

M . p . , 
0 C . 

129-132 
119-122 

103-100 

- E t h y l es te r -HCl 
Cl Anal . , 

Ca lcd . 

10.91 
15.85 

13.44 

Found 
10.80 
15.72" 

13.47 

H, 9.91. Found: C, 53.74; 11,9.05. ' ' E . 
Ochiai, K. Tsuda and J. Yokoyama, Bcr., 68B, 2290 (1935), report the hydrochloride, m.p. 124.5° (from acetone-ether). 
'' Calcd. for C9H211ClNO2: C, 51.54; H, 9.01. Found: C, 51.97; H, 9.03. c Recrystallized from acetone; m.p. 202-
204° from ethanol-ether. W. B. Thomas and S. M. McElvain, T H I S JOURXAL, 56, 1809 (1934), report the hydrochloride 
of the acid, m.p. 198-200°. 

step yields of 5-substituted-aminopentanenitriles 
much improved over the yields obtained when direct 
distillation of the o-substituted-amino-.S'-pentene-
nitriles was followed by low pressure hydrogenation. 

The unsaturated addition products were hydro-
genated at low pressure to 5-substituted-amino-
pentaneiiitriles. These compounds in turn were 
hydrogenated a t high pressure in the presence of 
ammonia. In the high pressure hydrogenatious if 
the amine grouping was tertiary, high yields of only 
•3-dialkylamino-l-aminopentanes were obtained. 
However, when the amine grouping was secondary, 
an intramolecular reductive alkylation took place to 
a large extent to give N-substi tuted piperidines in 
addition to 5-alkylamino-l-aminopentanes. Thus, 
from the 5-ethylamino-, 5-isopropylarnino-, o-n-
butylamino-, 5-x-butylamino- and o-cyclohexyl-
aminopentanenitriles were obtained the N-ethyl-, 
X-isopropyl-, N-«-butyl-, X-5-butyl- and N-cyclo-
hexylpiperidines. A similar reductive cyclization 
has been reported recently by Boekelheide, et a/.,9 

in the reduction of 4-(2-pyridyl)-butanenitriles. 

The 5-substituted-aminopentanenitriles were also 
hydrolyzed to 5-substituted-aminopentanoic acids, 
which were isolated as their hydrochloride salts. 
The ethyl esters of these acids usually formed 
rather easily on heating the acid hydrochlorides in 
absolute ethanol. 

Experimental 
Carbon, hydrogen and nitrogen analyses reported were 

performed by the Clark Microanalytical Laboratory, Ur-
bana, Illinois. 

Melting points are uncorrected. 
2,4-Pentadienenitrile and Amine Addition Reactions. 

(5 - Substituted- amino-3 - pentenenitriles).—The 2,4 -pen ta-
dicnenitrile5 was added to a slight molar excess of amine in 
a pressure bottle, and the bottle was flushed out with argon 
before sealing. If no immediate exothermic reaction en­
sued, the mixture was wanned at 50° for one-half hour and 
then allowed to stand at room temperature for 18 hours. 
Unreaeted starting materials were stripped under vacuum 
and the crude product was either purified by vacuum dis­
tillation or directly hydrogenated at low pressure. 

Yields, physical constants and analyses of the 5-sub-
stituted amino-3-pentenenitriles are listed in Table I. In 
addition to the compounds listed in Table I, the adduets of 
piperidine and diethylnmine also were prepared and con­
verted to the various typos of derivatives described below. 
These compounds have been well characterized hv Frankel, 
etui: 

5-Substituted-aminopentanenitriles.—Low pressure hy­
drogenation of the 5-substituted amino-3-pentenenitriles in 

ether solution over 7% palladium-ou-ehareoal catalyst re­
sulted in quantitative conversions to 5-substituted-ainiuo-
pentanenitriles. Table I lists physical constants and analy­
ses for these compounds. 

High Pressure Hydrogenation of 5-Substituted-amino-
pentanenitriles.—These hydrogenations were carried out in 
ethanol solution saturated with ammonia over Raney nickel 
catalyst at initial pressures of 800-1400 p.s.i. and tempera­
tures of 90-100°. The products were separated by vacuum 
distillation. 

Table I lists the physical constants and analyses for the 5-
substituted-amino-1-aminopentanes. 

Hydrolyses of 5-Substituted-aminopentanenitriles (5-Sub-
stituted-aminopentanoic Acids).—Hydrolyses were carried 
out in coned, hydrochloric acid—heating the mixtures on a 
steam-bath for 2-3 hours. The resulting solution was then 
carefully evaporated to dryness, and the solid residue was 
extracted twice with hot acetone or with cold absolute 
ethanol. Acetone proved more satisfactory, since it did not 
dissolve the by-product ammonium chloride as readily as 
did the ethanol. In addition, in some cases in which eth­
anol was used and the mixtures were warmed, the acids were 
at least parti}7 converted to their ethyl esters. The hydro­
chlorides of the 5-substituted-aminopcntanoic acids were 
precipitated by addition of ether to the acetone or ethanol 
solutions and could be recrystallized from either acetone or 
ethanol-ether mixtures. Acetone reerystallizatiou appeared 
to give crystals of somewhat higher melting point. Table 
II lists the physical constants and analyses for these com­
pounds. 

TAIiLE III 

ADDITION" PRODUCTS OF 2,4-PEXTADIKXENITRILE WITH 

Two MOI.ES OP AMI XE 

C p d . 
pentanenilri le.s 

- l ) i - ( c thy lamino) -
-Di-(M-butylamino)-
-D i - (d ime thy lamino ) -

!.p. 

X2-85 
142-143 
105-115" 

M m . 

1 

index, 
0 C . 

1 .4(535 
1 1(512 
1.45-1!) 

NTeut. 
Calcd . 

8 1 . Ii 1 
112.7 

" P. Kurtz3 reports a b.p. 120-122° (10 mm.). 
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Although several aromatic and saturated ali­
phatic stilfonyl fluorides have been prepared by 
treating the corresponding stilfonyl chlorides with 
boiling potassium fluoride solution,2 no unsaturated 
aliphatic sulfonyl fluorides are reported. 2-Phenyl-
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ethenesulfonyl fluoride and 2-p-nitrophenylethene-
sulfonyl fluoride were readily obtained from the 
corresponding sulfonyl chlorides by refluxing with 
an aqueous solution of potassium fluoride. The 
sulfonyl fluorides are more resistant to hydrolysis 
than the corresponding sulfonyl chlorides; in fact, 
2-phenylethenesulfonyl fluoride, melting at 96-97°, 
can be steam distilled without appreciable hy­
drolysis. When ethenesulfonyl chloride was 
treated with boiling aqueous potassium fluoride, no 
ethenesulfonyl fluoride could be obtained because 
of hydrolysis and polymerization reactions. 

Several recent reports3-6 concern the use of 
unsaturated sulfonic acid derivatives as dieno-
philes in the Diels-Alder reaction. These deriva­
tives include sulfonyl chlorides, methyl sulfonates 
and sulfonamides. Since fluorine is more electro­
negative than any of the atoms attached to sulfur 
in the preceding derivatives, it was expected that 
unsaturated sulfonyl fluorides should be active 
dienophiles. 

2-^-Nitrophenylethenesulfonyl fluoride and 
cyclopentadiene gave 6-p-nitrophenyl-2,5-endo-
methano-1,2, 5,6-tetrahy drobenzenesulf onyl fluoride 
in yields ranging from 77% at 45° to 27% at 155°. 
The structure was assigned on the basis of analysis, 
saponification equivalent and conversion of the 
hydrolyzed adduct to the known4 ^-toluidine and 
S-benzylthiouronium salts. The adduct appears 
to be a mixture of stereoisomers, since repeated 
recrystallization (of adduct having the calculated 
saponification equivalent) was necessary to obtain 
a sample with a constant melting point. This 
conclusion is supported by the work of Rondest-
vedt4 who found that the adduct from cyclopenta­
diene and 2-^-nitrophenylethenesulfonyl chloride, 
m.p. 105-116°, can be converted into a bromo-
sultone in 74% yield; but, after the adduct is 
recrystallized five times to m.p. 116-121.5°, it 
can be converted to the bromosultone in 85% yield, 
indicating that the recrystallizations remove some 
of the isomer in which the sulfo group lies in the exo-
position and is thus unable to undergo cyclization. 

In contrast to the above sulfonyl fluoride, 2-
phenylethenesulfonyl fluoride did not give an 
adduct with cyclopentadiene at several tempera­
tures in the range 25-150°. This lack of reactivity 
is surprising since 2-phenylethenesulfonyl chloride 
forms an adduct with cyclopentadiene in 63% 
yield at 45°.4 A possible explanation for the 
inertness of 2-phenylethenesulfonyl fluoride may 
be that the temperatures employed were not favor­
able for shifting the equilibrium in the desired direc­
tion. The importance of temperature is shown by 
Rondestvedt's work with sulfonic acid derivatives,4 

e.g., methyl 2-p-nitrophenylethenesulfonate reacts 
with cyclopentadiene to form an adduct in 68% 
yield at 155°, but fails to react at temperatures 
below 130°, whereas N,N-diethyl-2-£-nitrophenyl-
ethenesulfonamide reacts with cyclopentadiene in 
87% yield at 45°, but fails to react at 155°. 

(3) H. R. Snyder, H. V. Anderson and D. P. Hallada, THIS JOUR 
NAi., 73, 3258 (1951). 

(4) C. S. Rondestvedt and J. C. Wygant, / . Org. Chan., 17, 975 
(1952). 

(5) C. S. Rondestvedt and J. C. Wygant, T H I S JOURNAL, 73, 5785 
(1951). 
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Experimental 
2-Phenylethenesulfonyl Fluoride.—To a solution of 24.9 

g. (0.123 mole) of 2-phenylethenesulfonyl chloride6 in 30 ml. 
of xylene was added a solution containing 16 g. of potassium 
fluoride in 15 ml. of water. The mixture was stirred and re-
fluxed for 2.5 hours, during which time the less soluble po­
tassium chloride precipitated as it was formed. The reac­
tion mixture was steam distilled, the distillate extracted with 
ether, dried with calcium sulfate and the ether was evap­
orated. Upon recrystallization from petroleum ether (90-
100°), there was obtained 11.7 g. (51.4% yield) of product, 
m.p . 96-97°. (Attempts to purify the crude reaction mix­
ture by crystallization from several solvents, instead of 
steam distillation, failed to remove unreacted sulfonyl chlo­
ride.) 

Anal. Calcd. for C8H7FO2S: C, 51.61; H, 3.78; sapon. 
equiv., 93.1. Found: C, 51.75; H, 3.86; sapon. equiv., 
91.4. 

2-£-Nitrophenylethenesulfonyl Fluoride.—To 10.0 g. 
(0.040 mole) of 2-p-nitrophenylethenesulfonyl chloride7 in 
25 ml. of xylene was added a solution containing 5 g. (0.086 
mole) of potassium fluoride in 6 ml. of water. The mixture 
was stirred and refluxed for 2.5 hours and then poured into 
300 ml. of ice-water. After filtering the crude yellow prod­
uct and recrystallizing three times from benzene-petroleum 
ether mixtures, there was obtained a 57% yield of the sul­
fonyl fluoride, m.p. 155-158°. 

Anal. Calcd. for C8H6FNO4S: C, 41.56; H, 2.02; N, 
6.06; sapon. equiv., 115.5. Found: C, 41.63; H, 2.86; 
N, 6.37; sapon. equiv., 114.6. 

6-£-Nitrophenyl-2,5-endomethano-l,2,5,6-tetrahydroben-
zenesulfonyl Fluoride.—To 2.03 g. of 2-£-nitrophenyleth-
enesulfonyl fluoride dissolved in 200 ml. of toluene was 
added 1.2 g. of freshly distilled cyclopentadiene. The 
solution was kept at 45° for 3.5 days and then the solvent 
and excess cyclopentadiene were removed in an air jet. 
The resulting oil solidified upon standing at room tempera­
ture for a day. The residue weighed 2.54 g. (97%), m.p. , 
65-76°. Recrystallization of the residue from ethanol gave 
the following fractions: I, 0.42 g., m.p. 92-96°; I I , 1.05 g., 
m.p. 76-94°; I I I , 0.53 g., m.p. 74-91°; combined yield of 
I, I I and I I I , 77%. Evaporation of the filtrate left an oil 
which could not be crystallized. The saponification equiv. 
of fraction II was found to be 145.4 (calculated, 148.6). 
After repeated recrystallizations from petroleum ether, the 
adduct melted at 102-104°. 

Anal. Calcd. for Ci3Hi2FNO4S: C, 52.52; H, 4.07; N, 
4.71. Found: C, 52.41; H, 4.12; N, 4.50. 

When 5.6 g. of cyclopentadiene and 2.0 g. of 2-p-nitro-
phenylethenesulfonyl fluoride were refluxed in bromoben-
zene (about 155°) for three hours, considerable tar forma­
tion occurred and the adduct, m.p. 87-93°, was obtained in 
only 27 .3% yield. After five recrystallizations, the m.p. 
was 102-104°. Refluxing a toluene solution of 2-p-nitro-
phenylethenesulfonyl fluoride and cyclopentadiene for six 
hours gave the adduct in 72% yield. 

The adduct was hydrolyzed to the sodium sulfonate in so­
dium hydroxide solution, the excess base was neutralized, 
and the S-benzylthiuronium salt was prepared, m.p. 231-
234° with decomposition (lit.6 235° d e c ) . The ^-toluidine 
salt of the hydrolyzed adduct was also prepared, m.p. 216-
218.5° (lit.6 217.5-219°). 

Attempted Reaction of 2-Phenylethenesulfonyl Fluoride 
with Cyclopentadiene.—In a typical reaction, 4 .00g. of the 
sulfonyl fluoride was dissolved in 200 ml. of toluene contain­
ing 2.75 g. of freshly distilled cyclopentadiene and the solu­
tion maintained at 45° for 3.5 days. There was recovered 
82% of unchanged sulfonyl fluoride. There was also ob­
tained 0.41 g. of an oil which could not be crystallized from 
benzene, ethanol, acetone or chloroform. Attempts to 
hydrolyze this oil to the sodium sulfonate with dilute base 
resulted only in tar formation. 

Similar results were obtained when the reactants were 

(6) F. G. Bordwell, el al., ibid., 68, 139 (194S). 
(7) F. G. Bordwell, A. B, Colbert and B. Alan, ibid., 69, 1778 

(1947). 
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kept at room temperature for 8 days, at 60° for 2.5 days and 
at 80° for 21 hours. When the reactants were refluxed in 
toluene at 110° for 12 hours, or in bromobenzene at 155° for 
11 hours, there was considerable tar formation, less than 5 % 
of the original sulfonyl fluoride could be recovered, and no 
adduct could be isolated. 
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Autoxidation of Cholesterol during Purification via 
the Dibromide1 

BY LELAND L. SMITH 

RECEIVED JANUARY 25, 1954 

Recent investigation of cholesterol biogenesis 
using carbon-14 has accentuated the problem of 
obtaining pure sterol preparations from animal 
tissues. Isolation as the sterol digitonide followed 
by conversion to the dibromide and subsequent 
reduction to the sterol have been advocated as 
reliable procedures for radiochemically pure chole­
sterol obtained from isolated organ perfusion and 
from intact animal experiments.2 These pro­
cedures are not without objection in tha t artifacts 
may arise during decomposition of the digitonides 
and during bromination-debromination.3 

In addition to these difficulties autoxidation of 
cholesterol may occur during the debromination 
reaction. In the routine use of the modified z inc-
acetic acid debromination procedure of Schwenk 
and Werthessen2a the presence of several unidenti­
fied Liebermann-Burchard positive materials was 
discovered in supposedly pure preparations. These 
materials manifested themselves as characteristic 
pat terns of spots on paper chromatograms, as 
recorded in Table I. In every instance spots 
corresponding to cholesterol and to the epimeric 7-
hydroxycholesterols were found. Of the uni­
dentified spots spot IV (system A) and spot I I I 
(system B) appeared in most of the chromatograms 
and were intense in some. Spot I in both systems 
occurred in most of the pat terns and must corre­
spond to higher oxygenated sterols. It is likely tha t 
spots I, IV and II of system A correspond to spots 
I, I I I and IV of system B, respectively. 

The identities of Table I are assigned on evidence 
of relative migration on the chromatograms of the 
known and the suspect sterol, separately and in 
admixture, and on evidence of color behavior with 
the Liebermann-Burchard and antimony tri­
chloride reagents. I t should be emphasized that 
these evidences are from two independent paper 
chromatographic systems; the system of Xeher 
and Wettstein4 (system B) involves partition be­
tween two liquid phases, while the simple ascending 
system (system A, o-dichlorobenzene) does not. 
By examination of the debromination products in 

(1) .Supported in p a r t by funds from the Texas H e a r t Associat ion 
a n d by funds u n d e r con l r ac t AF 1 8(('.00-)303 with the U S A F School 
of Avia t ion Medicine, Rando lph Field, Texas . 

(2) (a) K. Schwenk a n d N'. T , Wer thcssen , Ar.h. Kiochem. Biopliys., 
40, 334 (1952); (b) 42, Hl (1953). 

(3) (a) (;. A. I). H a s l e « o o d , Biochevi. J., 33 , T(III (1039); (h) K. 
'1'suda ami B. 1 I ine/.a wa, J. I'll,mil. So,-. J,,/>,[«, 7 1 , 273 (HIoI) ; (c) 
K. T s u d a , R. I f aya t su , 11. Umezawu and T. N 'akamura , ibid., 72, 182 
(1952); (d) F . Schwenk, N . T . Wer thessen and H. R o s e n k r a n t z , 
Arch. Biochem. Binphys., 37, 24T (1952). 

(H K. Xeher and A. W e t t s t e i n , HeIv. Chim. AiIa, 35 , 2TIi (1952). 

TABLE I 

CHROMATOGRAPHIC PATTERN OF DEBROMINATION REACTION 

PRODUCTS 

Color behavior wi thb 
ATo- L i e b e r m a n n -

S p o t b i l i ty" B u r c h a r d SbCIi T e n t a t i v e i d e n t i t y 

System A (o-dichlorobenzenc) 

I (UKS Gr-G Bl 
II .32 G 
III .Gl Rs — V — Bl Bl A5-Cholestene-3/3,7-

diols 
IV .84 P - * Bl-G Bl 
V .93 V - B l - G V Cholesterol 

System B (3-phenoxyethyl alcohol-heptane) 

I 0.01 Gr-G Bl 
HA .11 R s - V — Bl Bl A5-Cholestene-3/3,7/3-

diol 
H B .17 R s - V - B l Bl A*-Cholcstenc-30,7a-

diol 
III .40 P - B l - G Bl 
IV .53 P - B l - G 
Y 1.00 Y — Bl-G Y Cholesterol 

" The mobility in system A (o-dichlorobenzene) is ex­
pressed in Ri; for system B (/3-phenoxyethyl alcohol-hep­
tane) the mobility is expressed in R„. b Bl = blue, Rs = 
rose, G = green, V = violet, Gr = gray, P = pink. These 
colors and sequences are reproducible. 

the two systems several sterols of possible implica­
tion are eliminated from consideration. Mobility 
da ta for related sterols are presented in Table I I . 5 

Control chromatograms on the original chol­
esterol and on the cholesterol dibromide employed 
were run concurrently with the debromination 
products; in each control chromatogram only the 
one component was present. Cholesterol treated 
with zinc and acetic acid and extracted in the 
exact manner employed in the debromination 
reaction did not contain autoxidation products. 
Cholesteryl acetate dibromide treated in like 
manner also failed to give the pat tern of spots 
expected of cholesterol dibromide; only two com­
ponents were detected, corresponding to cholesterol 
and to cholesteryl acetate.7 

Patterns for debromination products using other 
debrominating agents such as sodium iodide-
ethanol,8 potassium acetate-ethanol9 and sodium 
acetate-aqueous ethanol9 '10 were also complex. 
Although this line was not developed further, it is 
likely tha t the 7-hydroxycholesterols contribute 
to these patterns. 

(5) T h e mobil i t ies in t he pape r p a r t i t i o n sy s t em (sys tem B) in 
T a b l e I I for t he epimeric pa i r s : Ta-hydroxycho les te ro l a n d 70-hy-
droxycliolesterol , A4-cholestene-3/3.6a-diol a n d A4-cholestene-3;9,6|3-diol, 
afford fur ther ev idence of t h e re la t ionship be tween mobi l i ty on paper 
par t i t ion c h r o m a t o g r a p h i c sys t ems a n d s t r uc tu r e of t he s teroid mole­
cule as men t ioned by Savard . 6 T h e greater mobil i t ies of T a - h y d r o x y ­
cholesterol a n d A4-cholestene-3(3,6/3-diol over t h o s e of t h e 70- a n d 6ce-
epimers , respect ively , m a y be re la ted to t he conformat ion of t he h y -
droxyl g roup of t he sterol molecule. T h u s the polar (more h indered) 
conformat ions of t h e 7o:-hydroxyl and t h e 6j3-hydroxyl confer g rea te r 
mobi l i ty on t he par t i t ion c h r o m a t o g r a m s as compared wi th t h e equa ­
torial (less h indered) conformat ions of (lie 7/3- a n d Oa-hydroxyls . 

(Ii) K. Sava rd , J. Biol. Chem., 202, 45T (19.53). 
(Tl Choles teryl ace t a t e resists au tox ida t ion in aqueous colloidal sus­

pension; cf. S. Bergs t rom and O. Winters te iner , J. Biol. Chem,, 
145, 32T (1912). 

(8) R. Kchoeuheimer, Z. phyniol. Chem., 192, 86 (1930); J. Biol. 
Chem., 110, 461 (1935). 

(9) V. A. Pe t row, J. Chem. Soc, 1077 (1937). 
(10) A. W i n d a u s and II . T.iulcrs, Z. physiol. Chem., 109, 183 (192(1;. 


