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Aminophenylethanols of the types I and II, and the corresponding halides were required as synthetic intermediates.

Tlhe

alcohols of the type I were prepared by condensation of styrene oxide and secondary amines, while the alcohols of tlie type 1T

were prepared by amination of 2-bromo-2-phenylethanol.

Treatment of the alcohols I or 1T with thionyl chloride in ether

afforded the identical chloride which in the instance of the isomeric pyrrolidino alcohols proved to be 1-(2-chloro-2-phenyl-

ethyl)-pyvrrolidine hyvdrochloride.

In connection with the broad study of the
pharmacological activity of substituted «- and 3-
phenylethylamines, we required a number of alco-
hols of the type represented by I and II.

R1 Rl
NCH,CHOH /NCHCH,OH
Ry ] Ry

I Rs Ry II

The groups R; and R, were varied as alkyl, aralkyl,
aryl and cycloalkyl, and R; was retained principally
as phenyl but was also varied as p-chlorophenyl,
p-tolyl, a-naphthyl and cyclohexyl.

Reports of derivatives of the structures I and II
in a variety of pharmacological categories such as
methadon analogs,! antihistamines, antispasmodics
and anesthetics® will be detailed in subsequent
papers. Derivatives of this type have received
but scant inspection. 3+

The synthesis of the aminoalcohols of the type I
was effected by condensation of the appropriate
secondary amine with styrene oxide or the related
oxide; the compounds prepared are described in
Table 1.

It has been clearly established that with second-
ary amines’$ styrene oxide forms only secondary
alcohols of the type I. From Table I it is seen
that bulky groups attached to the secondary amine
tend to give lower yields, When a steric effect was
anticipated, the reaction was carried out at a
higher temperature and for a longer heating period.

It is of interest that controlled studies” of the
reaction of diethylamine and styrene oxide at 60°
showed virtually no reaction at 6 hours and about
709, of the reactants remained after 12 hours.
These workers concluded that styrene oxide reacts
only sluggishly with amines, although they noted
vigorous interaction of diethanolamine with styrene

(1) 8. L. Shapiro, H. Soloway and L. Freedman, Meeting-in-Minia-
ture, Westchester Section, American Chemical Society, April 21, 1955.

(2) 8. L. Shapiro, H. Soloway, E. Chodos and L. Freedman, THis
JOURNAL, in press.

(3) G. A. Alles and P. K. Xnoefel, Arch. intern. pharmacodynamie,
4T, 96 (1934).

(4) C. 8. Marvel and V. du Vigneaud, Tuis JourxaL, 46, 2093
(1924).

(5) W. Emerson, tbid., 67, 516 (1943).

(6) A. Funke and G. Benoit, Bull. soc. chim. France, 30, 1021 (1933).

(7) L. Shecter, J. Wynstra and R. P, Kurkjy, Ind. Eng. Chem., 49,
1107 (1957).

oxide which was attributed to the catalytic effect
of the hydroxyl groups of the reactant amine. In
contrast to these observations, a 929, yield (com-
pound 14, Table I) with diethylamine was obtained
after 16 hours reaction time. These data suggest
that after the 6-hour induction period a catalytic
effect is obtained from the formed aminoalcohol
of the reaction.

The amino alcohols represented by II and de-
scribed in Table II were prepared from secondary
amines and 2-bromo-2-phenylethanol using the
method of King, et a/.,8 and Golumbic and Cottle?
with slight modification.

The amino alcohols of the type I, as well as their
hydrochlorides were readily converted to the cor-
responding chloride hydrochlorides (Table IIT)
by treatment with thionyl chloride in ether.

When the amino alcohol of the type II as the
hydrochloride was treated similarly with thionyl
chloride, the chloride obtained in 729 yield was
identical with that obtained using the secondary
alcohol I as the reactant.

Using the isomeric amino alcohols (compound
23, Table I, and compound 3, Table II), the series
of reactions reflecting the rearrangement and the
identity of the chloride formed is shown in Scheme
I.

In the rearrangement of the product from the
amino alcohol 11, liberation from its salt!® was not
required for conversion to Ia. With no noted for-
mation of sulfur dioxide during the thionyl chloride
treatment of II, and evolution of sulfur dioxide
upon subsequent handling of this initial reaction
product IIb, the 2-pyrrolidino-2-phenethyl chloro-
sulfite hydrochloride could form Ia directly or yield
Ia through the ethylenimonium chloride IIa.

(8) L. C. King, N. W. Berst and F. N. Hayes, THis JoURrNaL, T1,
3498 (1949).

(9) C. Golumbic and D. L. Cottle, tbid., 61, 996 (1939).

(10) (a) E. M. Schultz and J. M. Sprague, sbid., 70, 48 (1948); (b)
R. C. Fuson and C. L. Zirkle, ibid., 70, 2760 (1948); (c) J. Hine,
*Plhiysical Organic Chemistry,”” McGraw—Hill Book Co., Inec., New
York, N. Y., 19536, pp. 121-124; (d) in ref. 10a, 2-dimethylamino-1.
chloropropane did not rearrange immediately when liberated from
its hydrochloride at room temperature, but did change to the isomeric
1-dimethylamino-2-chloropropane upon distillation, b.p. 64~67° (97~
100 mm.), In turn, ref. 10b reported that when l.ethyl-2.chloro-
methylpyrrolidine is liberated from its hydrochloride salt, it rearranges
at room teinperature to I-ethyl-3-.chloropiperidine,
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TaABLE I
R,
a-PHENYLAMINOETHANOLS AND SALTS R;CH CH2N<R ‘R Xe
o :
Analyses, %, ¢
Com- M.p., °C.,b.¢ or Yield,d Carbon Hydrogen Nitrogen
pounds R Re RsX b.p. (mm.) % Formula Caled. Found Caled. Found Caled. Found
1 CHy- CHs- 116-117 (19) 96
2’ CHs CHy HC! 142-144°° 61
3 CH;— CHy HPic.? 133-135 C1eH 15N, Og 48.7 49.1 4.6 4.5 14.2 14.3
4 CH;- 1-C3Hr— 115-116 (4) 91  C;oH1gNO 74.6 74.6 9.9 10.0
5 CHs— CHy" 104 (0.2) 84 CpHyNO 75.3 750 10.2 10.1 6.8 6.9
6 CHs— CeH -t 117-120 (0.06) 78 CisHuNO 7.2 77.2 9.9 10.2 6.0 5.6
7 CHs- CeHy—* HCl 160-162% 68  Ci3H.CINO 66.8 67.0 9.0 9.2 5.2 5.0
8 CHy— CeH;CHo- 130-132 (0.06) 80  CyH;yNO 79.6 79.5 7.9 8.1 5.8 5.8
9 CHy— C¢H;CH,- HCI 132-133% 70  CigHyCINO 69.2 69.2 7.3 7.2 5.0 5.1
10 CH,- C;HsN-1 168-169 (0.03) 27  CisHuN0 75.0 4.7 7.9 7.8 10.9 11.3
11 CHy- CeH;— 146-148 (0.06) 75 CisH;;NO 79.3 79.2 7.5 7.9 6.2 6.4
12 CHs- CeHs— HCI 156-157% 31 Cy:H,;sCINO 68.3 68.3 6.9 6.8
13 CH;— CsH,-* 142-143 (0.1) 47  CpHyNO 8.0 8.0 8.3 8.7 5.5 5.1
14! C.Hs— C.H;— 112 (2.5) 92
15 CoH;— CoH:—~ CH;Br 154-156°* 32  Cp;3HgpBrNO 54.2 544 7.7 7.8 4.9 4.8
16** C,H;:- CoH;— 110-112 (0.15) 94  C;.HiCINO 63.3 €63.4 80 82 6.2 5.7
17%¢  C.Hs- CoHs— 102-104 (0.2) 80 CpHaNO 75.3 76.1 10.2 10.3 6.8 6.2
18% CoH:— C.H;~ 152-154 (0.4) 74 CiHyNO 79.0 79.2 87 86 58 5.9
19 n-CHi—  n-CsHi— 104-106 (0.22) 88 CiHxNO 76.0 76.0 10.5 10.4 6.3 6.0
20 n-CHi-  #-C3Hr HCl 91-92°¢ 52 CuH,CINO 65.2 65.2 9.4 8.8
21 3-CsHq— CsH;CHo— 135-139 (0.12) 78 C;sHxNO 8.3 80.6 8.6 8.7 5.2 4.8
22 1-CsHq— Ce¢H;CH,- HCI 142-143% 79  Cyi3HyCINO 70.7 71.1 7.9 7.9
23 n-C;Ho—  #-C,Ho— 114-115 (0.5) 86 CigHuNO 771 77.2 10,9 10.6 5.6 6.0
24 CeH,o-™ CgHg-" 190 (0.11) 21  CxuHxNO 83.4 83.2 7.9 82 4.1 4.1
25 —(CHy)4— 57-58°¢ 70  CiH;yNO .4 753 9.0 9.2
26 —(CHa)s- HCI 162-164° 79 CpH;CINO 62 6.0
27 ~(CHaz)— HPic.? 150-152 Ci1sH2N,Og 51.4 51.5 4.8 4.4 13.3 13.2
28 ~(CHa)s~ CH;Br 167-168 61 CpHxBrNO 54.6 5.8 7.0 7.3 4.9 4.8
297 —(CH,)4— 76-77° 60  Cp.HCINO 63.9 64.2 7.2 7.1 6.2 5.7
30° ~(CHz) 4~ 112 (2.4) 73 CiHxNO 73.0 73.0 11.8 12.2 7.1 6.8
31 —(CHa)s— 65-67 72 CiH1eNO 76.1 76.0 9.3 9.3 6.8 6.7
32 —(CH.)s— HCl 201-203 63  Cy;HyCINO 5.8 5.4
33 ~CsH - 117-119 (0.05) 86  C;cHysNO 77.7 77.9 10.2 10.2 5.7 5.7
34 -CsHj6— HCI 148-150° 40  CyeHyiCINO 67. 67 9.2 8.8
35° -(CH3),0(CH3)r 82-83°7 70
36 —~{(CH,):0(CH3)s— HCl1 192-193% 93  Cp2H;sCINO, 5.8 6.7
37 -CeH.0-" 141-143 (1.5) 95 CuHuNO. 6.0 6.3
38 -C¢H,0-7 HCl 187-188° 35 CpH»CINO, 61,9 62.1 82 8.1 5.2 5.2
39 —(CHy)e— 102-103 (0.05) 65 CyHyNO 76.7 76.8 9.7 9.6 6.4 6.2
40 -CsH-? 172-174 (0.2) 85  CieHiyNO 8.3 &0.4 7.2 6.9 5.9 5.8
41 -C:HuN-" 95-96° 33 CuisHNO 70.9 70.9 9.2 9.1 12,7 12.8
42 -CsHuN-" 2,HCl 198-201 43  CpH2ClLN:0 9.6 9.4
@ R; = phenyl unless otherwise specified: ¢* R; = p-chlorophenyl; % R; = cyclohexyl; % R; = a-naphthyl; ¢ R; =

p-tolyl. ® Melting points are not corrected.

¢ Recrystallization solvent is ethanol unless otherwise specified; ¢ isopropvl

alcohol; ¢ methylethyl ketone; * methyl ethyl ketone-isopropyl ether; °¢ heptane; ° acetonitrile; ¢/ hexane; ¢ isopropyl

alcohol-isopropvl ether; ©* acetone.
Strauss, Oxford, England.
rivative. * CyHy = sec-butyl. * C¢gHy =
! Ref. 6 reports b.p. 143-145° at 14 mm.
piperidyl. ° Ref. 6 reports m.p. 80-81°.
attached nitrogen is l-indolinyl.

cyclohexyl.

The identity of the chloride Ia was established
by conversion to 1-phenethylpyrrolidine by reduc-
tive dehalogenation with palladium-on-calcium
carbonate, and the identity of the hydrochloride
and picrate with these salts of authentic 1-phen-
ethylpyrrolidine prepared from (2-bromoethyl)-
benzene and pyrrolidine.

The isomeric salts prepared from 1-(a-phenyl-

4 Yields are based on distilled or recrystallized product.
7 H. Bretschneider, Monatsh., 78, 82 (1948), reports m.p. 139-142°,
i CHgN = 2-(4-pyridineéthyl).
m CsHy = a-phenethyl.
P —~C¢H;,0—- with attached nitrogen is 2,6-dimethylmorpholinyl.
r —~C:H;;N- with attached nitrogen is 4-methylpiperazyl.

¢ Analyses by Weiler and
7 HPic. = picric acid de-
k CsHy = 2,6-dimethylphenyl.
» —-CgH; e~ with attached nitrogen is 2-methyl-5-ethyl-
¢ —CsHs— With

ethyl)-pyrrolidine also were prepared for reference.
The compounds concerned with this phase of our
investigation are shown in Table IV.
Treatment of the 2-pyrrolidino-2-phenylethanol
with 489, hydrobromic acid!! in an attempt to ob-
(11) W. Pearlman, TH1S JoUrRNAL, 70, 871 (1948), converted N-

phenylethanolamine to N-8-bromoethylaniline hydrobromide in 85%
yield.
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TaBlLE 11

Ry
B-PHENYLAMINOETHANOLS AND SALTS >\ CHCH.OH RyXx~
R I

Com- M.p., °C.,b.¢ or Yield,d
pounds R, R: RiX b.p. (mm.) i,
1 C:Hi+~  C.Hs- 128-132 (21) 35
2  CH-~ CH,- CH,Br 152-154° 15
3 ~(CH,) 99-102 (2) 39
4 ~(CHy)s~ HCI 174-177 39
5 ~(CH.) 4~ HPic.? 103-105
6 —(CH,) s~ 127-136 (2) 44
7  —(CH,),0(CH,),~ HCI 154-156* 40

Footnotes have same significance as in Table I.

tain the primary bromide resulted only in isolation
of the reactant alcohol recovered in 759 yield as
the hydrobromide.

ScHEME T
oH
r\ \ ™
L/1\'CH?CHC6H5 L/l\ CH.CH,C:H.
1500” CH:CH3—CH,
cl ~7 «of
| -
T Ia Ila
Q
S
&0
CoHtH —CH, 800 DNCHCGH.SCH@H

N—" 1T
Q 1Ih

When 2-pyrrolidino-2-phenylethanol was treated
with acetyl chloride, two products were isolated,
the expected 2-pyrrolidino-2-phenylethyl acetate in
589, yield and 159, of the acetate which was iden-
tical with that obtained in quantitative yield from
the 2-pyrrolidino-1-phenylethanol.!?

The isomeric acetates (compounds 7 and 9,
Table IV) were next considered as reactants for
conversion to the bromides following the procedure
of Stempel and Buzzi.!* In the instance of 2-
pyrrolidino-1-phenylethyl acetate (compound 7,
Table IV), the only isolable product obtained was

{12) (a) W. H. Saunders, Jr., 8. Asperger and D. H. Edison, THIS
JournaL, 80, 2421 (1958), in a study of rates of solvolysis of deuterated

J.phenylethyl p-toluenesulfonates have shown that about 109 phenyl
migration occurs in acetolysis, and in contrast about 459, phenyl migra-
tion had occurred in formolysis, and concluded that phenyl participa-
tion predominates in formolysis but is un-
important in acetolysis; (b) in the rearrange- (!:HB
ment we have noted it is not likely that phenyl C
participation occurs as shown in ref. 12a, 6>// \O
since under these conditions the anticipated M
rearranged product would be 2.phenyl-1- %
(l-pyrrolidino)-ethyl acetate. The fact that CBH5 H—CH2
acetylation of 2-pyrrolidino-2-phenylethanol is I!\T'/
associated with isolation of 153% rearranged
product in contrast to isolation of 729 re- 1Ic
arranged product upon reaction with thi-
onyl chloride, would indicate difference in susceptibility of the
formed onium intermediate 1la to nucleophilic attack by acetoxy as
compared to chloride jon.12¢ In the instance of acetylation a cyclic
transition state similar to Ilb, shown as Ile, may be operative; (c)
C. G. Swain and C. B. Scott, tbid., T5, 141 (1953), report nucleopkhilic
constants for chloride ion and acetate ion in polar systems.

(13) E. Stempel and E. C. Buzzi, 1bid., T1, 2969 (1949).

R.
P U —— Analyses, § é—————————
Carbon, % Hydrogen, 9. Nitrogen, %,
Formula Caled. Yound Caled. Found Caled. Found
Ci:H19NO 4.6 4.5 99 9.9 7.3 7.0
Ci1sH2BrXNO 3.2 5.3 T.T T 4.9 4.7
Ci12H;;NO 7.3 6.9
CisH5sCINO 63.4 65.4 80 8.0
C13HoN,0s 51.4 517 4.8 4.8 13.3 12.9
CiHi1sNO 6.1 6.4 9.3 9.1 6.8 6.9
CpH)sCINO: 59.1 59.2 7.4 7.3 5.8 5.8

a hydrocarbon, m.p. 99-102°, in 289 yield, which
proved to be 2-phenylnaphthalene.l4-16

Treatment of the isomeric acetate (compound 9,
Table IV) under comparable conditions indicated
initial hydrolysis of the acetate, and ultimate iso-
lation of 2-pyrrolidino-2-phenylethanol hydrobro-
mide in 949, yield.

Experimental’”

Materials.—Unless otlierwise specified all materials were
commmercially available. We are grateful to the American
Cyanamid Co. for a sample of p-methylstyrene oxide. Tle
other oxides were synthesized as described below.

p-Chlorostyrene oxide was prepared by the method of
Bergkvist!® in 849 yield, b.p. 82-86° (4.1 mum.).

1-(1,2-Epoxyethyl)-naphthalene.—Using the same reac-
tionn sequence,® 2-chloro-1-(e-naphthyl)-ethanol was pre-
pared in 36 % vield, b.p. 132-135° (0.15 mm.), and converted
in 689, yield to the product, b.p. 90-96° (0.10-0.13 mm.).

1,2-Epoxyethylcyclohexane.—The same procedure as
directly above was used, cyclohexylmagnesium bromide
being prepared by the technique of Gilman and Zoellner.!?
A 369, vield of 2-chloro-1-cyclohexvlethanol was obtained,
b.p. 83-86° (3.3 mm.}, and was converted (709;) to (1,2-
epoxyethyl)-cyclohexane, b.p. 116-119° (151 mm.).

Anal. Caled. for CHiO: C, 76.1; H, 11.2.
C, 76.3; H, 11.1.

Compounds of Table I. General Procedures.—A mix-
ture of 1.0 equivalent of styrene oxide (or equivalent oxide)
and 1.5 equivalents of the secondary amine was maintained
under reflux. When steric effects were anticipated the
heating period was prolonged. The product was then iso-
lated by distillation.

The heating period varied: 1 hour, compound 25; 2-3
lours, compounds 1, 29, 30, 31, 35, 39, 41; 12-16 hours,
compounds 14, 16, 18; 20-24 liours, compounds 3, 6, 17, 19,
33; 30 hours, compound 4.

In certain instances, a solvent (about 4 vol. solvent:1
vol. reactant) was used to mnodify the reaction. Compouunds
11, 13, 23, 34 and 37 (ethanol) and compound 24 (butanol)
were prepared in this manner using a 3-hour reflux period.

For the synthesis of compounds 8, 10 and 21, the external
temperature was controlled for 2 hours by use of an oil-bath
maintained at 125-135°. The preparation of compound 40
utilized heating on a steam-bath for 15 hours.

Exothermic reactions were noted in mixing the reactants
which involved the less hindered secondary amines yielding
compounds 1, &, 11, 25, 29, 39 and 41. The influence of
steric factors is also manifest in comparable yields obtained
with the pyrrolidino products (compounds 25, 29, 30) with a

Found:

(14) T. Zincke and A. Breuer, 4nn., 226, 24 (1884).

(13) The authors are grateful to the Referee of this manuscript for
his perceptive suggestion that the hydrocarbon obtained might be 2.
phenylnaphthalene.

(16) F. Bettzieche, Z. physiol. Chem., Hoppe-Seyler’s, 180, 177
(1925), reports the conversion of phenylserine with acid to 2-phenyl-
naphthalene and proposes a possible mechanism {C. 4., 20, 593 (1926)].

(17) Data shown in the tables are not reproduced in the Experimen-
tal section.

(18) T. Bergkvist, C. A., 44, 1446 (1950).

(19) H. Gilman and E. A. Zoellner, TH1s Jour~NaL, §3, 1945 (1931).
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TABLE II1

R,
a-PHENYLAMINOETHYL CHLORIDES AND SALTS RSCIHCHZI\'< -RyXe
R,

Com- Yield, 2

pounds R, R RiX M.p., °C.b.c %
1* CHy CHy- HCl1 202-203 38
2 ~(CHy)s HCl 183-185 67
3 ~(CHa)+ HPic’  132-135 d.
4 —(CHa)s— HCl 180-182 79
5  —(CHp.O(CHys~  HCI 192-194 49
6 —(CHz)zo(CHz)z— HPiC.g 131-134 d.

Footnotes have same significance as in Table I.

Cl
Analyses, % ¢ —
Carbon Hydrogen Nitrogen

Formula Caled. Found Caled. Found Caled. Found
CroHisCLN 546 54.5 6.9 6.8 6.4 6.3
CoH1:CLN 5.7 5.9
C1sH14CIN,O4 49.3 49,1 4.4 4.3 12.8 12.9
C1H,:CL.NO 55.0 55.2 6.5 6.6 5.3 5.1
Ci1sH19CIN,Os 47.5 47.9 4.2 44 12,3 12.4

¢ H. Bretschneider, Monatsh., 78, 82 (1948), reported m.p. 203°.

TaBLE IV

DERIVATIVES OF PHENYLETHYLPYRROLIDINES

Com- M.p., °C.,b.¢ or
pounds Rs Rs’ Z HX b.p. (mm.)
1 H C¢Hs- H 122-124 (12)
2* H CH;- H HCI 168-170°

3 H CHs— H HPic.! 142-144

4 CeHs~ H H 111 (13)

5 CeHs~ H H HCI 156-157"

6 CHs+— H H HPic.? 127-129

7 H CsH;- CH,COO- HCI 210-212°®

8 H CeHs;~ CH;COO- HPic.! 118-120

9 C¢H+ H CH;COO- HCI 122-124%
10 CeHs H CH;COO- HPic.! 145-147

11 H CeHsy- C;H,NO, =" HCI 201-203°"
12 Ce¢Hs H C;H,NO~* HCl 222-225

Footnotes have same significance as shown in Table I.
b.p. 113-115° at 9 mm. * Ibid., report m.p. 162-164°.

1-3 hour reaction time and the diethylamino products (com-
pounds 14, 16, 17, 18) which required a 16-24 hour reaction
time for the noted conversions.

In the few syntheses wherein the substituent on the oxide
ring was other than phenyl, 7.e., p-chlorophenyl (compounds
16, 29), p-tolyl (compound 17), cvclohexyl (compound 30)
and e-naphthyl (compound 18), no critical influence upon
yields was noted (see Table I).

Typical syntheses reflecting these procedures are given
below.

2-(N-Cyclohexyl-N-methylamino)-1-phenylethanol (Com-~
pound 6, Table I).—A mixture of 48 g. (0.4 mole) of styrene
oxide and 67.8 g. (0.6 mole) of N-methvlcyclohexylamine
was heated under reflux for 21 hours. Distillation gave 12
g. of N-methylcyclohexylamine, b.p. 56° (26 mm.), then 73
g. (78%) of product, b.p. 117-120° (0.06 mm.).
2-(N-Benzyl-N-methylamino)-1-phenylethanol (Com-
pound 8, Table I).—N-Benzylmethylamine (72.6 g., 0.6
mole) was heated to 125° and 48 g. (0.4 mole) of styrene
oxide added over 1 hour with stirring and maintenance of
internal temperature by external cooling. Heating was con-
tinued for 2 hours at 125-135° after addition was complete.
The reaction mixture distilled to give 56 g. of forerun, fol-
lowec)i by 77.1 g. (809%) of product, b.p. 130-132° (0.08
mm.).
2-(N-Methylanilino)-1-phenylethanol (Compound 11,
Table I).—To a boiling solution of 48 g. (0.45 mole) of N-
methylaniline in 400 ml. of ethanol, 36 g. (0.3 mole) of sty-
rene oxide was added over 30 ininutes. Heating under re-
flux was continued for 3 hours. Upon distillation there was
obtai)ned 51 g. (759) of product, b.p. 146-148° (0.06
mm.).
2-Piperidino-2-phenylethanol (Compound 6, Table II).—
The following preparation is typical of the preparation of the
compounds of Table II. To a stirred mixture of 120 g. (1.0
mole) of styrene oxide and 200 ml. of hexane, 114 ml. of 489,
hydrobromic acid was added over 1 hour. The reaction
temperature was maintained below 20° by external cooling.
The liquid product, insoluble in both the hexane and aqueous
phases, was separated, washed with water, dilute aqueous

“M__CH—CHZ-HX
— ‘

R3 RQ’
Analyses, % ¢
Carbon Hydrogen Nitrogen
Formula Caled, Found Caled. Found Caled. Found
CHpsN 8.2 8.3 9.8 9.7 8.0 7.9
CoHsCIN 68.1 68.2 86 8.6 6.9 6.9
Ci1sHX,04 533.5 53.1 5.0 5.1 13.9 14.0
CpHyiN - 8.2 8.4 9.8 9.8 8.0 8.0
CyoHisCIN 68.1 67.7 8.6 8.7 6.6 6.8
Ci1sH N0 53.5 583.5 5.0 5.2 13.9 14.1
C1H2CINO, 62.3 62.1 7.5 7.3 5.2 4.7
CooH 2 N,Og 52.0 52.5 4.8 4.9 12.1 11.8
C14HyCINO, 62.3 61.8 7.5 7.6 5.2 5.2
CaHzN1Og 52.0 52.1 4.8 4.9 12.1 12.4
CisHaCIN,O, 60.6 60.1 5.6 5.4 7.4 7.3
CH»CIN,O, 60.6 60.7 5.6 5.8 7.4 7.4

¢t B. Wojcik and H. Adkins, THIS JOURNAL, 56, 2419 (1934), report
» CsH,NO4— is p-nitrobenzoyloxy-.

sodium bisulfite and hexane, and dried (magnesium sul-
fate). Filtration yielded 140 g. (709) of crude 2-bromo-2-
phenylethanol which was used without further purifica-
tion. This was dissolved in 1000 ml. of benzene and 120 g.
(1.4 moles) of piperidine added with stirring, at a rate suf-
ficient to maintain reflux. After addition was complete,
reflux and stirring were continued for 1.5 hours, When cool,
67 g. of piperidine hyvdrobromide was separated and the
benzene filtrate was dried (magnesium sulfate), filtered, the
solvent removed and the residue distilled to vield 63.5 g.
(449%,), b.p. 127-136° (1.5-2.0 mm.).

1-(2-Chloro-2-phenylethyl)-pyrrolidine Hydrochloride
(Compound 2, Table I11I).2—A solution of 19.2 g. (0.1 mole)
of 2-pyrrolidino-1-phenylethanol (compound 25, Table I)
in 30 ml. of ether was added over 30 minutes, with cooling
and stirring, to a solution of 14.3 g. (0.12 mole) of thionyl
chloride in 50 ml. of ether. After addition was complete,
stirring was continued at 20° for 2 hours with continuous
evolution of sulfur dioxide and formation of a precipitate of
the product which was separated and gave 24 g. (989;,), m.p.
161-164°, of crude product.

Using compound 26, the hydrochloride of the amino al-
cohol as the initial reactant, the product was obtained in
949 vield, m.p. 158-161°.

When the isomeric amino alcohol, 2-pyrrolidino-2-phenyl-
ethanol hydrochloride (compound 4, Table II), was the
initial reactant the same chloride (compound 2, Table III)
was obtained.

A suspension of 15.4 g. (0.07 mole) of compound 4 (Table
I1) in a solution of 11.7 g. (0.09 mole) of thionyl chloride in
125 ml. of ether was stirred for 6 hours. No evolution of
sulfur dioxide was noted, and 18.8 g. of an unstable solid,
m.p. about 93°, which smelled strongly of sulfur dioxide
(809 calculated as 2-pyrrolidino-2-phenethyl chlorosulfite
hydrochloride) was obtained. Recrystallization (acetoni-
trile) gave 8.0 g., m.p. 181-183°, and a second crop of 3.0 g.
(729%), m.p. 175-178°. It did not depress the melting

(20) The procedure was adapted from H. L. Goering, T. D. Nevitt
and E. F. Silversmith, TH1s JourNaL, TT, 4042 (1955).
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point of compound 2 (Table IIT), (m.p. 183-185°), mixed
m.p. 181-184°,

In a similar mnanner, it was shown that 2-(4-morpholino)-
1-phenylethanol (compound 35, Table I) and 2-(4¢-mor-
pholino)-2-phenylethanol hydrochloride afforded the same
chiloride (compound 5, Table II1).

1-Phenethylpyrrolidine (Compound 1, Table IV).—A
mixture of 10.0 g. (0.14 mole) of pyrrolidine and 13.0 g.
(0.07 mole) of (2-bromoethiyl)-benzene in 150 ml. of ethanol
was lieated under reflux for 3 hours. After removal of the
cthanol, the residue was suspended i1 50 ml. of water and
rendered alkaline with 409 sodium hydroxide, excess potas-
sium carbonate added, and the mixture extracted with three
100-ml. portions of etlier. The combined ether extracts
were dried (potassium carbonate), filtered, the ether re-
moved and the residue distilled, vielding 6.4 g. (5629%).

Tle bydrochioride (compound 2, Table IV) and the pic-
rate (compound 3, Table IV) were prepared by the usual
methods.

1-Phenethylpyrrolidine (from Reductive Dehalogenation
of 1-(2-Chloro-2-phenylethyl)-pyrrolidine Hydrochloride.)—
A 0.02-mole charge of the hydrochloride hydrogenated over
palladium—-calcium carbonate?! absorbed 979 of the theoret-
ical hydrogen within 5 minutes and was processed to yield
3.4 g. (809) of the hydrochloride of 1-phenethylpyrrolidine,
recrystallized (methyl ethyl ketone) m.p. 168-170°,

The picrate was prepared and melted at 140-142° (eth-
anol), and showed no depression on admixture witli com-
pound 3, Table IV.

1-(a-Phenylethyl)-pyrrolidine (Compound 4, Table IV) .—-
Following the procedure shown for compound 1, Table IV,
and substituting (1-bromoethyl)-benzene, this base was
prepared in 43%% vield.

It was couverted to the hyvdrocliloride (compound 5,
Table 1V) and the picrate (compound 6, Table IV). Tlhe
nielting point of the mixed picrates (compounds 3 and 6,
Table 1V) was 103-107°.

Attempted Bromination of 2-Pyirolidino-2-phenylethanol
(Compound 4, Table I1).—Following Pearlman,!! the com-
poundd above was treated with 48%, hydrobromic acid.
There was recovered 17.0 g. (75%) of product, m.p. 163-
164°, which did not depress when mixed with authentic
liydrobromide of 2-pyrrolidino-2-phenylethanol (n.p. 162-
165°), mixed m.p. 161-164°,

Anel. Caled. for Cp;HpisBrNO: N, 5.2, Found: N,

5.2.

The picrate prepared from the product nielted at 103-107°
(see compound 5, Table II).

2-Pyrrolidino-1-phenylethyl Acetate Hydrochloride (Com-
pound 7, Table IV) —A solution of 15.4 g. (0.08 mole) of 2-
pyrrolidino-1-phenylethanol, in 150 ml. of benzene was
treated over 30 minutes, with stirring and cooling, with a
solution of 9.4 g. (0.12 mole) of acetyl chloride in 50 ml. of
benzene. The reaction mixture was heated under reflux for
2 liours and after standing 20 hours the copious precipitate
of product was separated, 22 g. (100%), m.p. 202-204°.

The picrate was prepared (compound 8, Table IV).

Hydrolysis of 2-Pyrrolidino-1-phenylethyl Acetate Hydro-
chloride.—A suspension of 0.67 g. (0.0025 mole) of 2-pyr-
rolidino-1-phenyletliyl acetate in 5 1nl. of ethanol and 0.5
ml. (0.005 mole) of 40¢, aqueous sodium hydroxide was
licated under reflux for 3 hours. The ethanol was removed
at diminished pressure, 3 ml. of water was added to the
semi-solid residue and the resulting white solid was re-

(21) 3. L. Shapiro and C. CG. Overberger, THis JourNaL, 76, 97
(1954).
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crystallization from pentaie yielded 0.28 g. (509), m.p.
57-58°. A mixed mielting point with an authentic sample
of 2-pyrrolidino-1-phenylethanol was not depressed.

2-Pyrrolidino-2-phenylethyl Acetate Hydrochloride (Cowm-
pound 9, Table IV).—A mixture of 11.8 g. (0.15 mole) of
acetyl cliloride, 19.2 g. (0.1 mole) of 2-pyrrolidino-2-phenyl-
etlianol in 300 1l. of benzene treated as above, showed a
small precipitate after standing 20 hours. Upoun storage for
3 ltours at 10° and filtration, 4.0 g. (15%,) of crystals, m.p.
198-200°, rccrystallized (methyl ethyl ketone) m.p. 210-
212°, were obtained and proved to be the secondary acetate
(compound 7, Table I'V), mixed mn.p. 210-212°.

The picrate of this product melted at 116--118° (ethanol)
and did not depress the 1nelting point of compound 8, Table
1V, mixed m.p. 116-119°.

The benzene filtrate was concentrated to a residue, which
after trituration with ether, afforded 15.5 g. (68%) of the
ungearmnged product, 1mn.p. 104-112° (comnpound 9, Table
IV).
The picrate was prepared (compound 10, Table IV).
The melting point of the mixed picrates (compounds 8 and
10, Table IV) was depressed, mixed m.p. 102-104°.

Reaction of 2-Pyrrolidino-2-phenylethyl Acetate with
Hydrobromic Acid.!3—2-Pyrrolidino-2-plienylethiyl acetate
hydrochloride (8.1 g., 0.03 mole) and 35 ml. of 489; hydro-
bromic acid were lieated under reflux for 1 hour. After re-
moval of 2.5 ml. of the hydrobromic acid-water azeotrope,
the remainder of the 489 hydrobromic acid was removed at
15 mm., then three 10-ml. portions of ethanol, and twec 25-
ml. portions of benzene were successively added and re-
moved. The solid residue was washed with ether and separ-
ated; 7.2 g. (949) m.p., 153-157°. Recrystallization from
isopropyl alcohol-isopropyl ether vielded 5.1 g., m.p. 163~
165°. When mixed with tlie hydrobromide of 2-pyrrolidino-
2-phenylethanol, no depression in melting point was ob-
tained, mixed m.p, 163-165°.

Reaction of 2-Pyrrolidino-1-phenylethyl Acetate with
Hydrobromic Acid. (Isolation of 2-Phenylnaphthalene).—
I a similar manner!® a mixture of 9.5 g. (0.035 mole) of 2-
pyrrolidino-1-phenylethyl acetate hydrochloride and 40 ml.
of 48¢% hydrobromic acid was heated under reflux for 30
minutes. At the end of this period, 30 ml. of azeotrope were
removed by distillation and the residue when cool yielded
1.0 g. of brown solid. Furtlier concentration of the filtrate
vielded 5.0 g. of tar. The solid on recrystallization (eth-
anol) yielded 0.33 g. of product, m.p. 99-102°, which con-
tained no nitrogen or halogen; Amax, 248 mu (e 5.05 X 10%),
Amaxs 285-286 mu (¢ 1.5 X 10%) (nethaiol), A mixed melt-
ing point with authentic 2-phenylnaphthalene,!* m.p. 101-
102° (reported 101-102°) was not depressed, mixed m.p.
101-102°. Tle ultraviolet absorption spectrum curve re-
ported for tlhie authentic 2-phenylnaplithalene?? (absolute
cthanol) is virtually identical.

Anal. Caled. for CisHy: C, 93.2; H, 6.8;
206.3. Found: C,93.0; H,6.4; mol. wt., 181.

2-Pyrrolidino-1-phenylethyl p-Nitrobenzoate Hydrochlo-
ride (Compound 11, Table IV).—A solution of 19.2 g. (0.1
mole) of 2-pyrrolidino-1-phenylethanol in 150 ml. of ben-
zene was added to a refluxing solution of 18.6 g. (0.1 mole)
of p-nitrobenzoyl chloride in 100 ml. of benzene over a
period of 30 minutes with stirring. Reflux and stirring were
continued for 2 hours, a precipitate forming almost iin-
mediately. When cool, 37.6 g. (1009;) was separated,
m.p. 199-201°.

mol. wt.,
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(73) 1.. ¥. Fieser and E, B, Hershberg, ibid., 60, 940 (1938).



