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INTRODUCTION

Attempts to discover a guantitative connection between
rotatory power and chemical constituiion of an active molecule
have been numerous since Crum Brown (1) and GCuys (2)
independently in 1890 published the theory connecting certain
constants representing the radiceals with molecular rotatory
power, According to Guye (3) the produect of asymmetry, P,
which 1s & measure of the amount of rotation and its sign,
depends only on the masses of the four groups attached to the
asymmetric carbon atom. The valﬁa is represented thus:

p = _{8-b) (8] (a=d) (b=c) (b-d) (c-d)
{a+rb+e+d) e

K

where &, b, ¢, and 4 are the formula weights of the groups
and K 1ls a characteristic comnstant. It can be seen that if
any two of the groups are allke, the product becowes zero

and no rotation of the compound is expected. If any two of
the formule weights are interchanged, a reversal of sign for
P is yrc&ueaé‘

| In certaln homologous series, Guye's hypothesis appeared
aﬁ first to be confirmed (4) but later work brought out many
disorepancies. With the homologous esters (5) the values of
17 sometimes showed an 1ncreasava%ﬁ sometimes a deorease
with increasing molecular welght af the alcohol radical; the
actual effeot of gradually inersasing the :size of the aleohol
radical beceme less for higker members of the series. The

changes in rotation due to the presence of unsaturated groups



and of aeverai-aaymmaﬁris carbon atoms in the seme molecule
were facts which could net be reconciled %o the requirements
of the hypothesis. Walden (6) gave many cases in which the
theory falled to hold. Pilekard and Kenyon (7) investigated a
large number éf optically active esters, alcoohols and ethers
and exposed wiée departures from what may be termed the
"normal alteration of rotatory power" with iﬁera&ae in
molecular weight., It was finally concluded that in the
majority of homologous series the changes in rotatory power
and the produet of asymmetry are not parallel,

Followlng the work of Crum Brown and Guye there were
many investigations of the effect of changes in molecular
structure on optical aotivity. Hupe (8) was led to conclude
that generally the opticsel influence of saturated alkyl
groups is a small one; Franklend (9) found that "the presence
of unsaturated groups leads fo an irregularity in rotatory
effect and not necessarily to an increased rotation™; Haller
{10) in studylng the camphor series discovered that benzylidene
camphor, having a conjugation of the phenyl group with a
double linkage, showed an enormous slevation of the rotation,
and that the rotatory power diminished greatly when the phenyl
group was exchanged for the eyelohexyl radical or for the
benzyl group where no conjugation exists.

Parallel to the collection of experimental data on the
effects of various changes in constitution, fundamental

theories of the real cause of optical rotation were developing.
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Drude (11) in 1893 proposed the ldeas that optiocal rotation is
due to a peculiar form of electronic motion. He assumed that
the electrons which mﬁy be set in vibration by impaets of
light waves, are found in asctive molecules to move to and fro
in 8 spiral path instead of along straight lines, the direction
of the motion corresponding witn the sign of rotation..

On the basis of ﬁruﬁs*s theory, Tschugaeff (12) in 1914
' postulated that the most active electrons are attached to the
asymmetric carbon atom itself or are situated im the immediate
neighborhood of the center of asymmetry. These electrons will
produce the chief part of the optical rotation, whiech depends
on the deviation of the spirsl peth of these electrons from
stralght lines. The deviation should be proportional to the
asymmetry of the molecule, which should, in turn, be
determined by the four groups attached to the assymmetric
csarbon atoms. Thus 1t can be seen that the rotation may be
influenced by the vibrations of the electrons attached to the
four radicals of the asymmetrlic earbon atom. Conseguently
“egeh radical must contribute by mweans of 1ts electrons to the
value of the optical rotation produced by the molecule &5 a
whole™,

Later Born (13) and Oseen {14) in 1915 intradugeﬁ the
theory that optical rotatory power is due to coupling bhetween
various raéanators inside a molecule., Following their idea
Kuhn (15) in 1929 gave & mathematical treatment of optical
activity which shows that vibrating elecirioc oscilliators,
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resonators, within a molecule may cause sireular dichroism
which in turn is responsible for the rotation of plane
polarized light. He suggested that the results of his
éaleulatians point to & definite way of studying the connection
between rotatory power and chemlcal constitution and coneluded
that "the optical rotaﬁioa of & compound is the sum of
sontributions of the various substituents, or, more accurately,
of their absorption bands”, A substituent brings into the
molecule a certain absorption band which does not produce
optical rotation by itself but becomes active by coupling

with other bands present in the molecule. It can be seen

that the coupling of the vibrating elsetric osceillators is
rundam&ntél in produecing optical activity.

These investigetions sre clearly related to the work on
the influence of polar substlistuents on the rotatory power and
other physical and chemical properties of the molecule, e.g.,
dipole moment and dissociation consteant. Rule (16) in 1924
advanced the hypothesis that “the rotatory power of a
moleculs was & function of the moments of the four groups
attached to thavasymmetria atom, and that the influence of a
substituent on the optieal rotatlon would therefore depend in
sign and magnitude on the polarity of the substituent". Bettl
~ {17) and Rule (18) have pointed out that a far—faaching
parallel between the rotaetion and other molecular constantis
is shown in series of closely related compounds. Rule (19)

has shown the relation between the rotations of homogeneous
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lementhyl esters of different monosubstituted acetic aclds,
CH,%~-C00H, and thelr dissociation constants and dipole moments.
aiﬁce in these ocompounds subsiitution occurs at a relatively
great distance from the menthyl redical, the rotatory power is
varied only slightly. A significant parallelism is shown
between the dipole moments of the substltuents and, with the
exception of malonic acid, the dissociation constants of the
related acids, The same relations hold for the l-menthyl ethers
of the form 0, H,g-0-CH,X in which the rotatory power runs
parallel tovthe dissocliation constant of the aeild, CHX-COCH,
gorresponding to the ether radical.

Bettl (20} prepared a number of condensatlion products of
d,3-nephthol benzylamlne, CeHg-¢-NH, , and a serles of
substituted benzeldehydes. He ;$§§§§ed their rotatory powers
with the dissocistion constants of the acids corresponding to
the aldeshydes, and found in general the same parallelism. It
was especlally good in the para series, If atoms or groups.
were introduced whiech raised the electronegative character of
the phenyllie group of the radical, =HC~-C,H,, the rotatlon was
displaced in one direction, while if the substituenis tended
to diminish the negative character, the rotation was displaced
in the oppesite dirsction. The compounds which exhibited
greater dextro rotation than that of the benzaldehyde
derivative contained the radical of the aldehydes correspond-
ing to acids with dissoslestion constants less than benzoie

acid., ‘Those less dexiro rotatory or lasvo rotatory
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sorresponded to aclds with dissociation constants greater than
beﬁzcie acid,

Similar examples are found in lLevene's {21l) researches of
1929 on the derlvatives of disubstituted acetioc acids,
R,—?—GQQK, He concluded: "In the series of aliphatic
subs;anaes whieh may be regarded as derivatives of disubstituted
acetlic acid formed by the substitution of the carboxyl, or of
the corresponding carbinol by the substitution of the aleohol
group, by oither groups, the direction of the rotetion and the
respective aamﬁriéal values of the latter may be regarded as
functions of the polarity of the substituting group.”

From the preceding discussion it 1s apparent that the
electrical properties of substituents exert a marked influence
on the rotatory power of opticslly a#tive compounds. Lany
attempts have been made to determine the relative order of the
electricel influence of organlce radicals. The earller
theories perteining to the slassifia&tibnbaf radlcals on the
basis of thelr elecirical properties have been summarized by
Henrieh, Johnson and Hahn {22).

One method which has been employed for rating respective
polarities is the detormination of the influence of the group
on the dissociation eonstant of the substituted acid. It may
be considered that the variations in the dissociation of
organic compounds is a measure of the result of variations in
the electrical properties of the so-celled non-polar radicals

atbtached to the polar groups. Hixon (23) and hie



assoclates (24) have 1ﬂ?asﬁiga§aé the relatlan between the
logerithms of the dissociation constants of various series of
compounds end some property of the radical, K, which they
termed "electron sharing ability®". They found that tha
relationships could be expressed by nathematlcal axyréssians
of the type:

Log K = kKe™*'P + ¢

Where lLog ¥ represents the logerithm of the dissocciation
 eonstant and X represents the abscissse value for the radical
or its "eleotron sharing abllity". In all the reversible
reactions studied, they found that when the logarithms of the
dissoeiation constants or equllibrium constants of each
series were plotted against the abscissa values for the
radicals, smooth curves were obtalned to which mathematical
eq&&ﬁiana of the form above could he fltted, These resulis
indicate the valldity of considering that the arbltrary
values for "electron sharing ability" are a measure of the
electrical properties of the raedicals whioch determine the
dissoclation constants of the compounds.

In the study of the rotatory power of a series of
K-subastituted ethylamines, Bureh (25) found that there is a
guslitative relation between the "electron sharing abllity"” or
the electirical properties, as neasured by the dissociation
constants and dipole moments, of the radicel, R, and the

molecular rotatlion.
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STATEMENT OF THE PROBLEM

In order to initiate e study of the effect on the rotatory
“power due to varying the ra&iéa&, R, attached to the asymmetriec
earbon atom in a serles of A-substituted pyrrolidines, [;:la,
the work presented in this thesis was undertaken. These
gompounds were prepared and resolved, The rotatory powers of
the pyrrolidines were measured ln the liquid state and in
sbsolute alcohol. |

Since it is possible that in such a series, substituting
a relatively "eleotropositive" group for a relatively "electro-
nagative" group may reverse the sign of rotation, it was
neeessary to establish the configuration of the compounds.
Configurational studlies were carried out by converting one
optically active member of thaﬂa&riea into another and
observing the direstion of the rotation.

This problem also constitutes a part of the program of
study on the insecticidal properties of nitrogen heterocyclics
which are related to nicotine. Sinearit is known that the
laevo form of nicotine is more toxic to insects than the
racemic form, it is possible that the active pyrrolidines may
show & similar difference in toxicity.
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Preparation and Resolution of Compounds.

4-oyclohexylpyrrolidine was prepared by the catalytie

reduction of L~oyclohexylpyrroline. The pyrroline was
prepared by a general method developed by Craig, Bulbrook and
Hixon (26) for preparing A -substituted pyrrolines and applied
to the synthesis of the A-eyclohexylpyrroline by Starr {240).
A &éluﬁian ﬁf.eyaxanaxyl mégnﬁsium ahlariﬁe was prepared using
150 co. of anhydrous ether, 9 grams of magnesium, and 46 grams
of freshly distllled chlorooyclohexsne, b.p. 140-142 C. To
this 34 grams of Y-chlorobutyronitrile in an equal volume of
ether was added., The Grignard addition produet precipitated
as the nitrile was added. The mixture was refluxed two hours;
the reflux condenser was then reversed and the ether was
distilled off, keeplng the volume constant by the addition of
xylene. VWhen the ether had almost coupletely distilled, the
mixture suddenly reacted to give & solid mess., It was then
treatad with a solution of ammonium chloride, and the xylene
layer removed. The agueous layer was extracted once with
ether, and the etheé aextraoct waa_a&dad to the xylene layer.
The X ~gyclohexylpyrroline was exiracted from the organic
solvents with 50 ce. of hydrochloric selid; the hydrochloriec
goid layer was washcd onoe with ether to remove the xylene and
was then heated to remove the ether. It was treated with

excess strong ceustic solution, the o0ily layer drled over
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solid potassium hydroxide and distilled. BEighteen grams
boiling at 93~93b0/4w? mu. were obtained. This A-cyolohexyl-
pyrroline was reduced, giving 16 grams of the pyrrolidine
boiling at 80-85 C/5 mm. snd B grems distilling et less than
8ﬁnc. This last portion was estimated to contain 1 gram of

the base,

Resolution of oA-cyclohexylpyrrolidine was attempted with

d-tertaric acid, but with all solvents and temperatures used
the A«gcyclohexylpyrrolidine d-tartrate formed syrup on
standing eand no resolution occcurred, Its resolution was
accomplished with d-camphoric acid. EHighteen grams of

« =pyclohexylpyrrolidine and 24 grams of d-camphoric acid wers
dissolved in 125 cc. of 95 per cent ethyl alecohol. 'fwo
hundred fifty cubic centimetlers ﬁf{#ﬁter were added to the
clear aleohol solution. There appesred a milky precipitate
which beceme curdy on stirring. 7The mixture was heated until
a clear solution was obtained. COrystalllization was started by
sprinkling small crystals formed on the stirring rod into the
erystallizing dish. The d-base-d-camphorate, which crystal-
lizes first, was recrystallized three times to a constant

=]
melting point of 156 C. Ten grams were obtalned.
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Analysis of salt:
S Per cent nitrogen
Wte. Bample oe,. Y, Temp. O Bar, Press. Found Caled, for

Bge ﬁm’ﬁw%‘ﬁwﬁu@.
o ; "
21,844 0.590 35 753 2.86 3.97
9.510 0.256 85" 738 2.85
o  Gaallggliv{0,0H, 4041 ¢

11,1628 0,300 Ha 735 ' £.90

%@&brﬁlizatian eguivelent. H of acld = 0,0156282

%fu& Wiﬁ a0 ﬁgl = 80, i%l Ed 43 7% E%l - 2‘?* Ba fﬁ“ﬁ&
Bg. - base ax¢ess base COmMpP .
6,858 S 08 1.00 2.58 174.5

From shis date it sppears thaet ihe salt formed is more naﬂﬁléx
than the simple é»haﬁa-&mhyéragﬁﬁ gamphorate.

The free d-cyclohexyipyrrolidine was liberated with X0,
dried over solld XOH with slight werming, and sentrifuged to
remove suspended partioles. di = 0.915; ny = 1.4800;

«,(no solveat) = +8.60 , 20 G, 1 Gm. tube, /X7, = +9.41 .
za?g“{gzhy; aleohol, 6 = 11.70) = +25.12°
A7, (ethyl sloohol, o = 8.57) = +27.20

The remalning portion of the free base was distilled by a
micro method and the rotation of the distillate determined in
aleohol solution.

K757 (othyl sloohol, o = 8.18) = +15.26°
Lﬁ?%gatﬁ%hyl slooliol, 6 = 5.45) = +15.40°



- 15 -

These rotations indiocate that some racemizatlon may have
goourred during distillation. |

A second frection, 8 grams, of crystals, melting at ?8“6,
came from the solution., The residue becsme syrupy, inéieating
that the normel salt might hsave formed, sinee the first
fraction of d-base-d-camphorate had removed more than enough
camphoric acid to make the simple acld salt. More camphorie
acid was added, and 8 grams of salt erystallized out., After
five rasrystalliz&tiens a selt melting &t 102 C was obtained.
157;‘°{etnyl alcohol, o = 13.35) = +26.85
Analysis of salt:

Per cent nihrbgen
Wt. sample oc. Ny Temp. C Bar. Press. Found Caled. for

BE . ‘ czoazgﬁ'cxeﬁxtgﬁ
14.228 0.365 32" 733 2.72 3.97
‘ezoﬁmgﬁ'ig:%§x404)a

8.195 0.215 36" 735 2.76

Neutralization equivelent. Ratio 821 = 3 03, N of acld =

0.01622

Wé. sample cc. base oc. acld N, E. found N. E. caled, for
ng. , ; : CaolygN+CuoH 404

7. 3886 3.00 0.37 176 383

2.188 3.34 0.00 176

gaeﬁxgﬁ’(sxeﬁxiﬂc};
8.904 30820 0.00 176.1 184
Laevo-o{=cyclohexylpyrrolidine was libersted from the
gamphorate with KOH, dried over solld KOH, and the solid

suspended material centrifuged out. The base was of a dark
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color, and the rotation difficult to read, d, = 0,915;
n)* = 1.4801; p(no solvent) = -7.30°, 27°C, 1 dm. tube,
Leg?;’s -7.99 .

[<75" (ethyl aloochol, o = 30.80) = =-10.71°

[<75" (ethyl aloohol, ¢ = 15,61) = =10.35

«-Phenylpyrrolidine was prepared by chemical reductlon of

o« ~phenylpyrroline with tin and hydrochlorie aecid, according to
the method of Géhrial and Colman (27). “#Fhanylyyrréline was
made by the genersl m&thé& for «-substituted pyrrolines
previously desoribved {26).

Resolution of <-phenylpyrrolidine was carried out with

d-tartarie acid., Eleven and ninty-four hundreths grams of
base and 12,4 grams of tartaric acid were dissolwved in 175 ce.
of @5 per cent ethyl slechol. The resuliing solution was
somewhat turbld and was filtersd. It was seeded with some
powdered d-base-d-hydrogen tartrate and allawaé‘ta evaporate.
Ho crystallization took place, possibly due to the water in the
alcohol, The residue was evaporated to dryness ovér sulfurie
acid, seeded with d-base-d-hydrogen tarirate and allowed to
erystallize slowly. Platelike crystals formed in the syrupy
mess, The mixture was warmed with absolute sleohol until
nearly all the erystals had dissolved, and allowed to cool in
vacuo over sulfurie acid. BSeven and two-tenths grams of the
d-base-d-«hydrogen tartrate were obtained. The salt was

o
reerystallized from absolute alcchol to a melting point of 1328 C.
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(151 .
A7p (ethyl alcohol, ¢ = 9.88) = +12.45
9° ; ]
[<Th7 (water, ¢ = 12.55) = +2.07
Anslysis of d,X-phenylpyrrolidine-d-hydrogen tartrate:

, Per cent nitrogen
Wt. sample e¢o., N, Temp, C Bar. Press, Found Caled., for

B a&cﬂzig'ﬁﬂzi&(}l
]
5.095 0.219 29 738.0 4.68 4.72
5.352 0.254 vl 745.3 4.79 4.72

Neutralization egulvalent, caled. for O, JH,g0N = 287.16.
Found 295.00. |

On the addition of KOH to 1.5 grams of the d-base-d-
hydrogen tartrate, é;&-ph@nyl§yr§glidiaa was libersted. It
was dried ﬁ?ar solid KOH. dzu = 0.991; nﬁi = 1,5458;
Ay = +69.00 , 26 C, 1 dm. tubs, /o7y = +69.60 . Neutrali-
zatlon equivalent, calod. for C,oH,sN°C,H,04 =148.5. Found
146.9. , o |
ﬁx?Q‘(aha. alc., © = 6.65) = +45.6
<75 (abs, ale., © = B3.76) = +46,7
;zg7;‘(henzeﬁs, ¢ = 6,70) = 567¢QQ
7 The mother liguor from the d-base~d-hydrogen tartrate was
evaporated to dryness, treated with KOH, snd the amine
recovered and distilled at 113ﬁ3/19 mm, Six grems of the amine
G*g' - ~240} and 6.12 grams of l-tartaric acid were dissolved
in 75 co, of absolute aleohol., The sciutieﬁ was evaporated
over sulfuric acid to a thick syrup, which crystaliized in

rosette patterns. When mixed with 50 oc. of absolute élaohal,
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a white crystelline salt resulted. OSix snd four-~tenths grams
waré obtained. After recrystallizing twice from absolute
o
alcohol the melting polint was 133.5 C.
] o
[ﬂ?;ﬁ(ﬁatar, e = 12,68) = -2.,14
Analysis of salt:

: Per cent nitrogen
Wt, sample o¢c¢. Hy Temp. C Bar, Press. Found Caled. for

g« ‘ Ciolyali*C H 0,4
: o
5.274 0.241 29 735.6 4,90 4.72
o ,
6.734 0.307 a2 - 737.8 5.0 4.78

Neutralization equivalent, caled. for G  H,N-C H,0, = 147,
Found 147.1. |

The method of Marckwald (28) was used for the preparation
of l-tartaric acid. Haocemle acld was resolved by meens of
einchonine which gave the cinchonine salt of l-tartaric acid.
By conversion of this salf into smmonium l-tartrate, then into
lead l~-tartrate and by precipltation of the lead with hydrogen
sulfide, & solution of l-tartaric acld was obteined. Upon
evaporation erystalline l-tartaric acid resulted.

The 1, A~phenylpyrrollidine was liberated with KOH and
dried over solid KOH. é:ﬂ = 0,991; n;"ﬂ 1.5451; «,(no solvent)
- ~?ﬁ.®5u at 2ﬁ¢8,tig(na solvent) = ~?§.6§a at zzac in 1 dm.
tube, A7, = -70.08. |
zg?;gtatﬁyl aleohol, ¢ = 62,868} = —44.30°

<~ithylpyrrolidine was prepared by catalytic reduction of

«-ethylpyrroline with Adame and Shriner platinum oxide platinum
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black ceatalyst. The pyrroline was synthesized by the method
previously descrided (206}.

Hesolutlon of o~ethylpyrrolidine was accomplished by

means of d-tarteric wcld. In 110 cc. of bolillng sbsolute
aloohol 13.3 grems of the amine and 20.15 grams of d-~tertaric
scld wore dissolved and cooled in e vacuum deslicecator over
auifuric'aeiﬁ. The solution eveporaied to a syrup. It was
dissolved in & llttle alevhol, and petroleum eiher was added
uatil the solution wes Just turbid. On standing the d-base
d-hydrogen tarirate e¢rystallized in needlelike crystals. It
was recrystallized three times from absolute asleohol to a
m&ltiﬁ@ point of &% Ga |

4{0(753 (wawr, ¢ = 11.43) = 422,74
ig?;‘e(wﬁzar, ¢ = 4.57) = +33.8%
[75" (ethyl slconol, o = 5.94) = 17,66
[AT5" (athyl alcohol, o = 2.37) = +18.91°
ﬁn&lyéi& of salt:

Per cent nitrogen
#%. ssmple oo. H, Temp. ¢ Bar. Fress. Found Galed. for

o

4,046 (3. 852 i) 37.4 5,46 5.68
o

6.614 0 i 856 TG0 567 5.62

The 4 X-sthylpyrrolidine was libersted by adding X0H and
’ 38
was dried over solid XOH for ﬁwﬁaty~faur hours. ég‘ = $.831;
s . . 9
ny = 1.4851; &, = +1.46 , 250, 1 du. tube, /(78 = +1.76.

ég?%ﬁiatﬁyl ajloohal, ¢ = éﬁ,é} = »1.58
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In a second resolution of d;wethylyyrralidiaa 8,13 granms
of bese (b.p. 126~7 C) and 12,59 grams of d-tartaric aeld were
aissalved in 50 co. of absolute aleohol. It 9rcvéd to be
extremely difficult to start crystallization. The addition of
petroleum ether to turbldity d4id not cause ar?stals'ta form.
Seeding with argétal& from the previous resolution was
unsuecassful. Finally upen evaﬁaraﬁ&ag off ali golvents under
& vacuum, and stirring the resulting thick syrup, ocrystalization
begen., The salt was reerystallizai from absclute alcohol three
times and melted at ?ﬁaﬂ. ?urtherfréerystallizatianiﬁﬁ-net
change the melting point. The c&éathylpyrrélidine, liberated
‘frsm this salt'an& dried over solid X0H gave & rotation of
+#1.30° at 27 C in a decimeter tube. The rotation was lower
than that of the pyrrolidine liberasted from the Balt melting
at 89 C. 4 third resolution of freshly prepsred «-ethyl-
pyrrolidine gave the sems results as the second.

| 1 ~Ethylpyrrolidine wus obtained from the mother liquor
after the d-buse-d-hydrogen tartrate had crystallized out. The
aleohol was evaporated. Potassium hydroxide was added to
liberate the base. . After drying over solld KOH, the amine was
added to enough l-tartaric acid in absolute alcohol to make
the l-hydrogen tartrate. The solution formed a syrup on stand-
ing ever*aulfuria acid., It was dissolved in 2 small volums of
absolute alcohol, and petroleum ether was added uﬁzilykugbidity
appeafeé, Crystals of l-base-l-hydrogen tartrate formed from

this solution. After recrystallizing three times from



absolute alecchol ané’petralaﬁm,ether the meliting point was
o .
78 C. Further recrystallization did not change the melting
point.
© )
K75" (water, o = 11.05) = ~15.15°
ar® ; : e
IX7; (water, ¢ = 14.20) = -15.00
LT87 (water, ¢ = 6.74) = -19.32°

Analysis of salt:
, Per cent nitrogen
Wit sample oo, N, Temp. C Bar. Press., Found ‘Caled, for
ng. CeHyaNeC HyeO4

12.972 0.680 34 733 5,51 5.62

The pyrrolidine was liberated with ¥KOH and dried over
801id KOH. The readings of the rotation were not sharp, due
&8 L33
to the color of the base. d, = 0.831; np = 1.3362; <,{no
! @ L 5 0™ o
solvent) = -2.84 , 27 €, 1 dm. tube, £K7§' = -3.42 .
29 ) o
/(7p (ethyl alcohol, ¢ = 22.12) = -5.68
. 29 £ ]
lo{7p (ethyl alochol, ¢ = 14.99) = -3.34

yrrolidine was prepared according to the

method reported by Starr, Bulbrook and Hixon (24¢) from
<~{p=tolyl)pyrroline by catalytic reduction. Fourteen grams
of the base, boiling at 145-146 /32-33 mm. were obtained.

Resolution of «~-(p-tolyl)pyrrolidine was accomplished by

adding 14 grams of the base to 13.1 grams of d-tartaric acid
dissolved in 500 cc. of absolute alechol, The solution was

warmed, filtered, and allowed to evaporate in & vacuum
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desicoator over sulfurie acld to volume of 400 c¢c. It was
chilled, and the crystals formed were Tiltered off. Nine and
eightntenths grams of d-base-d-hydrogen tartrate, m.p. lﬁﬁ.ﬁac,
were abiained af ter reerystallizing twice from absolute
aloohol., From this salt the base was llberated and dried.

The rotation was found to be lower than that from a previous
rasalutiaﬁ.' Three and nine~tenths grams of 1t were

converted to the d-hydrogen tarirate by the addition of 3,7
grams of d-tartarie acld. Six grams of salt, m.p. lﬁsus, were
obtained upcen recrystallizing three times from absolute

al cohol.

éﬁ7§9(watar, ¢ = 11.10) = +2.30

Rotations in ethyl elecohol; 2 dm. tube:

Coue, S 4§ga » : ék?%g
J.43 +0.44 - +11.7
1.08 ‘ +0,29 3 +13.7
0.53 | | +0,17 | +16.0

0.87 ' +0.09 +16.7

Hitrogen anslysis, caled. for Oy ,H, N*0 HOy = 4.50. Found
4,57, 4.50. :

The pyrrolidine was liberated with KOH and dried over
s011d KOH. ds = 0.985; n, = 1.5376; 1 dm. tube,

88 2
[T, = +68.50 .
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Rotation (no solvent):

Temp. C. dﬁ
o ' °
28 +862.50
1 £
21° +62.75
23
18° +635,16
o <
17 +863.89
o -3
15 +63.41

The mother liquors from the preperation of the d-base-
d-hydrogen tertrate wers eveporated; the impure 1,A-(p-tolyl)-
pyrrolidine was liberated with KOH, drled over solid KOH, and
distilled. Six and four-tenthe grama, bolling at ?5~??°/1~2
mm., were obtained. To a solution of the base in 200 cc. of
absolute alechol 6,186 grams of l-tarteric acld were addad.

The l-base-l-hydrogen tartrate, which crystallized out, was

recrystallized several times to & melting point of 156.566.

Using @ 2 dm. tube, the following rotations of the salt were
obtained: ‘

zk?%?(watar, e = 13.83) = -2.72°

éﬁ?%’(water, e = 6,12) = 177

La75" (ethyl aloohol, ¢ = 0.568) = -8.40°

[A728(othyl alochol, & = 0.542) = ~7.01°

Kitrogen analysis, caled. for O ,H,;¢N+C,il,0, = 4.50. PFound

4.47, 4.49.

The l-base~l-hydrogen tartrate was treated with KOH, The
liberated base was dried over solid KOH, dg = 0.9864,
np = 1.5390, «(,(no solvent) = -61.94°, 25 C, 1 dm. tube,
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KTy = -62.50"

analysis of l-base: . :
Per cent nitrogen

Ut. sample c¢o, N, Temp. ¢ Bar. Press. Found Caled. for
mg‘ g;&ﬁi QN’
o

13.810 1.067 24 741 8.79 8.69

A, p-Chlorophenylpyrroliine was prepared for the first
time fromo(,p~ehlorophenylpyrroline. The same general method
{26) was used for the preparation of the pyrroline. A4 Grignard
reagent was prepared from 85 grams of bromochlorobenzene, 8.6
grems of magnesium and 200 cc. of anhydrous ether. Upon the
addition of Y-chlorobutyronitrile a solld addition product.
separated lmmedistely. A large quantity formed when B4 grams
of nitrile were added. The mixture was refluxed two hours.

The ether was distilled off as xylene was added. “When the
temperature inereased, the whole mess solidified in the flask.
Hydrolysis of the addition produet and exiraction of the
pyrroline hydrochloride was carried out in the manner described
previously (85). On the sddition of XOH to the solid hydro-
chloride a large quantity of oll separated, whieh could be
drawn off with & plpette while hot. On slight cooling the
compound solidiflied and could be lifted from the KOH layer.
Forty-five grams of the crude compound were obtained, corres-
ponding to a 75 per cent yleld. A very small quantity of
white crystalline materlal was obtalned by distilling at
152-136 C with prolonged heating at 5 mm. Small gquantities



& .
of it were purified by sublimation at 87 6/5 mm., The sublimate
was a white, erystalline compound, m.p. ?43{}‘, which decomposed
readily on standing.

Analysis of pyrroline:

Per cent nitrogen
Wt. sample cc¢. N, Temp. C Bar. Press. Found Caled. for

mg » g &Qﬂxgml
4.454 0.323 20°  736.7 7.77 7.80

5.372 0.246 30, 737.4 7.80 7.80

A pierate was prepared in absolute slcohol. AaAfter
recrystaliization from'aieahal it began to melt at aesas and
decomposed at Eoegé.

<x,p«ﬁhlbrapheaylgyrraliﬁiﬁa7@&3 made by reducing the
crude pyrroline with tin and hydrochloric acid (27). Twenty-
feur grams of the pyrroline were added to 80 co. of concen=~
trated hydrochloric meid and 10 grams of granulated tin. The
mixture was heated on a steam bath for four hours., A dark
brown tar separated which would not dissolve in hydrochlorie
acid, The solution was decanted. The residuél tin and tar
were washed with water which was edded to the acld solution.
Strong caustic was added to alkelinity. The mixture was
steam distilled. 4 white solld separsted immediately from
the distillate as it cooled. The yield was 15 grams of the
pyrrolidine, m.p. 6ﬁ~?9?3. A portion of it was purified by
sublimation, m.p. 70 C.
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Analysis of pyrrolidine:
Per cent nitrogen
Wt. sample cc. Ny Temp. C Bar. Press. Found Caled. for

mg - G 1Q§i$ gﬂﬂl
3.106 0.228 33" . 934.5 7.74 7.93
£

Neutrallzation equivalent, caled. for O, H,4{C1l = 181.5,
Found 181.4, 182.1. | ,
A plicerate was prepared and reorystsllized from absolute

L]
alecohol, It melted with decomposition at 210 C.

Resolution of o«,p-chlorophenylpyrrolidine proved

unsuccessful under all the conditions tried., %¥ith d-tartarice

acild in absolute sleochol and in slcohole-water mixtures a white

crystalline selt was obtained. The salt melted at 139»1@a°c*
—— © '

£X7% (water, ¢ = 1,101)] = +18,16

ﬁﬁ?%’g{watar, ¢ = 3,658) = *lﬁ.?ﬁn

Analysis of salt:

Per cent nitrogen
Wt, sample c¢c¢, Ny Temp. ¢ Bar. Press. Found Caled. for

B G,‘QE:{; ,f@ﬁl'g‘f"{,g‘
10,580 0.417 33" 733 4.17 4.23
13.728 0.547 33" 735 4.20

The base liberated from the d-hydrogen tartrate showed no
rotation.

With l-melic acid and ,p-chlorophenylpyrrolidipe in
50 per cent aleohol the solutlion evaporated to a brown syrup

from which rosette-like c¢rystals separated. These were not
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- purified ﬁy repeated crystallization from elcohol. The free
base from these crystals showed slight rotation in aleohol
solution. (75 (alechol, ¢ = 10.41) = +1.64°. With d-camphoric
acld in sbsolute alcohol and in water-alcohol mixtures, syrups

were obtalned.

s,n-Butylpyrrolidine was reported by Hess (29) to have

been made Trom 1,X~-pyrrolidyl-l-butanol by heating with HI and
‘phoapharﬁs. The compound bolled at 1&4«1&s°s, gave & chloro-
platinete melting at 178 C and a chloraurate melting at 145 GC.
Hassliﬁﬁ) also reported a synthesls from the hydrazone of

; CH,CC-B% by reduction with sodium in slecobol. Blaise and
Cornillot (31) prepared <(-butylpyrroline by condensing iodo-
ethylyhhhalimida with the potassium salt of ethylvalerylacetate
and hydrclyﬁing the‘yraéuct with HBr. By hydrogenation of the
pyrroline, using Sitksa'a method, they obtained <-butyl-
pyrrolidine.

In this laboratory <, n~butylpyrrolldine was prepared by
catalytic hydrogenatian of of,n=butylpyrroline using Adams and
Shriner plat;nﬁm oxlde platinum black catalyst. The pyrreline
was made by the general method mentioned {26), exeegt,ﬁh&t ice
water was used for hydrolyzing the Grignard addition product
and the water layer was steam distilled after separation from
the xylene layer, which contained the major portion erSBa
pyrroline. The first 100 cc¢, of distillate was acidified with

30 ce. of concentrated hydrochloric acid and used to extract



the pyrroline from the xylene layer., The acld solution was
goneentrated in vacuo until solld pyrroline hydrochloride
separated out. The base was liberated with KO, dried over
solld X0H and distillied, b.p. &%eﬁ/? 0l Hine grens were
obtained corresponding to & 21 per cent yleld,

4 ochloroplatinste derivative began 1o decompose at 1&&96‘
~and meltsd t0 a dark mass al 18333. A¥ ures derivative,
prepared by a method of werthien (&ﬁ);.malt%ﬁ at Iﬁarlﬁﬁoﬁ,
These valuss are ln agreement wiith those obtalned by Hlaise
and Cornillot (U1).

o« yo=Butylpyrroline was hydrogenated to the pyrrolidine
gocording to the method deseribed (£6). Ileven grams of the
pyrroline, 125 cec. O aloohol, € co. of concentrated hydro-
chloriec acld and 0.2 pram of platinum oxide pletinum dlaek
catalyst were shsken in an etmosphers of hydrogen under
pressure, “hen reduction wes complete, the aleohol was
distilled off, The base was lliberated from the hydroghloeride
with X0H, dried over solld X0H, and distilled., 4 colorless
o1l with & foul odor was obitalned, b.p. 5§~$ﬁ°&/5~? mm. A
yield of 10.2 grams was obtalned., 4 ehloroplatinstc was
prepared which melted aib 133—1&3°&, This wvalue checks the
melting polnt obtained by Blalse and Cornillot (31}, but not
thé value ﬁl?ﬁﬁi obtained by Hess (29).

sesolution of &,n-butylpyrrolidine wes attempted with

d-tertaric aeid in vurious solvents. OSyrup which would not



crystallize was obtained.

X~Benzylpyrrolldine was prepared according to the method

reported by Starr, Bulbrook and Hixon (24c0).

Hesolution of A-benzylpyrrolidine proved to be unsuccess-

ful. Using d-tartaric acid as the resolving egent a white
crystalline compound was obtained from an absolute alcohol
solution, m.p. lﬁ?Q¢¢ ‘£K7;‘n(wat@r, ¢ = 9.97) = +l4.?3a.
The pyrrolidine liberated from this salt with KOH and dried
over solid KOH falled to glve any rotation. 4alcohol-water
mixtures, aslcohol~ether mixtures, and acetone falled to assist
resolution, OSyrups resulted when l-melic acld in various
solvents was used., A few crystals were farmﬁé in the syrup
which resulted from the evaporation of an aaetona~b&naénﬂ
solution, but they could not be purified before decomposition

had taken place.

Measurement of Optieal Rotation.

Apparatus Used.

A Franz Schmidt and Heensch polariscops with a sodlium are
light of wave length 5890 snd 5898 3 was used for measuring
rotations. A miero tube 10 em. in length was used for most
substances. A few measurements were made with a 20 cm. tube,

o effort was made to maintain a constant temperature for
all readings. Most of the measurements were made belween 20°C

£
and 30 C. The tube was placed in the polariscope and allowed



to soqguire the temperature of the surrounding alr. 7The rotation
- was read, and the tempersiure at which the observation was made
was recorded. It was possible for differsat observers t¢ cheek

‘ o
the values to +0.08 1n most csses,

Yeesurement of Hotation of Pyrrolidines.

The wmeasursuents of rotations on the pyrrolidines were
made without distillatlon. 1% was found by Starr {unpubllshed
data) that the rotation of l-nicotine liberated from the
tartrate by the method described for the pyrrolidines snd
measured without being d4istilled, compmred very favorably with
the bighest value reported in the lliterature. 7The rotatory

power of 1, X~{p-tolyl)}pyrrolidine was lower after distillation.

notation of 1, X-{p~tolyl)pyrrolidine:

pried over KoH cxg’e n 58,3
Firet distillation (B = -52.5
Second distillstion X3 = -45.2
second distillation X2 w 44,8

in contact wlith Kaﬁ

It appesred that dX -cyclohexylpyrrolidine gave a simllar
dacrease, although the rotation on the distilled meterial had
to be weasured in asleohol solution €§%ge 14).

Messurepent of flotation of Uolutlons.

#ater and absolute ethyl sloohol were the solvents used

in the rotation studies., Jolutions were made by welghing the
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compound in a small bulb, adding nearly all the solvent and
mixing well, and Tinally adding solvent to mske the volume.
Tha solution was mixed again before filling the polariscope
tube. All concentrations were expressed im grums per 100 ce.

of solvent.

Table of Rotatleon Datsa.

The rotation data are tabulated in Table I. The equations
used in the calculations are the following:

for pyrrolidines:

%
BTy =751

for the solutions: o
Ly - 35
where ZK7§ = gpecific rotation of D line at temperature t
« = observed rotation
4 = density of pure amine
¢ = concentration in grems/100 cc. solvent
1l = length of the tube in decinelers

and

t 7 L mw
}%7 - 110(]3 - »
| L/ 150

vhers Z@?% = molecular rotation of D line at temperature t
é&?ﬁ = gpeclific rotation of D line at temperature t

K.¥. = molecular weight of amine



- 52 -

TABLE 1.
Summary of Rotation Data for a Series of
A=-Substituted pyrrolidémes
\ : T d-form : d-form ¢ i-form & Ll-foFm
fedical 3 (mo : ethyl : (no : ethyl
3 : solvent)s alechol : solvent] : uleohol
Gyelohexyl /], — +14.%8 +356.48 ~12.80 ~15.81
. e ° ° o
lenp., a0 S0 27 26
Cone. il.70 15.81
ithyl L7, +1.71 +1.58 -3.31 =531
' @ © © °
Teup. 29 28 27 Y
Gone., 42.4 8.18
p-tolyl A/, +102.28 ~101.90
' © e
TEmD. S 25
. fﬁ@ﬁﬁ‘
Phenyl LT, +102.80 +82.0 ~108.0
o o &
Tewp. 25 24 26
Gone. +6.65
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Proof of the Uoafiguretion of dX-Phenylpyrrolidine.

&giu?haayipyrrazi&iaa was chenged to d,A-oyclohsxyl-
pyrrolldine by catalytic hydrogenation. The d-phenyl~
pyrrolidine was liberated from Z grams of the &«h?ﬁrug@a
tartrate with LOH end dried over solid XOH. n, = 1.5416,

o {no soiveny) = *ﬁ%.lﬁﬁ,' A guantity welighing 0.5286 grams
was dlssolved in absolute aleohol and made up to 10 oo,
ﬁﬁ?;aa{abaglﬁt& alevhol, ¢ = 6,886) = +44,30, Ury gassous ISl
was passed into the solutlion, the mlxture b&ing“%hﬁk&ﬁ af ter
each additlion of 10 or 20 bubbles until the sclution was 3uat‘
acid to litmus. ég?g’ataleﬁhak, e = 5.90)} 8 «5.04 . The
hydrochloride was catalytiecally reduced n&ing 0u2 gr&ma of
platinum oxide catalyst, The cutulyst was graéarﬂd by the
method of shriner and sdams (39), The hydrogenation was
garried out at room temperature and 98 lb,. pressure for 14
hours. The solution was filtered. jﬁ?gliaiﬂahal, ¢ = 7,80} =
~1,&5Q. The alceohol was distilled off in vaecuo, the hydro-
shloride dissolved in a swéil voluse of water, end KOH added
to llberste the base., Af%er drying over solid KOH and
ecntrifuging, the base was too cloudy and dark colored to
measure its rotation. 4slcochol solutions were prepared.

A7, (sleohol, ¢ = 10.98) = +11.72

L7 (aloohol, o = 20.90) = +10.19°

The chloraurate and d-camphorate derivatlives which ware
prepared from the product of this reductlon are shown by the

following data to be ldentlcal with those obtalned from



d p(-cyelohexylpyrrolidine.

Pyrrolidine Chloraurate d-Camphorate
. 2+ ] o
d A~Cyclohexylpyrrolidine B.p. 108-9 C m.p. 156 C
from resolution with
d~camphoric acid
O o
4,A~Cyclohexylpyrrolidine m.pP. 108-8 C m.p. 156 C
by reduction of
d,X-phenylpyrrolidine
The remalning portion of the d A-cyclohexylpyrrollidine was
o
distilled at 78 C/3~5 mm. Samples for analysis were sealed in
glass tubes,
Analysis of pyrrolidines

Per cent nitrogen
Wt. sample ee¢. N, Temp. C Bar. Press. Found Caled., for

mg; S,_QH:,QN
7.952 0.704 55 739 9.34 9,15
L ]
2.499 0.218 36 739 9.20

Neutralizatlon equivalent, caled. for O, H;oN = 155.0. Found
153.5, 153.5.



DISCUSSION OF RESULTS

The atteumpts at resolving ~substituted pyrrolidines
have been successful in the cases of “~phenylpyrrolidine,

<= {p-tolyl)pyrrolidine, *-cyclohexylpyrrolidine and A-ethyl-
pyrralidina; and unsuccessful in the cases of «-{n-butyl}-
pyrroiidine, <, p-chlorophenylpyrrolidine and <Gbengyl-
pyrrolidine. Resolution is compllicated by many factors such
as conditions of temperature, concentration, solvent, the kind
of resolving agent, and the solubility of the salis formed.
If any one of these conditions 1s aﬁf&varabl&, no resolution
oceurs. Since none of them 1s known for these new compounds,
success in resolution becomes a matter of chance in selecting
favorable conditlons. In this serles iha resolution is mede
more complex by the instability of the compounds. Decompo-~
sition occurred to some extent in all cases belfore the salts
erystallized from the solutions. ”

The resolution of o-phenyl-, k;{p-ﬁalyl)u and “~ecyclo-
hexylpyrrolidines was complete enough so that the dextro and
laevo forms show spproximstely the same magnitude of rotation.
The L-othylpyrrolidine appeared to be somewhat less completely
resolved, the dextro form showing & molecular rotation of
+1.7)1 and the lasve form of -3.31.

Interpretation of rotational data which is maede in this
thesis 1s subject to & consideration of the following factors:
the optieal purity of the compound, the temperature at which



measuroments were made, molecular rotation and the lafluence of
solvents, rotatory dispereion, eand configuration.

The sotive pyrrolidines were liberated from sslts whieh had
been repeatedly crystallized to a’ﬁﬁnﬁﬁﬁﬁt melting @ainz, and
were dried scoording ta-a consistent method,. The melting point
of the aﬁlﬁs‘waﬁ thug used as the eriterion of optical purity
of' the bases.

¥rom an‘inﬁgactian of the date {(p. 18 and 23) it cen be
seen that the rotatory powers of o ={p-tolyl)pyrrolidine and of
X=-phenylpyrrolidine vary approxiamtely one-tenth of a degree
for ons degree change in teuperature. The rotations of the
other actlve pyrrolidines were not determined at various
tempeorutures. The {lgures obtalned, however, indicate that the
changes would be small over the narrow renge of temperaturs at
which meusurements were made.

The molescular rotation of the qonpounds vwas ohosen ez &
basls for comparison. It glves & &ir@at comparison of the
rotation produced by equal members of active molecules per unit
volume, and accordlng to Tschugeeff (12) haes more significunce
than the speeific rotatory power from the standpolnt of the
molacular hypothesis and of stersochemietry. It is dellned as
tga@ angle of rotation which is produced by a liguid contaeining
one gram molecule of the asctive énﬁgaua& per hundred cuble
censtimeters, if & colusmn ten centimeters in length Opposes xhé
passage af plane polarized light.

The Influesnce of solvents anlaytiaal rotation is well



- 37 a

recognized. 4n interesting example of solvent action 1s
furnished by the case of 4,8~o0ctyl acetate (33) whose molecular
rotation with no solvent was +11.77. Of fourteen solvents
used, ethylene dibromlide raised this figure to *18.8& and the
other thirteen exerted the reverse effect producing continu-
ously varyling values through zerc to & molecular rotation of
~15.428, It has also been found that when the same solvent is
used, some active substances show & maximum and soms &
minimum es the concentration in solution variles, and these
points will not come at identical concentrations for different
compounds. The effect of solvents on the A =-substituted
pyrrolidines has not been studled fully enough to make their
optical rotatory powers 1in solutlon comparable., The only
methéd at present available is to compare the rotations of
these substances in the liquld state.

Unless it has been ascertained that the ratétory
dispersion is normal for each of a serles of compounds,
comparison of their optiecal activity at a given wave length
may intreduce & serious error. S8ince no investigations have
been made on the rotatcry‘éisparsion of A-substituted
pyrrolidines, in making the comparisons to follow 1t is
assumed that thelr rotatory dispersions are normal. This is
possibly the case sinde no noticeable absorption oceurs in the
visible region of the spectrum. The values for the rotations
of the D line are used.

Finally, if magnitudes of molecular rotation are o be
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compared properly the configurations of easch member of ithe
series ﬁk@#&é ba Known. Yhen esch compound is prepared as the
racemie form and resolved, it becowes nesessery %g convert one
active member into asnother in order to prove relutive configure
ation. In the serles of S-substituted pyrrolidines, 4 X~
phenylpyrrolidine has been converted intoe 4 X-oyolohexyl~
pyrrolidine by catalytic hydrogenation, showing that these two
eam@auﬁﬁs have the same configuration. It ls assumed that the
dextro forms of A-ethyl and o={p-tolyl)pyrrolidines have the
same configurstions as the dextro forams of %»gheayi and
A=cyelohexylpyrrolidines,

The vaelidity of the comperisons which follow depends upon
the lizmitations and sssusptions mentlioned in the forsgoing
paragraphs. When the redleal, K, 1s warieq, the molesocular
rotation of the active liquld varies. Changing B from a
relatively “"slectropositive™ group, #gei&h@xyl, to &
relatively "elsctironegative® group, phenyl, changes the
rotatory pover from +14.58 at Eﬁé to +108 at 3@0* The other
two members of the serles show molesular rotations between
these two vulues, |

It hes been pointed out (p. 6 } thet the electrical
forees of the radicals attached to the asymmetric earbon atonm
ars the fundasentsl propertles whioh affect the rotation. The
resolved «~-substitused pyrrolidines differ only in the
radical H., The influence exerted by i on the molecular

rotatory power will be compared with the effect on the
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dissociation constants and with similaer variations in a series
of A-substituted ethylamines. The data in Table II. are
arranged to show an orderly decorease in the dissoclation
canstants’of these compounds in methanol, in the dissociation
constants of the A-substituted pyrrolidines in water, and in
the dissoclation constants of thé corresponding primary amlnes
and carboxyllic ecids. The rotatory powers of the A-ethylemlnes
and of the o«-substituted pyrrolidines with the exception of

the ethyl derivative, are found to fall in increasing order of
magnitude.

The variation in dissoclation constants may be considered
to. represent a variastion in the properties of the radical, K,
which influence the degree of dissociation of these bases.
Although there may be more than one property which influences
dissoclation, the predominating property is surely an
electrical characteristic of the radicsl which tends to attreact
or repel the hydroxyl lon.

It has been shown by Burch (25) that when the logarithms
of the dissociation constants of A-ethylemines in methanol as
ordinates are plotted ageinst the values of the radicals as
abacisa&a; e smooth curve is obtained which has a slope less
than that of the primery amine curve obtained by CGoodhue and
Hixon (24d4). In the case of the A-substituted pyrrolidines,
a similar decrease in slope was observed (24c¢). This
relationship was to be expected from the fact that the effect

of removing the substituting group one carbon atom from the



TABLE II.

CH,

2 : , T Hy 1 o :
Radiecal 53&[%;LR: Bwﬁfﬁﬁ. [;;LE $ jﬁ*éf%ﬂ‘ : [;;lﬁ. 1 Re-NH, : R-COQOH
S S A TR S ST I SR L
R T +K x 10 ;Kp %10 :Kp x 10 :XKy x 10 :Kp - x 10
o ’ H : Qii,GE ¢ {;H'ﬂﬂ . ﬁag ' ﬁg(} e o Hg0
Cyclohexyl 14,38  -4.06 1.26 : < 80430 48.00 1.26
. (28°) {(15°) | | ‘
Ethyl 1.71 5.80 1.08 2,70 50,00 1.40
- (25°%) {20°) | |
p-Tolyl  102.28 44,50 0.219 0.211 1.00 0.00017  5.20
Phenyl 108.,0 49 .40 0.148 0.158 0.40 0.00005  6.80
(26°) (15°)
; % * it B
Carboxyl 94.18 1l x 10
{200) :
Reference Table I. {828) (244) (22) {24b) {23) (24a)

{240)

¥proline {35, 36) is the only active K~substituted pyrrolidine which was found in

the literature.

It doeos not rightly belong in this series because of the influence

of the carboxyl radlcal which introduces a second poler group into the molecule,
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polar group is to diminish its influence on dissociation. Prom
Table II. it can be seen that the actual values obtslped for
dissociation constanis of corresponding meumbers of the two
series are pearly equal.

With the exception of the constant for X-ethylpyrrolidine,
the dissociation constants of this serles decrease as the
molecular rotations inoresase, The same exception ls observed
in comparing the rotations with the dissociation constants of
the primary amines and of the carboxylic acids. The constants
of the X~-ethylamines also show a decrease with increasing
molecular rotation.

In comparing the rotatory powers of the two series, a
large difference in the values for the molecular rotations of
the members having like R substituents 1s observed. I1If the
structﬁre of the compounds is examined, it 1ls evident that
three of the bonds of the asymmeiric carbon atom are held by &
nitrogen, & hydrogen and R-group in both serles and that the
fourth bond in the K-ethylamines is attached to a OH,; group,
whereas, in the «-substituted pyrrclidines, it is attached to
a CH, group which is part of a closed ring. So far as the
dissocliation constants are concerned it appears that the
values are only slightly affected by the presence of the ring.
The rotatory powers seem to be influenced to a greater extent.

It happens slso that the configurations in the two serles
are dissimilar. In the <-substituted ethylamine series
Leithe (34) converted ophenylethylamine into AH-cyclohexyl-
ethylamine by catalytic hydrogenation and showed that they
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had opposlte signs of rotation for the same configuration.
The dextiro form of A-phenylpyrrolidine was reduced to the
dextro form of K«cyclohexylpyrrolidine showing that the sign
of rotation remains the same. As Betti (19) has pointed out,
the presence of the ssymmetric carbon atom in a eyclice
eonfiguration hinders the clear evaluation of the effeets of
substitusnts on the optical rotatory power.

from the above considerations it can be concluded that
some relatlionship exists between the optleal rotatory power of
the A-substituted pyrrolidines and the electrical property or
"electron sharing ability” of the radical, R, as measured by
dissociation constants and that the relation is even more
complex than the one exhibited by the RX-ethylamines. If
these results should find wider confirmation in numerous other
compounds, it may be possible to establlsh e guantitative
relationshlp between them. The evidence presented in this

thesls supports qualitstive comperisons.
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CONCLUSION

1. There is a gualitative relation between the
aleatrin&i praﬁarties, as measured by &isamciatiun,ésnatants,
of tie radieal, R, and the molecular rotations of a series of
A-substituted pyrrolidines.

2. 7The dextro forms of ~phenylpyrrolidine and <-cyclo-
'hexylyyrraliéina have the same configuration.

3. The presence of the asymmeiric carbon atom in the

@yfrélidine ring has considerable effect on {fs xotatary power,



SUMMARY

1. oACyclohexylpyrrolidine, AK«ethylpyrrolidine,
A-phenylpyrrolidine and o p-tolylpyrrolidine have been _
prepared and, for the first time, resolved into optlcally
active forms,

2. J,p-Chlorophenylpyrroeline and & p-chlorophenyl-
pyrrolidine bave been prepared for the first time,

3. K n-Butylpyrroline and o,n-butylpyrrolidine have
‘ been synthesized by & new method.

4. 4 proof of the relative cvonfigurastion of K~phenyl-
pyrrolidine and A-cyclohexylpyrrolidine has been given.

5., Attewmpts have been made to resolve o, p-chlorophenyl-
pyrrolidine, o n~-butylpyrrolidine end <~benzylpyrrolidine.

S
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