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ABSTRACT

It has been demonstrated that the reaction of ammonia
with 1,2-dimethylethyleneimine is attended by a single Walden
inversion and that the analogous reaction of ammonia with
2,3=-epoxybutane very probably proceeds in the same way. This
result and other evidence have been used to assign configura-
tions to the 3-amino-2-butanols and to draw certain conclu-
sions about the courses of the reactions in which they are
involved.

Optically active 1l,2-dichloropropane has been prepared
and its relative configuration determined. Ileasurements of
1ts optical rotatory power in different solvents and at dif-
ferent temperatures permit an approximate determination of
the optical rotations of the two forms of the molecule cor-
responding to the two lowest potential minime for internal
rotation about the l,2-carbon-carbon bond. These values are
compared with the results of a theoretical calculation; the
resulting assignment of absolute configuration is consistent
with a previous result for 2,3-epoxybutane.

Kirkwood's theory of optical rotation has been modified
so as to take into account contributions arising from zero-
point vibrational effects. The theory is used to calculate
the optical rotations of compouncds of the type R132CHD. The
result for «« -deuteroethylbenzene 1s found to be comparable
in magnitude with an experimental value and consistent in

sign with previous assignments of absolute configuration.



~

MANTE = ARTMTATm
TABLE O CONTENT

(o]
PART TITLE PAGE
I WALDEN INVERSICHS INVOLVING THE ISOIERIC 2,3~
BTeTAIIESDIELZIIIVEb ARD RELATED CONMPOUNDS o o o o o o 1

Outline of the Problem and Preceding Work. ia
The Determlnatlon Ol Stereochemical Purity;
Resolution of DL-2,3-Butanediamine . . . . S
Preparation of Derivatives. « « « « « « « @ 9
Attempted Reduction of L(-)-2,3-Dimethyl-
ethyleneimine by Lithiunm a1nn1nun Eydride . 15
Experimental Procedlres « « « o« o o o o« « o 16
Referenitos » = 3 =« » = = = = » = » = » = 8§ 2f

II Al EHTAL TEST OF KI=KwCOD'S THEQRY OF

OPTICAL .Z{OAI.A. OL\).Y POU .ul{ e © © © e o o e e o o e o 28

Kirkwood's Theory of Optical Rotatory Power;
the Choice of Compounds for an Experimental
Test of the THEOTY « s & = = s « « « s = » 20

Comparison of Theoretical and Experimental
Values for the Optical Rotations of 2,3-
Epoxybutane and l,2-Dichloropropane; The
Solvent and Temperature Dependence of the
Rotation of 1,2-Dich 11OTOPTOPANE o o o o o o 45

The Preparation of é(-)-l,2—Dichloropropane 73

Experimental Procedures « « « o« « o o« o« » o 90

Referentes « « » « » s = s » s » s & a » » 01
III ZERO-POII f VIBR4TIONAL CONTRI®WUTIONS TO THE

OPTICAL ACTIVILY OF ISOTOPICALLY ASYILILTRIC
‘:OLE(:»LLEL; o ® ® e e ° ° e L] e ° L ° ° @ ° ° ® e @ 103

fodification of Kirkwood's Theory of
Optical Rotation to Take into Account
Jdero-Point Vibrational Zffects .« « « ¢« « « 103

Application to ® -Deuteroethylbenzene
al’ld Q—DOU.teI‘ObU.tal’le ° ° ° ® e ® 3 ° o ® @ ° 1

e
§Y)

Felerentces « « s = = & = & 5 & & % & & 9 -8 432



PART T

INVOLVING THE ISCHERIC

B5 AID RELATED COLIPOULDS



WALDEIl IKVERSICHS INVOLVING THE ISCIIZRIC 2,3-

SUTAVEDIAIIINES AND RELATED CCIPCUNDS*

Qutline of the Problem and Preceeding Vork

The main purpose of this investigation is the location
of the Walden inversions involved in the reaction secuences
connecting the isomeric 3-amino-2-butanols, 2,3-dinethyl-
ethyleneimines, and 2,3-butanediamines. The accomplishment
of this objective, together with a comparison of the contri-
butions of the amino and hydroxyl groups to the optical rota-
tory power of the compounds of the series, is sufficient for
the assignment of configuration to all of the diastereoisomers
and enantiomorphs involved.

The series of reactions which were carried out is
shown in Figures 1 and 2, pages 2 and 3. The configurations
of the epoxides and of the compounds preceding them have

(2,3)

been determined previously All of the remaining con-

figurational relationships (with the exception of the assign-
ment of D and L configurations to the enantiomorphs of

active threo-3-amino-2-butanol and of active 2,3-butane-
diamine) follow unambiguously from the following well-founded

assunmption: an odd number of Walden inversions accompanies

0f the work described here tne first part was carried
out by Dr. ¥. H. Dickey, the middle part jointly by Dr. Dickey
and the autqor, and the last part by the author alone. Those
parts of the wos & carried out jointly are described in Dr.
chuey‘o thesis ) and they are not repeated here except
as embodied in the brief general outline of the problem.
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the onening of the epoxide ring by ammonia. The strongest

support for this assumptlion is probably the recent observa-

tion that one inversion accompanies the opening of the epox-

(4).

-

ide ring of 1,2-epoxycyclohexane with ammonia In addi-

tion, it can be said that in the absence of neighboring
functional groups epoxide rings are nearly always opened with
inversion(S). In view of the general similarity of stereo-
chemical results among different epoxides it is reasonable

to suppose that the reaction of 2,3-epoxybutane with ammonia
follows the same course. Finally, it was found that the pro-
duct obtained by reaction of 2,3-epoxybutane with dimethyl-
amine could be made to undergo ring closure by elimination of
trimethylamine to produce the sane epoxide isomer from which
it is prepared<3). Since an odd number of inversions is
expected to accompany the ring closure, this result is con-
sistent with the assumption of an odd number of inversions in
the ring opening.

If one inversion accompanies the opening of the epoxide
ring with ammonia then this reaction should produce DL-threo-
3-amino-2-butanol, II, from meso-2,3-epoxybutane, I, and
active é-ggggggg—3-amino-2-butanol, Vi, from D-2,3-epoxy=-
butane, VI. Since meso-2,3~-dimethylethyleneimine, IV, is
formed from the threo-3-amino-2-butanol, IIL, it follows that
one inversion is involved in this transformation. Otherwise,
only a single inversion would be involved in the conversion

+

of oxide to imine and the imine from the meso epoxide would

then necessarily be DL. In the case of the active oxide
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similar considerations apply. If one inversion accompanies
the opening of the oxide ring the amino alcohol from the D~
oxide will be L-erythro, carbon atom C-3 having been inverted.
In the closing to the imine . carbon atom C-2 is inverted and
the configuration of the imine is thus L, both carbon atoms
having been inverted in the course of the reactions. Attempt-
ed resolution of the 2,3-butane-diamines obtained by reaction
of the imines with ammonia showed that the diamine obtained
from the meso imine was 2& and that from the active imine was
meso. One inversion was thus shown to accompany the opening
of the imine ring with ammonia.

Since the opening of the imine ring of meso-2,3-dimethyl-
ethyleneimine with water produced an amino alcohol identical
with that produced by the reaction of the pmeso oxide with
amnonia, one inversion nust accompany this opening of the inmine
ring. It 1s perhaps interesting to note that this relation-
ship obtained between the oxide, amino alcohol, and imine
allows all of the foregoing discusslon to be based on the assump-
tion of inversion in the opening of the imine ring with water
rather than upon the assumption of an inversion in the opening
of the oxide ring with ammonia. Either assumption follows
from the other because of the experimental connection of the
imine and oxide to the same amino alcohol isomer. Thus the
assumption that one inversion accompanies the opening of the
imine ring with water reguires an inversion in the opening of
the epoxide with ammoniaj; otherwise, the number of inversions

between the meso-oxide and meso-imine would not be correct,
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There is, however, less direct evidence for the opening of

the imine ring by water with inversion, and it seems prefer-
able to base the argument on the assumption of an odd number
of inversions in the oxide-ammonia reaction.

Comparison of the optical rotations of the amino alco-
hols, imine, and diamine with those of the oxide and glycol
leads to the hypothesis that the contributions to the rota-
tion made by the imine and amino groups are somewhat greater
in magnitude than those of the epoxy and hydroxyl groups and
have the same sign. On the basis of this hypothesis, a com-
pletely consistent body of relationships between configura-
tions and the sign and magnitude of rotation for the compounds
of the series can be found. The observed rotations of the
pure compounds are as follows(l):

(1) an active diamine, Va, Vb, has 299, whereas the glycol
has 13%°; (2) an active threo- amino alcohol, Ila, IIb, has

a rotation of 170, intermediate between those of the glycol
and diamine; (3) active erythro-amino alcohol, VII, has
0.85° whereas threo has 17°; (4) L-erythro-3-amino-2-butanol
has a positive rotation, as does the L-glycol. It can be
immediately seen that the hypothesis is consistent with the
relationship between imine and oxide, for the configuration-
ally related enantiomorphs have the same sign of rotation and
the rotation of the imine is the larger. It is correct with
respect to magnitude in the comparison of diamine with glycol,

the rotation of the diamine being higher. The configurations
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of the diamine enantiomorphs were assigned on the basis of
the correctness of the hypothesis with regard to sign. In

the case of the amino alcohols, the erythro isomer would be

expected to have a very low rotation since the effects of
amino and hydroxyl are opposed; the sign of this small rota-
tion should be that corresponding to the configuration about
the carbon atom bearing the amino group. These conclusions

are borne out by the small positive rotation of the L-erythro

isomer. In the threo isomer, on the other hand, the config-
urations about both carbons are the same, and the rotation
would be expected to be of a somewhat larger magnitude than
that of the corresponding glycol. This is indeed found to
be the case, and the configurations of the threo-amino alco-
hol enantiomorphs were also assigned on the basis of the

correctness of the hypothesis with regard to sign.*

* The results of the present investigation suggest that
the configurations assigned by Read and Campbell to t?e
isomeric 2-amino-l,2-diphenylethanols are incorrect(
They assumed no inversion in the opening of the oxide ring
and assigned the erythro configuration to the amino alecohol
obtained from the meso-oxide. The same compound, termed
iso-2-am%g?— 2~-diphenylethanol, was obtained by Eeissberger
and Bach by reaction of meso-stilbene imine with water.
In addition, of the pair of com compounds obtained from the c¢is
and trans oxldes, that from the trans oxide had the higher
melting point. All of the experimental facts here are con-
sistent with our results and on the basis of present know-
ledge the erythro configuration should be assigned to the
product from the trans oxide, 2-amino-1,2- diphenyleth 1anol,
MePo 1650 and the threo configuration o that from the meso
oxide, 1¢o 2-amino-1,2- dlohenvlet 1anol, m.p. 130°. The
correct names for tnese two compounds are therefore erythro-
2-amino-1,2-diphenylethanol and threo-2-anino-1,2- alpheryl—
ethanol, respectively.
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The Determination of Stereochemical Purity;

Resolution of DL-2,3-Butanediamine

The stereochemical purity of the compounds involved
has been discussed previouslyCl). Additional evidence of
configurational purity was obtained by preparation of the
meso imine from the L(s)-threo amino alcohol. The imine
so prepared had a rotation of + 0.22°, compared to —103.80
for the optically pure é imine. Since a lack of inversion
in the closing of the ring would be expected to produce
the levorotatory % imine the slight positive rotation obser-
ved should probably be attributed to the presence of a small
percentage of the stereoisomeric erythro amino alcohol in the
starting material. Although it is possible that the effects
of the two influences could partly cancel each other, this
result demonstrates fairly conclusively the near absence of
both non-inverting ring closure and appreciable amounts of
stereochemical impurities.

Partial resolution of the DL diamine on a small scale
was carried out during the first part of the work, but the
product obtained was not pure. The synthesis of the DL
dianine by an improved procedure and its complete resolu-

tion are described in the experimental section.
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Prenaration of Derivatives

Characterization derivatives of all of the new compounds
were prepared. In order to make comparisons of rotations
throughout the entire series, acetyl and p-toluene sulfohyl
derivatives were chosen, as these had already been prepared
for the glycols(zvg). In the case of the imines, attempted
preparatioh of the tosyl derivatives in the usual way (tosyl
chloride in pyridine) resulted in the formation of 3-chloro-
2-p-toluenesulfonoxybutanes. Apparently the imine ring had
been opened by chloride ion in the course of the preparation.
The yields were rather low, but the compounds were readily
recrystallized and quite easy to purify. Atteunpts to prepare
the acetyl derivative by direct reaction of the imine with
acetic anhydride were unsuccessful. It was learned later
that this reaction had been investigated previously and found
to lead to no single product. No more acetylations were at-
tempted; the second derivatives chosen for the imines were
the 3-chloro-2-benzenesulfonoxybutanes. These proved to
have desirable properties similar to the analiogous tosyl
compounds, but the yirlds were again low.

The derivatives which were prepared, together with their
melting points, optical rotations, and microanalyses, are
listed in Tables I and IL. The relationships between the
optical rotations of analogous nitrogen and oxygen compounds
are found to follow the same general pattern as those between

the rotations of the compounds themselves. Thus the rotation
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of the tosyl derivative of the active diamine, L-2,3-di-p-
toluenesulfonamidobutane, is -70.3° compared to #37.2° for
the tosyl derivative of the D-glycol, D-2,3-di-p-toluene-
sulfonoxybutane(8). The rotation of the ditosyl derivative
f D-threo-3-amino-2-butanol, D-threo-3-p-toluenesulfonamido-
2-p-toluenesulfonoxybutane, is +42.5°, intermediate between
those of the corresponding glycol and diamine derivatives given
above. The rotation of the L-erythro-3-p-toluenesulfonamido-
2-p-toluenesulfonoxybutane is only -7.14° and is thus consi-
and of the opposite sign as expected for the erythro isomer,
Similarly, the rotations of the diacetyl derivatives
increase in magnitude in the same order: glycol, threo-amino
alcohol, and diamine, the values being #13.7°, #35.0° and
-56.8° for D-2,3-acetoxybutane, D-threo-3-acetamido-2-acetoxy-
butane, and L-2,3-dlacetanidobutane, respectively. The single
partial inconsistency in this general scheme is the rather
high rotation of the acetyl derivative of the erythro amino
alcohol. The rotation of the L-derivative, -33.09, does have
the expected negative sign, but it is nearly as large in
magnitude as that of the acetyl derivative of the threo isomer.
The unexpectedly high rotation of the acetyl derivative
of the erythro amino alecohol is still less in magnitude than
that of the threo isomer. Therefore all of the relationships
pointed out between the rotations of the derivatives represent

confirming evidence of the assigned configurations.
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Attempted Reduction of L(~)-2,3-Dimethyl-

ethyleneimine by Lithium Aluminum Hydride

g al£13)

The recent work of Brewster, Hughes, Ingold,
deternines the configurational relationships between the
carbohydrates and the amino acids. Their paper appeared
during the course of the present work, which had as its
object the determination of the configuration of s-butyl
amine. If this were achieved, essentially the same result
would have been accomplished.

Lithium aluminum hydride was chosen as the reducing
agent because 1t has been found to reduce epoxides satis-
factorily and the stereochemistry of the reduction is known(9?102
However, the attempted reduction of the imine falled com=~
pletely under ordinary conditions. Even when the conditions
were made gulte severe the original imine was still recovered
largely unchanged.

Structural comparison of the imine with epoxides indi-
cates a single important difference upon which to base a
reasonable explanation of this failure: the presence of the
acid hydrogen on the imine ring. This could be expected to
react with the 1ithium aluminum hydride to produce a salt-like
compounc with positively charged lithium and negatively
charged nitrogen. It has been fairly well established that
the reduction takes place by negatively charged aluminohydride
ions of some sort(lo); the presence of the negative charge
on the imine nitrogen would undoubtedly lower the reactivity

of the compound in the hydride reduction. As is often the
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case, quantitative prediction of the result would undoubt-
edly be quite difficult, but a satisfactory qualitative

explanation has been provided.

. . *
Experimental Procedures

meso-2,3-Dimethylethyleneimine from L(+)-threo-3-Amnino-
2-butanol. - A solution of 4.4 g, (0.05 moles) of the amino
alcohol was neutralized to a methyl orange end point with a
measured volume of 50% aqueous sulfuric acid, and then an
equal volume of the acid was added in excess. This solution
was evaporated on a steam bath at 15-20 mm. until a solid
lump remained (8 hours). The yield in this intermediate
step was not determined, since it had been found in previous
preparations to be nearly quantitative. To a cooled solution
of the solid sulfate in 20 ml. of water was added slowly,
with further cooling, a cold solution of 10 g. (0.18 moles)
of potassium hydroxide in 10 g. of water. The mixture was
then placed in a distilling apparatus and warmed slowly. At
about 80° a white precipitate of potassium sulfate appeared.
Distillation began at 85° and was continued to 100°, The
imine was salted out of the distillate with potassium hydro-
xide and dried over the same reagent. The crude édry product
weighed 2.14 g. and was fractionated in a semi-micro apparatus;
the total weight of the distillate was 1.57 g., 48% yield,
Other preparations on a larger scale gave much higher yields.

B em  mm  mm e mm em  mm mm ewm e em  ee  sm ew em mm e em mm em  Em em e ®» en em em e em

* Ilicroanalyses were by A. Blek. Physical data not
given here will be found in Tables I and II. All melting
points and boiling points are corrected.
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The first fraction, b.p. 83.30-84.20 at 746 mm., 0.46 g.,
had n87 1.4188,x §7 +#0.35° (undiluted); the second, b.p.
84,2-84,4° at 746 mm., 1.11 g., had g§5 1.4177,e<§5 ¢+ 0,16
(undiluted). The average rotation of #0.22° indicates a
contamination by active imine to the extent of about 0,2

nercent.,

DL-2,3-Butanediamine. - The method of preparation was
(11)

ey

essentially that given by Clapp for similar compounds
The reaction vessels were war-surplus stainless steel oxy-

gen ball-out cylinders having a capacity of 320 ml. The

imine and ammonium chloride were placed in the cylinder

which was then cooled in dry ice and evacuated to a pressure

of a few mm. The ammonia was introduced by connecting the
reaction cylinder through small copper tubing to an ordinary
ammonia tank and keeping the small cylinder in dry ice. About
half an hour was required to introduce 100 g. of ammonia

into the cylinder. The reaction was carried out with 20.1 g.
(0.29 moles) of meso-2,3-dimethylethyleneimine, 1.59 g.

(0.06 moles) of ammonium chloride, and approximately 210 g.

(12 moles) of ammonia, divided between two cylinders. Heating
was at 100° C. for 56 hours. The boubs were cooled and opened.
The slightly rust-colored reaction mixture ( in this respect
the stainless steel tanks are far superior to the monel metal
containers used in the earlier part of the work, which gave
very dark reaction nmixtures containing much solid material)

was poured into a cold flask and allowed to evaporate through

a condenser kept at -100 C. to prevent escape of unreacted
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imine., The remaining material was distilled rapidly at 60 mm.
and then fractionated. About 5 g., 25% yield, of imine,

DD &3—8605 2.2 g. of an intermediate fraction; and 8.5 g.,
30% yield, of DL-diamine boiling at 58.8-61. 8° (all voiling
points at 60 mm.) were obtained. The material remaining in
the pot, about 2 g., was probably largely polymeric. The
vield could probably have been improved slightly by decon-

posing the solid residue from the first distillation with

base.

Resolution of DL-2,3-Butanediamine. - The acid tartrate
of the DL-dlamine was prepared by adding to a warm solution
of 20.47 g. (0.1364 moles) of (¢)-tartaric acid in 450 ml.
of absolute ethanol and 250 ml. of water 6.0 g. (0.68 moles)
of 2&-2,3-butanediamine dissolved in 50 ml. of absolute

ethanol. After standing overnight the mixture was filtered

and the rosette-shaped crystals were dried in vacuum over

3

calcium chloride. The dry weight was 14.80 g. so that the

4

solubility in this solvent (ethanol-water 2:1) was 1.55 g./
100 ml. A 5% solution of the solid in water hadeX ;3 fb.)SO.
After five recrystallizations from the same solvent, 6.85 g.
of material were obtained having =a stant solubility of
0.40 g./100 ml. and a rotationcx§5*0.89o under the same con-
ditions as before. By reworking the mother liguors another
3.0 g. of material having the same solubility was obtained;
yield, 9.85 g., 74%.

As a further check on the completeness of resolution

of the acid tartrate, 0.02 g. were dissolved in a few drops of
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warm water and several pellets of potassium hydroxide were
added with external cooling. The diamine separated as an
uppver layer and was dissolved by adding dry benzene and
stirring gently; the aqueous layer was not extracted with
the benzene. The benzene solution was filtered and had

0455*0.82,&(]55@28.80. The concentration of diamine
(0.0284 g./ml.) was determined by passing dry hydrogen
chloride in 1.00 ml, of the benzene solution and weighing
the precipitated dihydrochloride (0.0520 g.).

One gram of the acid tartrate salt was then recrystal-

lized from 20 ml. of the same solvent and the same measure-

ment was repeated on the recrystallized material. The solu-
: T S =
tion of the dianine (0.0266 g./ml.) in benzene hadxx§/+ﬂ.780

Bx]2/+99.?0 (weight of dihydrochloride from 1 ml, of solution,
0.0486 g.).
The recovery of the active diamine from the acid tartrate

salt was carried out in the same way. The benzene solution
was first distilled through a small Vigreauxcolumn to remove
the benzene-water azeotrope. The last of the benzene was re-
moved at 120 mm. and finally at 60 mm. through a small semi-
micro column, and the diamine was distilled through the same

)

column at the latter pressure. From 4 g. of salt were obtain-

(=

Q

., 40% yield, of diamine, b.p. 57-58°, g%s 1l.4462,

ed about 0.35

o
U

< i . " . ’ L
%9 29,48°, The high refractive index may have been due to

the presence of some benzene; because of the small amount of

N

nateri G fractionati na t ha beer Bk M=
terial obtained fractionation may not have been guite co

plete,
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The tartrate salt of the other enantiomorph of the di-
amine, obtalned by evaporation of the mother liquors, was
decomposed with base. The diamine thus obtained had c(D/ -1 1459,
further resolution of this material was attempnted by prepara-
tion of the acid malate salt (with (&) malic acid). This
naterial was very gumay and only a small portion of it could
be induced to crystallize; the attempted resolution of the
other enantiomorph was abandoned at this stage.
gé—threo;3-g ~Toluenesulfonanido-2-p-toluenesulfonoxybutanes,.
- To a solution of 0.89 g. (0.10 moles) of DL~-threo-3-amino-2-
butanol in 6 ml. of pyridine were added slowly, with cooling
and shaking, 4.0 g. of p-toluenesulfonyl chloride. After
about an hour the solution was filled with crystals of pyri-
dine hydrochloride and was allowed to stand overnight. The
lution was neutralized with 10 ml. of 6 K hydrochloric acid,
the resulting yellow precipitate removed by filtration, and

the acueous solution extracted with benzene. The DL-threo-

3-p~-toluenesulfonamido-2-p-toluenesulfonoxybutane was recry-
stallized from benzene-ligroin, giving after one recrystalli-
zation 2.88 g., 72% yield, of nearly white needles. Six re-

o

cryvstallizations were required for constant nelting point.

had fec]5” #42.5° (c = 0.079 = $3.379, butanone). The L-

SRS L —— 9
erytrro igsomer prepared

ariino=-2=-butanol

b 0
5 - A = ) s e 5
}18«.(‘ [d]ﬁ:;/ ‘-7.14V (C = O.\‘[/U(\’ d = -Cé'l.:.(“/ 9 butanone) .
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DL-threo-3-Acetanido-2-acetoxybutane. ~ To a solution

ik

m

~of 0.45 g. (0.0050 moles) of DL-threo-3-amino-2-butanol in
l.2 ml. of pyridine were added dropwise, with cooling, 1.53 g.
(0.015 noles) of acetic anhydride. After standing overnight
the mixture was placed in a vacuum desiccator over sulfuriec
acid and potassium hydroxide. After about ten days 0.62 g.,
94¢ yield, of dry white needles remained. Constant melting
point was reached after two recrystallizations from benzene-
ligroin. The 2—3§£§g-3-acetamideo-2-acetoxyb 1tane prepared
from D(-)~-threo-3-amino-2-butanol had[«}§? #35.0° (e = 0.0503,
® = 1,76°, butanone). The L-erythro isomer prepared from
L(+) -ervthro-3-amino~2-butanol nadﬁ*]ﬁg 33109 (g = 0.0500,
oL = —1.65, butanone). It was found necessary to carry out
the final recrystallizations of both optically active isomers
in ethyl ether, preparing the solution at room temperature and

cooling in dry ice to effect crystallization.

3—Chloro-2fg—toluenesulfonamidobutanes. - To a cooled
solution of 0.35 g. (0.005 moles) of L(-)-2,3-dimethylethylene-
imine in 3 ml. of pyridine were added dropwise 1.0 g. (0.005
moles) of p-toluenesulfonyl chloride dissolved in 2 ml, of
pyridine. After standing for three days the solution was
evaporated in vacuum to 3 ml. and 10 ml. of benzene were added,
The two-phase mixture was shaken with 25 ml. of 1 N hydro-
chloric acid which was then extracted after separation from
the aqueous phase with another 10 ml. of benzene. Vacuum

evaporation of the dried benzene extracts gave 0.30 g., 21%



yield, of white needles crystallizing in rosette patterns.
Three recrystallizations from isopropyl ether were required
to reach constant melting point. The D-erythro-3-chloro-2-
p-toluenesulfonamidobutane thus obtained had[x]%S -23.6°

(¢ = 0.0500, & = 1.18°, butanone). The DL-threo isomer was

prepared similarly from meso-2,3-dimethyleneimine,

psafehie

3=Chloro=2-benzenesulfonamidobutanes, - The reaction was
carried out in exactly the same way as for the tosyl deriva-
tive except that the reaction mixture was allowed to stand a
week before being worked up. The crystals were similar to
those of the tosyl derivative but smaller. Theyleld of 2‘
erythro-3-chloro-2-benzenesulfonanidobutane from L(-)-2,3-
dimethylethyleneimine was 0.22 g., 18%,[oc]§” -24.8° (¢ = 0.0400,
A= -0,99°, butanone). It was found to be too soluble in
isopropyl ether and so was recrystallized from heptane. Con-
stant melting point was reachdad after three recrystallizations.
The DL-threo isomer was prepared similarly from meso-2,3-di-

methylethyleneimine,

2,3=-Di-p-toluenesulfonamidobutanes., -~ The reaction was
carried out as for the amino alcohols, using 0.44 g. (0.0050
moles) of meso-2,3-butanediamihe. The original product was
gquite yellow, but after two recrystallizations from isopropyl
ether 0.74 g., 37% yield, of colorless crystals of meso-2,3-
di-p-toluenesulfonamidobutane were obtained. Iour more re-

¢rystallizations were required to reach constant melting point.
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The DL isomer was prepared similarly from DL-2,3-butanediamine.
The L isomer, prepared from g(e)—2,3-butanediamine9had[d]%5

-70.39 (¢ = 0,0298, & = -2,09°, butanone).

2,3-Diacetamidobutanes. - To a cooled solution of 0.44 g.
(0.005 moles) of meso-2,3-butanediamine in 2 ml. of pyridine
were added dropwise 1.53 g. (0.01% moles) of acetic anhydride.
4 white precipitate appeared as the anhydride was added. The
whole was placed in a vacuum desiccator over sulfuric acid and
potassium hydroxide and the liguid was allowed to evaporate.
The resulting white needle-like crystals of meso-2,3-diacet-
amidobutane weighed 0.86 g., 100% yield. The material was
recrystallized from acetone, although the temperature co-
efficlent of solubility was not as high as might be desired.
Constant melting point was reached after four recrystalliza-
tions. The 2% isomer was prepared in the same way from g%-2,3-
diacetamnidobutane. The é lsomer prepared from %(e)-2,3-

butanediamine had[a]§5 ~56.8° (¢ = 0.0095, « = -0.54°, butanone).

Hydration of meso-2,3-Dimethylethyleneimine and Identifi-
cation of the Product. - To 50 ml. of 1 N sulfuric acid were
added 1l.42 g. (0.02 moles) of meso-1l,2-dimethylethyleneimine.
After twenty days standing at room temperature some imine odor
could still be detected. The solution was made basic with 30%
sodium hydroxide solution and distilled to dryness. The dis-
tillate was then distilled through a semimicro column. A
first cut, approximately 0.5 ml., Db.p. 90-97°, was probably

largely unreacted imine. The remaining material was distilled
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to dryness at 80 mm., and the distillate titrated with hydro-
chloric acid to a methyl red end point. The amount of acid
required was 0.00991 moles (9.20 ml. of 1.078 N HC1l), indi-
cating approximately 50% yield of amino alcohol., The solu-
tion was evaporated almost to dryness, care being taken to
avoid excessive heating. The resulting yellow syrup was
dried in wvacuum over sulfuric acid. This crude hydrochloride
was dissolved in about 5 ml. of methanol and a solution of 0.23
g. of sodium in about 5 ml. of methanol was added. The result-
ing precipitate of sodium chloride was removed by filtration
and the solution was then distilled through a semi-micro
column., The last fraction, about 0.5 ml., had b.p. ca. 70°
at 20 mm. and §§5 l.4441,

A small amount of this material was converted to the
ditosyl derivative, and the derivative was recrystallized
three times from benzene~ligroin. It had m.p. 126.1-126.99,
mixed melting point 126.2-127.0° with the ditosyl derivative,
m.p. 125.7-126.7°, of DL-threo-3-amino-2-butanol, the ammona-
tlon product of meso-2,3-epoxybutanes The product of the
aqueous imine hydrolysis was thus reasonably pure threo
isomer. Had any erythro isomer been.present it would have
been concentrated in the last fraction, since its boiling

point is slightly higher.

DL-erythro-3-amino-2-butanol. - The method of prepara-

rythro isomer(lz

et

tion was the same as that used by Dickey for L
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from 15.5 g. (0.25 moles) of DL-2,3-epoxybutane were obtained
8.40 g., 38% yield, of DL-erythro-3-amino-2-butanol. The
product had b.p. 76.0-77.4° at 20 mm., m.p. 43.0-44,8°,
255 1.4485, Q?Z 0.9447 (supercooled).,

g(—)-2,B-Dimethylethyleneimine. - This compound was pre-
pared as described in the experimental section above for
the meso imine. From 18 g. (0,127 moles) of L(s)-grythro-3-
amino- 2 -butyl hydrogen sulfate were obtained 7.96 g., 95%
yield, of é(-)-2,3-dimethylethyleneimine, DePe 74.7-75.7° at
746 mn., n§°1.4076, [#]3° -103.8° (c = 0.002218, = -2.29,

n-heptane).

Attennted Reductions of g(-)—2,3—Dimethyleneimine with
Lithium Aluminum Hydride. - In a 200 ml. 3-neck flask fitted
7ith a reflux condenser, dropping funnel, and sealed stirrer
were placed 40 ml., of dry ether and 2.0 g. (0.50 moles, 100%
excess) of lithium aluminum hydride. The condenser was closed
with a drying tube filled with calcium chloride and soda lime
and the mixture was refluxed with occasional stirring for
three hours to effect solution of the hydride. The solution
was allowed to come to room temperature and 3.5 g. (0.05 moles)
of imine were added from the dropping funnel with vigorous
stirring. The addition required about half an hour, since it
was accompanied by rapid evolution of hydrogen. The solution
was refluxed for three hours after the addition was complete.
Then the excess hydride was destroyed by dropwise addition of
water with stirring and cooling of the reaction flask in an

ice bath. Then excess 20% sulfuric acid was added and the
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phases were separated. The aqueous phase was made basic
with sodium hydroxide. The resulting gelatinous mixture
was &istilled until the boiling point reached 980. The
product was salted out of the distillate with potassium
hydroxide, dried over additional potassium hydroxide, and
distilled through a semimicro column. About 2.8 g. of mater-

ial boiling at 74-75° were obtained. It had nS” 1.4047,

[«]8° -103.2° (c = 1.618, X = -1.67, n-heptane). The appro-
priate constants for s-butyl amine are b.p. 63°, g16'7D 1.39051.,
[«)2% 7.4° (120 4 sample of redistilled s-butyl amine
(E.X. white label) had Q§51.3903, Thus the material recovered
was probably mostly imine,
The attempted reduction was repeated under more vigorous

conditions. The procedure was the same as before, using
4.9 g. (0.07 moles) of the same imine and 3.8 g. (0.10 moles,
135% excess) of lithium aluminum hydride. The solvent was
tetrahydrofuran, and the reaction mixture was refluxed for
five hours after addition of the imine. The reaction of water
with excess hydride at the conclusion of the reaction was
deceptively slow at first and when there was no significant
reaction for several minutes following the addition of the
first few drops of water another ml. of water was added drop-
wise. The whole reaction mixture became hot and part of it
was blown out of the flask. The remainder was worked up as
before except that the water-soluble tetrahydrofuran was re-
moved by fractlonal distillation before adding base. About

02 g. of material were obtained, b.p. approximately 73°,

pe
25 1.4 25 & 0
EE/ £l O60,[d]D 84.6 (c = 000117’ ol = 0.990’ g—heptane).
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CFF OPYICAL ROTATORY POWER
Kirkwood's Theory of Optical Rotatory Powers

the Choice of Compounds for an Experimental

Test of the Theory

Kirkwood and Wood have recently applied Kirkwood's
theory of optical rotatory power to the calculation of the
optical rotation of several organic compounds(l). Before
the considerations governing the choice of these compounds
and the preparation of one of them are discussed the theory
itself will be reviewed briefly.

In many theoretical treatments of the macroscoplic phy-
sical properties of matter a convenlent division of the pro-
blenn into two parts is made. One part concerns itself with
the properties of the molecules themselves such as their
polarizability or intermolecular potential energy. The other
considers the necessary nolecular properties as given; and
concerns itself with the expression of the macroscopic pro-

perties in terms of molecular parameters. The first part 1is

generally guantum mechanical in character, while the second

is often a statistical mechanical theory. The complete theory

of optical rotatory power can be divided in this way into a
guantum mechanical theory of the effect of radiation on a
single molecule and a statistical mechanical theory of the
observed optical rotation in terms of molecular parameters,
In order to ascertain the form of the molecular para-
meters it is appropriate to consider first the microscopic

problem, that is, the quantum mechanical calculation of the
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electric and magnetic rmoments induced in a molecule by a
varying electromagnetic field. The calculation of the in-
duced moments is formulated as a time-dependent perturbation
problem. The unperturbed system is taken to be the molecule
in the absence of external fields. The perturbing field is
then taken to be that associated with the electromagnetic
radiation incident on the molecule. Since the wave length
of visible 1light is of the order of a thousand times mole-
cular dimensions the field is in first approximation the same
at all positions in space within the molecule at any given
instant of time. In the caleulation of optical rotatory
power, however, this approximation is not justified, since
the expression for The induced moment is found to be indepen-
dent of the symmetry properties of the molecule. When the
space variation of the field over the dimensions of the mole-
cule is taken into account the induced moments are found to
exhibit a small dependence on the time derivatives of the
field, and the proportionality constant of this dependence

is found to have the desired symmetry properties. VWith suit-
able simplifications the nerturbation treatment gives for the
induced moments (after averaging over all spatial orientations

of the molecule)<l’2):

(1)
— R i
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Here /uon and m. . are the matrix elements of the electric
and magnetic moment operators with the unperturbed wave
functions of the molecule, V¥ is the frequency of the inci-
dent radiation, and g~eno is the energy of the nth unperturbed
state. The quantity o< is the ordinary polarizability; neither
£ nor (3 makes any contribution to the rotatory power. The

I A,

-
clectric moment operator M 1is a vector, being given by

cZ F (2)
‘

s . , - . g
where e is the electronic charge and ry is the position
vector of electron 1 and the sum extends over all electrons

. - s
of the molecule. The magnetic moment operator m is given by

EEOR

-

where m is the electron mass and pj :~5V is the monentum
operator for electron i. The product /ngumo is therefore
essentially a triple vector product and is thus a pseudo-
scalar quantity, which changes sign when the coordinate sys-
ten is reflected. In a system having a plane of symmetry it
must therefore be zero. Hence the parameter g does have the
properties required of a quantity neasuring optical activity.
Consideration of the form of the moments induced by

plane wave serves to clarify to some extent the details of

the rotatory process. 4As a consequence of one of laxwell's

equations,
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eguation (1) for the induced electric noment may be written

in the fornm

U
h 5
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(the termBH has been omitted since it makes no contribution

he rotatory power.) 4 plane wave at a point n, being

propagated in the z-direction and having an amplitude E, in

]

A & 4

\ A A e vy ey — L
the x-direction may be written

E=E, ¢ co::ﬁ(\)t-—’-‘)ff) (6)

= —
where \) 1s the frequency and A is the wavelength; 1, J,
- 3 A doic ) u
and k are unit vectors along the x, y, and z-axes, respec-
tively. Then curl E becomes

—-t_ (277') -, %.F
VXE = (5 E;j sinan (vt k1)
The induced moment 1s then

ﬁ:,(Eoi,co:aiT(Vt-%i' (8)

7 - -
+q (%‘)on sinam (Vt- "75)
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may be written in the form

(<~ (57)141) E, Tcosamlit-57)
+ E, (‘25}?)['9’?[ osam(vt- %—E)-I'g f:inzﬁ(?t— 7“-)—\—;")]

The first term is directly proportional to the electric

£407d. whi SR . 0
field, while the second has two orthogonal components 90
out of phase, characteristic of circular polarigation. This

part of the induced noment thus emits a circularly polariged
wave whose direction of polarization depends on the sign of

g+ The net result is a small difference between the refrac-
tive indices for the two circularly polarized components of
a plane polarized wave traversing the medium.

The calculation of this difference is the object of the
statistical mechanical theory(l). The contributions of the
morments 1nduced in all the molecules of the system to the
field at a given point in space are averaged over the phase

space of the system., The resulting field is taken to be the

o

o

field used in the calculation of the induced moment of a
molecule at the point. Since the molecular velocities are
small compared to that of light the fields arising from
molecular motions as- such are neglected, and the averages
are taken over the configuration space of the system. With

ations the result for

e
Q
)

L9y o st oy o & 3 RPN, RS I SV oo .
Lile HMaceroseoplc Olu’:_‘z&vi@f; Nas soilew.nat Ghne saie 1orm as

equation (5) for the moment induced in a single molecule:
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P

o 1is molecular polarizibility, T is the number
density, and n is the refractive index of the medium. The
polarization can be described as a plane wave propagated in
the z-direction and having the same frequency, \'¢ , as the
incident radiation. (The statistical mechanical theory shows

a
that this result is correct terns of order 6bﬁ),
where b is the distance from the center of the molecule to
41 y N o (n) | ~ g T vaa lea o ""vr"‘ IS bl
the point where (£(2)-1) no longer makes a significant contri-
T opde 4 & A wnn s Ly &S . T 2 > 2 s ITA- - 3 3
but to the integrals 1h which it occurs. Illere g is the
radial distribution functionj b is en of the order of sever
molecular diameters, a distance still considerably less than
the wavelength of the light used.) Vhen equation (/0) is

- d L) & 1,
solved for P it is found that
nk.F
/;/Px =zlan aIT(vt X ) (11)
and that there are two solutions for n, depending on the sign
chosen here. With the itive sign
- - ;-‘ [ X34 ]
- [ by - )
P = P[ 05977(\?1‘-——“,\ )+-J sinalr(vt (12)
and with the negative sign

P=kl

&=,

+ 81N g

h*+? ©

VxP

cos2T(V t- -L-") -jSinam M- nbi )l

(

13)
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where ny and n., the two sclutions for n, are given in ternms

of the mean refractive index, Do s by

s 1677%9 nl+a né = 1+8TTV o /3 (14)
FoA 3 4TIV < /3

—
It can he seen that the solutions for P correspond to right
and left circularly polarized light and that n, and n, are

a

the corresponding refractive indices.

The observed optical rotation is related to the differ-~
ence in the two refractive indices by the well-known Fresnel
formula for the rotation of the plane of polarization per

centimeter of path length ( A in centimeters)

~n,) (15)

The final result for the specific rotation[}&](in degrees/

decimeter) is then

KV nl+a

Xm 3

[o(] = 800 g (16)

where II 1s Avagadro's number and lI is the molecular weight.

For the sodium D l1ine this becomes

_ Sni+a (17)
[d]p— 4.930x10°25=9

o

if g, which has dimensions of length to the fourth power,

is computed with the angstrom as the unit of length.,.



In principle, then, the problem is solved. Iowever, so
little is known about molecular wave functions at the present
time that direct calculation of the matrix elements is out
of the question. Kirkwood's approach to this problem invol=-
ves a perturbation calculation of appropriate wave functions
in terms of certain unperturbed wave Ifunctions satisfactory
for most molecules and concerning which no specific informa-
tion is required<3).

Iiis treatment begins by bvasing the unperturbed wave
functions on a division of the molecule into groups. 1In an
organlic molecule the groups would be the usual organic substi-
tuentss: alkyl, halogen, hydroxyl, phenyl, etc. The unperturbed
wave function for the molecule is taken to be the product of
those for the separate groups. The wave function for each

4

group 1s taken to be that describing the group when it is un-
affected by any external influencesj; specifically, when it is
unaffected by electrostatic fields arising from other groups
in the molecule. The perturbing field is then taken to be
that representing dipole-dipole electrostatic interactions
between pairs of groups, and the wave functions to be used
in the calculation of the matrix elements in equation (1) are
then obtained by the usual perturbation methods.

Since almost no information concerning the unperturbed
wave function was taken into account, and since the perturbing
potential involved the electrostatic group interactions, it

is perhaps not too surprising that the final result should

express g in terms of the properties of the groups which determine

<2
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this interaction, viz., their polarizability tensors and

+1

thelr positions in space relative to each other. The re-

L 4

sult for g is (for groups having an optical axis of syrretry) ;

N
9":'2'—2 * Fi %4 B Gy, Ej&'(ixt)

i<k=1
ﬁ%k= A (18)

The symbol gPis used since higher terms involving the intrin-
sic activity of the groups and the interactions of the magnetic
moment of one group with the electric moment of another have
been neglected. As previously implied, the sum extends over

a set of intrinsically inactive groups into which the molecule
is divided for the purpose of calculation. The indices 1 and
k refer to these groups, the requirement i< k indicating that
to any pair of groups there corresponds one and only one term
in the sum. Iere R is the vector distance from the center of

ey
mass of the molecule to the center of mass of the group, b is

1

the unit vector along the optical symmetry axis of the group,

(o]

and (zis the anisotropy of the polarigability of the group.
The gquantities « and @ are defined more precisely below,

ince is the electrical dipole-dipole interaction

(€p]

:T" 3

wik
tensor of groups 1 and k, each term in the sum corresponds
to an electrical interaction of this type between one pair

of groups. It should also be noted that if the polarizability

o
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of any group is 1sotropic then all terms containing cuanti-
ties related to that group vanish since the value of @ , the
anisotropy of the polarizability, will then be zero. There

is another way in which a term can vanish, vig., the vectors
composing the triple product (§ik’gi X gk) can all lie in the
same plane. This will be the case if both groups have their
optical axes of symmetrv along the bondé joining them to the
central group, . g., two halogens bonded to an asymmetric
carbon atom. (The polarizability tensor of each halogen would
have the C-X bond as a symmetry axis.)

In calculating go for any given molecule it 1s necessary
first of all to decide on an appropriate subdivision of the
molecule into groups. The general considerations which guide
us here are concerned with the approximations involved in the
theory and the necessity of evaluating properly the values
of the polarizsbllity anisotropy for the different groups so
chosen. The approximate representation of the group inter-
actions as dipole-dipole becomes more valid as the distance
between the groups 1s increased. On the other hand the size
and bonding of the groups must be such that the valués Qf/3
can be obtalned from the available experimental data. A&4fter
the division into groups has been carried out the individual
terms in the sum nust be evaluateéd. Inspection of the expres-
sion for g© reveals that there are four types of guantities

required for each groups 1its mean polarigability &« , its

o

anisotropy ratio 3, the direction of its optical symmetry

- -t
axis b, and its spatial position R.



The guantities X and (3 are precilsely defined in termns
e - - 4 e ) s Y == ° °
of the polarigzability tensor of the group., If by is the unit
vector in the direction of the optical axis of symmetry of

the group then the polarizability tensor may be expressed in

the form
3.((‘): o, [(;Z‘/’}‘/3) +[);-Li 4] (19)
where
_ (0 () _ on 22 o0
°9-'§‘LX” t Ry, f&" o e

w

w . . ; '
oLy and oy, being the components of 55“)

parallel and per-
. £ =
pendicular to bs.

The calculation of the mean polarizabilities of the

q

&

roups from avallable experimental data presents little diffi-

C

culty. They are given in terms of the ordinary atomlec refrac-
o

tions 4y Dby

™,

3 ()
=lf7T/y Z A.r £21)
s

The determination of the anisotropies of the polarizabilities
is somewhat more involved and has received considerable discus-
sion elsewhere (Kirkwood(3) has listed values of & and ,3 for
many of the common groups of interest.) It is sufficient to
state here that these values are obtained from measurements

of the degree of depolarization of scattered light or of the
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Kerr effect for appropriate molecules containing the group
in question. The direction of the optical symmetry axis,
which partially defines the coordinate system in which the
polarizability tensor is diagonal, can be determined from the
known form and symnetry of the groups.

The determination of the geometry of the molecule may
be quite difficult. The rotatory power of the molecule is not
particularly sensitive to small changes in the ordinary bond
angles and distances, and the usual electron diffraction data
provide this information with an accuracy greater than that
required by the theory. It can be seen, however, that changes
in internal conformation (from free or partially hindered rota-
tion about one or more single bonds in the molecule) may bring
about relatively large changes in the relative orientation of
the groups and the distances between them. Since the expres-
sion for g%, equation (18), contains the intergroup distances
and vector products which depend markedly on the relative
orientations of the groups, the calculated optical rotation
is quite sensitive to changes of the usual magnitude in the
internal conformation.

If a comparison with experiment is to be made, the com-
pound nust be capable of being resolved or of being synthe-

sized in an optically active form. Of the compounds suitable

)

or theoretical calculation, there are a surprisingly small
number for which this is feasible. Both the requirements of

the theory and difficulties in the techniques of synthetic



—A0~
chemistry sharply limit the choice of a suitable compound.
The limitations of the theory arise largely from the type of
data reguired. A4s was pointed out above, we are concerned
with two general types of molecular propertiess the geometry
of the molecule and the optical properties of the groups. In
order that their optical properties be obtainable from the
avallable data the groups must have an approximate axis of
optical syrmmetry. This is strictly true for only a few groups.
llany are treated as approximately cylindrically symmetrical:
partially free-rotating methyl 1s assigned a symmetry axis
along the bond joining it to the rest of the molecule; phenyl
is considered to have a cylindrical axis of optical symmetry
along the geometrical six-fold axis. The choice of groups,
then, is first limited to those to which the approximation of
cvlindrical symmetry can be applied. Thils choice is further
limited by the lack of much accurate datum for the degree of
depolarization of scattered light or the Kerr constant, from
which the anisotropy ratio (3 is calculated. The number of
groups for which the value of ﬁ is known 1is thus a relatively
small one.

The other type of limitation is connected with the dif-
ficulty of determining the internal conformation of the mole-
cule. Usually, the situation is such that the internal con-
formation is described by a continuous angular parameter @@
which specifies the relative angular positions of the groups
at the two ends of the single bond about which free or par-

tially hindered internal rotation can occur. Information
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about V(#), the potential function of internal conformation,
can be obtained for the simpler molecules from electron dif-
fraction studies, the variation of the dipole moment with
temperature, or Raman and infra-red spectra. For molecules
of any complexity there 1s considerable uncertainty and the
potential functions are usually known only qualitatively.
When this potential function is known the problem is solved,
if the necessary optical data for the groups are available,
for then the optical rotation may be calculated as a function
of @, and an average taken over all conformations, using

V&
( e %%2 ) as the weighting function. Uncertainty in the

v

calculated rotation due to lack of knowledge of V(Z) arises

Q

only when the atoms at both ends of the single bond about
which free rotation is possible carry groups which will make
contributions to g®. (In practice, this means nearly every
group but hydrogens; its polarizabilility and anisotropy are quite
small and contributions from its interactions with other

groups are usually neglected.)

It can be seen that the complexity of the calculations
increases rapidly with the number of groups that must be con-
sidered, particularly when the molecule contains more than
one single bond about which free or partially hindered rota-
tion is possible. To the increased complexity of the calcu-
lations is added the difficulty of obtalning information about
the potential of internal conformation, and in practice the

anplication of the theory is limited to relatively simple
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compounds, preferably rigid ones. When the theoretical limit-

o

ation with respect to the complexity of the molecule is applied,

the experimental difficvlties arise largely from the character
of the groups which can be treated by the theory. Such groups
as hydroxyl introduce a serious difficulty; although the hydro-
gen atom itsell 1s considered to make a small contribution,
its position determines the direction of the optical symmetry
is of the hydroxyl group and thus markedly affects the cal-
culated value of the rotation. But this type of group offers
a convenient reaction site which does not involve the asym-
metric center and makes the molecule more easily derivatized
for.resolution. such Broups as methyl and halogen, more
amenable to theoretical treatment, are relatively unreactive
and offer no safe "handles" for use in resolution. loreover,

the halogens

el
O

rticipate in many reactions as neighboring
groups, thus confusing questions of optical purity and con-
igurational assignment,.

The nature of the experimental difficuvlties encountered
is 1llustrated by the case of optically active trans-dichloro-
cyclopropane. The calculstion of its optical rotation would
be quite straight-forward, since no question of internal con-
formation is involved. Presumably, monochlorocyclopropane
has a plane of symmetry and is optically inactive; therefore
the chlorine-ring interaction must be zero, and in the dichloro
conpound the entire contribution comes from the chlorine=-
chlorine interaction. (Perturbations of the ring by the second

chlorine are expected to be small, and are neglected.) Thus
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this compound would seem to offer a good test of the theory.
It has not been prepared, however.*

Another source of difficulty for the synthetic chemist
is the desirability of obtaining the configurational relation-
ships between the compounds for which calculations are made.

If this i

n

done it provides a test of the consistency of the
theory, by comparing the experimental and theoretical rela-
Tionships between the signs of rotation of related compounds.
Furthermore, 1t is desirable that the D or L configuration
be assigned (Fischer convention), since the result regarding
absolute configuration then apnlies to a large body of com-
pounds already related to each other.

The actual choice of the compounds for which the calcu-
1ations<1) were carried out represents a compromise between
the limitations in both directions. The two compounds chosen
were 2,3-epoxybutane and 1l,2-dichloropropane. <The 2,3-epoxy-
butane had already been prepared and its relative configuration
determined. ©Since 1t 1s a rigid molecule no guestions of in-
ternal conformation arise. The uncertainty in the calculations
is due to the lack of knowledge of the optical properties of
the carbon and oxygen atoms bound in a three-membered ring of

this type. These data were obtained indirectly from the observed
* The preparation and deternination of configuration of
this compound are under consideration by Dr. D. H. Deutsch(4)
of this laboratory who has proposed a method of synthesls based
on active trans-cyclopropane-dicarboxylic acid, which would be
resolved and made to undergo a llunsdiecker reaction to form
the dichloride. Its relative configuration might be determined
by hydrogenolysis of the ring to gilve some active 1l,2-dichloro-
propane, whose preparation 1is described here.
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rotation of 1,2-epoxypropane, in which some of the same inter-

i i:b

actions occur. The choice of 1,2-dichloropropane was made on
a different basis. The optically active compound had not been
prepared; the preparation had Just been started when the cal-
ulations for it were completed. %With regard to the applica-
tion of the theory, the two compounds complemented each other
nicely. The 2,3-epoxybutane presented no problem in internal
conformation, but the theory could not be applied in a straight-
forward way since‘some of the optical data were not available.
On the other hand, the application of the theory to 1,2-di-
chloropropane for a given internal conformation (position of
rotation about the 1,2-carbon-carbon band) was quite straight-
forward and satisfactory; the difficulty lay in the determina-
tion of the potential of internal conformation. Interpretation
of electron diffraction data and of the variation of the dipole
moment with temperature provided sufficient knowledge of %he
potential function to allow an unambiguous prediction of the
rotatory power. Ileasurement of the varietion of the optical
rotation with temperature (after the optically active form was
obtained) was also found to provide information useful in this

connectione.
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Comparison of Theoretical and Experimental Values for the

Optical Rotations of 2,3-Epoxybutane and l,2-Dichloropropane;

the Solvent and Temperature Dependence of the Rotation of

2-Dichloropropane

In order to provide a proper background for the compari-
son of the theoretical and experinental results we shall first
review briefly the calculation of the optical rotations of
both of the compounds considered.* The methods of determining
the polarizability e¢ and its anisotropy /3 have been discus-
sed in the previous section. The values used in the calcula-
tions described below are given in Table I.

We first apply equations (17) and (18) to the calculation
of the optical rotatory power of 2,3-epoxybutane. The spatial
model to which the calculations apply, the configurationally
related l,2-epoxypropane, and the corresponding Fischer pro-
jection formulas are shown in Fig. 1. We first divide the
molecule into groups. We consider it to be composed of three
groups: the three-membered ring with its attached hydrogens,

and the two methyl groups.**
' * These calculations, whose uescrlptlon comprls?f)p ages
45-60 of this section, were carried out by W. W. Wood

*% e do not intend to imply by our terminology that the
methyl-ring interactlon must contribute only a single term to
go. It is more correct and in keeping with the intent of the
theory to consider it as being itself the sum of three terms
describing the interactions of the methyl group with the two
carpons and oxygen of the rldb, plus terms describing the
interactions of the ring atoms with each other. (The sum of
these latter terms describ*ng interactions within the ring is
probably small since the ring has a plane of symmetry in the
absence of perturbing influences.) Thus the "methyl-ring inter-
action term" actually comprises a sum of terms and the termin-
ology is adopted for the sake of conveniencej; the optical pro-
perties of carbon and oxygen in such an environment are not
sufficiently well known to allow separate calculation of these
terms.



Values of the llean Polarizabilities, &,

and of the Anisotropy Ratios, (3

Group . 10°%(c.c.)@ 3

CHy 2,05 : 0.35P
CHy 3
c1 2.35 0,352
cHyCl 4.17 0.34P5¢
CHoCL 0.332°¢

) Landolt-Bornstein, Physikaligsche-Chemische Tabellen,
W, II, 985; Eisenlohr, Zeits. f. physik. Chenie 75,
5 (1910), 79, 129 (1912).

U<y

8
b) Values obtained by Cabannes; see Landolt-Bernstein
Physikalisch Chemische Tabellen, 5th ed., Bg. II, p. 88
Eg, II11I, p. 1204,

c) Average of two values: H. A. Stuart, Hand-und-Jahr-
buch.der Chemischen Physik , Leipzig, 1939, 10 III, p. 27,
and W. 1{. Breazeale, Phys. Rey. (2) 49, 625 (1936).

d) Stuart, op. cit. p. 27.

e) Assumed to have an approximate axis of symmetry along
the C-Cl bond.
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Three pairs can be chosen from these groups and therefore
three terms contribute to the rotatory power: two repre-
senting the methyl-ring intergctions, identical in both
magnitude and sign; and one representing the methyl-methyl
interaction.

Having defined the number and type of terms in the sunm
by our division of the molecule into groups we proceed to
the actual calculation. Since the molecule is a rigid one
no questions of internal conformation arise and the known
bond angles and distances(s) suffice for the determination

-2 -d =i

of by, by and Ryix in each term. The values of & are obtain-
ed from Table I. Values of ﬁ for the methyl groups are
also given in Table I, but no such value is available for

the three-membered ring or 1its component atoms as the neces-
sary experimental datumis lacking. Thus we can calculate
directly the term representing the methyl-methyl interaction,
but not those rep;esenting the methyl-ring interactions.

We are thus forced to resort to a quasi-empirical evalu-
ation of these terms. To this end we consider the configura-
tionally related 1,2-epoxypropane molecule, shown in Fig. l.
If we make an analogous division into groups, we arrive at
the following result: the methyl group, the three-membered
ring together with the two hydrogens chosen so as to corres-
pond to the same group in epoxybutane, and the third hydrogen.
Thus we have the following terms to consider: one represent-
ing a methyl-ring interaction of the same sign and approxi=-

mately the same magnitude as in the epoxybutane isomer shown,
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one representing a hydrogen-methyl interaction, and one rep-
resenting a hydrogen-ring interaction. Because of the small
polarizability of hydrogen the terms containing it are neg-
lected. (BEven if the polarizability of hydrogen were large
the hydrogen-methyl interaction would still be zero since
the optical symmetry axes and the vector connecting them
would lie in the same plane and the triple vector product
would vanish. The methyl group 1s considered free to rotate
about the C-C bond and hence has an optical symnetry axis
along this bond.) Thus there remeins only one term to ac-
count for the entire rotatory power of the molecule; this
term involves the methyl-ring interaction. Ioreover, be-
cause of the way in which the.groups have been chosen this
interaction should be approximately the same as the corres-
ponding methyl-ring interaction in 2,3-epoxybutane. The
methyl-ring contribution to the rotatory power of 2,3-epoxy-
butane 1s thus equal to the observed specific rotation of

the configurationally related 1,2-epoxypropane. Without

4

o

nraking an a priori assumption concerning absolute configura-
tion we obtain from the observed specific rotation of 1,2-
epoxypropane only the magnitude, and not the sign, of this
contribution.

Calculations with equation (18) of the methyl-methyl
interaction iﬁ the enantiomorph of 2,3-epoxybutane shown in

3. 5

ives #17° for this contribution to the rotatory power

b
|,J
cQ
®
,__.l
03

By

n a nedium of refractive index 1l.37, corresponding to the

c

pure liquid. The observed rotation of 1,2-epoxypropane gives
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a magnitude of 13 as the quasi-experimental value for the
methyl-ring interaction. Remembering that in 2,3-epoxybutane
there are two such interactions we obtain #1742 x (#13) = #£43°
as the predicted specific rotation if we take the positive
sign for the methyl-ring interaction, and +17 2 x (-13) = —90
if we choose the negative sign. The fact that the enantio-
morphs of 2,3~epoxybutane and 1,2-epoxypropane having the
same sign of rotation are configurationally related(6,7) a1-
lows us to reject the latter value, for since the observed
rotation of the 2,3-epoxybutane is greater than can be account-
ed for by the two methyl-ring interactions, the methyl-methyl
interaction and methyl-ring interactions must have the same
sign. We therefore assign the spatial configurations of Fig. 1
to the dextrorotatory isomers. ©Since the dextrorotatory iso-
mers have been assigned the D configuration(é) the Fischer
convention regarding absolute configuration is in agreement
with this result. The predicted rotation of 43° is in fair
agreerent with the observed value of 590(6>.

The theory would be expected to apply most accurately %o
vapors or dilute solutions in non-polar solvents. ©Since the
experimental results quoted ébove were those of the pure liquid
a possible solvent effect was investigated for 2,3-epoxybutane.
No significant change in.Ex]SOOOh'(B/n2&2) was observed for
thls compound on passing from the pure liquid to a dilute so-
lution in heptane. (A4 sample having[“}SS@EQ.ZLO had in heptane

0

solution [aﬂ%s + 53° (c = 0.00802, & = 0,85°)), Similar
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information for 1,2-epoxypropane is not available, but struc-
tural considerations suggest that is behaviour would not dif-
fer from that of 2,3~-epoxybutane. A4 related rigid compound,
2,3~iminobutane, has been found to undergo only a slight
change in rotation on passing from the pure liquid to a dilute
solution in heptane (this thesis, p. 25).

In the calculation of the optical rotatory power of 1,2~
dichloropropane we proceed in the same fashion. The molecule
is first divided into groups as follows: I, CHB’ Cl, and
CEoCl bonded to the asymmetric carbon atom as the central
group. Thus the terms contributing to g° correspond to the

following interactions: CH, with Cl1, CH3 with CE5Cl, and Cl

5
with Cﬁgcl. Because of the small polarizability of hydrogen
the termns representing its interactions with the other groups
have been neglected. O0f the three groups listed, CH3 and C1
are considered to have their optical symnetry axes along the
bonds to the central carbon atom, while the polerizability

{

of the CH-Cl group 1s taken to the approximately cylindrically
syrmetric about the C-Cl bond. &s explained above, the contri-
bution from any two groups whose optical symetry axes lie
bonds to the central group vanishes because.of
1e triple vector product. T
interaction of CHB with Cl makes no contribution and we are
left with only two terms in go, those representing the inter-
actions of CH3 and of Cl with the Cl,Cl group. In contrast

to the case of 2,3-epoxybutane, the experimental data are
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sufficiently comnlete that values of{g may be found Tfor all

of the groups involved. These are given in Table I. Thus,

]
()
I3
(]
et
o
O
[

the molecule, we can celculate the

3

ptical rotatory power directly from equations (17) and (18).
However, because of the possibility of rotation about
the bond between the asymmetric carbon aton and the CH
group the geometry of the molecule is not completely defined
by present-nethods of investigation. In Fig. 2 are shown
two views of the space model to which the calculations apply
and the.corresponding Zischer projection formula. The angle
#, measuring the internal rotation about the 1,2-carbon-carbon

bond is taken to be zero when the chlorine atoms are trans to

Lde
[

each other; a positive displacement is defined as one which

o

initielly increases the rethyl-chlorine distance. QCur pro-

1

cedure will be to calculate the rotatory nower of the mole-

O

ctle for a series of values of @ covering its full range of
607, and then to obtain an average value of the rotatory
nower corresponding to that observed experimentally by aver-
aging over all values Qf @ using as the weighting factor
exp(-V(@)/RT) where V(@) 1s the potential of the internal
rotation. We now turnh our attention to the problem of per-
forming this averaging and the determination of V(#). The

final results will be given following the discussion of these

Using equations (17) and (18) the optical rotatory power

=]

was calculated as a function of the internal conformation.
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TABLE II
The Rotatory Power of 1l,2=Dichloropropane as a Function

of Internal Conformation

o
g [o]300 K+ (3/n2 42)

degrees

& i 117
0 +39.9 +47 .3 +40,7
20 +29,.5 +35.6 +32,2
40 +16.5 +20,1 +14.8
60 + 1.8 + 3.2 - 0.7
80 -12.8 =-13.9 -16.2
100 -26.7 -30,0 =30,7
120 ~38,5 -41.7 -40,7
140 ~43,9 <47 .9 =45 .4
160 ~40,1 -45,4 =41 .5
180 «26 .7 ~33%5.1 -28.5
200 -12.2 "'1900 "'1558
220 - 4,1 «10,3 - 4,6
240 - 1.7 - 5.6 - 0.0
260 + 0,9 + 0,1 &+ 14-.9
280 + 9.6 +12.1 14,7
300 $ok 5 +29.8 +29.2
320 +359,0 46,1 42,1
340 vhd 1 «52.,6 +46.73
1. Data of Cabannes: 601{3 - Teti; (BCH?_Cl z U553

optical center of CH201 group at center of mass.
II. Data of Cabannes; optical center of CHQCl group at Cl.

III, Data of Stuart (and Breazeale): = D31,

center of mass.

(For references see Table I.)
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The results are given in Tablell wherefx]goooK'(E/Hg%B) is
siven as a fuction of @, the angle describing the internal
conformation. The results were approximastely the same for
values of the chlorine anisotropy ratlos from different

sources and for two possible cholices of the optical center
he CHQCl group, indicating the satisfactory stability
of the calculations with respect to small changes in the

4

parameters. The bond distances used in the calculation were
obtained Ifrom covalent radii, and near tetrahedral angles

were used. The values later determined by electron diffraction
(1) were found to differ so little from these that a repeti-
tion of the calculation of the rotatory power did not seem
worthwhile,

ed the optical rotatory power in terms of

L 3
CT'

Faving calcul:
@ we now consider the determination of V(@) and its use in
properly sumrming or integrating the contributions of all in-
ternal conformations to the optical rotation. ©Since a reli-
able theoretical calculation of V(@) seems out of the question

at the present time, recourse was had to experiment. There

are two principal sources of experimental data: an electron

(1)
’

)

diffraction study carried out largely for this purpose

"\

and measurenents of the dependence of the observed dipole

(8)

noulent on temperature

chloropropane shows,

C)J

An exanination of a model forl,2-
in view of the well-established preference for staggered over
eclipsed conformations, the presence of three positions at

s

which ninima with low enough energies to make significant
B

ontributions might be present. These are in the neighbor-

hood of @ = 0° (hereafter called trans), @ = #120° (hereafter
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called skew), and @ = -120° (hereafter called staggered cis).
Cf these the staggered cis represents the rost compact struec-
ture for the molecule and it was considered sufficiently un-
stable relative to the other two as to render its population
uvnimportant at temperatures of interest. This conclusion is
supported by the work of Thomas and Gwinn on 1,1,2-trichloro-
ﬂthane(9). This assumption is not necessary to our conclu-
sions regarding optical activity; indeed, small amounts of
the staggered cis isomer are helpful with regard to certain
points. However, the assumption is a convenient one and is
believed to be in accord with the physical facts.

The electron diffraction data were unable to distinguish
between potentials with one minimum and those with two. Care-
ful examination showed, however, that populations of the gkew
minimum greater than fifty per cent of the total would be in-
consistent with the data. An examination of the model and of
data for other molecules provides evidence ageinst such a

high figure, and although the estimate 1s conservatively high,
contributions of this magnitude cannot be definitely ruled
out on the basis of the electron diffraction data alone.

The importance of determining the relative populations
of the two minima to a greater degree of accuracy can be seen
from Table II. The contributions to the optical rotatory
power of positions in the neighborhood of the two minina
are of about the same magnitude but are opposite in sign. If

the two are nearly equally populated we cannot expect to ob-

tain an unambiguous prediction of the optical rotation and
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hence of the absolute configuration.

The analysis of the dipole moment data carried out by
Wood and Schomaker did provide a much rore satisfactory basis
for the estimation of the skew contributions. Two general
types of potential function were used in the analysis and in
the calculation of the optical rotation after the character-
istic constants of the potentials were determined,
he simplifying assumption was first made that there are
only two .appreciably contributing minima, viz, the trans and
the skew, and that these minima are very narrow and bounded
by very steep potential barriers. This assumption thus has
the effect of reducing the problem to the consideration of an
equilibrium between two isomeric forms of the same molecule,
the two isomers being defined by two given values of @, which
we call ﬁt and ﬁs. If we have these two isomers in equilili-
brium then the optical rotation of the gaseous mixture is

given by

-AF/RT
ot = oKy X €
- } - e_.aE/R7‘

(22)

AF = AE—A’]‘/oy_ff_
%
where KX is the observed rotation at absolute temperature
T; o4 is the optical rotation of the trans form; and e ,
that of the skew form. The difference between the free energy
of the two forms in the vapor 1is denoted bvAF and the corres-

ponding difference in internal energy by &L, while fg and ft
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-~
ibrational partition functions of the skew and trans

forms in their respective minima. Some fitting of the data

<

potential functions with two minims was

e
@

to more reasonab
also carried out. In this case the optical rotation is obtained
by numerical evaluation of the integral expression

-V(B)/RT

C_ V(W/erﬂ

where eX (@) represents the function tabulated in Table II and

V(@) is the potential of internal conformation.*

Some of the results of the analysis, together with values
of the vapor rotation calculated using various potential func-
tions, are shown in Tables III and IV. The values of the
parameters in the tables indicate approximately the range of

variation consistent with the dipole moment and electron dif-

)

raction data. A4 comparison of the two methods was made by

calculation of the rotation with equation (22) using the same

parameters as those for the calculation of the same quantity
with the first potential function of Table IV. The difference
between the two values thus calculated is quite small, that

from equation (23) bein@ 1arger by about three degrees. The

* Pltzer(lo) has shown tnat in calculatlng the ola531—
cal partition function the effects of the dependence of the
vibrational frequencies and the external moments of inertia
on the internal angle cancel each other, if the potential
energy is free of cross terms between the vibrational coor-
dinates and the internal angle. As a result one may use the
simple weighting factor exp (-V(@)4})in calculating classical
averages of_ functions of the internal angle. Further, Gwinn
and Pitzer'll) showed that for ethylene chloride, w%eﬂe a
detalled asslgnment of the vibrational frequencies of the
two isomers is avaLTaQTG, that the cancelTatlon holds approx-
imately in the gquantum mechanical case. ¥%We shall suppose
this to be also the case for the closely related propylene
chloride,
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simplifying assumption of narrow potential wells is thus
reasonably satisfactory.

In orcder to ensure as far as possible that the predic-
tion of absolute configuration on the basis of these results
will be unambiguous, the assumed values of the parameters
in Table III and the potential barriers in Table IV were

hosen so as to afford a conservative estimate ol the upper
limit of the contribution of the skew form. It is seen that
the values obtained for the specific rotation are neverthe-
less unequivocal with regard to sign and of a satisfactorily
large magnitude.

We therefore conclude that the enantiomorph shown in
fige. 2 1s dextrorotatory and that its specific rotation in
the vapor state is probably between #20° and #30°. The vanor
value of the rotation was not measured, but reasonable agree-
ment with this range of values was obtained on the basis of
the observed rotations in solvents of different dipole moment,

Ta

discussed in detall in the following section. The Fischer
convention assigns the spatial nodel of Fig. 2 the 2 confi-
guration; experimentally, the D configuration 1s assigned to
the dextrorotatory isomer (this thesis, pe. 71 ). The Fischer
convention is thus again found to be correct, in agreement
with the result obteined from 2,3-epoxybutane.

While the above calculation leads approximately to a

predicted value for the vapor rotation of 1,2-dichloropropane,



7
NS

AagTRTm TTTE
LD ._L.Ll

) =

Snecific Rotatlons of 1,2-Dichloropropane Calculated from

Bquation (22)

\ - ; 200K 2
7 9, s/t 2 iraction [o]3°07F(3/n%¢2)
& t k cal./mole  of skew
$120° 1.36 0.96 0.21 +290
£120° 0.8 0.87 0.17 +330

1.03 025 +30°

O ) <O &
o
0
)
O
et
[}®]
O

0.64 0.82 0.14 +35°

1.18 0. 94 0.20 +33°

O
oo

O
O

£25 #120° 1.41 1.12 0.16 +19°

LY

a) Using column II of Table II for o(@).



Specific Rotations of 1l,2-Dichloropropane Calculated from

Equation (23) with Different Potential Iunctions

R Range of # LE [d]gooor\..(a/n?*z)
kcal./mole degrees kecal./mole degrees
1.
2.5 (1-cos(@)) -40 - 40 1.1 +26°
2l 40 - 70
AT2.5(1-cos(@-120)) 70 - 160
o 160 - 320
z,
15(1l-cos(f-20)) -40 - 50 1.3 £20°
1.6 50 - 60
AT42.5(1-cos(@-90)) 60 - 140
o 140 - 320
3.
0.75(1-cos(@))
+0.22(1-cos(3%)) -30 - 150 (0.96) #22°
=]

a) Using column II of Table II for o (&)
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the values actually observed were for the compound in the
pure liquid state and in solutions of the compound in organic
solvents., Since there is a difference in energy between the
two forms the rotation may be expected to exhibit a tempera-
ture dependence. Experimentally, this was found to be the
case. In order to make a more direct comparison between theory
and experiment a quantitative investigation of these effects
was carried out. (The effects of temperature and solvent on
optical rotation have been considered previously(12>13).)
From the experimental data concerning the temperature depen-
dence it was possible to calculate approximately the free
energy difference between the two forms in solution in n-hep-
tane, and also the separate rotatory powers of the Lrans and
skew forms of the molecule; these latter could then be com=-
pared directly with the theoretical wvalues.

The variation of the rotatory power of 1,2-dichloro-
propane in n-heptane with temperature is shown in Table V.*

In order to obtain the values for the

[62]

eparate optical rota-

tory nowers of the skew and trans forms we again assume that

the two minima are very narrow so that the problem may be

treated as one involving an equilibrium between two isomers.
% The rotations in Tables V and VI are for approximately

2-5% solutions. Ileasurements at lower concentrations showed

that the rotation was nearly independent of concentrations

in all of the solvents used. The values in Tables V and VI

may therefore be taken as those at infinite dilution.
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TABLE V
Optical Rotation ofL(-)1,2-Dichloropropane in n-Heptane at

Different Temperatures

7K. “g Concentration® [°‘]g ng [d]g (3/n°+2)
ohs.® =
298 - 1.113 0.02688 -20.70 0.7652 =15 84
300.7 - 1.094 . 02679 -20.42 0.7659 -15.64
303.8 - 1.075 . 02669 -19.91 0.7667 -15.21
307.9 - 1.051 . 02655 -19.79 0.7678 -15.19
311.1 - 1.020 02644 -19.29 0.7686 -14.83
315.7 = 1.007 . 02628 -19.16 0.7698 -14.75
319.7 - 0.986 02615 -18.85 0.7708 -14.53
324.,6 - 0.964 .02598 18,585 0.7720 -14,32
330.7 = 0.923 02577 -17.91 0.7736 -13.86
337.5 = 0.869 .02553 -17.02 0.7754 -13.20
345.7 - 0.838 02524 =16.60 0.7776 -12.91

a) Fron coefficients of expansion of n-heptane, I. C. T. 3, 29.

b) From dn/dT for n-octane, G. Egloff, ed.,, "Physical Constants
of Hydrocarbons", V. I. Reinhold, New York, Il. Y., 1939, p. 49.

c) Readings were taken with an ordinary (Winkel-Zeiss) polari-
meter to two decimal places. Each value in the table repre-
sents an average of at leastten such readings; the last figure
was retained in the averaging, although the degree of accuracy
is probably not so great as implied by its presence. The pro-
bable errorsof most of the sets of observations were about

C+ 007,
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The optical rotation of the equilibrium mixture is then given

ja¥]

by equation (22), where AF now refers to the difference in

free energy of the two forms under the conditions of observa-

tion, viz., in the solvent n-heptane. Equation (22) can be

written in the form:

i
o = (O(t"'O(S)(I*c_AF/RT)'f °<_g (24)

The value of B is determined from the requirement that
the plot of &X(T) against(l/lf-BXﬂQF/KT))be linear, and the value
of a(t and X, can be found in terms of the slope and intercept
of the line so obtained. This procedure makes evident the
relative insensitivity to variations in AF; a series of approxi-

mate calculations indicated that the width of the range of

ot

permnissible values was about the same as that resulting from
& &\

the analysis of the vavnor dipole moment data: several hundred
cal./mole. & value lying near the middle of the range was
chosen, Al' = 760 cal./mole. The values of dt and “s depend
somewhat on the value of AFy oncelit’is fixed they can be
deternined within two or three degrees. The values found for
ol and & were +36° and -56°, respectively. These are to be
coripared with the theoretical values of et and &g from Table II
(with @ = 0° and @ = ¢120°), #400 and -399, respectively (%o
two significant figures).

The observed rctations of the 1,2-dichloropropane in
different solvents are shown in Table VI. In order to take
into account the effect of the solvent we calculate the lower-

;

ing of the free energy difference through solvent polarization.

(U}
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TABLE VI

Optical Rotation ofé(—)1,2—Dichloropropane in Different Solvents

Solvent

pure liquid
heptane
methanol

dioxane

0.0707

B ea [PABT [MF7 /%
-6.76 -5.87 el 13
-1.44 -20.8 -15.9
-0.20 -3.2 -2.6

-0.36 -4.5 -3.4
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Since the trans form has essentially zero dipole moment we

assunie that the electrostatic effects of the solvent on its

free energy are small. Assuning that non-electrostatic ef-

4

fects are the same for both isomers we may express the free

energy difference in solution as

F=aAE- (ZD,, (25)

where AR 1s the difference in internal energy between the two

forms in the vapor (as explained previously AE and AF for the

vapor are ecual under the assumption of equal partition func-
tions for the two forms). The second term represents the

lowering of the energy of the skew form due to solvent polari-
zation according to the theory of Kirkwood(14). Hers p and(ﬁi)
represent the dipole moment and apnroximate fEETﬁb3of the
skew form, D is the dielectric constant of the solvent, and
Il is Avagadro's number. Since the rotations of the trans
and skew forms are about equal in magnitude but opposite in
sign, the effect of the solvent should be to decrease the ob-
served rotation by increasing the relative population of the
skew form through a decrease in 1its free energy. This effect
should be larger for solvents of high dielectric constant.
Solving equations (24) and (25) forAF and equating the

results we obtain

AE - (Dfl)(/V/l )(/ﬂ) RT/ay 26)

o%@(
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Fere D represents the dielectric constant of the solvent, m
is the dipole moment of the skew form and has been obtained
from an analysis of the variation of the vapor dipole moment
with teﬂperatvre(l):o<s and K, have been determined above
from the tezoerature dependence of the rotation. The unknowns
are taken to'@eAE)and(j%). The observed rotations in
two different solvents of known dielectric constant provids
two sets of values for the coefficients and constant term in
equation (26). The resulting pair of simultaneous linear
equations may be solved for AE and(_;".;). Taking the rotations
in the solvents n-heptane and methanol (Table VI) and the wvalue

_ . ok - o 7 K1)
3.1 D. U. for m, corresponding tom, = 1.8 D. U. , We ob-
tain 1050 cal./mole for AE and 4.5 R for r., This value of &L
agrees with the approximate value 1000 cal./mole obtained from
the dipole moment and electron diffraction data(l). The wvalue
of 4.5 £ for r is reasonable in that it is about equal to the
distance between a point midway between the centers of the C-Cl
bonds and the outer edge of the methyl group when the mole-
cule is in the skew configuration.

Using the value ofAE obtained in this way and the values
of g andedy obtained from the temperature dependence of the
rotation a quasi-experimental value for the vapor rotation can
be calculated with the use of equation (22). The value ob-
tained in this way for the vapor rotation is +23O for the D-
isomer. (The L-isomer was the one actually used for the
neasurenents.) Tris 1s to be compared with the theoretical
valuesvof Table IIL and Table IV, obtalned from the theoreti-

cally calculated dependence of the rotation on the internsl



angle and the potential function btained from the dipole
moment and electron diffraction data ( “he nunmerical

agreenent is seen to be satisfactory.

Another aoproximate check on the theory is the calcu-
lation of the rotation of the pure liquid 1,2-dichloropropane
making use of its known dielectric constant and the radius
of the molecule obtained above, together with equations (22)

(25). The value thus calculated is #4.3°, and is to be
compared with the experimental value of #+4. 69,

The low observed rotation in dioxane appnears at first
glance to be inconsistent with this general picture, since
the dielectric constant of dioxane is about the same as that
of heptane. However, the strong quadrupole moment of dioxane,

which could markedly effect the trans-skew equilibrium of the

1,2-dichloropropane, does not contribute to the dielectric
constant of the material.

Discussion - Comparison of the theoretical and experi-

mental results indicates that, in general, the numerical

r

agreenent 1s satisfactory considering the approximations in-

4

Nedl

’...J

VO throughout. Probably the most valid comparison, in
the sense of offering the best test of the theory, is that
between the theoretical and experimental values for the sepa-
rate optical rotatory powers of the trans and skew forms of
1,2-dichloro-propane. It should be noted here that the
theoretical values depend somewhat on the positions chosen

1

for the skew and trans minima. Indeed, a displacement of the

trans minimum of about 50 in the direction of nositive @ would

bring the theoretical and experimental values of &y into
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coincidence. A displacement of this magnitude was considered
likely on the basis of the electron diffraction results.

We have assigned the absolute configuration of Fig. 2
to the dextrorotatory isonmer of 1,2~dichloropropsne. This

4

vas done without any experimental data concerning the opti-

ot

cally active forms of the molecule, using only the calcu-
lated dependence of the rotatory power on conformation (Table
and the information about the potential of internal conforma-
tion obtained from the electron diffraction and dipole moment
measvuremnents,

is stated above, 1t has been possible to obtain experi-
mentally the configurational relationship between the two com-

pounds for which calculations were made, If was Tound that

he enantiomorphs of 2,3-epoxybutane and 1l,2-dichloropropane
of like sign were configurationally related. (Levorotatory

1,2-dichloropropane was prepared from dextrorotatory 2,3-

eporybutane by a series of reactions involving a single VWalden

inversion at the asymaetric center.) Since the theory assigns

K3

positive rotations to the configurationally related isomers

of Fig. 1 and Fig. 2 it 1s found to be internally consistent
in its predictions for these
fidence in 1t 1s considerably strengthened.

)

It was shown above that there is senlquantitative agree-

ment between the experinmental and

dence of the rotation. TUsing only the direction of this effec

however, it is possible to make an assipgnment of absolute con-

figuration which requires less knowledge of the potential of

I1)

calculated temperature depen-

€,
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internal conformation then when the dependence of the rota-
tion on temperature is not known. The following assumptions
are sufficient for this assignment: 1) the energy of the
skew form 1s greater than that of the ftrans form and these
are the two principal contributing isomers, 2) the effect
of temperatuvre 1s due largely to an increase in the popu-
lation of the skew form, 3) the calenlated sign of rota-
tion of the trans isomer is correct. It is observed that an
increase in temperature, which increases the population of
the skew form, produces a decrease in the magnitude of the
rotation. It follows that if the observed rotation is nosi-
tive the rotation of the skew form 1s algebraically less than
that of the ftrans form, and that the total contribution to
the rotation from molecules in the skew form is less than that
of those in the trans form. Therefore the sign of rotation
of the system is the same as that of the trans form and the

correct calculation of this

of absolute configuration.

sign alone permits an assignment
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The Preparation of L(-)-1,2-Dichloropropane

wsnaceim

If a significant comparison is to be made between experi-
mental and theoretical results it is desiraeble that the com-

d b

pounds considere e optically pure. This is not absolutely
necessary; it is sufficlent that the degree of optical purity

be known, provided that the optical purity is such that the
observed rotation of the product is high enough for accurate

&

observation., This #equirement is perhaps more limiting than

might be supposed, inasmuch as 1t is desirable to know the
optics tion of a dilute solution of the product in an

inert solvent. Another consideration 1s the assignment of

relative configuration, that is, the confligurational assign-

ment to the D or L series according to the Fischer convention.
This is important in the problem of absoluie configuration,

and also in testing the consistency of the theory by comparing
the predicted relationships between the signs of rotation of
configurationally related compouncs with those observed.
leterimination of the relative COﬂflé*?&thﬂ of 1,2~
dichloropropane by working with the optically active material

A2
U

itself would be difficult., Even with the present very exten-
sive knowledge of the participation of neighboring groups in
replacement reactions, relatively little is known about the

) "

ljacent halogens. Several possible approaches

O_,

reagctionsg of a

n

night be attenpted: hydrolysis of one or both chlorines to
obtain an active glycol or chlorohydrin; reaction with silver
1

in acetic acid, where the steric course of the reaction might

be predicted; or reaction with armmonia to form a chloranine
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or diamine, Zut the stereochemical course of any reaction
which misht be carried out is subject to considerable uncer-
tainty because of the lack of experimental knowledge of the

reacting system, particularly the possivle participation of

C|

the adjacent chlorine as a neighboring group.

@&

Finding a suitable reaction would probably reqguire a

large number of trial experiments. This approach was, in
fact, atteupted to a limited extent. Hydrolysis of the com-

& 4

vound under different conditions was attenpted but the only

procucts obtained in avprecilable amounts were unsaburated

materials, provably chloropropenes. 1t was decided, there-~
fore, to choose a synthetic netiod which would establish the
configuration.

ithe steps in the preparation of the optically active

1,2-dichloropropane are shown in Figure 3. The relationship
of 2,3-epoxybutane to the general preparative and configura-

tional scheme is included, so he entire reaction se-

5,

quence relating these two conpounds is shown. The steps in

the synthesis are as follows: 1) the preparation of L(s)%

its diacetyl Qerlva*lve(d), 2) oxidation of this chloro-
3) conversion of the acid to its acid chloride in an ex-
change reaction with benzoyl chloride, 4) reduction of

&

the acid chloride with lithium aluminum hydride to L(%) =D

cl.loro=-l-propanol, and §) reactlon of the propylene chloro-

nydrin with thionyl chloride in pyridine to give L( d=d 2~

=

dichloropropane. The physical constants o:
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prepared and shown in TableVIl. The reactions shown in

Fig. 4 were carried out to check the configurational assign-

&

o A

ment and optical purity of the g(r)—a-chloro-l-propanol and
will te discussed below. The method of synthesis thus re-
lates the configuration of 1,2-dichloropropane to those of
1,2-propanediol and 2,3-butanediol, which have been previous-
dy established(7’15>.

It can be seen that the asymmetric center 1s involved
directly in only a single reaction, the conversion of L(¢)-
2,3-diacetoxybutane to g(+}—gﬁzﬁﬁgg-3—chloro—Qubutanol.

This reaction has been shown to proceed with cormplete Walden
inversion(é); in addition, the configuration of the e-chloro-
propionic acid obtained from this chlorohydrin has been fair-
ly well established independently(lé). Thus, barring possible
complications such as the participation of the éhlorine atomn
on the asymmetric carbon atom or racemization due to side
reactions the final product will be optically pure L(-)-1,2-
dichloroprovane. Both of these undesirable possibilities

can be eliminated on the basis of theoretical and experimental
evidence.

The possibility of racemization in all of the steps but
the last was completely eliminated by the conversion of the
%(f)—erftggg-Z—chloro—l—propanol to nearly optically pure
D(-)-4-methyl-1,3-dioxolane (Fig.4 ). Comparison of the
observed rotation of the L(#)-grmthro-3-chloro-2-butanol pre-

pared here,[d]%S +9.220, with that of the optically pure
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mate?ial(6>, [aﬂég £9.47°, indicates that the 3-chloro-2-butanol
pr eoar >d here had an optical purity of about 97.5% (the slight
optical impurity of this chlorohydrin may have arisen from
two sonrces. The D(-)-2,3-butanediol was from a different
source than that used by Lucas and Gafner(16>. Their glycol
had a rotation of [o(]%5 -13.17°, while that used here had
[£]3% -13.02°, so that its optical purity was 99.0%. The
other 1% lost in the conversion to L(#)-erythro-3-chloro-2-
butanol probably arose from the longer time taken for the re-
action of the 2(})—2,3—diacetoxybutane with HCl in order to
improve the yield). Comparison of the observed rotation of
the formal, 0(55'-50.060, obtained from L(s)-2-chloro-l-
propanol, with that of the optically pure material(lo>,

85 -51.33°, shows that the formal obtained here had an opti-
cal purity of about 97.4%. Thus no appreciable racemization
has occurred at any of the steps leading from é(+)-ervt@£9~
3-chloro-2-butanol to L(#)-2-chloro-l-propanol and on to the
D(~)-4-nethyl-1,2-dioxolane.

the relative configuration of the é(*}—2—ch10ro-l-pro-

panol follows from consideration of the configuration of the
formal obtained from it. This formal has the D-configuration;
since this is the same as that of the original 2,3-butanediol
an even number of Wslden inversions occurred in the reaction
sequerice. Although the intermediate products were not iso-

lated, the hydrolysis of the chlorohycrin almost certainly

proceeds through the steps shown in Fig. 4. Formation of the
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TG
produced pure meso-2,3-dichlorobutane from threo-3-chloro-
2-butanol and pure DL-2,3-dichlorobutane from erythro-3-

chloro-2-butanol. Since the products were stereochemically

pure, no appreciable racemization occurred.

o

A nmore serious difficulty is the possibllity of parti-
cipation by the chlorine atom attached to the secondary
carbon atom in tThe chlorination reaction occurring at the
primary carbon atom. This introcduces the possibility not

only of partial racemization but also of inversion, so that

.

=

rotation of the final product could be chan

oY

i gn ol
This inversion is vossible since the participation would
wrough a eyelic chloronium ion, shown together

4

with its resonance forms in Fig. 5, and attack could take
place at either carbon atorl. Since no inversion would occur
in its formation, attack on the primary carbon atom of this
ion by chlorine would lead to retention of configurations

I}

attack on the secondary carbon atom, to inversion. If the

predoninate, partial racemization (in

primary attack were to
pfoportion to the amount of secondary attack) would be the
result; if the secondary attack were to be more rapid, the
result would be partial~inveréion. (As used here this term
indicates a product whose sign is opposite to that of the
product expected if no inversion or racemization occurred,
but whose optical purity is less than 100%). Before thé
evidence against the formation of such a cyclic ion is con-

sidered, it should be pointed out that if it did form, it
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would be expected to react in a manner similar to the con-

jugate acid of l,2—epoxypropane(20), whose ring opening by
negative lons proceeds with a ratio of attacks on the pri-
mary and secondary carbon atoms of about three to one. If
analagous reasoning could be applied to the chloronium ion,

then the formation of the 1,2-~dichloropropane would proceed
with partial retention of configuration, the optical purity
the product being about 50%.

That the cyeclic chloronium ion did not form is indicated
by the work of Lucas and Gould(19> referred to above. The
configurational relationships of the starting materials and
products unambiguously requires an odd number of inversions
in the reaction. This would not be the case if the cyclic
chloronium ion were involved, for there would then be two
inversions: one in its formation and one in its opening by
chloride ion. Hence its formation 1s definitely excludeé
in this case.

Confirmation of this conclusion was obtained by the
conversion of partially active erythro-3-chloro-2-butanol
to partially active 2,3—dichlorobutane(19). Loss of optical
activity would have been the result if the cyclic interme=-
diate were involved, for it possesses a plane of symmetry.
£t the time this investigation was carried out optically
active 2,3-butanediol was not available and the partially
active chlorohydrins were obtained by partial resolution
with brucine. Their optical purity was only a few per cent,

Since the optically pure erythro-3-chloro-2-butancl is now



available through the active 2,3-butanediol, the above re-
action was repeated with the optically pure material; the

previous result was confirmed. The optically active 2,3-di-
chlorobutane obtalned héd physical properties agreeing fair-
ly well with the previous values for the DL compound. On the
basis of the khown lack of formation of the cyclic ion in the
work described above, it was decided to carry out the chlor-
ination of L(¢)-2-chloro-l-propanol with the same reagent and
under exactly the same conditions, so that a theoretical com-
rison of the two systems could be made directly without
serious‘question as to differences in reaction environment.
Of the possible resonance forms of the chloronium ions
corresponding to the butylene and propylene chlorohydrins
(f'ig.5 ), the forms Ia and Ib, having the largest number of
covalent bonds, would be expected to be the largest contri-
butors. The presence of a methyl group on either of the
carbon atoms of the cycle should tend to stabilize the reso-
nance structures having a positive charge or a double bond
on the carbon adjacent to the methyl group through the oper-
ation of hyperconjugation Va and Vb. The positive charge 1s
effectively distributed throughout the methyl group and the
energy of the structure is lowered. Let us now compare the
effects in the butylene and pronylene systems. In the bulty-
lene system the energies of all three of the less contributing

forms Ila, IIIa, and IVa are lowered since the hyperconju

tion effect operates in each. In the case of IVa both methyl



groups contribute to the lowering, producing in effect a
triply conjugated system. Obviously, the energies of Ila
and IITla are lowered in equal amounts. In the propylene
system, on the other hand, the methyl cannot operate effec-
tively in IIIb, and only one methyl is operating in IVb, so
that the total stabllizing effect of the single methyl here
is considerably less than that of the two methyls in the
butylene system. Thus the propylene chloronium ion should
be less stable than the butylene chloronium ion. Under the
same conditions of reaction, then, its formation should be
less likely, and since it has been shown that the butylene
chloronium ion does not form under these conditions it follows
that none of the less stable propylene chloronium ion was
formed, and that the asymmetric center was not involved in
the reaction. Therefore the final product has the same con-
figuration as the L(#)-2-chloro-l-propanol from which it was
prepared and is therefore optically pure L(-)-1,2-dichloro--
propane.,

Little is known about the type of activated complex pre-
ceeding the formation of a cyclic chloronium ion. It seems
very likely, however, that the formation of the activated
complex would place some positive charge at the carbon atom
adjacent to the one to which the chlorine was originally
attached, so that the hyperconjugative effect of the methyl
group on the activated complexes would be expected to be

ginilar to the effect on the chloronium ions themselvese.
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Before the experimental confirmation of the optical
purity of the L(#¢)-2-chloro-l-propanol was obtained the re-
sult was predicted from consideration of the reactions in-
volved. The optical purity of the -chloropropionic acid
was thought to be high because the observed rotation corres-
ponds mwwhly to that previously recorded at a different wave
length.* This observed rotation is somewhat higher than that
of & -chloropropionic acid obtained previously ffom the same
source, using sodium hypbbromite as the oxidizing agent. The
acid thus obtained had «x'%g -14,2°, fThe preparation of
~chloropropionyl chloride fromet-chloropropionic acid and

thionyl chloride has been revnorted to give an optically pure

(6]

product, but so far as is known no syntheses of simple opti-

ally active acid chlorides have been reported with benzoyl

chloride, which gives higher yields with e¢~=halo- (21)

It was found in parallel experiments with partially active

materlal that benzoyl chloride and thionyl chloride gave

Py

nearly the same result with rebaAo to optical purlity of
the product, with the benzoyl chloride slightly superior.
In view of the known tendency of «(-bromopropionic acid to
racemize(gz), it might be thought that some racemization of
the activew -chloropropionic acid might take place at the
elevated temperature of the reaction. It has been shown,

however, that active chloropropionyl chloride is optically

* It may be of interest that this is apparently the
first time that the rotation of optically pureet -chiloropro-
plonic acid has heen measured with sodium light. Freudenberg,
Fuhn2 and Bumann'23) found for L-e~chloropropionic acid
A 5780 = -16.300, If the rotatory dispersion of chloropro-
pionic aeid were the same as that of «-bromopropionic acid
this would corresponc to °<D5 -18.5,



stable under conditions which racemnize ek-bromopropionyl
'bromide(24).

The lithium aluminum hydride reduction was a source of
considerable uncertainty in planning the reaction sequence.
Comparatively little 1s known about the mechanism of the

reaction or the nature of the reacting species in the mixture.
There appeared to be several undesirable possibilities.
Since the ether solution of the lithium aluminum hydride
gonstltutes a highly basic medium and the addition of water
after the reaction to destroy excess hydride results in a
strongly basic agueous solution there was a possibility of
epoxide formation from the chlorohydrin formed in the reaction.
In addition chloride ion or lithium chloride ion-pairs might
racemnize either the &~-chloropropionvl chloride or the 2-chloro-
l-propanol by direct attack. In order to minimize these pos-

e

sibilities the reaction was carried out at 0° C. and the time
was kept as short as possible: 20 minutes for addition of
the acid chloride, 15 minutes for stirring, and 5 minutes

for acidification. Direct racemization seemed unlikely since
the reaction seemed to take place immediately with the forma-
tion of a white precipitate, probably the lithium or aluminum
alcoholate of the desired product. If some oxide were formed
it might do no harm other than to lower the yield of desired
product. FHowever, it might react with chloride ion present
to form a mixture of 2-chloro-l-propanol and l-chloro-2-

propanol with the latter predominating. It was hoped that
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the short reaction time would minimize this possibility also.
aAny oxide formed would have the D-configuration, since one

A

inversion accompaniles its formation from the 2-chloro-1-

propanol. <+he 2-chloro-l-propanol formed by the opening of
he oxide ring at the secondary carbon atom would thus have
the I configuration and would be identical with the desired

nroduct. The predominating isomeric l-chloro-2-propanol

would have the D-configuration since no inversion accompanies

its formation from the oxide, the attack being at the primary
carbon atom. If any of this product were formed it would
still be expected to form the desired L(-)-1,2-dichloropro-
pane in the final step since chlorination at the secondary
carbon atom would be expected to nroceed with inversion.
However, there is evidence that l-chloro-2-propanol was not
formed to any appreciable extent, because no lower-boiling
fraction corresnonding to 1t was encountered during careful
fractional © distillation of 2-chloro-l-propanocl, the
product of the reaction. A&lso, the physical properties
checked closely with those of DL-2-chloro-l-propanol. Ilore-

over, two separate preparations had closely agreeing rotations,

B
viz., X §° #19.17° and #18.92°,

PRt

# 5

A more detalled discussion of some of the reactions may

be of interest from the synthetic standpoint. & considerable
mumber of small scale experiments were carried out with the
nitric acid oxidation of butylene chlorohydrin in order to
obtain a workable synthetic procedure. The optimum temperature

was not determined exactly, but a catalyst was found to be



unnecessary and the reaction proceeded smoothly in the
neighborhood of 85—900 C. The reaction apparertly had an

s characteristic of most

=
o
; 3
f—_!-
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e
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induction period of seve
nitric acid oxidations; 1f too much chlorohydrin was added
at the start to the hot nitric acid the reaction becan
violernt after a few minutes. (The reverse order of addition
was not tried.) Once the reaction was properly started,

however, the temperature could be maintained in the proper

r

ge by reguleting the rate of addition of the chloro-
hydrin, with perhaps occasional gentle cooling. Even so,
the reaction is probably slow or has several stages. In
order to avoid the appearance ol green coloration and sub-
stances of intermediate boliling point in the final crude
oroduct it was necessary to maintain the reacting temper-

o
4

ature for about half an hour after all the chlorohvdrin had
been added. 1t was found convenlent to separate the water-
soluble chloropropionic acld by salting out with sodium sul-
mich also reduced the acidity of the solution, followed
oy ether extraction. If the final heating time was cut short
the oxidation reaction would sometimes start again after
stripving off the ether and starting the distillation of the
final product. It was also found necessary to provide a

L
constant gentle stirring of the reaction nmixture in order to
nrevent violent bumping from supersaturation of the reac
nixture by the nitrogen oxides formed in the reaction. The

vield was ilmproved by operating under an efficlent reflux

condenser to prevent the stream ol nitrogen dioxide from
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carrying away product. The method apnears to be a practical
one for the preparation of optically active w-chloropropionic
acid, since no resolution is reguired. The yield is much
better than that of the hypobromite method, the figures being
forty-one percent and sixteen percent, respectively. In
addition, the nitric acid oxidation gives an optically pure
product, whereas the product of the hypobromite oxidation
has an optical purity of about eighty-two percent. The nitric
acid oxidation is also simpler to perform.

It might be supposed that reduction of the K-chloro-
propionic acid directly with lithium aluminum hydride would

4

be a practical procedure. 1In a recent study of the reduction

5

of chloroacetic acids with this reagent, however, it was

H

eported that while chloroacetic acid itself gave only
thirteen percent yield, the methyl ester gave thirty-seven
percent, and the acid chloride gave sixty-two percent. In
the present work reduction of both t-chloropropionic acid

and p{-chloropropionyl chloride were attempted. The yields
with the acid, using two slightly different procedures, were
about twelve and fifteen percent. With the acid chloride
however, the yields were about sixty-five percent. Since the
acid chloride could be made from the acid in yields of
seventy to eighty percent the latter method was chosen. The
preparation of the acid chloride offered a great deal of dif-
ficulty at first. Iany nmodifications of the thionyl chloride
method were tried, including a more recent one involving re-

(25).

action in an ether solution But the yield never exceeded
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about thirty per cent. ‘When carefully purified thionyl
chloride was used, the yield was only about eleven percent.
The benzoyl chloride method, on the other hand, was found to
give much higher yields, depending rather strongly on the
ratio of benzoyl chloride to «-chloropropionic acid.

One preparation of optically active 2-chloro-l-propanocl

(26).

has been reported previously Hydrogen chloride was
added to allyl amine to form the chloroamine, which was re-
solved as the tartrate salt., Treatment of the active 2-
chloro-l-anino-propane with nitrous acid gave a product which
was thought to be 2-chloro-l-propanol. The observed rotation
of the product was only £9.26°%, It seems likely that the
nitrous acid reaction was accompanied by some rearrangenment.
It was later reported by Smnith and Platon(27), who repeated

the experimental work, that the procduct was a mizture of

nearly ecual parts of 2-chloro-l-propanol and l-chloro-2-
propanol.

yEical purity of é(-)—l,z—dichloropropane is be=-
lieved to be reasonably high, probably about 95%. If it
were asswied to be 975 optically nure, on the basis that no
racenization took place at the last step, 0(55 would be
-6.070, Attempts to obtain oxide directly from dichloride
were unsucceséful; consequently 1t was not possible to con-
firm the optical purity of the final product.

Optically active 2,3-butanediol, the starting point for
these researches, was kindly supplied by Dr. C. A. Ledingham,
Director, and Drs. 4. C. Neish and J. 4. Wheat, of the Nation-
al Research Council of Canada. The author wishes to express

his thanks for this courtesy,
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xperimental Procedures s

5

L(s)-erythro-3-Chloro-2-butanol.- This compound was pre-

1(6)

pared as previously describe from redistilled D(-)-2,3-
butanediol (c<%5‘-12.830). From 360 g. (4.0 moles) of active

glycol were obtained 218 g. (535 overall yield) of chloro-

hydrin4@@%5 +9.07. Redistillation of a portion at 30 mm.gave
bep. 55.9-56.1°, 087 1.4392,pd2° $9.220, In additi £t
e [Je J e 2 ) 9 ——-.L) Loe _,P]D "',/o;._ ® in aadl 1on’ al el"

fractionally distilling the higher boiling material through

g 60-cm. column filled with glass helices, there were obtained

78.9 g., 15% yield, of 3-chloro-2-acetoxybutane, b.Dp. 69;5—69.90

(30 mm), and 18.1 g. of an intermediate fraction,

L(-)-¢~Chloropropionic Acid, - This wags prepared in sev-

eral batches, in order to maintain more precise control over

the reaction. A typical run 1s described. In three-necked

a
500-ml. flask fitted with reflux condenser, dropping funnel,
and stirrer were placed 60-ml. (1.3 moles) of concentrated

itric acid and 1% ml. of water. The nitric acid solution

was heated to 85°, a few crystals of sodium nitrite were added,

and 32.4 g. (30.4 ml., 0.30 moles) of L&}-erythro-3-chloro-2-

bputanol were added with slow stirring. At the start only a
* iy,

zlicroanalyses were by 4. Tlek, he individual steps
in the preparation of 1,2-dichloropropane were worked out
using inactive materials. Then a conplete preliminary run

i

starting with ®~chloropropionic acid having 6% activity was
carried out before working with the optically pure nmateriasl.

In general the rotations of the
found to be in agreement with th
of these preliminary experiments

optically pure compounds were
ose predicted on the basis
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few drops were added until the reactlon had started, as
evidenced by the evolution of nitrogen dioxide. The addi-

tion was then begun, very slowly at first and then more

ranidly ss the reaction nrogressed. 1t was ifound that the
desirable tewmperature range, 8§~9009 could be naintained with
slight cooling if addition of the chlorohycrin was at a rate

of about 1 nml. per minute Toward the last the

&L

rapidly to maintain the temperature. The addition reguired
about twenty nminutes. The mixture was kept at aboutl
for twenty ninutes after the addition.* ihydrous sodium
sulfate was added slowly, with stirring, to the cooled re-
action nixture until some solid remained. This served a
double purpose in reducing acidity and salting out the crude
product, which separated as a light green upper layer. The
phases were separated, and the agueous phase was extracted

N

twice with ether. The ether extracts were combined with the

- 1 ik - e = - SRR T s - L B B T
crude product and dried over nagnesiun sulfate. The material

x
i
¥
Jd
(]
2
A

2 A — e . S —. et N )
ITromn tne sepgrate rung was couplinea anc ois Il one

a total of 130 g. (1.20 moles) of chlorohydrin

* Separacte C”DPV“WPHU showad thateechloro 1oplon1c
acid was reasonabl B toward hot nitric acid of this
concentration contﬂining nite gen oxides. Longer heating
after the addition, to complete the oxidation of inter-
medlate products, night be desirable.
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vere obtained I3.0g. (41 yield) of x~chloropropionic acid,
- LT . e B B s S - e s e - Yy -
B.p. 67.0-09.5° (5 mn.). This material may have been slight-

ly impure but was found to give a pure acid chloride and was

4

used di tly about five ml. were refractionated through
a small Vigreaux column of ten theoretical plates. The main
fraction had b.p. 80.7-80.9° (10 mn.), n§” 1.4335,%3° -17.56°,
5> -13.98°,

g(%)-x-Chloropropionyl Chloride, - A number of modifica=-
tions of the thionyl chloride method were attempted, but the

vield could not bhe made to exceed about %e Carefully puri-
i o £

1o N A
fied thionyl chloride (28) was found to give lower yields. ‘A
partially active acid, 4.54 g. of inactive acid plus l.4 g. of

active acid, ol -2,959, equivalent to 6.0 g. (0.05% moles)

£ey 0.14 moles) of puri-

fied thionyl chloride. Distillation gave 1.9 g., 29, yield,
7 Ea) ol 0a0 ‘:5 OO o B sotive on yey o Fhat T [ g

DeDPe JO=9TY 0¢ 77 #0410 3.7% active on basis that the acid

1 ricle 25: o L/IOO G T ey T e STy

chloride, «j” #..407, 1g optlcally pure

Benzoyl chloride gave ylelds of 70-80% in an exchange

i O
eaction and was thus much superior. The preparation was
iy 2l
21)
p]

- o - - ) -~ " K Y &
carried out as GOSCleod( uvsing 158 g. (1.13 moles) of

A

benzoyl chloride for 4¢.3 g

e
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scid. The material obtained by direct distillation fron the
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4 partially active acid, 53.4 g. (0.49 ﬁoies)5°4§/ ~J.s 18%

75 1<, < < <7 TATEY A1 - - Loy P 2 A . B A 3
(0e45 active) was converted to the acid chloride by the bene=-

e = 25 (@) - T 0 1 .
(19% rmm.), g%/ 1.4369,0¢ 7 #0.38%, 7.0, active on the basis
1 ; 3 25 . . .
that the acld chloride,e« i~ +5.40, is optically pure. The

optical results than does thionyl chloride.

<~

L(¢)~2-Chloro-l-pronanocl,~ The procedure used was adanted

o

from that previously described for the reduction of chloro-

2 3 2€ ) e o=t N 3 1
acetic 301ds<‘9’. In a three-necked 50C-ml. flask fitted
with reflux condenser, stirrer, and dropning funnel were

nlaced 3.42 g. (0.90 moles, 205 excess) of lithium aluminum
I

nydride and 125 ml. of dry ether. The nmixture was refluxed

2% .L-
15

for three hours to elfect solution. In the dropping funnel
were place 18.8 g. (0.1% moles) of ~-chloropropionyl chloride.

When a few drops of the acid chlorice were adcded to the ether

solution with vigorous stirring a white precipitate appeared.
The reaction mixture was then cooled to 0° for the remainder
of the add¢ition, which was completed in twenty mihutes. The
nixture was stirred for 15 minutes, and then a few ml. of
water were added carefully but as rapidly as consistent with
the avoldance of a violent reaction. This was followed,

again rapidly, with an excess of 1Cy sulfuric acid.* The

usner phase was separated and the agueous portion extracted

*# The operations were carried out rapidly to minimize
the possibility of oxide formation,
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wice isopropyl ether. he extracis were combined
with the crude chlorohydrin and dried over magnesium sul-
Ty e T 7 98 Y Al el e TS et oAt g G P o .
Tate, and finally with drierite. Distillation through the

T VS e o~y - e oy b e ~ T e e 4 o
nall Vigreaux column of ten theoretical plates gave 9.58 g.,

5 = 5 .o 5 .
6% yield, of 2-chloro-l~proaanol, Depe 70+43-7C.5, ng/ 1.4365

125 1.1025 25 19 25 17.39% ) mal 13 :
az 1025, oA 5”7 #19.17 < #17.39%. The smallness of

25 = TE Ty oy 2 % S 0 O 9 o4
the fore-run, approximately 0.4 g., D.p. ©69.9-70.3", 355 L4245,
indicated the absence of any apnreciable amcunt of tThe isoneric

l-chloro-2-propanol., 4 second preparation from 18.4 g. of
acid chloride gave 10.24 g., 72% yield, of chlorohydrin,
o 57 +18.920, []57 +17.16°.

é{—)fl,Q—Dichlozopropane.— The procedure used was that
described for 2,3—iichlorobutane<19}. The tionyl chloride
had been carefully purified<28). The pyridine was llerck re-

agent grade, freshly distilled. In a 200-ml. three-necked

flask fitted with reflux condenser, dropning funnel, and
9 firndll {53 e

i

stirrer were placed 9.4% g. (8.5 ml., 0.10 nmoles) of L(+)-2-

\.

chloro~l-propanol and 17.5 g. (0.22 moles) of pyridine. From
the droponing funnel were added with vigorous stirring 19.6 g.
(11.6 nl., 0,20 nmoles) of thionyl chloride over a period of

about forty ninutes. During the addition the flask was kept

L my,

in a water bath at room tenperature. The stirring was contin-

{ wWas

e

“las

iy

ued for twenty minutes after the addition. The

5

then placed on a steam bath for two hours, during which time
the volume of the upper dichloride layer increased and the
lower layer becarme quite dark. The flask was then allowed

to cool to room temperature, and the upper light yellow layer

was poured off. The lower black layer was diluted with abou
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half its volume of water and extracted twice with ether. It
was Iound necessary to extract snall portions at a time with
large volumes of ether to avoid enmulsion formation. The ether
extracts were combined with the crude product, and extracted
four times with 6 K hydrochloric acid, twice with water, and

° 3

dried over potassium carbonate. Distillation was made through

the snall Vigreaux columnj; weight, 4.52 g., 25% yield. The

r

main fraction had b.p. ©6.0-96,1° (747 mn.) nR° 1.4348 dij 1.14

=] &

L(-)-2,3-Dichlorobutane, - This was prenared as previously
- Q ) r ~ V¥ % de
deseribed'l?), From 11.85 g. (0.10 moles) of L(+)-ervthro-3-

chloro-2-hu ol were obtained 2.74 g., 21.7) yileld, of di=-
o A g B s 25 25
c 10f1 de, bep. 52.2-53.3° (80 mn.), 5 1.4406, dz” 1.1047,

o

5 _a ; = " <
°<u - <.43 Ex]p /5.)50. The prysical constants check
closely those of DL-3-chloro-2-butanol, not those of the meso
. 0
1somer(1/).

1-Chloro-2-propanol by Hydration of Allvl ChlorideX -

'he method of preparation followed that of Dewael(3o). From
336 g. (4.4 moles) of allyl chloride were obtained 334 g.,

80.5% vield, of l-chloro-2-propanol. The product was frac-
/ P 9 i F &
tionated twice through a 110-cm. column filled with glass
helices. The final main fraction had b.p. 64.5° (75 nmn.),
~ oK

n8% 1.4366, d25 1.1075.

2-Chloro~l-propanol and l-Chloro-2-nropanol from Pro-

& & i

pyvlene Oxide and Hydrochloric Acid, - The method of prepara-

tion was essentially that used previously for the butylene

* The preparation and separation of the inactive pro-

T

pylene chlorohydrins were performed by Dr. h. K. Garner.
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chlorohydrins‘+7/, From 290 g. (5.0 moles) of propylene
oxide were obtained 421.5 g., 89.7% yield, of mixed chloro-
hydrins. Two distillations through a 110-cm. column filled
with glass helices gave small fractions of the relatively
pure isomers, naving constant boiling points when refrac-
tionated through the small Vigreaux column. The lower-boil-
ing fraction, l-chloro-2-propanol, b.p. 64,79 {98 mm.),had

g S s 3 . . o g
gﬁf 1.4368; the higher boiling fraction, 2-chloro-l-propanol,
1 O ~ ] ?5'
bap. 70.3° (75 mm.) had np 1.4367,
3,5-Dinitrobenzoate of 2-Chloro-l-propanol, - In a 500-ml.
flask were mixed 138 g. (0.50 moles) of freshly prepared
3,5-dinitrobenzoyl chloride and £7.5 g. (0.61 moles) of 2-

chloro-l-propanol (several of the higher boiling fractions

1

from the above separation). The reaction mixture was heated
gradually to about 120° over a neriod of abw;tv45 minutes,

then to 140° for another 10 minutes. The mixture was cooled

and poured into 500 wml. of dilute potassium carbonate solu-

tion, stirred until the mass solidified, collected by suction
filtration and washed; weight 167 g. (965 yield), m.p. 67-73°.
Three recrystalizations from ethanol gave 100 g., m.p. 78.0-78.3°,

hnal. Caled. for CigHgOgN,Cl: C, 41.59; H, 3.145 T, 2.70;

cl, 12.30.

\

= zZ [ ', e
Founds €, 41.66: H, 3.19; K, 9.773 €1, 12.30,
Recovery of 2-Chloro-l-propanol from the Ester, - In a

1-liter flask fitted with reflux condenser with a dry-ice trap

at the condenser outlet were placed 400 ml. (44% g., 4.2 moles)
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iiethylene glycol and 50 g. (0.25 roles) of p-toluene-

fonic acid. The systenm was evacuated to m. and the

Al

mixture was refluxed to reriove water. To the cooled nmixture

=

were then added 100 g. (C.35 moles) of the 3,5-dinitroben-
zoate ester. When 59 g. of liguid had been collected in the
trap the material coming over was apparently largely dioxane,
although it gave a positive chlorine test. Calcium chloride
was added and the mixture was extracted with ether. The
ether extracts were dried with calcium chloride and fraction-
ated. The first fraction, 17.2 g., had b.p. 40-68° at 75 mn.
The final frartion, 14.1 g.,had b.p. 70.4-70.5° at 75 mn.,

5 - _p . . .
g%/ 1.4363., The final and intermediate fractions were then

(o 2 i e o o = = - V& SR $ o SRR
refractionated, giving 13.% g., 385 yleld on the recovery

from the ester and 235 yield for the over-all purification

starting with the high-boiling fractions from the mixture.

122 1.4360, ei 1.1020.

Optical Purity of L(s)-2-Ghloro-l-propanol, - This was

Yy

The wain fraction, b.p. 70.39, had 1

t‘:

converted to the formal of J( )-1,2-propanediol, without
isolation of any intermedistes (Fig. 4). Action of bhase
would wst certainly produce first D(+)-1,2-epoxypropane,

¥

which would then hydrate (without loss of optical activity

if the solution remaing basie) to Q(—)-l,?-propanediol(18).
The formal can be prepared directly from this dilute solu-
tion of gzlycol according to the method of ILucas, iiitchell,

g (17)

and Scully "
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Y0 a solution of 7.8 g. (0.14 moles) of sodium hydroxide
in 200 ml. of water were added 6.6 g. (0.07 moles) of the
1 5 ?5 T ¥ 70 i 1y T4+ . Sy
chloropropahol, £p” +#17.16Y. The solution was sealed in an

armpoule and kept at avout 50° for forty-eight hours. The

.4

=

anpoule was onened and the solution was neutralized and made

T

approxinately 0.05 f. in sulfuric acid. Then 4.5 g. of para-
formaldehyde (0.1% moles as formaldehyde) were added. The
solution was refluxed under a 60-cm. column filled with glass
helices so that the formal could be removed as it was formed.
avout six hours of refluxing with intermittent takeoff of the
formal were required to couplete the reaction. The collected
formal was dried over potassium carbonate and recdistilled;
yield 1.8 g., 33%, b.p. 84-85° (745 mm.), n? 1.3971,

ot 85 -50.06°, [x]5°

tained from optically pure 1,2-propanedioﬁ% had b.p. 84.2

O

\51

The same formnal previously ob-
0

5 5 o 2 g 0 : P
(745 mn.), ng? 1.3971, o 25 -51.33°,[=]8> -52.4°, the opti-
cal purity of the present product was thus about 97.4%. Since
the optical purity of the original chlorohvdrin was estimated

o be 97.5%, it 1s evident that there is no loss of optical

i

activity in the conversion of IV to VI, I'ig. 3, or of VI to
XI, Fig. 4. The results of Fig. 4 have a parallel in the
butane series, for in the steps D(-)-2,3-butanediol —
butanediol~ formal —> D(-)-2,3-butanediol the recovered
3 4 QC Q. £ i T o (31)
diol has 9¢.9% of the actilivity of the initial diol

Assuning that the lwérolysis of the chlorohydrin and
oxide are complete, the yleld of formal 1s less than that

A

previocusly reported(17). Experiments with inective material



indicated that yields of about 705 could be obtained with
rmuch less refluxing of the reaction mixture if the hydroly-
sls and conversion to formal were carried out in more concen-
trated solutions.

Attempted hydrolysis of 1,2-Dichloropropane.- The hydro-
lysis was attenpted under different conditions. ﬁésic hydro-
lysis was used, since the basic hydrolysis of the epoxide has
been found to give 1,2-propanediol of higher optical purity

(18)

than acid hydrolysis In a typical run 2 g. (0.02 moles)
of 1,2-dichloropropane, 2 g. (0.06 moles) of potassium hydro-
xide and 50 ml. of water were sealed in an ampnoule., A4fter
three days at 50° the ampoule was cooled and opened. There
was consicerable pressure withing the issuing inflammable

gas had an olefinic odor. The recovery of the glyvecol was
attemnted through its formal(l72 The solution was nade acid
and the methanol removed by fractionation. iater was added

to make the volume about 5C ml., the solution was made 0.05 ¥,
in sulfuric acid, and 1 g. of paraformaldehyde (0.04 moles of
formaldehyde) was added to convert any glycol to the corres-
ponding formal. fraculonatlon of the resilting solution
through a 60-cm. colwan filled with glass helices, however,
failed to give any material boiling lower than 99°9. The boil-

vy 4=

nt of the formal is ¢4~. The hydrolysis was repeated sev-

poi

Lo
}._.

eral times, using about the same concentrations of base and
chloride, with water alone, aqueous dioxane and aqueous

methanol as solvents and with heating periods up to ten days,

&
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and temperatures as high as 80°., In no case was any formal
obtained. Analagous results have been reported by Goudet
and ﬁchenker(32> with aleoholic potassium hydroxide, the pro-
ducts being largely chloropropenes. The glycol has been ob-
tained from the dlchloride at higher temperatures and pres-
sures(33), but hydrolysis under such drastic conditions would

be quite likely to result in racemnization.
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PART III
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JEHO-POINT VIBRATIOHAL CORTRIBUTIONS T0 THE OPTICAL ACTIVITY

OF ISCTOPICALLY ASYILIETRIC MIOLECULES

llodification of Kirkwood's Theory of Cptical Rotation
to Take into Account Zero-Point Vibrational EBffects

The long-standing question among organic chemists con-
cerning the possibility of finding optical activity in a
molecule whose asymmetry 1s due only to the presence of
different isotopes of the same atom has recently been ans-
wered in the affirmative. The compounds prepared were as
e T 5 P (1)
followss K -deuteroethylbenzene ~/,

: 25
4
—C-C H, [<><] =-0.30%0.0R
4 D
by the reduction of optically active £ -chloroethylbenzene

with lithium aluminum deuteride and lithium deuteride; 2,3~

(2)
9

dideutero-trans-menthane
(CH).CH
" [o(];;:-o. 09°t0.0!°

CHD-CHD” CH,

by the reduction of active trans-p-menthene with deu

ct
[0}
]
}_i.
5
o]
o9

and 2-deutero- truis—ﬂ-mentqane(3)

(CH,) cH

32 6
[a]“:— 0.07°t 0. 02
CHD—Y CH, ’ »
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by the reduction of l-merthiyl p-toluenesulfonate with lithium
aluminun deﬁteride. The observed rotations are quite small,
but are larger than could reasonably be ascribed to obser-
vational errors or to optically active inpurities. 3ince the
compounds were all hydrocarbons they could be subjected to
fairly vigorous treatment to ensure the reroval of such
impurities. In the case of K -deuteroethylbenzene, the com-
pound was acetylated by a Friedel-Crafts reaction. The re-
sulting ketone and its carefully purified oxime were found
to have small but definite rotations. The existence of the
phenomenon is thus failrly well established.

The optical activity of these compounds probably arises
largely from the difference in the optical properties of
hydrogen and deuterium (or perhaps more properly, of the
C-E and C-D bonds). This difference is evident in the dif-
ferences between the observed polarizabilities of correspond-
ing hydrogen and deuteriun compounds<4). The difference in
polarigabllity can be accounted for on the basis of the dif-
ference between the vibrational eigenfunctions of hydrogen
and deuterium, owing to the difference in mass of the two
nuclei. <The electronic wave functions of the two are un-
dountedly the same to a very high order of approximation, as
is therefore the variation of the polarizability with inter-
atomic distance. 2ut the hydrogen nucleus, teing lighter,
is "spread out" more in its potential by its gzero-point vi-
brational energy. In general, this "spreading", combined

N

he variation of the polarizability with interatomic

- 4 i !
W )}
Vo L t; L

ct



~105-

fd
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distance, will produce a difference in the observed polari-
zablilities of pairs of isotopically differentiated molecules.
In the case of non-rigid compounds such as ¢¢ ~-deutero-
ethiylbenzene another effect could operate ej the potential of
internal conformation could be asymmetric because of the dif-
ference in the hindering of internal rotation by hydrogen
and deuterium. An asymmetric potential function would, of
course, result in an average asymnetric conformation. There
is no experimental evidence that this occurs to an apvoreciable
extent, however, and suvch an effect would alwmost certainly be
exceedlingly small.
the present vork.
The problem of deternining the zero-point vibrational
contributions to ontical rotation will be tTregted by modifying
Kirkwood's original theory so as to take into account expli-
citly the fact that the gquantities of interest must actually
be eXUGPthLOH values over the vibrational ground state of
the entire molecule. It will be assumed that the electronic
and nuclear motlions are separable and that vibrational states
above the ground state are not sufficiently populated to make
a significant contribution. The application of this general
treatment to isofopic substitution will express the optical
rotation in terms of the difference between the ground state
vibrational elgenfunctions of isotopically differentiated

groups. <The theory will then be specialized to the simple

case of the substitution of hydrogen for deuterium.
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The starting point of the modification is taken as

Kirkwood's equation (32) for g%, before averaging over all

svatial configurations of the molecule:

- - -i 5 2 S G 4
where aq, 2p, and ay are three vectors defining a coordinate

system fixed in space, and the symbol ( ) av. indicates
that the quantity within the parenthesis is to be averaged
over all spatial orientations of the molecule. The remaining
symbols have the same significance as before (equation (18)

of part II). This expression is then to be averaged over

the ground state vibrational wave functions of the molecule:

{57+ %9"%47 (2)

Y 4
et tna

G

2
2
3

¢
s

b

In order to evaluate the integral it 1s first ass:
terms higher than quadratic in the vibrational potential
funetion can be neglected so that the wave function can be
expressed as a product of wave functions corresponding to
the n classical normal modes of vibration characteristic of
the same potential function:

hH=1 (

(¥S]

)
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where the Sh are the normal coordinates. Equation (1)

g¥ 1s then expanded about the ecuilibrium position in normal

o\ 2 o '
- el 5T G

In the interest of reducing the number of fterms to be written

down it is assumed that the only non-negligible terms repre-
sent the interaction of a group whose polarizability depends
appreciably on the vibrational coordinates with one whose
nolarizability 1s nearly indenendent of the vibration. This
assumption actually involves no loss of generality, for the
additional terns could be readily written down 1f needed. TFor

the actual applications of interest 1t will be seen la

3 PR - ]
be considered.

(R (L GEp} T A LG o} -2)
&)

+(R- a>(a «){Z ashk)‘A}{Z( ':f 2 }371)
*({;%2‘*}'5)( ST R} 12 8 )s)a)]

)—



&) % B g o
4. tie €11

- S o
Felda Lidt

in

form to the two first order terns with E (ﬁfl)gh replaced
by (9“/“ ¢ ¢ shere & repredents . (k) o,

L M YiiielTes B LSO Senevs L & 5 s i
o b‘hb h S ) S ey z 9

(5 ‘y pe 4 3
.Li!lzw £y G uJ_L QL:..LS]
arn e

is still to be performed but is

A o . 41 <9+ 4+ ~ - SNTPAT A T T T - i |
Therefore the result of the averaging process will

be the same
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where the zero order term has not been writien down. The
vector bj defines the symmelry axis of the derived tensor.
When this expression is substituted into equation (2) the

result is that s, is replaced by (sy),, and SpS 5 by (shsj)oo

where

(s.),, = / V(s,) 5 #05) I T (7)

[é2}
=
-
¢
o
®

because of the orthonormality of the wave functions composing
the products. (The matrix elenents (sy) are of course zero

£

for the harrmonic notential function assumed but are written
iicate the form which the expression

T N

will take when anharmonicity is considered.)
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“he coordinate derivatives of the geometrical quantities
be calculated explicitly if the normal coordinates of the

e

b o : 5= 5
~olecule are known, Since Hk is the vector distance of the
center of mass of group k from the center of mass of the
molecule 1t can be expressed in terms of the masses and dig-

placements of the atoms of the group:

(=} =

the three mutually orthogonal unit

vectors & né Ay is the
ac : and R 1s the
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2nese nornal modes will e vaken to correspond to C-EH (and
a0y S DR R e . . o AL s 1 & = N
C-D) stretchi g ana o send i g ine 11¥8% order matrix gles
N £ e Ty - A 5 o - 10 T3 A o i I
ments of the normal coordinat in eguation | \)) are of course
L % 5 ! 9 e 4= T e ~ 7 o &
ZEero. ut 1t is known that the potential of C-II stretching

into normnal coordinates is not strictly valid. Dut because
of the large mass difference between hydrogen and deuterium

and the other atoms of the nolecule the normal coordinate
cill useful in gilviang tThe approximate fornm of
the vibration. In this case a correct procedure would be to
calculate the wave functions for the anharmonic potential by

a perturbation nethod zero-order wave functions

(.ﬂ
0
N
l..J
)

ca
1653

those corresponding to the normal coordinates of the harmonic

potential. Actually, the normal coordinate for C-E stretch-

ing 1is epproximated as the harmonic vibration of Il against

a larger mass, and the resulting harmonic oscillator wave
ns the gzero-order functions in the pertur-

Since there 1s a relatively large cubic tern in the C-H

4.

tr

®

ching potential function the first order terms in the

147}

expression for g® will probably be important. For C-H bend-
ing, on the other hand, the potential function should be
nearly svmametric in the absence of concentrations oi charge
on other atoms close to the hyvdrogen atom. Hence no terms

of odd power should nmake an appreclable contribution to the
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potential function. In the absence of any experimental
knowladeoa “ nine the anhasrronici Y £ thi tvne i 3
knowledge concerning the anharmonicity of this tyvpe of vi

bration the terms of odd power in the potential function

2o

were taken to be small and first order terms in g© corres-
ponding to C-H bending were neglected.
In the specialigzation of the theory to the case of

B

compounds of the type RqR,CHD with the approximations de-

i

scribed above the vectors g become just the unit vectors in

d
the direction of elongation of the C-H and C-D bonds and are

- -

thus equal to by and by (H and D are here used as group sub-
scripts denoting hydrogen and deuterium). The first, fourth,
and fifth terms in equation (6) are then zero since two of

the vectors comprising the triple cross product are the same

and we then have
° -—-_'_ [ / v 7 ’ A o

<5> 62: (“i B Ku By Gy e B “Hf"uc'm)(km"%ﬁ"u Mw,),,
. {

*6"'::[’2' XpBpCip * % %o o Gzlp)(kzo' ’%*ba){'p)oo
(16)

=

L CA MM Gilu Rin b,;xz; Wi

F 0 %5 By G Rip  Buxb,) (rE oo]

where r represents the elongation of the bond from the

eguilibrium value,



The terms containing second derivatives of the polar-
izability tensor and of the dipole intergction tensor have
been neglected. Since C-H stretching overtones are very
difficult to observe in Raman spectra there is probably
little hope of evaluating the second derivatives of the
polarizability. It seems probable that they are small, how-
ever. The type of treatment which neglects such second
order quantities is common in spectroscopy and useful semi-
quantitative results are of'ten obtained. Actually the second

A e

derivative of the polarizablility is implicitly taken into

L

ccount to some extent by the method of evaluating the
first derivative, since the observed effect 1s considered
to be accounted for entirely by the first derivative. The
terms containing the second derivatives of the interaction
tensor and the ordinary o and {3 can be expected to be
smally the analagous first order term was calculated for

i)

to be quite small. The

O

ol -deuteroethylbenzene and foun
cross term containing derivatives of both the polarizability
and the interaction tensor is found to be important. The
corresponding cross term for the bending vibration is neg-
lected since the first derivative of the polarizability with
respect to this motion is probably smnall.

The values of (r)oo and (rg)oo were those for an an-
harmonic (cubice) oscillator(s). The value of the anharmoni-
city constant was that given by Dennison . Values of

£ T 1 1 | 3 ! ™ + oy, [l il o oL, 5
for C-H have been calculated by R. P. mell(*) from the observed
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differences in refractive index between corresnonding hydro-

pen and deuterium compounds. Using Dennison's spectroscopi-
cally determined value for the anharmonicity to obtain t

©

value of (r)oo for hydrogen and deuterium they took the wvalue

)

of the derivative to be given by

(';') _(rp) (17)

where “L.'dp represents the difference in polarigzability of

a pair of corresponding hydrogen and deuterium compounds.
Since o(u was found to be greater than (" in every case

and since (r),, 1s greater for hydrogen than for deuterium
the derivative is positive. The analysis was carried out

for lip-Dy, HC1-DCl, H3r-Dir, and CHy-CDy. Reasonably consis-

tent results were obtained, the values for this series of

; 0 . ¢
compounds beling between 1 and 2 52, The value of o used

for the calculation of rotation was that found from CHy=CD,
Bo . N .
1.9 A=. for one C-H (or C-D) bond.

'
@ from equation (15) requires the

£

The evaluation of
degree of denolarization of a Raman line corresponding to
a nornal vibration involving largely C-H stretching. The
development of facilities for accurate depolarization measure-
nments is comparatively recent, however, and there are rela-
tively few data for appropriate molecules.O0f the cata avail-
able, probably the most suitable are those for the symmetrical

A

vibration of highest frequency for chloroform. & comparatively
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large number of measurements of the degree of depolarization

of this line have been carried out by different investigators.

o

Tnese results have been collected and tabulated, together with

their own value, by Zeitlow, Cleveland, and lieister. (23 L

values lie between 0.2 and 0.38, the latter being that of

the authors. The single value observed for the corresponding
vibration of deuterochloroform, £ = C.26, by the same investi-
gators seems to indicate that any contribution coming from

the slight motion of the chlorine atoms probably tends to

reduce the total value. The difierence between their values

of 0.26 for deuterochloroform and 0,38 for chloroform can
hardly be accounted for on the basls of the difference in
contributions to the depolarizations from C-Cl motions, for

the depolarizations for both of the C-Cl modes in both mole-
cules are less than that for the C-H stretching mode and it
seems unlikely that the values of o(' for either of the C-Cl
rnodes are particularly large. (Since (3I>is the derivative
of the anisotropy ratio for the bond polerizability divided
by o’ a low value of ﬁ/ can result from either a small ani-
sotropy derivative or a large value of «” .) 1In fact

for the C-Cl bond has been determined from the ratio of Raman

and Rayleigh intensities Tor carbon tetrachloride (O) nd 1t

is only slightly less than the corresponding quantity for

leternine apnroximately the contributions

(@]

C-H. In order to

Y&y

from C-Cl stretching to the depolarization factor for the C-H

stretching vibration of CHECL 13 2 nornal coordinate analysis
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for an eguivalent linear triatomic molecule was carried out.
It was found that the ratio of C-E to C-Cl stretching in the
normal mode of highest frequency was approximately 30:1,
while the corresponding ratio for C-D and C-Cl was about 12:1.
Because these ratios are so high any differences between the

£1

7
values of (3 for the C-H bond of chloroform and those for
C-H bonds in, say, saturated hydrocarbons should probably
be attributed to the distorting effect of the C--Cl3 dipole

moment on the C-I pond.

The symmetrical CH3 stretching node of ethane would

A o 4

perhaps be the most satisfactory source of data for The deter-
y
mination of (3 since there are no ordinary resonance effects

or unusual electrical influences present. The small C-C
stretching would be expected to contribvute very little to
the result. Unfortunately only cualitative data are avail-
able for this molecule. Even 1f the dats were available;
one inherent difficulty night remain: the modification of

BT i e o = 3

the form of this vibration through Fermi resonance with the
first overtone of one of the methyl deformation vibrations.
The exact extent and form of the eifect of this resonance on
the syrmetrical vibration might be difficult to ascertain.
The deuteromethanes constitute another pronising source for
the desired infornmation but the necessary cdata are apr
lacking.
’

The value of (3 finally chosen for use in the calcu-

lations was that obtained from the C-H stretching vibration

m

of chloroform. The value of C.3 was chosen as representative
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for the depolarization facto this gives for (? the value

=
oo

/
1.9. Although the value of (3 for hydrogen can be expected

to be only approximately relevant for C-H, it is per iaps
zives a value for (3 of 1.
termine the sign of s LLS

sign will be positive or negative denending on the relative

w
[N

gns and magnitudes of the derivatives of the polarizabilities
parallel and perpendicular to the bond direction. Intuitively,
it seems that the change in the direction of the bond is pro-
bably greater, and this result is borne out by quantum mech-

anical calculations(11’12’13).

L] ~ £ b) v . o 23
The sign of @ can be fairly well established from the
/
. ’ b i ’
magnitudes of o and F and the known positive sign of « .

4
the expression for (3

/ / Vi dl
ﬁ/"" x”‘-dzz _ 3 d(l_ 32; (16)
- i -————-—_, 6

¢ _[2%an
*an~ JS

4 p . . ho

can be solved for ou/e,, . The result is

/ / 7. 19

.(,,/,,(u = 3.48=¢6.% (19)

e

Thus the absolute value of &/ 1is more than twice as large

ML

as the absolute value of o, , although the value of 6.5 for

5 el . o oy i Y g & e,
the ratio seems somewnat high. But since3e¢ 1s equal to
2 da

oLy tRet,,, and its sign is known to be positive, it fol-

[ . ¢ - 3 - - N ) - o -
lows that ef,, ust be positive and thus, on the basls of
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tures. If E, the external field, is taken in the direction

of the line Jjoining the centers of the structures then it

e line joining the two the

- PO AU R N TN ] . & ey
polarigzability for this case is

K +% " T RT (22)

f treatment can be expected to be valid only if

o
L £ << i’6. Approximate derivatives with respect to R can
o, o,

RE

be obtained by expanding the denoninators in powers of




, multiplying by the numerators, and taking deriva-

<o

he resulting derivatives becone

P CRLN N

‘-—_—‘ - ’Zdl = R7

(23)

Thus a large nositive value for (3 1s predicted from this
simple classical treatment. The model is hardly appropriate
for a bond to hydrogen, for the bond itself is the principal
polarizable structure. The result is, in fact, in contradic-

[Feh)
LX

. - : 5 / " .
tion to the observed positive sign of o aus this simple
classical model is inacdequate here.

This entire treatment of optical rotation due to zero-

point vibrations is admittedly a very approximate one. The

[ S
’
sign of (3 is of course not known with certainty; in the

4.1

calculations the positive sign was chosen on the basls of

the above discussion. Aanother source of possible error is

the attempt to apply the original theory toc a bonded hydrogen
atom as a polarizable structure. In the original treatment
the groups were considered to contain a fairly large number

of electrons and one of the bond electrons was arbitrarily

and the other to the substituent

assigned to the centrsl grou

s

group. In the case of C-H where the only electrons are the bhond



190
electrons themselves 1t is probably more appropriate to con-
sider the bond itself as the polarizable siructure This dif-
ficulty is probably not a serious one, since some experimental
information about tlhie optical properties of the bond is avail-
ere 1s some question here as to whether the optiecal
center of the group in this case 1is close to the center of
mass. It may be that By shouvld extend to a point midway be-
tween the carbon and hydrogen atons. IHowever, in performing
the calculations the formal structure of the theory was re-
tained and Ry 1 taken to be the same in length and direc-

tion as the C-E bond.
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Application to & -Deuteroethylbengene and 2-Deuterobutane

The enantiomorph of o -deuteroethylbenzene to which the
calculations apply and the corresoomdlnv I'ischer projection
formula are shown in Figure 1. The values of bond distances
were obtalned from covalent radii and the asymmeitric carbon
atom was assunmed tetrahedral. The values used for o¢/ and

’
(3 were those described in the previous section. It was

‘-'l

found that the first order terms containing these guantities
made the principal contribution to the calculated rotation

; ; - S iy / /
although the second order terms containing o , (3 , and

xected. The problen of deterning the

she previously

{3 A
P
L
D
QO
ct
D
OJ

l,2~dichloropropane. ©&ince internal rotation can take place

ntical rotation was first calcu-
internal le @ describing the

talten to be zero when tThe

to the plane of the ring, and
X 9

positive for a counterclockwise rotation of the phenyl group
with respect to the remainder of the molecule (that is, look-
g along the C-CgHe bond from the directlion of the ring).

The optical rotation was found to be given by

[ ] (n ,,.,_) = "'2"(‘1'11(2%- _:3_3_1_7)*__%),:2—".“(2”*%".»24-)

The potential function V (#) governing the internal conforma-

RESS. <

to have a plane of symnmetry coincident with

(]

tion was assune
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Figure 1. The Space lodel of o -Deuteroethylbenzene
to which the Calculations Apply and its Fischer Projection
m o
Formula.
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the plane of symmetry corresponding to that of ethylbenzene.
If this is the case, a small amount of algebraic manipulation

shows that a part of equation (24) makes no contribution to
the optical rotation. For the part which does not average

to zero it 1s found that

(], (3/h42) = +20(1- ) s in (24 2 + sin €25+2F))

(25)

—+0.53cos(ag)

Apparently no direct experimental studies of the poten-
tial of internal conformation in ethylbenzene have been car-
ried out. However, from the work of Pitzer and coworkers

(14) (15916), and the Xylenes(l7)

on nitromethane, propane
it is possible to make a reasonable estimate of the situation.
The avalable evidence on the height of the six-fold barrier
for a methyl group attached To a planar structure such as

a nitro group or benzene ring indicates that there may be
no hindering in either case, but that barriers as high as
1000 cal./mole are not excluded. Fitzer's rather detailed
consideration of the interactions between the two methyl
groups in o-xylene has led to the somewhat tentative con-
clusion that consistency with the thermodynamic data is best
obtained by assigning independent potential functions to

the two o-methyl groups with barrier heights of about 2000

cal./mole. By comparison of these configurations with those



i
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)

occurring in ethylbenzene an approximate potential function
for the latter can be obtained.

To simplify the problem, it was first assumed that there
is no six-fold potential, and that all of the potential energy
arises from interactions between The hydrogens of the terminal
methyl group and those of the ring. It was also assumed at
first that the terminal C-C bond was {ixed in the staggered
position. In this case the angle @ could take on values of
approximately 30-35 degrees on either side of the plane cor-
responding to the plane of syrmetry of ethylbenzene before

he hydrogen atoms of the methyl group and those of the ring

approached closely enough to give rise to a repulsion energy
of about 2000 cal./mole on the basis of Pitzer's results for
o-xylene. .1f an attempt is made to increase this range by
changing the orientation atout the terminal C-C bond it is
found that positions close to the eclipsed position for this
bond must be taken before aprpreciable gain is made 1n increas-
ing the range of @. Since the potential function for the

4 T S

rotation of the terminal C-C bond is probvably close to thet

000 cal./mole, the eclipsed

o

position is unlikely. The introduction of a six-fold poten-

iy

tial into the problenm would make few changes, for two of its
maxima coincide with the two positions of the ethyl group in
the plane of the ring, and the other four are in approximately

the same angular positions as those corresponding to close

approach of the hydrogens of the phenyl and methyl groupse



On the vasis of these results it was decided to use
the following simplified potential function in the calcula-

tion of the optical rotation:

vV (8) = 0 for -300¢ BL+30°
(26)
= & otherwise

on one side of the ring; the potential function with the
nethyl group on the opposite side would, of course, be ex-
actly similar. Since a sinusoidal function would have its
ninima corresponding to the centers of ranges of zero poten-
tial and would vary little over the allowed range thils seenms
a satisfactory apvroximation in this respect. Also since
the hindering is provebly essentially a result of van der Wa
repulsion the potential function describling the interaction

the ring and wmethyl hydrogens probebly rises rather sharp
as they approach. The square well potential function is thu
a fairly reasonable apnroximatlion.

The optical rotation calculated with this potential
function for the enantiomorph of & -deuteroethylbenzene

shown in ¥Filg. 1 1is

[0(]' (3/',1-*2) = +0.27°

[,(]p - +0.%1°

tter value wad calculated for a nmedium of refractive
index 1.50, corresponding to the pure liquid. The experi-
Vi ( & 3

L)

mental value for the enantiomorph prepared by the lithium

o

alls

“
&Y
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b £
aluminun deuteride-lithiumdeuteride reduction of L(-) phenyl-
. BT B < 3 27 25 = 100 e -y ’
thylcarbinyl chloride was E*ID = -0.30% for the pure
ligquid. The configurational relationship between the phenyl=-
ethylcarbinyl chloride and phenylmethyl carbinol is well

(18)

known , and phenyl methyl carbinol has been related %o

A 1

lactic acid through : wnuﬁylcvcloﬂeytl carbinol by Levene and

cnrlraratlG,20) TP+ fapide mad P T . ‘ q
coworkers‘-—-» . 1f the deuteride reduction of the chloride
is accompanied by inversion, as 1s probably the case, then
the (-) ¢ -deuteroethylbenzene prenared in this way from

L(-) phenylmethyl carbinyl chloride has the D configuration,

corresponding to the mirror image of the spatial coniiguration

of Fig. l. Thus 1f the reductvion is actually accompanied by

inversion the result i1s in agreenent with the Iischer con-
vention regarding absolute configuration, and is consistent

J-epoxybutane.

&

with the findings for 1l,2-dichloropropane and 2,

should not e particularly diffi-

vasis of previous work it is expected that

v pure procduct of known relative configuration

could be obtained (see Proposition no. /! , this thesis).
Therefore it seenmed worthwhile to perforn the calculation
in order to obtain an indication of the order of magnitude
of the rotation. Because of the simplicity of the compound,
the absence of any appreciable resonance or anoualous
electrical effects, and because of the relatively accurate

O . E . B, P Ty, e (g . R Ty CTDRE. - O T s s
knowledge of the potential of internal conformation it 1is

probably one of the most satisfactory non-rigid compounds



for the application of the
“he enantvioriorph to which the calcula
wovn in Pigure 2. The internal angle @ was taken %o be

D Ly, = — - - - N - 5 o'l -
zero when the methyl.groups are trans to each other; a

positive displacenent fron zero is taken to be that which
decreases the D-CI, distance. As in the case of 1,2-dichloro-

N;

4.1

provane the optical roftation was not found to be a ginnle

(] " S

Biggun adod aos 4 L= e e Tt . war P Ss "
function of the internal angle. The nolecule can be con-

K S . 3 B0 & o Eim, [ o P a3 . O
sidered to have three ninima: <the lower, at @ = 07,

e NAE S e - AT - — < « Moo 2
corresnonding to maximum exbtension of %the carbon chain
drney s el B Y ] A ey Tos & ot . 3
Ustraicht) and the two hicher and ener-
(%)
- 1AV - a0
= 120% and 2 = -120

ot o0 Ty & . 3
potential barriers between

%
Vi = 2 11 ~ ren S -
igh'21l), The analysis was
Flammalahn . 4 gds  Bmm  Bovaswrs Y s pmaeee S Toaiana sl
therefore carried UL, 1 Lerrs oL 4 UL L1 oI DA TUre

of three isomers corresnonding to the three minima. As can
be seen Tron the figure, for @ = £120° the vectors bj and by
for the hydrogen nethyl interaction lie in the same plane
and hence the corresponding term in g© is zero. The rela-
tive orientation of the C-D group and the ethyl group in this

> £

position can be obtained by a reflection of their relative
orientation for @ = 0O° in the CI “3 plane containing the

number 1 and 2 carbon atoms. Therefore the tern representing

i

the interaction of C-D with CI

nagnitude and opmosite in sign to that for @ = 0%, Zor

LiCigyd



Figure 2. The Space llodel of 2-Deuterobutane to which
the Calculations Apply, and its Fischer Projection Formula.
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Propositions

Optically active 2-deuterobutane of known config-
uration might be prepared by lithium aluminum deuter-
ide reduction of active 2,3-epoxybutane, followed by
oxidation of the hydroxyl group to a ketone and Clem-
mensen reduction,, or halogenation followed by hydrogen-
ation. The optical rofation of this compound has been
calculated to be r«]f° = 1°.

Cf. part III of this thesis.

The use of optically active deutero compounds would

open a large field of undetermined reaction mechanisms

to attack by the optical activity method. For example:

a. The character of aliphatic hydride reductions could
be determined by reducing active 2-chloropbutane of
known configuration with lithium aluminum deuteride
and comparing the sign of rotation of the resulting
2~deuvuterobutane with that optained from 2,3-epoxybu=
tane,

b. The possible mechanisms for reaction of thionyl chlo=-
ride with primary alcohols might be distinguished;
since a primary carbon atom cannot be asymmetric
other than by substitution of deuterium for hydrogen
the optical activity method has not so far been ap-
plied to this problem..

Since the molecular orbital pilctures proposed by Walsh
for cyclopropane and spiropentane contain TI -orbitals
the quenching cross sections of these compounds for tne
resonance radiation of metallic atoms should be nigh on
this basis..This is not the case for cyclopropane. The
determination of the quenching cross sections of spiro-
pentane and of the ability of both compounds to com=-
plex metallic ions in solution would be of interest in
this connection.

(1) A. D. Walsh, Trans. Faraday Soc. 45, 179 (1949)

(2) We R. Steacie and D. J. LeRoy, J. Chem. Phys.

11, 164 (1943)

Wheland and Dewar have proposed different mechanlems
for the rearrangement of aromatic allyl ethers (Claisen
rearrangement). A decision between these mechanisms
might be made b{ performing the rearrangement with such
ethers having C “at either end of the allyl group.
(1) G. W. Wheland,"Advanced Organic Chemistry"
(Wiley, New York, 1949), p. 544
(2) M. J. 8. Dewar "The Blectronic Theory of Organ-
ic Chemistry" (Oxford,. London, 1949), p. 229
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It should be possible to prepare active threo-3-amino-
2=tutanocl of known configuration from avallavle active
erythro~?-amino=-2-butanocl through the use of benzamido
as a neighboring group by treatment with 30Cl,, follow-
ed by hydrolysis.. A method previously suggestéd for
this preparation was tested experimentally and found to
be unsuccessful..
(1) G. E. McCasland and D. A. Smith, J..Am. Chem.
Soc. 72, 2190 (1950)
(2) F. He. Dickey,, Thesis, California Institute of
Technology, 1949; proposition #5

‘Whether halogens or methyls occupy the bridge positions

in methyl aluminum dihalide dimers can probably be deter-
mined from relatively gross symmetry considerations if
their infra-red and Raman spectra are obtained. If the
methyls are found to be in the bridge positions, the
frequencies and depolarization factors of the C-H lines
may give information about the type of C-H and bridge
bonds.,.

Kirkwood's first order theory of optical rotation pre-
dicts 2 zero optical rotation for 1l,l-chlorobromoethane.
A single enantiomorph of this compound might be prepared
from active o =chloropropionic acid by a Hunsdiecker
reaction, The perhaps more interesting compounds, fluo-
rochlorobromomethane and chlorobromoiodomethane, might
be prepared from the corresponding active acids in the
same way .

In previous treatments of the partition functions of
rigld molecules with attached tops interaction. be-
tween the tops-— "gearwheeling"—has been neglected.
However,. the wave equation for identical symmetric

tops attached at arbitrary angles to a fixed frame and
having a sinusoidal interaction potential is separacle,
giving products of Mathieu fupgetions and exponentials

as solutions; this suggests that at least an approximate
treatment of this type of contribution to the partition
function could be carried out.. :

In several gquantum statistical mechanical derivations

the thermodynamlic properties of the system are assumed
independent of the shape of the containing vessel. The
limits of validity of this assumption could be tested
in a simple way by writing down the exact partition

functions for,. say, a cube and a sphere, and comparing
the limiting forms of the functions involved. The dif-
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ferences would certainly be expected to be small when
the particles have wavelengths considerably larger than
molecular dimensions. A difference in the limit of wval-
idity might appear between Bose and Ferml particles at
high densities.

A recent study of photoreactivation and apparent rever-~
sal of mutations 1in bacteria by visible light has ape
parently not considered a possible correlation with the
established possibility of producing mutations by prior
irradiation of the growth medium and the possible role
of peroxides in the mutation process. A further inves-
tigation cognizant of these possibllities might prove
profitable.
(1) A. Xelner,. Scientific American, May, 1951;
J. Bacteriology 58, 511 (1949)
(2) W. S. Stone,. 0. Wyss, and P. Haas, Proc. Nat.
Acad. Sci. 33, 59 (1947)
(3) F. H..Dickey, thesis, California Institute of
Technology, 1949

A computer for performing mappings of functions in the
complex plane witn visual display of the initial and
transbrmed curves might have sufficient constructionsal
gimplicity to be useful for rapid semiquantitative eng-
ineering work and posslible for educational purposes.



