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PART I: CONFORMATIONAL PREFERENCES
OF ACYCLIC DIASTEREOMERS



1b
HISTORICAL

The subject of conformational analysis was introduced

about seventy-five years ago by Sachse (49). However,

conformational analysls experienced a slow development

until the appearance of a pioneering paper by Barton in 1950

(5). Since 1950, the literature dealing with conformational

analysis haé proliferated. However, most of the literature

dealing with conformational analysis was concerned with

cyclic compounds. At the time this work was initiated, a

relatively small amount of information had accumulated

concerning the conformational preferences of acyclic com-
poundé.

Althbﬁgh many techniques are available for conforma-
tional studies, (31) the advent of nuclear magnetic
resonance spectroscopy has greatly facilitated the con-
formational analysis of organic molecules. | |

The Karplus relationship (37) which relates'the
magnitude of the coupling constant between vicinal protons
to the magnitude of the dihedral angle between the coupled

protons has frequently been used to determine the average

conformation of a molecule.
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Figure 1
Karplus relationship,

Hyne (35) has studied the conformational preferences
of the ephedrines using NMR techniques. He concluded from
the magnitudes of the observed coupling constants that (+)
ephedrine exists predominantly in conformer I while both

conformers IT and III are important for (—) ephedrine.

P
Hp OH HO Hy '
NHCHgs NHCHs
I II ' IIT.
JA.B = 8.2 . JAB = 4.0 .
Figure 2

Conformational preferences of
the ephedrines.



Similar -studies on the conformations of meso and dl
2,3-dibromobutane have besen reported by Anet (2 ) and
Bothner-By (14). Anet suggested that the differehce.between
the coupling constants of the methine protons in meso and
dl 2,3%-dibromobutane .(meso J = 7.85 cps and d1 J = 3,15 cps)
reflects the difference in the relative populations of

rotomers with trans and gauche vicinal protons.

The NMR technique has also been applied to the deter=-
mination of the favored conformations of some substituted
aldehydes and alkenes. Karabatsos’ study of mono and
disubstituted acetaldehydes has shown that conformation IV
predominates when R is methyl, ethyl, n-propyl, n-amyl or
isopropyl; however, when R is t-butyl conformations V and

VI predominate (36). Conformations VII and VIII were found

R Ho Ha
- H i H . H
Hz l ' Hy R
Hy R Ho
Iv v VI .
Figure 3
Conformations of monosubstituted
acetaldehydes.

to predominate when Ry and Rp were methyl; however, con-
formation IX was dominant when both Ry and Rz were ethyl or

t-butyl. Karabatsos has suggested that the steric interactions



which exist between the carbonyl oxygen and the methyl protons
on the t-butyl group destabilize conformations IV, VII and

. VIII relative to V, VI and IX.

Ri Rz
.H"—. R2

VII ’ VIII - IX

Figure 4
Conformational preferences
~of disubstituted aldehydes.
Bothner-By (lj) has studied the conformational preferences

of some substituted ethylenes. His studies show that when R;,

Rz and Rz are hydrogen and Rs is methyl the three possible

conformations
H R R
R 4 g
Ra \c;; ) Ry \ch Ry \c;j *
\0=c/ Re Neo” TRe N/ VE
RZ g R re | a
X XT XIT
Figure 5

Conformations of alkyl-substituted ethylenes.

X, XI, and XIT are essentially equally populated. When Rs
is t-butyl and Ry, Rz and Rs are hydrogen conformations X and
XII are populated in slight preference to conformation XI.

A strong preference for conformation X was observed when Rsa



and Rq were t-butyl and Ry and Rz were hydrogen. When Ri
and Rz are methyl and Rs and Ry are L-butyl fhe compoﬁnd
exists almost exclusively in conformation X.

Whitesides (63) has presented an éxtensive_NMR study
of the conformational preferences of the 1-subs£ituted
derivatives of 3,3-dimethylbutane. Cénformation XIIT was
favored in all cases and further it was noted that the pre-
dominance of conformation XIIi increased with increasing
steric bulk of the substituent group X. .Whitesides suggested
that the 1,3~steric interactions which exist in conformations

XIV and XV are responsible for the predominance of rotamer

XTII.
H H o g H
e % x s Ay  CHs /CAH .
NN N \\i// N N
ons ‘;I"H CHS ix o | iH
CHa CHs CHs

XIIT XIV | XV
Figure 6 -

Conformations of l-substituted 3,3-dimethylbutanes.

Infrared studies (42) have shown that in the solid state
1l,3-dichloropropane : 1l,3-dibromopropane and l-bromo-3-chloro-
prbpane exist in conformation XVI. 1In the liquid phase con-
formations XVI, XVII and XVIII are populated; however, con-
formation XIX is absent. The lack of rotomer XIX was attributed

to the 1l,3-interactions which exist in this conformation.
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Figure 7.
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XVII

XIX

Conformations of the

1,3-dihalopropanes.



‘Although the favored conformations of organic molecules
are often predicted on the basis of steric considerations
alone, this practice has frequently led to erroneous results
(33). For example, the preferred conformation (Figure 8) of
tetrabromo and tetrachloroethane XX have been deduced from

infra-red studies (50),

1
He X
X
X
XX -
Figure 8

Preferred conformations of tetrachloro
and tetrabromoethane in the liquid phase.
Obviously, conformation XX would not have been predicted from
either steric or electronic considerations.

The effect of conformation on the reactivity of organic
compounds is well documented (30). It has become appérent,
that a knowledge of the conformation of a molecule is essential
to the understanding of its modes of reactioﬁ.

The first part of this dissertation is concerned with
the determination of the preferred conformations bf §everal

sets of diastereomers.



RESULTS AND DISCUSSION

The effectkof varying the bulk of a substituLnt-on the
preferred conformation of a pair of diastereomers was first
investigated. The erythro (I) and threo (II) isomers of the
1,2-diphenyl-1-propyl system were chosen for study. The com-
. pounds studied were the alcohols; chlori@es, bromides,

iodides, acetates, and p-nitrobenzoates (26).

CsHs CeHs
Hy X X Hy
CHa Hy CHs Hp
Cells - Cefls |
I II
Figure 9

Erythro and threo isomers of the
1,2-diphenyl-l-propyl system.

The vicinal coupling constants within each séries of
diastereomers were measured and are listed in Table 1.
Althouéh the magnitude of the vicinal coupling constant is
most sensitive to changes in the dihedral angle between the
coupled protons, it is also somewhat sensitive to the hy-
bridization and the electro-negativity of groups bonded to
the vicinal carbons (38). If the variation in Jpx observed
was simply due to changes in the electronegativity df the

groups, one would expect the magnitude of change in JAX to be



Table 1. Coupling constants for the diastereomers of the
1,2-diphenyl-l-propyl system

Diastereomer X JAX cpsa
Erythro OH 8.4
Threo OH 6.0

i Erythro CL 8.7
Threo CL 8.4
Erythro Br 9.7
Threo Br 9.5
Erythro I _ 10.5
Threo T 10,1
Erythro PNB 8.1
Threo PNB 7.4
Erythro OAc 8.7
Threo | OAc 7.8

aCoupling constants taken from expanded spectra recorded

using 100 cps sweepwidth.

the same for both the erythro and Egggg.iéomers; This is
obviously not the case, and the observed,variatidn of the
vicinal coupling constant is best attributed to}a change in
the average conformation.

The obsgrved vicinal coupling constant is a weighted mean
derived from the populations of the two gauche rotomers
(J

AX
vicinal coupling constants listed in Table 1 show a fairly

= 1-3 cps) and the trans rotomer (J,, = 11-13 cps). The
oS AX



steady increase with increasing bulk of the substituent X,
It is also apparent that the erythro isomer consisténtly
exhibits a higher coupling constant than the threo isomer.
For the eryﬁhrb diastereomers conformation E1 with
trans protons is more highly populated than conformatiéns Eax
or Es (Figure 10). Both conformations Ez and Es involve
three gauche interactions, whereas rotomer E; has only two.
For the threo series, rotomer T: with trans protons becomes
more highly populated as the bulk of X increases. It should
be noted that rotomers T, and Tz involve three gauche inter-
actions while rotomer Ti involves only two. However, the
gauche interaction which exists in rotomer Ti is bétween the
two bulky phenyl groups. Thus, the energy difference between
rotomers Ta and Tz may not be appreciable with smail X groups.
As the bulk of X increases the gauche interaction between
phenyl and X in rotomer T, becomes appreciable and cohformation

T1 is favored.

The effect of substituting an isopropyl group for the
l-phenyl group of the 1,2-diphenyl-l-propyl systém was also
investigated. The alcohols and acetates of the 2-phenyl-4-

methyl-3-pentyl system were studied (54).
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CHs H - Cells
CeHs > H CeH : H CsHs . H
H CeHs C§H5 Ha CHa — H
X'
Ba Ea | £y
CeHs H ‘ CHa
Csls H CsHs H CsHs ; H
H CHa CHs Cels CeHs H
X X X
Tl T T2 TS
Figure 10

Conformations of the erythro and threo
1,2-diphenyl-l-propyl system.

The addition of 2-phenyl-propionaldehyde to 2;propyl
magnesium bromide gave a mixture containing 80% ﬁgggg (IIT)
_and 20% erythro (111) 2-phenyl-u;methyl-B-pentanol, The
major product was assigned the threo configuration by appli-
cation of Cram’s rule (22). The alcohol was purifiéd by :
vapor phase chromatography and its spectrum was recorded,
The erythro alcohol was obtained by reduction of 2-phenyl-4-
methyl->-pentanone with lithium aluminum hydride and was

purified by vapor phase chromatography. Both the erythro
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and threo acetates were prepared by reaction of the 'corres-
ponding alcohol with acetyl chloride, The acetates were
purified by vapor phase chromatography and their NMR spectra
were recorded,

The coupling constants of the alcohols and acetates are

listed in Table 2.

IIT

Figure 11
The 2-phenyl-4-methyl-3-pentyl system.

Table 2. Coupling constants of the alcohols and acetates of
erythro and threo 2—phenyl-4~methyl-}-pentyl system

. a ) b b
Diastereomer X JAB JBC
Erythro OH 7.35 2
Threo OH 6.6 4.8
Erythro ~ OAc 7.0 5.8
Threo : OAc 9.4 3.4

&NMR data obtained in carbon-tetrachloride.

bCoupling constants were taken from spectra recorded
using a 100 cps sweepwidth. -
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A direct comparison of the vicinal coupling'conétants
of the 2-phenyl-4-methyl~-3-pentyl system with those of the
l,2—diphenyl-l-propyl system cannot properly be made without
some allowance for the electronegativity d&ifference between'
the phenyl and isopropyl groups. Since the magnitudes of
vicinal couplings vary inversely with the electronegativity
of groups (38) bonded to the vicinal cafbons, the values
observed for the l,e-diphenyl;l-propyl system sﬁéuld be
slightly smaller than those observed fcr the 2-phenyl-l-
methyl-3-propyl system. Since the effect of electronegativity
on the vicinél coupling constants is small, it appearsgmore
. reasonable to assume that the differences in couplings between
the two systems is due to differences in their conformational
preferences. |
Comparison of the magnitudes of Jyp observed for erythro
1,2-diphenyl-1-propanol (JAB = 8.4) and erythro 2-phenyl-4f
methyl-3-propanol (JAB = T7.35) indicates that conformation E;

is less populated for the latter compound. This is somewhat
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Hp CHs
CeHs Hg
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e

Ces
CH

E2
Hp
. HB
CHS CeHs
X
T2
B
CsHs Ha
CH c
HA CHsa
Tz
' Figure 12

Hp
1B
5 CHa
X N
Ey
X B
CHs -
CSHS . HC
Hp CHs

E2
: B
Ha, CHa
CHs HS
CeHs Hp
B
CHs
Hp
Cells Hp
X
Ta

Conformations of erythro and threo isomers
of the 2-phenyl-%F-methyl-3-propyl system.
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surprising since the i-propyl group is almost certainly
bulkier than the phenyl group. Fufther it is noted that
upon increasing the bulk of X coﬁformation Ez is favored
over conformation Ei in contrast to the resultg noted for
the erythro 1,2-diphenyl-l-propyl system. |
, The results for the threo isomers of the 2-phenyl-l4-

methyl->-pentyl system are similar to thqse obtained upon
increasing the bulk of X in the 1,2-diphenyl-l-propyl sysfem.
Conformation T; is populated at the expense of Tz as the
bulk of X increases.

The variation of JBC with X is consistent with the
above interpretation. Thus, for the erythro isomer JBC
increases with an increase in the bulk of X as it should if
rotomer Ez is populated at the expense of E,. For ﬁhe threo
isomers since rotomer T; is favored over T, with an increase
in the bulk of X, Jp, should decrease from alcohol to acetate
and indeed it does. |

Conformations Ez and Ts involve a large 1,3 steric inter-
action and are not expected to be significantly populated.

The next series of diastereomers to be investigated were
the 2,3-dihalo-3-substituted propanes IV, These compounds'

were prepared by bromination and/or chlorination of the corres-

ponding cis and trans alkenes.
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X X
CHa—C—C—R

Hy Hp

Iv

‘ Figure 13
The 2,3-dihalo-3-substituted propane system.

Spectral data for the case R is methyl were found in‘the
literature (2 ) (13) and are reproduced in Table.ﬁ. For
the cases R = isopropyl and t-butyl both the dichldrides
and dibromides were -examined. Spectral data for thet
'compounds in._'which R is phenyl were kindly proVided by
G. M. Underwood (57). |

As the data in Table > indicate the type of halogen
substituent does not appear to greatly affect the vicinal
coupling constants. The variation of @he.coupiing CQnstanﬁs
JAB is best discussed in terms of the three rptomeré shown

in Figure 14,
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Table 3. Coupling constants and dipole ﬁoments for the
2,%=-dihalo-5-substituted propanes

Diastereomer R X JABa Dipole %9ment
cps Debye ™
Erythro CHs CL 7.4 1.75%
. Threo CHg CL 3.45 1.63°
Erythro CHs Br 8.81 --
Threo CHs Br 3.11 -
Erythro CeHs Br 10.0 -
Threo CeHs Br 5.2 -—
Erythro (CHas)2CH CL 9.2 0.95
Threo (CHa)2CH CL 3.7 2.40"
Erythro (CH3)2CH Br 10.6 0.85
Threo (CHs)2CH Br 3.5 2.21
Erythro (CHs)sC CL 2.36 2.43
Threo (CHs)sC CL 1.40 2.51
Erythro (CHs)sC  Br 2.02. 2.66
Threo (CHz)aC  Br 1.60 2.50

a .
Approximate conc.

140 mg/ml in CCl,.

bCyclohexane was used as solvent, + 0.05 D.

CDipole moments taken from reference (%41).
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As the size of the R group is increased from methyl

~ to phenyl to isopropyl for the erythro dibromides,

X H R
CHs CHa 4CH3 el
H R X i
’ X X
EJ_ Eg Es
Erythro Series
R H _
CH CHs CH H
X R H
X X X
Ta To Ts

Threo Series

Figure 14
Conformations of the 2,3-dihalo-3-substituted propanes.
The coupling constant J,5 is seen to increase from 8.81
(R = Methyl) to 10.6 (R = isopropyl). This trend indicates
that rotomer E, is being populated at the expense of Ez and
Es. However, when R is t~butyl a discontinuity in the trend
occurs. A near minimum coupling constant is observed and

conformation Ei1 1s no longer favored.
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In contrast to the erythro series as the bulk 6f R is
increased from methyl to isopropyl in the threo series the
data show no obvious trend. However, the combination of
dipole moment and NMR data allow an exact identification of
the dominant rotomers. For the threo isopropyl and t-butyl
dihalides a large dipole moment and a small vicinal'doupling
constant are observéd. Thus, the dominant rotomer must
possess gauche protons and gauche halogens. Only rotoﬁer T2
satisfies these conditions. Similar reasoning leads to the
conclusion that conformation Ei1 is dominant for the erythro
isopropyl dihalides; however, the data do not permit the
exact identification of the conformation of the erythro
f-butyl dihalides. Both conformations Ez and Es aré con-
sistent with the data.

To summarize, for the erythro dihalides conformation E;
is dominant with the exception of the t-butyl compounds. For
the threo dihalides, conformation Tz is dominant when R is
i-propyl or t-butyl and conformation Tz is dominant:when R is
methyl. The data for the threo phenyl compound is not
definitive; however, conformation Ti must be signifiéantly
populated since a value of 5.2 cps for JAB requires substantial
population of a rotomer with trans protons. L

The increased population of rotomer T; observed upon in-
creasing the bulk of R from methyl to phenyl is eésily under -
stood. Apparently the dipole-dipole repulsion betﬁeeh the

two bromine atoms in threo 2,3-dibromobutane (R = méthyl) is
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the dominant factor in determining the conformation. Thus,
rotomer Tz 1s heavily populated even though this'rotomer
possesses three gauche interactions. However, when R is

phenyi two of the three gauche interactions in rotomer Ta

are increased resulting in a substantial decrease in the
energy difference between rotomers Tl-énd Ts.

Since the isopropyl and phenyi groups are both large,
it was expected that the effect of replacing R with.either‘
the phenyl or isopropyl group on the conformational pre-
ferences of these diastereomers would be similar. The
coupling constants, JAB’ obtained for the erythro dibromides
when R is phenyl or isopropyl are quite similar. However,
the values: of JAB obtained for the threo phenyl and.ESopropyl
dibromides (5.2 cps and 3.5 cps respectively) arelsub-
stantially different, suggesting that conformation Ti is not
&5 important when R is isopropyl as when R is phenyl. This
result indicates that yet another factor other than 1,2~
gauche interactions and dipole-dipole interactions is
important in determining the preferred cohformation,of the
1sopropyl compounds.

The values of JBC (Flgure 15) for the erythro and threo
isopropyl dibromides were 2.7 cps and 7.6 cps, respectively
indicating that rotation about the C2-Csz bond ié aiéo somewhat
restricted. The combination of coupling constant data and

dipole-moment data show that the best overall'conformation of
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Br H Br
CHs B /BI‘ CHs B HA
CHa “H, CHs } CHs
Hy CHs Hy Br
Ty T2 . Ta
Br " Br ..
CHa \ p%8 1, CHa B Br
/ AN s h
H /5 i Br HY CHs
CHs CHs CHa H,
Ea Ez Es
Figure 15

Conformations of threo and érxthro
L-methyl-2,3-dibromopentanes. :

the threo isopropyl compound is Tz (Figure 15). It can be
seen from an examination of conformatioh Ts-that.a methyl-
methyl 1,3 steric interaction would necessarily‘be present
in the threo compound if bromines are placed trans. Such
an interaction is extremely unfavorable and conformation Ts
is thus not important. However, it is difficult to under-
stand why conformation Ti 1s not significantly populated.

Althoﬁgh the threo t-butyl dibromides and -dichlorides
are known to exist almost exclusively in conformation T»

(Figure 16), the data does not allow positive identification
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of the favored rotomer of the erythro E-butyl‘dihaiides.
Either conformation Ez or Esz will satisfy the data; however,
it is noted that conformation Ez involves two unfavorable
1,3 steric interactions and thus conformation Ez is believed
to represent the favored conformation of the erythro t-butyl
dihalides. ‘

EJ_ : Ez E_s

Figure 16 ,
Conformations of threo and erythro
b,4-dimethyl-2,3-dibromopentane.

A reasonable explanation for the lack of conformations .
Ts and Es may be the large 1,3-steric interactions,'which
would exist in these rotomers; however, the abSencé of con-
formations Ti1 and Ei is baffling.

Angle deformation does not séém'to be the reason for the

stability of rotomers Tz and Ex. The C*3-H coupling constant
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was determined from a neat sample of the erthryo diﬁromide.
This value (152 cps) is very similar to that of bromomethane
(150 cps), showing that interorbital angles are probably
similar in the two compounds. '

The temperature dependence of JAB of the erythro
dibromide is quite normal. At 130° JAB increased to 2.5 cps
from 2.0 cps showing that rotomer E; probably ipcredses in
importance. |

The possibility that the lnteraction between bromines is
attractive seems unlikely since rotomer Ti should also be
appreciably populated on this basis.

In view of the above findings it appeared desirable to
examine the conformational preferences of additional molecules
containing the t-butyl group.' To this end the dibfﬁmides of
cis and trans 1-phenyl-3,35-dimethyl-1-butene and the dichlorides
of cis and trans di-t-butyl ethylene were prepared. ‘

A mixture containing 75% cis and 25% trans 1l-phenyl-3,3-
dimethyl-l-butene was prepared by the Wittig reaction of
pivalaldehyde with benzyltriphenylphosphonium chloride in
DMSO using lithium ethoxide as the base (Chart l).‘IThe pure
alkenes were obtained by preparative scale gas phaée chromato-
graphy. The alkenes were thén brominated in carbon tetra-
chloride and spectral data were obtained on the crude reaction
mixtures. The brominations were qﬁite clean and no rearrange-~

ment products could be detected.
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@—CHZ'_P(CSHS)BCL- + (CHB)SC“CHO LlOCQHs >

==d/H H\\ //C(CHs)s
e (Cts ) {:f/ \\H

Chart 1
Synthesis of c¢is and trans
l-phenyl=-3,3- .dimethyl-1-butene.

The dichlorides of cis and trans di-t-butyl ethylene
were prepared and purified by the method of Fahey (33).
Since MR data for the erythro and threo dichlorides were
reported by Fahey, only the dipole moments of these com-
pounds were measured,

The synthesis of the cis and trans di-t-butyl ethylene
is outlined in Chart 2. The reaction sequence is that of
Newman and Puterbaugh (47) but with one modificétion. The
elimination of pinacolone dichloride to t-butyl acetylene
invoived treatment of the dichloride with potassium hydroxide
in an ethanol-mineral oil mixture at elevated temperatures.
It was found that this procedure required five to six days
at elevated temperatures to obtain a reasonable yield of the
acetylene. Further no acetylene was produced until the pot

temperature was sufficient to melt the potassium hydroxide
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Cl
| I 4
(CHs)30—C—CHs ES355 (CHs)sC—C—CHs SOEOU . (GHg)a0—0==CH
DMSO
1

3]

1)CH5CHaM
2)(CHs)2C=10

<CHaMeBr (CHS)SC—CEEC—?(CHS)2<—E9l——— (CHs)sC—CEC—?(Cﬂa)Q

; Ether o1 pentane OH
H H.
. N o
(CHls ) sC—C=0—C (CHy ) H2sPy(alumina) /'C—C\
C(CHa)sa C(CH3)3+
H. .C(CH
/—\ -
(CHz ) sC H

Chart 2 '
Preparation of cis and trans di-t-butylethylene.

and then the initial evolution of the aCetYlene from the
reaction mixture was nearly uncontrollable. |

It was found that the use of potassium f-butoxide in
dimethylsulfoxide greatly facilitated the elimination of
of pinacalone dichloride to. t-butyl aceﬁylene. The evolution
of t-butyl acetylene begins at a pot temperature of approxi-
mately 60° and can be controlled easily at pot temperatures
of 80-100°. Using this procedure t-butyl acetyanevmay be

prepared in 85-90% yields in a period of six to eight hours.
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One other step in the synthetic sequence is also gquite
crucial. The use of methyi magnesium iodide rather than
methyl magnesium bromide for the conversion of 2-chloro-
2,5,5-trimethyl-3-hexyne to di-t-butyl acetylene results in
the formation of 2,2,5,5,6,6,9,9-octamethyldeca~-3,7-diyne as
the only product isolable in good yield.

Table 4. Coupling constants and dipole moments of the erythro
and threo isomers of 1l-phenyl-l,2-dibromo->,>5-di-
methylbutane (V); 1,2-diphenyl-3,3-dimethyl-l-cyano-

butane (VI); and 2,2,5,5-tetramethyl-3,4-dichloro-
hexane (VIIS

Compound Diastereomer JAB Dipole -moment
" Debye&
?r Br _
s csHs-CH-éH-c(CHa)s Erythro 43 ==
\ ' " Threo - 3.3 -—-
gsfigN
VI (CHs)asC-CH—CH-CeHs Erythro® 3.9 e
] b
VI Threo 10.0 -
'nl(ahhc§ﬂcmcwmﬂs Erythro - 5.2 1.9
CL CL
VII " Threo 0.8 2.77

aCyclohexane was used as the solvent for dipole moment
measurements. '

Phata kindly provided by Dr. C. A. Kingsbury. -
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!

Specﬁral data for the erythro and threo isomers of

1-phenyl-l,2-dibromo-3,3-dimethylbutane (V); 1,2-diphenyl-

3,3-dimethyl-1-cyanobutane (VI); and 2,2,5,5-tetramethyl-

3,4-dichlorohexane (VII) are given in Table k4.

formulas for the favored conformation of each of these

diastereomers is shown in Figure 17.

Erythro v

C6H5
\ »UB GoHs

CHs\Z/ EN

Erythro VI

Erythro VII

Figure 17

- CHa

Threo V

CeHs H

B CsHs

—
CHs (g, oN
Threo VI

CHs H

\

;EHa
CHs

CHs

/
Hy oL

Threo VII -

Preferred conformations of
diastereomers-V, VI, and VII.

Flying wedge
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The NMR data indiéate that these compounds with the exception
of erythro VII exhibit rather strong conformational pfeferences.

The favored conformations of the threo diastereomers is
the one in which the two bulklest groups are trans. However,

of the erythro diastereomers only erythro VI is: found to

exist almost exclusively in a conformation with bulky groups

trans. Erythro V exists in a conformation which possess three

large gauche interactions and it is difficult to understand
why the conformation which may be obtained by a 60° counter
clock-wise rotation about the Co-Cs bond (Figure 17) is not
favored. |

Although the conformation shown in Figure l7,for erithro
VII is substantially populated, as the dipole moment data
indicate another rotomer which possesses gauche t-butyl
groups and gauche chlorines is also highly populated.

An explanation for the observed conformational prefer-
ences of erythro V and VII is not obwvious, and muét involve
factors other than those based upon steric considerations.

The conformational preferences of the four diéstero-
mers of 1,2-dibromo-1,3-diphenylbutane VIII were next
investigated.

ARENE
-—C——C——C

CHsBT Br
VIITI

Figure 18
1 2~dibromo-1l,3-diphenylbutane.
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These dibromides were prepared by bromination of
¢cis and trans l,B—diphenyl-l;butene. These olefins were
obtained by the Wittig reaction of benzyltriphenylphos-
phonium chloride with 2-phenyl-propionaldehyde in absolute
2thanol using lithium ethoxide as the base.

The crude cis and trans 1,3-diphenyl-l-butenes were
separated by spinning band distillation. Unfortunaﬁely,.

the addition of bromine to either cis or trans 1,3-diphenyl-

L-butene ylelded mixtures ¢f the four possible diastereomeric
dibromides (IX, X, XI, XII, Chart 3). Data for the yield of
each of the dibromides were obtained by integrdtion of ex-
panded spectra of the crude bromination mixtures. ‘These

data are given in Table 5.

CHs
CSHS-&H-CH==CH-CGH5 Bra. m.p. 128C°. m.p. 122¢°. m.p. 80°C.
3 2 1 IX ‘ X. L XII
0il.
XII

Chart 3
Bromination of 1,3-diphenyl-l-butene.

Three of the four diastereomers were obtained :
crystalline in -agreement with Stoermer and Kootz (53) and
will be identified by melﬁing point for the present. 'The
fourth diastereomer, (XII), was an oil, somewhat impure by

a mixture with IX and X, which defied all attempted means
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of purification. Fortunately, the resonance abhsorptions of
the oil, XII, were fgirly well separated from its impurities,
IX and X, and the coupling constants and. chemical shifts
could be éccurately determined. These data Tfor XII as well

as similar data for IX, X, and XI are listed in Table 6.

Table 5. Relative yields of diastereomers IX-XII from
bromination of cis and trans 1,2-dibromo-1,%-di-

phenylbutane
Alkene Diastereomerib Yielda
IX X XI XII
cisP 17% 419 25% 17%
trans® 40% 39% 17% 5%
&, uq,

PBrominated in carbon tetrachloride solution at 0°,

protected from light.

cErominated in carbon disulfide solution at 0°C in
diffuse light. .
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"Table 6. NMR coupling constants, chemical shifts and
dipole moments for diastereomers IX-XII

Br Br CHs

I .
CeHs—CH -—A!H —éH —CeHs
A B C Dipole

Cg;?%%%l : mement®

. . a Vs A} xp
'Dlastereomer Assignment m.p. JAB JBC HA HB HC Debye

IX EE 128  11.7 2.1 4,60 4,80 4.00 1.30

X ET 122 11.0 2.8 5.17 4.68 3.90 1.20
XT TE 80 4.2 8.2 4,90 4,30 3.15 2.55

XII T oil 6.2 6.2 5,15 4,50 3,20 -~

@Justification for these assignments of configuration is
given in the discussion.

bApproximately’lO-lS% solutions in CCl, using tetramethyl-
silane as an internal standard taken as O p.p.m. Spectra
were recorded on a Varian A-60 spectrometer.

CThese data are considered good + 0.20,

Theoretically two of the diastereoméricvdibromides can be
visualized as arising by trans addition of bromine to the
trans alkene and two by trans addition of brdmine to the cis
alkene. Thus, if a stereospecifically j;ggg elimination of
bromine from each of.the four diastereomers was carried out
only two of the dibromides would give rise to trans 1,3-di-
phenyl-l-butene. The two dibromides which give rise to trans
alkene would possess the erythro configuration at C-1,2 and

the other two'dibromides would be threo at C-1,2.
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The iodide catalyzed debromination (66) in methanol
proved to bhe stereoselective rather than stefeqspecific.
All four diasterecomers yilelded trang 1,5-diphenyl-l-butene
as the major product. The elimination data are recorded in
Table 7. |
Taﬁle 7. Percent trans 1,>-diphenyl-l-butene obtained from

reaction of dibromides IX-XII with potassium
iodide in methanol |

Diastereomer

X X XTI XII
% trans 100 100 87 672

%0orrected for contribution of impurities IX and X.

Although the elimination reaction was stereoselective,
it is noteworthy that only dibromides XI and XII gave rise
to cis 1,3-diphenyl~l-butene. Since control experiments

proved that no cis to trans isomerization of the olefins

occurred under the reaction conditions, diastereomers XI
and XII are thought to possess the threo configuration at
C-1,2. If dibromides XI and XII‘are Egggg at C-1,2 then di-
bromides IX and X are erythro at these centeré; Tﬁése assign-
ments are supported by the NMR and dipole-moment data.

It is apparent from the coupling constant data in Table

6 that diastereomers IX and X are characterized by strong
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.conformational preferences involving predominantly trans A
and B protons and gauche B and C protons.

The dipole moment data for dibromide XI are faifly close
to other examples thought to contain gauche bromines (39).
The somewhat lower values ohserved for diastereomers IX and
X are taken to indlcate trans bromines with the resﬁltant
moment being due primarily to the phenyl groups. Thé assign-
ment of the configuration for diastereomers IX and X at carbons

1 and 2 may now be made (Figure 19).

Br H
Cells Y/°B
J 2 c’///
/;2?& sg\
Br H
Hy C

Figure 19

Partial configuration of diastereomers IX and X.
trans Bromines and trans protons A and B define the erythro
confiéuration at C-1,2, Compounds IX and X then differ in
configuration at C-3. If dibromides IX and X are grythro
at carboné 1l and 2 then dibromides XI and XII must_ﬁe threo.

As was stated above the dipole moment of'dibromide XI
is consistent with the presence of -gauche bromines'aﬁ Cc-1,
2. The observed values of JAB and JEC suggest that protons
A and B are gauche while protons B and C bear a trans re-
lationship. These observations support tﬁe assignmént of

the threo configuration at carbons 1 and 2 for dibromide XI.
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The configuration of dibromides IX and X at C-z and
C-3 may be tentatively assigned on the basis of the chemical
shift of proton HA' In one diasvereomer, models show that
HA is opposite-thé face of a phenyl group at C-3. In the
other diastereomer proton.HA is opposed to*é methyl group

at C-3 (Figure Eo)i,f

He o Hy oo
Cols  Cg° GHa CsHs \B pr

A CeHs

Figure 20
Conformations of diastereomers IX and X. .

The former-diastereomer should exhibit Hy far upfield com-
pared to the latter diastereomer. Since dibromide IV
exhibits the upfield proton (Table 6), it is thouéht to
have the egrythro ;onfiguration at C-2, 3. Therefore, the
configuration of ﬁiastereomer IX is erythro at C-1, 2 and
erythro at C-2, 3 while the configuration of X is grxthro |
at C-1, 2 and threo at C-2, 3. :

The‘aséignment of the configuration at C-2, 3 for di-
astereomers XI gnd XIT is much less secure. ‘HOWever, if
one accepus thét 1l,5-steric interactions are important in
determining the favored conformationiof molecules, then
the only ﬁossible conformations of dibromides XI and XII

are TE1, TE2, TT, and TT, (Figure 21).
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; TE;
H
CsHs  © ;Br CHs _
P4 N
7 \\
ey S
Hy Br h, Usls
o, O i

' .Figure 21
Conformations of diastereomers XI and XII.
Examination of Stuart-Breigleb modgls of the threo--
erythro diastereomer éhows that confofmation TE1 ié more
stable than TEz owing to the steric interference of the
phenyls at C-1 and C=3 in the latter conformation.. For

the threo-threo diastereomer, the models indicate that

conformations TT: and TTz are of approximately equal energy
with respect to 1,3-steric interactions. Thus it would

appear that the threo-erythro diastereomer will be more con-

formationally pure than the threo-threo diastereomer.
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The NMR data in Table 6 shows that diastereomer XI
exists to a slight predominance in a conformation in which
protons A and B are gauche while protons B and C'aré.gzggg.
Further diastereomer XII exhibits average J values suggesting
nearly equal population of two conformations one with JAB
large and JBC ;mall and the other with JAB small and JBC
large. The latter situation is identical to that expected

for the threo-threo diastereomer. Thus, dibromide XI is

assigned the threo-erythro configuration and dibromide XII

the threo-threo configuration.

The assignment of the configurations of dibromides XI
and XII is based upon the assumption that the favored con-
formations of these dibromides are those in which 1,3-steric
interactions are minimized. The validity of this assumption
is supported by the known conformations of the 1,3-dihalopro-
- panes (51); a-substituted acetaldehydes (36); 1-substituted
3,3-dimethylbutanes (63); cis 1,3-disubstituted cyclohexanones
(1); 2,4-pentanedithiols (45); 2,4-dichloropentanes (51);
and l-substituted-1,2-dibromoethanes (18). -

In each of the above studies, the favored conformations
were found to be those in which 1,3-steric interactions wére
minimized.

It is interesting to inéuire which of the two steric

interactions, 1,2 gauche or 1,3 eclipsihg is the dominant

factor in determining the favored conformation of these
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molecules. It is noted that in both the erythro-erythro

and erythro-threo diastereomers the bromines may assume a

trans relationship without the advent of appreciable 1,3~
eclipsing interactions. This is not the case for the

i
remaining two diastereomers. Any conformation which mey be

written for either the threo-erythro or threo-threo diastereo-

mers which involves trans bromines must of necessity involve
the eclipsing in a 1,3-fashion of groups 1arger.than hydrogen.
The dipole moment.data for dibromide XI clearly excludes the
presence of trans bromines. Thus, the lL?-eclipsiné effects
seem td be the dominant factor in determining the févored con-
formation of these diastereomers.

As mentioned earlier the bromination of either cis or
frans 1,35-diphenyl-l-butene produced all four diastereomers
IX-XII in unequal yields (Table 5).

Initial attack‘of the brominating species very likely
occurs at C-2, and the resulting benzylic ion is assumed to be
an open ion (4). The initial mode of attack determines the
stereochemistry at C-2,3. The situation is most clear for
the cis 1,3-diphenyl-l-butene. This olefin exists'almost
exclusively in a conformation with the methine proton eclipsed
with the double bond as is shown by the large methine-vinyl
proton J valiue (11 cps).

The less sterically hindered trans alkene may accommo-

date other groups eclipsed with the double bond (10).
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The stereochemistry of attack on the cis alkene is

CeHs a

illusﬁrated in Chart 4.

Attack \\C’// \\53/’H
Over phenyl -7 \\
’
‘Q§Q§?=fq\§h ot A. Erythro at C-2,3
P .
/ A~
CHs CsHs Br B .
\
Ceﬁi\ A
] N
Attack P \ |
Over methyl d C”H
58% e

B. Threo at C-2,3

Chart 4
Model: for bromination of cis l,3-d1phenyl-l-butene.

As shown, attack of'the brominatiné.sbecies over”phenyl
gives the erythro ion A in 42% yield (sum of IX and XI),
whereas the somewhat preferred attack over methyl gives the
threo ion B in 58% yield (sum-of X and XII). Although the
difference in yields is not large, it is consistent wifh this
model. )

Initial attack on the trans alkene (Chart V) yields the
threo ion C in 44% yield (sum of X and XII) and the erythro
.ion D in 56% yield (sum'of IX.and XI). Predominant attack

over hydrogen on a conformation with methyl eclipsed-with‘the
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doﬁble bond seemé attractive.
CeHs

Attack S

Over phenyl
Lhe

4

HCHs

ﬂ /CeHs
/
Cels \ / C. Threo at C-2,3
H” CHS H CeHs B\I’ H CSHS

Over hydrogen
565

'D. Erythro at C-2,53

Chart 5
Model for bromination of trans 1,3-diphenyl-l-butene.

Completion of the reéction sequence invdlves attack by
bromide ion at C-1 on the ions A-D after varying amounts of
rotation have occurred. The stereochemistry at G;l,e_is
determined in this reaction. '

The intermediate ions of threo configuration at C-2,3
(B and C) will be considered.first. The yield of product, X,
of erythro configﬁration.at C-1,2 derived from ions.B and C
is larger than that of the-threo congiguratibn (XII){— Further-
more y the yields are similar beginning with ether the cis

olefin (71% X, 29% XII) or the trans olefin (89% X, 11% XII).
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It seems likely that a common intermediate exists in

the bromination of either the cis or trans olefin. -The
highly hindered ion B formed initially from the c¢is olefin
probably rotates to the sterically less crowded ion C before
attack by bromide ion oceurs. Although some capture of ion
B probably occurs so that the yleldb of products X and XII
are not quite the same from the cis and trans alkenes.

- The predominant mode of attack by bromide ion on C occurs
from the opposite side of the molecule from the bromine at
C-2, to yield the erythro isomer X. Whether or not there is
some bridging by the bromine at C-2 is not known; hqwevef,

some bridging seems likely. The segquence is summarized in

Chart 6.
CeHs %é)ﬁ .
+ N e = '
cis %’ ¢ Br . x 4xII
CHs H CeHs
B
rotation
about Cy~Co
Br H
Cells o’ o Celis
Br’ iy ’/2\\ d Br_
trans =—=——> iy 3 1\\ ——> X+ XII
H CHs i

C Threo at C-2,3

Chart 6
Model for bromination of cis and trans 1 B—dlphenyl-l-butene.
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Ions A and D possess the erythro corifiguration at 072,3
and.itlappears that ion A does not rofate to.ion D appreciably
*before-attack by bromide ion occurs at C-1 (Chart 7). The
product of threo configuration at C-1,2, XI, predomihates
(60% XI, 46% IX) when the g;é olerin is the starting material,
whereas the erythro product, IX, predominates (70% IX, 30% XI)
when the Irans olefin is the precursor,

Beginning with the Exggg alkene, initial attack of the
. brominating species yields the sterically unhindered ion D
(Chart 7). Again the bromine at C-2 may form the bridged
species in part. The predominant product arises frém attack
by bromide ion on ion D. This attack‘occurs preferentially
from the side of ion D remote from the bromine at C-2 to
yield IX. |

Beginning with the cis alkene ion A 1s formed which
shows severe steric crowding. However, rotation from ion A
to ion D apparently dées not occur readily{' Ihis ié no doubt
partially due to the fact that ion A cannot rotate into ion
D without the breaking of overlap between the p orbital at

C-1 and the aromatic group.
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4~
trans B

Preferentia .
frontside
attack

j% rotation

\ about C1-C»
bond

EE;___> XI
Preferential
frontside

attack

Chart 7 _
Model for bromination of cis and trans
1,3-diphenyl-1l-butene.
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The rates of the iodide catalyzed elimination of bromine
from the erythro and threo isomers of 4-methyl-2,3-dibromo-
pentane and 4,4»dimethylw2,B-dibromopentane‘we}e next investi-
gated.

The ilodide catalyzed elimination of bfomine from vieinal
divromides is a well known reaction. Kinetic studié§ on the
reaction have been reborted by several groups of workers (58)(59)

(50){29) (3% ). The reaction follows overall second order

kinetics, first order in iodide ion and first order in di=-

‘bromide. Two mechanisms have been established for the

reaction. Mechanism A (Chart 8) involves nucleophilic attack
by iodide ion on bromine and results in an overall trans
elimination of bromine. Mechanism B involves a rate determining
SN2 reactlon by iodide ion on the dibromide followed by elimina-
tion. Mechanism B thus involves an overall cis elimination

The latter mechanism has been established as the major
pathway of elimination for 1,2-dibromo-l,2-dideuterioethane,
1,2-dibromopropane and 1,2-dibromobutane ( 3 ). | '

Mechanism A has been established as the predominant
pathway of elimination for the erythro and threo isomers of
2,3-dibromobutane ; 2,3-dibromopentane; 3,4%-dibromohexane ;
4,5-dibromooctanes and tﬁe dibromides of fumeric andfmaleic

acids (67).
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The rates of the iodide catalyzed elimination of bromine
from the erythro and threo isomers of LY-methyl-2,3-dibromo-
pentane and 4,4-dimethyl-2,3-dibromopentane were nextlinvesti-
gated.

The iodide catalyzed elimination of bromine from.vicinal
dibromides 1s a well known reaction. Kinetic studies on the
reaction have been reported by several groups of workers (58)(59)
(6C)(29) (3% ). The reac¢tion follows overall second order
kinetics, first order in iodide ion and first order in di-
bromide. Two mechanisms have been established for the
reaction. Mechanism A (Chart 8) invclves nucleophilic attack
by iodide ion on bromine and results in an overall trans
elimination of bromine. Mechanism B involves a rate determining
SN2 reéction by iodide ion on the dibromide followed‘by elimina-
tion. Mechanism B thus involves an overall cis elimination

The latter mechanism has been established as the major
pathway of elimination for l,é—dibromo-l,2-dideﬁ£erioethane,
1,2-dibromopropane and 1,2-dibromobutane ( 3 ). |

Mechanism A has been established as the predominant
pathway of elimination for the erythro and threo isomers of
, 2,5-dibromobutane; 2,3~dibromopentane ; 3,4-dibrpmohexane;

4 ,5-dibromooctanes and the dibromides of fumeric and maleic

acids (67).
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8). The eliminations were followed by titration of the
iodine produced in the reaction (Chart 9) with sodium thio-

sulfate. Rate constants were calculated using the rate

> R—CH==CHE-R’ + IBr + Br

R~CH—CH—R'’ + I~

> Is + Br~

IBr + I

Chart 9. Iodide catalyzed elimination reaction.

equation of Dillon, Lucas and Young (29) in which t is the

2bg
Kkt = 22%%2_ Logy o | 23—
(1-4)

time in seconds, @ is the fraction of total dibromide which
_ has reacted at time t, and a and b are the initial concentra-
tions of potassium iodide and dibromide respectively in moles

per liter at 20°C.
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Table 8. Second order rates for the iodide catalyzed
elimination of bromine fron. the erythro and
threo isomers of U4-rethyl end 4,4-dimethyl
2,;5-dibromopentane

Compound Diastereomer Temp. °C kaa’b
l.mole * sec *
. BrBr
1} I _6
CHs—CHCH—CH(CHsz)2  erythro 60 7.8 x 10
F;rBr ‘ . : e .
CHz—CHCH~CH(CHs )2 threo 60 1.80 x 10°©
Brfr
| -
CHz—CHOH—C (CHs ) 3 arythro 60 3.89 x 103
?r?r |
CHa—CHCH—C(CHa )3 threo 60 2.53 x 108

a
Average of two runs.

Prhe rates of elimination have been increased by 4.8% to-

correct for solvent expansion.
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Plots of log (1-¢ vs. time were found to exnibit

some curvature due to the fact that some of the ioding pro-

duced in the reaction is being consumed by & side. reaction.

This same problem was encountered by Dillon, Young and- Lucas
(29).

The rates of elimination of erythiro diastereomers were
found to be faster than the corresponding dibromides wiﬁh the
threo configyration. This trend was also.observed by Young
(69) and Winstein (67) in studies of the rates of elimination
of the erythro and threo isomers of 2,3—dibrbmobutane; 3,4;
dibromopentane; 3,4-dibromohexane; and M,Sfdibromooctane (Téble
9). An erythro to threo rate ratio of approximately two is.

observed for the pairs of diastereomers, -
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Table 9. Rates of iodide catalyzed elimination of some

erythro and threo dibromides

Dibromide Diastereomer kgE _
1l.mole * sec *
?rBr . .
CHa CHEH—CH erythro® 2.5 x 107®
?rir
CHsCHCH—CHs threo® 1.3 x 1078
Bﬁ_?r ' .
OHs CH—CE—CHoCHa erythro® 2.66 x 1078
Br Br
CHa Gl H—CHA O threo? 1.57 x 1078
Br Br |
il :
CHsCHaCH~CHE—CHoCHa erythro 3.99 x 10
Br Br .
bt b 107
OHsCHaCH—CH—CHoCHs threo 1.41 x 1078
T Fr ‘
CHs (CHa ) 2CH—CH (CHz ) 2CHs  erythro® 3.76 x 10°®
r Pr X
CHs (CHz ) 2CH-CH (CHaz )2CHs  threo? 3.05 x 1078

%Data from reference (66).

b

Data from reference (67).

:
to

CRates increased by 4.8% to correct for solvent expansionf

An erythro to threo rate ratio of approximately four is observed

for the U4-methyl-2,3-dibromopentanes while an erythro to threo

ratio of c.a. ten is observed for the 4;4—dimethyl~2,B—dibromo—

pentanes, The slightly enhanced rate of the erythgg hoy-
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dimethyl-2,3-dibromopentane is most reasonably attributed to
steric acceleration of elimination, - |
The rates of elimination of the 4Y-methyl and 4,4-dimethyl-

2,5-dibromopentanes corroborate the Curtin-Hammett principle

(50).
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EXPERIMENTAL

Instruments and Methods

All temperatures reported in this dissertation are in
centigrade degreces. All melting points (m.p.) and boiling
points (b.p.) are uncorrected and pfessures are given in
miflimeters (mm.) of mercury unless otherwise stated.

All nuclear magnetic.resonance (nmf) spectra were re-
corded on either a Varian Associates HR-60 or A~6O spectro-
‘meter. Tetramethylsilane was used exclusively as an internal
standard. The chemical shifts are reported in parts per
million (p.p.m.), (&) units.

Infrared spectra (IR) were recorded on either a Perkin-
Elmer model 21 or Infra-Cord spectrometer. All absorptions
are given in reciprocal centimeters (cm. *). |

All carbon~hydrogen analyses were performed by Galbraith
Laboratories, Inc.

All vapor phase chromatography measurements were made on

an Aerograph Model A-90-P instrument.

Preparation of Materials

Threo 2-phenyl-U4-methyl-3-pentanol

Threo 2-phenyl-U-methyl-3-pentanol was prepared by the
addition of 2-propyl magnesium bromide to 2-phehylpropionalde-
hyde according to the procedure described by J. Sicher (54).

A solution of 2-phenylpropionaldehyﬁe (16.75 gh., 0.125
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mole) in one hundred ml. of anhydrous ether was added drop-
wise to the Grignard reagent prepared from magnesium (4.0 gm.,
0.166 moles) and 2-bromopropane (20.42 gm., 0,166 mole).

After the addition was complete, thes reaction mixturelwas
stirred for an additional two hours at gentle reflux. The
reaction mixture was allowed to cool to room temperature and
then poured over ice covered with a thin layer of ammonium
chloride. After the ice had melted, the reactioﬁ mixture was
acidified with cold dilute hydrochloric acid and extracted
with ether. The organic material was washed with water dried
over anhydrous magnesium sulfate, filtered and concentrated by
rotary evaporation. The threo alcohol was purified by pre-
parative scale vapor-phase chromatography (5 ft. x 6;75 inch

column of 20% LAC-446 on HMDS treated chromosorb aﬁ 1750°).

Threo 2-phenyl-4-methyl-3-pentanol, oil. Nmr: CCla;
0.85 (doublet), 0.88 (doublet, 1.47 (multiplet), 1.76
(singlet), 2.77 (quintet 7 cps spacing), 3.26 (doublef 6.6
cps spacing), 3.35 (doublet 6.6 cps spacing), 7.12 (ginglet).

2 -Phenyl -4 -methyl-3-pentanone

The 2-phenyl-4-methyl-3-pentanone was prepared by'oxida-
tion of crude threo 2-phenyl-4-methyl-3-pentanol with Jones
reagent (15).

Jones reagent was added dropwise to a rapidly‘stirring
solution of threo 2-phenyl-4-methyl-3-pentanol (5.0 gm.) in

acetone (50 ml.). The oxidation was conducted at zero degrees
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-and sufficient Jones reagent was added until the red color of
the reagent persisted in éhe reaction mixture. The reaction
mixture was poured into a separatory funnel and sufficient
water was added to dissolve all the chromium salts. The
aqueous solution was extracted with ether. The organic
material was washed with water, dried over anhydrous magnes;um
sulfate, filtered, and concentrated by rotary evaporation.
The remaining oil was dissolved in carbon-tetrachloride and
again concentrated by rotary evaporation, The oil was taken
up in a small volume of fresh carbon-tetrachloride and an nmr
of the crude ketone was recorded.

2 -Phenyl -4 -methyl -3-pentanone Nmr: CCls; 0.85 (doublet),

1.02 (doublet), 1.32 (doublet 7 cps spacing), 2.60 (quintet),
3.8% (quartet), 7.14 (singlet). i

Ervthro-2-phenyl -4-methyl -3-pentanol

Erythro-2-phenyl-l4-methyl-3-pentanol was prepared by the
reduction of 2-phenyl-4-methyl-3-péhtanone With.lithium
aluminum trifg-bufoxyhydride. -

The 2-phenyl-U-methyl-3-pentanone (6.012 ﬁole){was
dissolved in 50 ml._of anhydrous tetrahydrofuran (THf) and
added dropwise to a rapidly stirring suépension of lithium
aluminum tri-t-butoxyhydride (4.55 gm., 0.018 mole) in 50 ml.
of anhydrous THF. The reaction mixture was gently refluXed for
four hours and then cooled to zero degrees. A saturated

solution of potassium carbonate was added dropwise to decompose
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"excess hydride. The reaction mixture was poured over ice‘
covered with a ﬁhin layer of ammonium chloride aﬁd acidirfied
with cold dilute hydrochloric acid solution. The reaction
mixture was then extracted with ether. The organic material
was washed with water, dried over anhydrous magnesium sulfate, '
filtered and concentrated by rotary evaporation. The erythro
alcohol was purified by preparative scale vapor phase chroma - .7
tography (5 ft. x 0.75 in. column of 20% LAC-446 on HMDS

treated chromosorb w at 175C°). ' ;

Eryvthro 2-phenyl-U-methyl-3-pentanol, oil Nmr: CCls;

'

0.87 (doublet), 0.98 (doublet), 1.2C (doublet), 1.32 (singlet),
1.67 (multiplet), 2.75 (quintet), 3,27 (doublet 7.3%5 cps
spacing), 3.33 (doublet 7.35 cps spacing), 7.15 (sinélet).

Acetates of erythro and threo 21phenyl-4-methyl—37péntanol

One gram of the diastereomerically pure alcohol was
dissolved in anhydrous ether and pyridine (4 ml.) was added.
The reaction mixture was cooled to zero degrees and a
solution of acetyl chloride (0.5 ml.) dissolved in anhydrous
ether (20 ml.) was added dropwise to the rapidly stirring
mixture. The reaction was maintained at zerb degrees. for
three hours and then.stirred for an additional threé’hours
at room temperature and then poured over ice and extracted
with ether. The organic material was separated and washed
twice with a cold ten percent sulfuric acid solution then

twice with water and finally dried over anhydrous magnesium,
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sulfate. After filtering, the organic material was con-
centrated by rotary evaporation. The resulting acetates
were purified by preparatory scale vapor phase chrémato-
graphy (5 ft. x 0.75 in. column 20% GF-1 on HMDS treated
Chromosorb W at 170¢°). |

Acetate of threo 2-phenyl-U-methyl-%-pentanol, oil

Nmr: CCls; 1.30 (doublet), 1.%2 (doublet), l.l%'(doub-
let), 1.98 (singlet), 2.80 (quartet), 2.96 (quartet), 4.95
(doublet 9.4 cps spacing), 5.02 (doublet 9.4 cps spacing),
7.15 (singlet). |

Acetate of erythro 2-phenyl-4-methyl-3-pentanol Nmr :

CCls; 1.37 (doublet), 1.20 (doublet), 1.77 (singlet), 2.93
(quintet), 4.85 (doublet 7.0 cps spacing), 4.95 (doublet 7.0
cps spacing), 7.12 (singlet). |

1,2-Diphenvylpropane

The alkane was prepared from 2-phenylpropylphenone
using the Huang-Minlon modification of the Wolff-Kishner
reduction.

In a 250 ml., round bottom flask were placed 2-phenyl-
propylphenone (8.0 gm., 0.038 mole), 100 ml. of dietﬁylene-
glycol, hydrazine hydrate (3.8 gm., 0.076 mole) and potassium
hydroxide (6.5 gm.). The mixture was refluxed for one hour
and then the water and excess hydrazine was distilled from
the solution. The pot temperature was then raised to 190C°
and maintained for five hours. The reaction mixture was

allowed to cool to room temperature and then poured over ice
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and acidified with dilute hydrochloric écid. Ether was
added and the organic phase was separated, washed four
times with water, dried over anhydrous magnesium su}fate
and concentrated by rotary evapora{ion. The resulting oil
was passed through alumina (25 gm. activity grade 1) using
Skellysolve "B" as the eluent. After concentfation,'the
resulting oil was vacuum distilled. The fraction distilling
between 88-91C° at 0.25 mm. was collected ylelding 2.03 gm.
26,89 of the desired alkane. |
1,2-Diphenylpropane, b.p. 90C° (0.25 mm.) Lit. 166-
67 C° (28 mm.) ( 6). Nmr: CCly; 1.17 (doublet), 2.53-3.15

(multiplet, 6.9-7.33 (multiplet), 7.05 (singlet).

1—(p—methoxyphenyl)-2-Dhenylpropane

The 1-(p-methokyphenyl)-2ﬁphenylpropané was pfepared by
Wolff-Kishner reduction of p-methoxyphenyl-2-phenylethyl
ketone. The experimental procedure was ;dentified to that-
described for the prepaiation of l,eﬁdiphenylpropane;

1 -(p -methoxyphenyl ) -2 -phenylpropane b.p. 117-120C°

(0.1 mm). Nmr: CCls; 1.19 (doublet), 2.75 (center of multi-
plet), 3.58 (singlet), 6.6 (doublet of AzBz pattern 9 cps
spacing), 6.85(doublet of AzB, pattern 9 cps spacing), 7.06
(singlet). |

Reaction of 1-(p-methoxyphenyl)-propane and 1,2-diphenyl-

propane with N-bromosuccinimide

The appropriate hydrocarbon (2.0 gms.) and dibenzoyl
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peroxide (100 mg.) was dissolved in carbon tetrachloride

(20 ml.). The reaction mixture was stirred‘magnetically and
maintained at gentle reflux for four ‘hours and then cooled to
zero degrees and filtered to remove the succinimide, The
filtrate was washed with ﬁater, dried over anhydrous magnesium
sulfate, filtered, and then concentrated ﬁo a volume of about
five ml. by rotary evaporation. An nmr spectrum of the concen-
trated carbon tetrachloride solution was recorded. The Pro-
ducts observed were erythro and threo 1;2—diphenyl-l-bromo-
propane; 1l,2-diphenyl-2-bromopropane; 1,2-dibromo-1,2-di-
phenylpropane; and a trace of 1l,2-diphenylpropene. These pro-
ducts were identified by comparison of the nmr spectrum of

the crude reaction mixture with nmr spectra of authentic
samples of the suspected products.

The major products observed from the reaction of both
hydrocarbons with N-bromosuccinimide were the erythro and
threo 1,2-diphenyl-l-bromo propanes and 1,2-diphenyl—2-bromo-
propanes. The product distribution of the monobroﬁination
products derived from 1l,2-diphenylpropane and l-(p;methoxy-
phenyl)-2-phenylpropane is recorded in Table 1k, |
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Table 14. Distribution of monobromination products obtained
upon bromination of 1 2~u¢ohenylpropane and 1-(p-
methoxyphenyl) -2 -ohenylpropane _

FTertiary ZSecondary
Hydrogarbon bromide bromide  %erythro %threo
| sz
CsHs~CH—CH2CeHs 49 51 41 59
CHla , .
Cs H:;—(lIHCHo—CeH —0CHs 17 83 5% 47

l 2—D1phenvl—2—propanol

The alcohol was prepared by reaction of acetophenone w1th
benzyl magnesium chloride. |

Acetophenone (0.2 mole) dissolved in anhydrous ether
(100 ml.) was added dropwise to the Grignard reagent>prepared
from benzylchloride (0.2 mole) and magnesium (4.8 gm: 0.2 mole)
in anhydfous ether (500 ml.). The reaction mixture was stirred
for two hours at room temperature after the éddition was com-
plete and then poured over ice covered with a layer of
ammonium chloride. The pH of the reaction mixture was:adjusted
to approximately 7.5 by the addition of.cold dilute hydro-
chloric acid. The ether layer was separated and washed with
water, dried over anhydrous magnesium sulfate, filtered,:and
concentrated by rotary evaporation. The resulting oil was

vacuum distilled. The fraction distilling between 122-24G°
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(0.2 mm) was collected and crystallized upon standing. The
alcohol was further purified by recrystallization from

pentane.

1,2-Diphenyl-2-propanol b.p. 122-124C° (0.2mm); m.p.

48-9 ¢°, 1it. 50-51C° (7 ), Nur: CCls; 1.43 (singlet), 1.78
(sihglet), 2.82 (doublet of AB pattern, 12 cps spacing), 3.08
(doublet of AB pattern, 12 cps spacin?), 6.77-7.47 (multiplet).

1,2-Diphenyl-2-propylbromide

The bromlde was prepared by reaction of l,2=diphenyl-=2-=
propanol with anhydrous hydrogen bromide in pentane.

Anhydrous hydrogen bromide was bubbled into a rapidly
stirring solution of 1,2-diphenyl-2-propanol (2.0 gms.) in
olefin free pentane (150 ml.) at zero degrees. The reaction
was stirred at zero degrees fof two hours and then the
reaction mixture was poured into ice water. The pentane
layer was separated, washed with water, dried over anhydrous
magnesium sulfate, filtered, and concentrated by rotary eva-
poration. The resulting oil was taken up in carbon-tetra-
chloride and again the solvent was removed by rotary éva- .
poration. The oil was then taken up five ml. of fresh
carbon-tetrachloride and an nmr spectrum of é portion of the
solution was recorded.

1,2-Diphenyl-2-propyvlbromide, oil 0il gdve’instantan-

eous precipitate with ethanolic silver nitrate. Nmr: CCls:

1.98 (doublet, 3.52 (singlet), 6.65-7.52 (multiplet.
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2,3-Dihalo~-l4-4-methylpentanes and 2,5-dihalo-4,4-dimethyl-.

pentanes

The dichlorides and dibromides were prepared by addition
of the appropriate halogen to cis and trans b -methyl-2-pentene
and 4,4-dimetnyl-2-pentene. These alkenes were dbtained from
Columbia Organic Chemical Company. The basic procedure was a-
modification of that of Lucas, Simpson, and Carter (40).

The apparatus consisted of a 250 ml, three-necked flask
fitted with an addition funnel, a mercury-sealed stirrer, and
a glass tube leading to a gas trap which contained éddium
thiosulfate solution. The reaction flask was protegfed from
light.

A solution of trans-4-methyl-2-pentene (10.0 gm., 0.119
mole) dissolved in pentane (50 ml.) was placed in the.reaCtion
flask. »

To this solution, cooled to -50°C and under nitr&gen, a
solution of bromine (18.2 gm., 0.115 mole) in pentane (75 ml.)
was added dropwise with stirring. After the brominevcolor had
diséppeared, the reaction mixture was poured over ice; The |
organic material was separated and washed with cold, dilute
sodium thiosulfate solution and then three times with water.'
After drying over anhydrous magnesium sulfate, the organic
materiél was filtered and the pentane was evaporated yielding
an oil. The crude dibromide was vacuum distilled and the
fraction distilling from 49C° to 52C° (1.9 mm.), 20.7 gnm.,

was used for spectral purposes.
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The chlorinations were similar to the brominations
except that a gas inlet tube was used. Chlorine was intrq~
duced periodically until the yellow color persisted for
twenty minutes.

Erythro 2,3%-dibromc=-4-methyloentane b.p. 49-52°C

(1,9 mm.). Nmr: CCls; 0.93 (doublet 7 cps spacing), 1.05
(doublet 7 cps spacing), 1.92 (doublet 7 cps spacing), 2.42
(multiplet), 4.05 (doublet doublet), 4.38 (multiplet).

Threo-2,3-dibromo -4 -methylpentane b.p. W¥7-49°C (1.1

mm, ). Nmr: CClg; 1.06 (doublet), 1.13 (doublet), 1.77
(doublet), 2.08 (multiplet), 3.74 (double doublet), 4.3

(double quartet).
Erythro-2,3-dichloro-4-methylpentane b.p. 23°C

(0.7 mm.). Nmr CCle; 0.95 (doublet), 1.05 (doublet), 1.67
(doublet, 2.50'(multiplet), 3.78 (double doublet), ﬁ:16
(double quartet). ' p

Threo 2,3-dichloro-l-methylpentane  b.p. 37°C (1.7

mm.). Nmr: CCls; 1.04 (doublet), 1.09 (doublet), 1.60

(doublet), 2.16 (multiplet), 3.64 (double doublet), k.32

(double quartet). o "
Erythro 2,3-dibromo-4,4-dimethylpentane b.p. 66°C

(1.2 mm.). Nmr: CClg; 1.13 (singlet), 1.79 (doublet),

4.32 (doublet), 4.52 (double .quartet).
Threo 2,3-dibromo=-4,4-dimethylpentane b.p. 66-7°C

(1.3 mm.). Nmr: CCls; 1.16 (singlet), 1.80 (doublet), 3.90
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(doublet), 4.46 (double quarte:).
Erythro 2,3-dichloro-4,4-dimethylpentane b.p. 40°C

(1.6 mm.). DNmr: CCls; 1.10 (singlet), 1.61 (doublet), 4.11

(doublet, 4.5 (double quartet).
Threo 2,%-dichloro-4,4-dinethylpentane b.p. 53°C (2.5

mn.). Nmr: CCls, 1.13 (singlet), 1.62 (doublet), 3.73 (doublet),
4,47 (double quartet). ' '

Dipole Moment Measurements

The basic technique was that described by Weissburger
(62). Dielectric constants were measured with a transistorized
heterodyne beat apparatus which was built by R. W. King and J.
G. Verkade and will be described in a future pubiicafion by
these authors. Dipole moments were calculated from the di-
electric constants by utilizing the following relations (56)

where y = dipolengment in Débye-units (D),

¢

(9kTPt)O.5
u o=
UNT
b 20m) [as_ » e O
= - w0

t T d(et2)? L»x %
Pt = total molar polarizability, d = density of solvent, ¢ =
observed dielectric constant,-gi- = slope of plot of ¢ vs.

mole fraction, MW = molecblar weight of solvent, k = Boltz-
mann’s constant, T = temperature in degrees Kelvin, N =

Avogadro’s number. -
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The slope of the straight line obtained by plétting
the observed dielectric constant vs. mole fraction of
solute. A least-squares analysis by computer techniques
was applied to each set of data. Since QM/Qj(iS very
small, the quantity of 2 N= QN/‘?X,makes a negligible

contribution to P, and was therefore neglected.

Table 15. Dipole moments at 20°C in cyclohexane

Compound u (Debye)
Erythro 4-methyl-2,3-dibromopentane 0.82
Threo 4-methyl-2,3-dibromopentane 2.28
Erythro 4-methyl-2,3-dichloropentane 0.95
Threo 4-methyl-2,3-dichloropentane 2.4
Erythro 4,4-dimethyl-2,3-dibromopentane 2,66
Threo 4,4-dimethyl-2,3-dibromopentane 2.50
Erythro 4,4-dimethyl-2,3-dichloropentane 2.43
Threo 4,4-dimethyl-2,3-dichloropentane 2.51
Erythro 2,2,5,5-tetramethyl-3,4-dichlorohexane 1.98
Threo 2,2,5,5-tetramethyl-3,4-dichlorohexane 2.77
1,3-Diphenyl-1l,2-dibromobutane (m.p. 129) 1.30
1,3-Diphenyl-1,2-dibromobutane (m.p. 122) - 1.20

1,3-Diphenyl-1,2-dibromobutane (m.p. 78-80) 2.55
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Triphenylbenzylohosphonium chloride

‘Triphenyl phosphine (100 gm.; G.382 mole) was placed.
in a one liter three-necked round bottom flask. A solution
of benzyl chloride (48.5 gm., 0.382 mole) in xylene (300 ml.)
was added and the mixture was stirrecd at reflux temperature .
overnight. The white salt was collected by filtration,
washed with pentane and dried in a vacuum oven at 6d°C for
five hours; yield, 128 gm. (86.5%).

1-Phenyl-%,3-dimethyl~1l-butenes

These alkenes were prepared by the Wittig reaction of
2,2~-dimethylpropionaldehyde (pivaldehyde) with triphenyl-
benzylphosphonium chloride.

The apparatus consisted of a one liter three -necked
flask fitted with a mechgnical blade stirrer, nitrogen inlet,
pressure compensatiné addition funnel, and a condenéér.

Triphenylphosphonium chloride (19.4 gm., 0.05 mple) was
placed in the flask and a solution of pivaldehyde (4.3 gm.,
0.05 mole) in one-hundred ml..of anhydrous dimethylsulfoxide
(DMSO) was added. After the system was purged with nitrogen,
one-hundred ml. of an 0.5 N lithium ethoxide solution was
added to the rapidly stirring solution. The temperature
was maintained at 80°C throughout the entiré reactiop. —After
the addition of base was complete, the reaction was stirred
for an additional six hours and then allowed to cool té room
temperature. vThe reaction mixture was poured over ‘ice,

acidified and extracted with ether. The organic material was
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washed five times with water (200 ml. portions), dried over
anhydrous magnesium sulfate, filtered and concentratedsby
. rotary evaporation. The remaining oil was cooled and the
insoluble triphenylphosphine oxide was removed by filtration.
Further purification of the olefins was accomplishe& by pre;
parative scale vapor phase chromatography (8 f£t. x 0.75 inch
coiumn of 20% QF-1 on HMDS treated Chromosorb W at 175°C).
The mixture consisted of 75% cis and 25% trans 3,3-dimethyi-
1l-phenyl-1-butene,

trans-%,%-Dimethyl-1-phenyl-1l-butene, oil Nmr: 1.08

(singlet), 6.03 (doublet 16.2 cps spacing), 6.30 (doublet
16.2 cps spacing), 7.01-7.38 (multiplet). Analysis’: Cale.
for CizHis; C, 89.93; H, 10.07. Found: C, 89.83; H, 10.08.

cis—3,3-Dimethy1-l-phenyl-l-butene;loil Nmr: CCls;

0.95 (singlet), 5.52 (doublet 12.7 cps spacingz,_6.36 (doub~
let 12.7 cps spacing), 7.1l (singlet). Analysis: Calc. for
CizHis: C, 89.93; H, 10.07. Found: C, 89.86; H, 10.02.
Erythro and threo l;phenyl-l,2-dibromo—3,3-dimethy1butane

The dibromides were prepared by addition of bromine to
the appropriate olefin in carbon-tetrachloride.

Trans l-phenyl-3,3-dimethyl-l-butene (1.0 gm.) was
dissolved in carbon-tetrachloride (25 ml.) and placed in a
125.ml. Erlenmeyer flask. The flask was wrapped with alumi-
num foil to exclude light. A magnetic stirring bar was placed
in the flask and the flask was cooled to 0°C. A solution of'

bromine in carbon-tetrachloride was added dropwise to the
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rapidly stirring mixture until a faint fed color persisted;
The reaction mixture was poured over ice. The organic material
was separated and washed with a cold dilute sodium bisulfite
solution, wéter, and thern dried over anhydrous magnesium
sulfate. After filtration, the organic material was concen-
trated by rotary evaporation to a volume of approximately three
ml. An nmr spectrum was recorded on a portion of the above
solution and the presence of two diastereomeric dibfomides was
easlly discernable. The rsaction mixbure consicted of eighty-
five percent erxthro.and fifteen percent threo l-phenyl-1,2-
dibromo=-3,3-dimethylbutane.

The bromination of the cis l-phenyl-3,3-dimethyl-1-
butene gave seventy percent erythro and thirty percént threo
1l-phenyl-1l,2~dibromo-3,3-dimethyl butane. |

Erythro l-phenyl-l,2-dibromo-3%,%-dimethylbutane, c¢il

Mass spectrum: Molecular ion triplet; 318, 320, 322 base peak
corresponded to loss of a bromine étom. Nmr: CCls; 0.98
(singlet), 4.46 (doublet 4.2 cps'spacing), 5.40 (doublet 4.2
cps spacing), 7.1-7.21 (multiplet), 7.4é-7.67'(mu1€;p1et).
Threo 1-pheny1-l,2-dibromofﬁ,B-dimethylbutane,'oil

Nmr: CCls; 1.17 (singlet), 3.93 (doublet 2.1 cps spacing),
5.41 (doublet 2.1 cps spacing), 7.10-7.35 (multiplet), 7.50-
7.68 (multiplet). |

Pinacolone dichloride

Pinacolone dichloride was prepared from pinacolone and
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phosphorous pentachloride according to the prééedur& des -
cribed by Bartlett and Rosen (4 ). Pinacolone was purchased
from Aldrich Chemical Company.

The apparatus consisted of a Three liter three-necked
round bottom flask fitted with a mechanical blade stirpef,
coqdenser, and a pressure compensating addition funnel.

Pinacolone (120 gm,, 1.2 mole) was added dropwise with
constant stirring to phosphorous pentachloride (225 gml, 1.2
mole). After the addition of pinacolone was complete (three
hours), the reaction was stirred for an additional tWenty—
four hours. The temperature was maintained below ten degrees
throughout the entire reaction. Water was cafefully added to
the reaction mixture to decompose the phosphorous okychloride
formed in the reaction. After all the phosphorous oxychloride
was decomposed, the reaction mixture was poured over ice and
‘extracted with ether, The etheral extract was washed with
water, dried over anhydrous magnesium sulfate, and.concentrated
distillation of the ether. The remaining dark brown oil was
cooled and the crystalline pinacolone dichloride (53 gm.)
colleqted by filtration. The filtrate was distilled yielding
3,3-dimethyl-2-chloro-l-butene (61.4 gm.). |

Pinacolone dichloride m.p. 148-50, 1lit. m.p.3151-l52°c
(). |

5,5-Dimethyl-2-chloro~1-butene b.p. 95-99°C, 1lit. b.p.
97-99°C ( 4). o




%.,5-Dimethyl-1-butyne

The 3,3-dimethyl-l-butyne (t-butyl acetylene) was pre-
pared by reaction of pinacolone cichloride and 3,3-dimethyl-
2-chloro-l-butene with potassium t-butoxide in dimethyl |
sulfoxide (DMSO).

’ The apparatus consisted of a two liter.three-necked
round bottom flask fitted with a West condenser and a thermo-
meter. A distilling adapter fitted with a thermometer was
attached to the top of the West condenser and the adapter
was connected to the sidearm of a Friedrich condenéer. A
vacuum adapter connected to a round bLottom flask immersed in
an ice bath was attached to the Friedrich condenser,

A solution of pinacolone dichloride (53 gm., 0.34L mole)
and 3,3-dimethyl-2-chloro-l-butene (61.4 gm., 0.52 mole) in
five-hundred ml. of anhydrous dimethylsulfoxide was placed in
the reaction flask. Potassium t-butoxide (225 gm., 0.86 mole)
was added. A magnetic stirring bar was placed in the flésk
and the pot temperature was raised to eighty degrees and main-
tained for three hours. The flow of water through fhe West
condenser was ihterrupted periodically and distillate.was
collected until the still-head temperature reached forty-five
degrees. The condensate was redistilled through a tﬁenty cm.,
glass helices packed column and the fraction distilling be-
tween 35-9°C was collected yielding 66.5 gn. (8i%) t-butyl

acetylene.



t-Butyl acetylene o.p. 35-9°C, lit. (47), Nmr: CCly;

1.20 (singlet), 1.88 (singlet).

2,5,5-Trimethvl-%-hexvna-2-o0l

The 2.5,5-trimethyl-3-hexyne-2-o0l was prepared by

reaction of acetonc wibh.g—butyl acetylide magnesium bromide,
., 1-Butyl acetylene (66.5 gm., 0.81 mole) dissolved in

anhydrous ether (150 ml.) was added dropwise to the Grignard
reagent prepared from ethyl bromide (88.5 gm., 0.81 mole)
and magnesium (19.45 gm., 0.81 mole). The reaction was
gently refluxed for thirty minutes after the addiftion was
complete and then allowed to stand for twenty-four hours.
The Grignard was cooled to zero degrees and acetone (47 gm.,
0.81 mole) dissolved in anhydrous ether (100 ml.) was added
dropwise with constant stirring. After the addition was com-
plete, the reaction mixture was stirred for.two hours at
gentle reflux and then cooled to room temperature.: The
contents of the flask were poured over ice and acidified
with cold dilute hydrochloric acid solution. The 6rganic
material was separated, washed with water, dried over an-
hydrous magnesium sulfate, filtered, and distilled at aspira-
tor pressure. The fraction distilling between 64-6C° was
collected and solidified upon standing, (yield 78.5 gm.,
85.5%) . |

2,5,5-Trimethyl-3-hexyne -2 -0l b.p. 64-6°Cl(aSpirator,

Nmr: CCls; 1.15 (singlet), 1.40 (singlet, 3.60 (singlet).
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2,5,5-Trimethyl-2-chloro-35-hexyne

The 2,5,5-trimethyl-2-chloro->-hexyne was prepa?ed by
reaction of 2,5,5-trimethyl-3-hexyne-2-ol with aﬁhydrous
hydrogen chloride. |

Arhydrous hydrogen chloride was slowly passed tﬁfough a
rapidly stirring solution of 2,5,5-trimethyl-3-hexyne-2-0l
(78.5 gm., 0.69 mole) in pentane (250 ml.) at zero degrees
for two hours. The reaction mixture waé then poured over
ice and the pentane solution was separated, washed with watér,
dried over anhydrous magnesium sulfate; filtered and ‘concen-
trated by rotary evaporation. The reéulting 0il was distilled
under vacuum to give one-hundred and five grams (96%) of the

chloride.

2,5,5—Trimethyl-2-chloro;B-hexyne b.p.'135-14090,,
1it. 138-140°C (760 mm.) (47). Nmr: CCls; 1.20 (singlet),
1.78 (singlet). |
2,2,5,5-Tetramethyl -3-hexyne

The 2,2,5,5-tetramethyl-3-hexyne (di-t-butyl ethylene)
was prepared by the reaction of 2,5,5-trimethyl-2-chloro-3-
hexyne with methyl magnesium bromlde according to tﬁe pro-
cedure of Puterbaugh and Newman (47).

A solution of 2,5,5-trimethy1-2-chlofo-}—hexyne (105 gm.,
0.665 mole) in anhydrous ether (200 ml.) was added dropwisé
to the Grignard prepared from methyl bromide and magnesium

(16 gm., 0.665 mole). The temperature was maintained at zero



degreés while the addition of the chloride. After the
addition was complete, the reaction was stirred at room
temperature for an additional four hours and then poured
over ice. The mixture was acidified with cold dilute hydro-
chloric acid and the organic material was separated, washed
with water, dried over anhydrous magnesium sulfate,‘filtered
and distilled. The fraction boiling between 115-117°C was
collected giving 64 gm. (69%) di-:-butylacetylene.

2,2,5,5-Tetramethyl-3-hexyne  b.p. 115-117°C (760 mm.),

[

1it. 116-118°C (47). MNmr: CCls; 1.16 (singlet).

Cis and trans 2,2,5,5-tetramethyl-%-hexene

The olefins were prepared by reduction of 2,2,5,5-tetra-
methyl-3-hexyne according to the procedure developed by Puter-
baugh and Newman (47).

A hydrogenation flask was charged with twenty gfams of
2,2,5,5-tetramethyl-3-hexyne in absolute ethanol (50 ml.) and
one gram of platinum (5%) on alumina. After the theoretical
amount of hydrogen was consumed (one hour), the catélyst was
removed by filtration and the filtrate was poured inﬁo water
and extracted with ether. The etheral extracts were combined,
washed with water, dried over anhydrous magnesium sulfate,
filtered, and concentrated by distillation of the ether.

The ¢is alkene was obtained by prepafative scale'vapor
phase chromatography of the crude mixture of alkenes (8 ft. x

3.8 inch column of 20% QF, on HMDS treated Chromosorb W).

?
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The trans alkene was obtained by irradiation ofﬂthe
crude mixture of cis and trans olefins in the presence of a
trace of iodine according to the procedure described by
Fahey (33).

The apparatus consisted of a 250-ml. single-neckea round
" bottom flask, a Friedrich condenser and a General Electric sun
lamp. Ten grams of the crude cis alkene together with a crystal
of iodine was placed in the flask and irradiated for two hours.
After cooling to room temperature, the reaction mixture was
poured over ice and extracted with ether. The etheral extract
was washed with a dilute sodium thiosulfate solution, and then
with water. fter drying over anhydrous magnesium sulfate,
the etheral solution was concentrated by distillatign of the
ether. |

The trans alkene was purified by preparative séale vapor
phase chromatography (8 ft. x 3/8 inch column of 20% QF, on
HMDS treated Chromosorb W). |

Cis 2,2,5,5-tetramethyl-3-hexene IR: CCl,.; 910, 946,

1200, 1362, 1380, 1463, 1480, 1627, 2940,
Trans 2,2,5,5-tetramethyl-3-hexene TR: CClg; 926, 941,
973, 1261, 1361, 1390, 1470, 1655, 2950.

meso and dl-3,4-Dichloro-2,2,5,5-tetramethylhexane

The dichlorides were prepared by chlorination of cis and
trans 2,2,5,5-tetranethyl~3-hexenes. The chlorination pro-

cedure was similar to the procedure described by Fahey (33).
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A 4:1 mixture of air and chlorine was passed into a
solution of six grams of the appropriate 2,2,5,5-tetramethyl-
3-hexene in carbon-tetrachloride (100 ml.) with stirring at
zero degrees until a faint yellow color persisted in the
reaction mixture. The reaction mixture was poured over ice
and the organic material was separated and washed twice with
a cold dilute sodium bisulfite solution, twice with water and
then dried over anhydrous magnesium sulfate. After filtration,
the carbon-tetrachloride was removed by distillatioh and the
dichlorides were purified by preparative scale vapof phase
chromatography (8 ft. x 3/4 inch column of 20% QF-1 on HMDS
treated Chromasorb W).

1,%-Diphenyl-1l-butenes

The 1,3-diphenyl-l-butenes were prepared by reaction of
triphenylbenzylphosphonium chloride with 2-phenylpiopionalde-
hyde.

To a solution of 26.8 g. (0.2 mole) of hydratropalde-
hyde (Aldrich Chemical Co., Inc.) and 77.6 g. (0.2 mole) of
triphenylbenzylphosphonium chloride in 500 ml. of éoﬁmercial
absolute ethanol was added_dropwise, under nitrogen, 1 liter
at 0.2 M lithium ethoxide. After the addition was complete,
the reaction was stirred for an additional 24 hours aﬁ room
temperature. Sufficient water was added to give a 60%
ethanol solution and the entire mixture was pouréd into a
large separatory funnel. The dark brown oil which separated

was collected and washed two times with 50 ml. portions of
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60% ethanol and then dried over molecular sieve (Linde 4A).
The crude mixture of cis and trans olefins was separated by
distillation through an 18 inch spinning band column at
reduced pressure (c.a., 2 mm.). Twenty-four 2 ml. fractions'
were collected and analyzed by vapor phase chrom:.tography
using a 1/4% x 6/ QF-1, column (5% QF-1, on 60-80 mesh HMDS
treated Chromosorb W). At a column temperature of 195°C
using a 65 cc/min. helium flow. The retention times of cis
and trans were 3 min., and 4.5 min., respectively. fractions
2-10 b.p. (2 mm,) 109-112°C, were cis alkene of 99% purity,

fractions 11-14 were a mixture of cis and trans alkene of 99%

purity. The nmr spectral data for the olefins are identical

with those reported by Cram (24

Bromination of cis 1,3%-diphenyvl-1-butene A solution of

10 g. (0.027 moles) of the olefin in 50 cc. of carbon tetra-
chloride was cooled to zero degrees. The reaction flask was
wrapped in aluminum foil and a solution of U4,k g. (0.0275
moles) of bromine in 20 ml. of CCl, was added dropwise.

After the addition was complete (30 ﬁin.), the reaction
mixture was stirred for an gdditional 60 min. and then. poured
over ice and extracted with CCls. The CCl, layer was washed
~with dilute sodium bisulfite, water and then dried over
anhydrous magnesium sulfate. A small amount of the carbon
tetrachloride solution was concentrated by rotar& evaporation
at room temperature. The resulting residue was dissolved in

CDCls and an nmr spectrum was recorded. The portion of the
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spectrum from 220 cps to 320 cps Was again recorded'ﬁsing
a 100 cps sweep width. Integration over this expansion
allowed calculation of yield of each diastereomer.

The carbon tetrachloride was removed from the major
portion of the crude product by rotary evaporation and the
residue crystallized upon standing. The crystals (éfop A)
were collected and the residual 0il was allowed to stand.
After several days the oll crystallized in large plates,
m.p. 61-67°C, ‘The crystals were taken up in fresh 6014 and

pentane was added. The first crystals to separate were

filtered off and the mother liquor was cooled yielding a di-

bromide m.p. 78-80°C,

A second dibromide m.p. 122-123° was obtained by dis- .

solving crop A in a suitable volume of solvent prepafed by
mixing 100 ml. of ethanol with 50 ml. of ethyl acetate and
25 ml. of water. After four recrystallizations from this

solvent the pﬁre dibromide was obtained.

Bromination of trans 1,3-diphenyl-l-butene A solution

of 4.4 g. of bromine in 25 ml. of CSz was added drbpwise to

a

solution of 10 grams (0.027 moles) of the olefin in 50 ml. of

carbon disulfide. The reaction mixture was stirred at 0°C.
2 hours and then allowed to warm to room temperature. The
carbon disulfide was removed by rotary evaporation at room

temperature and the residue was dissolved in carbon tetra-

for

chloride and again stripped of solvent. The crude product was

taken up in fresh carbon tetrachloride and washed with sodium
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bisulfite, water, and then dried over magnesium sulfate.

A small portion of the carbon tetrachioride solution was
concentirated and the residue was dissolved in deuterochloro-
form and an nmr spechrum was recorded.. The portion of the
spectrum from 220 cps to 320 cps was again recorded using a
100 cps sweep width. Integration over this ekpansion allowed
calculation of yield of each diastereomer.

After removal of the solvent from the bulkAof the pro-
duct, the residue was dissolved in a large excess of.ethanol
and allowed to stand at room temperature. Long needles of
a third dibromide m.p. 128-129°C. (1lit. 128-129°C.) separated
_after several hours,

The fourth dibromide was not obtained free frﬁm.diastereo-
meric impurities, however a mixture of the fourth dibromide
and dibromides m.p. 122 and m.p. 128-129 was obtained by re-
peated fractional recrystallization. Thié mixture contalned
34% dibromide, 28% dibromide m.p. 122° and 38% dibromide ﬁ.p.
129° via nmr integration. | |

cis 1,3-Diphenyl-1l-butene b.p. 109-112°C (2 mm.) Nmr:

CCls; 1.33 (doublet), 3.96 (double quartet), 5.71 (double-

doublet), 6.4 (doublet), 7.25 (singlet).

trans 1,%-Diphenvyl-1-butene b.p. 123-126°, Nmr: CClg;

1.36 (doublet), 3.5 (unresolved quartet of triplets), 6.25-
6.35 (closely spaced unsymmetrical pair of doublets), 7.16
(singlet).
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Erythro-erythro l,B—diphegyl—l,2-dibromobutane B m.p.

128-129°, 1it. m.p. 128-129° (53). Nmr: CDCls; 1.52 (doublet),
4,00 (doublet quartet), 4.60 (doublet), 4.80 (double doublet),
7.21 (singlet), 7.26-7.67 (multiplet). |

Erythro-threo 1l,%-diphenyl-1l,2-dibromobutane m.p. 121-

122°, 1lit. m.p. 122°C (53). Nmr: CDCls; 1,44 (doublet), 3.90
(double quartet), 4.68 (double doublet), 5.17 (doublet), 7.30
(singlet).

Threo-erythro 1,B—diphenyl—l,2—dibrbmobutane . m.p. 78-

80°, 1it. m.p. 78-80° (53). Nmr: CDCls; 1.39 (doublet), 3.15
(double quartet), 4.30 (double doublet), 4.90 (doublet), T7.26
(singlet).

Threo-threo-1,3%3-diphenyl-1,2-dibromobutane, oil Nmr :

CDCls; 1.43 (doublet), 3.20 (double guartet), 4.50 (double
doublet), 5.15 (doublet), 7.31 (singlet).

Elimination of the diastereomers of 1,2-dibromo-l,3-diphenyl-

butane with potassium iodide in methanol

A solution of potassium iodide (1 gm.) in 50 ml. of
commercial absolute methanol was prepared and 5 ml., of this
solution was pipeted into a test tube cdntaining 0.10 g. of
the appropriate dibromide. The tubés were sealed and pladed
in a bath at 60°C. for 85 hours. The tubes were cooled to
room temperature, brpken and poured ovef ice. -Sufficient |
dilute sodium thiosulfate was added to reduce the iodine to

iodide and the solution was extracted three times with small
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t

.portions of ether. e combined efheral extracts wéfe
washed four times with water and then dried over anhydrous
magnesium sulfate. After filtration, the etheral solutions
were analyzed by vapor phase chromatography (8 ft. x 0.25
inch column of 209 QF-1 on HYDS treated Chromosorb W at
175C°). The diastereomers melting at 129°C and 122°C gave
on‘elimination 100% trans 1,3-diphenyl-l-butene. The
diastersomer melting at 80°C produced a mixture containing
13% cis and 87% trans while the fourth diastereomer\gave 33%
cis and 67% trans 1,3-diphenyl-1-butene.

Control experiment on possible cis to trans isomerization of

1,3-diphenyl-1-butenes

A solution containing 0.5 gm. of iodine,.0.5 gm. of
potassium icdide and 1.0 gm. of cis l,j-diphenyl-l-butene in
5 ml. of commercial absolute methanol was prepared and sealed
in a test tube. The test tube was placed in a bath at 60°C
for 250 hours. After cooling to room temperature, the tube
was broken and the contents poured over’ice. Sufficieht
dilute sodium thiosulfate was added reduce the iodine to
iodide and the solution was extracted three times With:small
portions of ether. The combined etheral.extracts were washed
| with water, dried over anhydrous magnesium sulfate, and
filtered. The etheral solution was concentrated byvdisti;la—
tion of the ether and the residue (0.98 gm.) was analyzed by
vapor phase chromatograrhy. No trans l,deiphenyl-l-buteﬂe

could be detected.
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- Methanol

Anhydrous methanol was prepared by the method of‘
Wiberg (€Y4). The center cut of the distillation of methanol
from magnesium methylate was taken and sufficient redistilled
water was added to produce 99% methanol.

Potassium iodide

’

Baker’s analytical reagent grade potassium iodide was
powdered, dried in a vacuum oven at 100°C. and then stored
in a dessicator until used.

Sodium thiosulfate

Two liters of approximately 0.01 molar sodiuﬁ thiosulfate
solution was prepared by dissolving the appropriaté quantity
of Baker’s analytical reagent grade sodium thiosulfate in re-
distilled water. The solution was allowed to stand for
several days, and then standardized by titration of accurately
weighed portions of resublimed Baker’s analytical reéeagent
grade iodine to the starch end point.

Kinetic data

Approximately 3 x 10 * M solutions of potassium iodide in
45 ml. of methanol were prepared in a 50 ml. volumétric flask.
The volumetric flask was placed in a constant temperature
bath at 20°C and the solutions were allowed to equilibrate.
Approximately 5 mmoles of the appropriate dibromide was added
to the flask and then methanol was added to bring the total
volume to 50 ml. at 2G°C. The solutions were thoroughly

mixed and then nine 5 ml. aliquots were taken and placed in
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* test tubes. The tubes were sealed and placed in a constant
temperature bath at 60.0°C. The time of immersion wag taken
as "zero time". At appropriate times the tubes were removed
and immersed in an ice bath and cooled to zero degrees.
After cooling, the tubes were broken and the conténts wefe
carefully rinsed into a 125 ml. Erlenmeyer flask containing
20 ml. of a saturated potassium iodide soiution. The iodine
produced in the elimination reaction was then titrated with
a standard sodium thiosulfate solution to the starch end
point. The second order rate constants were determined by

applying the integrated second order rate eguation.

2.303 (1~ 228
Kt = oo Log, | —2—
a 2b 10 (1 - ¢)

t = time in seconds

a = initial concentration of ‘
potassium iodide in moles/liter
at 20°C

b = initial concentration of
dibromide in moles/liter at
20°C

g = fraction of total dibromide
which has reacted at time t
b-bt
p= 5
where by = bo — [ml. NazS20s x MNazS5203]
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Table 10. Second-order rate constant for the elimination

of eryihro 4-methyl-2,3-dibromopentane with
potassium iodide in methanol at 60°C

(l'ggg) Ks x 108

. N 2.503 »
iiﬁf TEE?G mogg/l_ g a-2b bo8 (3773?5' 1'522%951

300 0.67 0.01795 0.03%67 0.138%4 4.62
696  1.52  0.01708 0,083l 0.3224 4,64
1000 2.16 0.01643 0,122 0.4711 Ch71
1950 3.89 0.01464 0,214 0.9061 4 64
2330 4,53 0.01400 0.248 1.0764 4,62
3575 6.385  0.01211 0.351 1.6362 L. 57
3925 6.7k 0.01175 0.370 1.7633 | 3, 1g%
5390  8.47  0.00998 O©..465 2.3948 3, ul
8245 11.00  0.00739 0.604 13.5939 4,369

&M1. of 0.0126 M Na2Sz20s required to titrate 5 ml.
aliquot of reaction mixture.

bInitial concentration of potassium iodide, a = 0.270
mole/liter.

CInitial concentration of dibromide, b = 0.0186%

mole/liter.

dNot included in average rate constant.
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. Table 11. .Second-order rate constant for the elimination
of erythro 4,4-dimethyl-2,3-dibromopentane with
potassium iodide in methanol at 60°C

Time Titre® Pt 2,303 | (17322) Kz x 105

min. ml. mole/1. z a-20 & Titay— 1. mole !
sec,

124 0.534 0.00764  0.0669 0.2653 3.56

295 1.220 0.00694  0,1528 0.6460 - 3,65

47l 1.865  0.00628  0.2336 1.0325 3.6k

619  2.270  0.00586 0.2843 1.3002 - 3.50

809  2.865  0.00525 0.3587 1.7323 3.56

1774 5.81 0.00223  0.7276 5. 1461 2.90¢

2954 6,22 0.00181 0.7788 5.9870 2.03%

= 3.56 + 0.06 x 1075 1, mole * sec. *

8M1. of 0.01026 M Na»S20s requ;red to titrate 5 ml. aliquot
of reaction mixture.

Prnitial concentration of potassium iodide, a = 0.2841 mole/
liter.
CInitial concentration of dibromide, b = 0.00819 mole/liter.

dNot included in average rate constant.
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Second-order rate constant for the elimination

Table 12,
-of threo b-methyl-2,3-dibromopentane with potassium
iodide in methanol at 60°C
b 2,70 L =) Kz x 108
Time Titre® t . 200 Log 2 2 X _
min. ml. mole/1. 4  a-2b (1-g) 1. mole *
sec. 1
399  0.140 0.01340 0.01063%  0.04286 | 1.79d
684 0.220 0.013%2 0.01668 0.06419 1.57
1500 0.540 0,01299 0.04089 0.16074 1.78
29004 1.050 0.01247 0.07958 0.32367 1.83
3489 l1.225 0.01229 0.0927 0.>7527 1.79
4259 1.480 0.01203 0,112l 0. 46139 1.77
4959 1.635 0.01186 0.1239 0.51517 1.70
Kz = 1.78 + .0L x 107® 1. mole * sec; *

aliquot of reaction mixture.

'

8M1. of 0.01026 M Na2S20s required to titrate 5 ml.

PInitial concentration of potassium iodide, b = 0.2592
mole/liter.

Inltlal concentration of dibromide, b = 0. 01355

mole/liter.

d

Not included in average rate constant.
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-Table 13, Second-order rate constant for the elimination

of threo 4 4-d1meuhyl-2 3-dibromoventane in
methanol at 60°C.

(1- 222y g, x 108

Time  Titre % 2.303 1 2 i
min. ml. mole/l. #  =z-2p 98 (1-g) 1. mole *
sec. *
329 0.132 0.00824% 0.0162 0.05912 2.48
603  0.250 0.00812 0.0306 . 0.11017 12,57
1298 0.540 0.00792 0.0542 0.19245 1,489
191 0.760 0.00795 0,0932 0.34500 2.57
2738 0.980 0.00736  0.1202 0.45208 2.37
5248 1.240 0,00710 0.1519 - 0.58181 2.55
5723% 1.62 0.00671 0.1985 0.78045 1.37d

Kz = 2.51 + 0.08 x 10°° 1, mole * sec. *

%M1. of 0.01026 M Na»S20s required to titrate 5 ml.
aliquot of reaction mixture. .

bInltlal concentration of potassium iodide, a = O 2851

mole/liter.
CInitial concentration of dibromide, b = 0.00837
mole/liter.

dNot included in average:rate constant.
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I
PART IT: SUBSTITUENT EFFECTS ON

SUSPECTED PHENONIUM ION INTERMEDIATES
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HISTORICAL

Carbonium ions have long been recognized as an important
class of reactive intermediates in certain‘types of organic'
reactions. | |

During the past few decades reactions invblving carbonium
ion intermediates have been subjected to careful study in an
attempt to better understand the nature of thesé'species.

In 1957, Roberts and Kimball postulated the exisfence of
a bridged carbonium ion to account for the observation that

polar addition of bromine to a double bond produces exclusive-

1y the "trans" product (A48).

Figure 1. Proposed bridged carbonium ion.

Kinetic evidence for the existence of bridged halo-

genonium ions was reported by Winstein in 1948:(65); The

rates of acetolysis of the cis and trans 2-bromo and 2-
lodocyclohexyl-brosylates were studied and the trans isomers
were found to undergo‘acetolysis at greatly enhanced rates

compared to the cis isomers.
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Since similar rates of acetolysis for the cis and trans
2-substituted cyclohexyl ‘brosylates would be expectedfin the
absence of participation by neighboring halogen, these rate
studies indicafe the intermediacy of bridged halogegbnium ions.

During the last thirty years many other tUypes of bridged
carbonium ions have been proposed. Excellent reviews (19) ( 8)
(55) (17) (23) have appeared in which the evidence for and
against the intermediacy of many of the proposed bridged ions
is presented.

One of the types of bridged ions whose existence as a
discrete intermediate has been extensively debaféd is the

phenonium ion.

Figure 2. Phenonium ion

Experimental evidence for the existence of a phenonium
ion was first reported by Cram in 1949 (22). The optically
pure diastereomers of 3-phenyl-2-butyl p-toluenesulfonate
were solvolyzed in botﬁ acetic and formic aéids. Thé ester
products were converted to alcohols by reduction with lithium

aluminum hydride and the alcohol mixtures were separated and
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analyzed. The results are given in Table 1. Solyolysis of
the optically pure threo tosylate gives racemic Eﬁzgg acetate
or formate as the major product, whzreas the optically pure
erythro tosylate gives rise to essentially optically pure
erythro acetate or formate. The overall stereochemical re-

- sult is thus one of retention. Since ne§ inversion is the
usual result in the acetolysis of simple secondéry 5stlates
(55). The presence of a phenyl group B to the tosylate
leaving group markedly affects the stereochemistry of the
reaction. Cram proposed the formation of the phenonium ion

intermediates I and II (Chart 1) to explain the stereochemical

o

H“é?C————¢ S O —> racemic
CHs Lo e Noon threo
0Ts 3 8 products
Threo I
Optically
inactive
CHs H S, CHg
e O— A optically
Hfggfc ~H > 4/0 ~H Z  active
CHsa OTs CHs - products
IT
Erythro | Optiiglly
active

Chart 1. Proposed phenonium ion intermediates.



Table 1. Acetolysis and formolysis of the optically pure
diastereomers of J-phenyl-2-butyl p-toluene-

sulfonate®
Yield of Product
Diastereomer Conditions  alcohols. - Composition
L-threo acetolysis at  53% 95% racemic threo
75°C 0.6% L-threo
i _ L% erythro
L-threo formolysis at  70% >99% racemic threo
25°C <0.02% L-threo
<0.01% erythro
D-erythro acetolysis at  68% Qlgh D-erythro
75°C 5% D-threo
D-erythro formolysis at  71% >99% D-erythro

25°C <0.5% D-threo

%pata from reference. (22).

course of these solvolyses.

This mechanistic scheme involving phenonium ion inter-
mediates was recently questioned by H. C. Brown (17). Brown
has suggested the stereochemical outcome of the solvolyses of
the 3-phenyl-2-butyl tosylates could be explained b& a dynamic
pair of rapidly equilibrating classical open ions rather than
by a phenonium ion intermediate. In this scheme, the phenonium
ion would represent the transition state between the two

rapidly equilibrating classical ions. Brown states that the

\,

)
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[;] © ] @
H ® .-H |H. S _E H ® H
“0—C ru L ¢ 2 e G

P 5 2P Ryer ;/J Xy

Figure 3. Proposed palr of rapidly eguilibrating ions.

stereochemistry of substitution on rapidly equilibrating

cations and ion pairs may well be one of retention. .
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Brown argues that if phenyl participation is imﬁortant
in the solvolysis of B-phenylethyl compounds, one would
expect that the rate of solvolysis of B-phenylethyl tosylate
should be significantly faster than that of ethyl tosylatei
However, kinetic data on the rates of solvolysis of B-phenyl-
eth&l tosylate in ethanol, acetic acid and formic acid do
not indicate appreciable phenyl participation (65). |

Cram has refuted the kinetilc argument stating that _

reneces in activation

O]
W

rate comparisons reflect only dilff
energies, and therefore provide no information about structure
after the rate-determining transition state is reaéhed (23).

Recently 0lah has reported the observation by nmr of
both rapidly equilibrating.éarbonium ions (43) and phenonium
ions (L4L4). Although these observations definitely establish
the existence of both types of carbonium species, Olah
emphasizes that these results do not prove that these species
exist in solvolysis reactionsi

Strong evidence for the existence of a dynamic pair of
rapidly equilibrating classical cations in the 1,2,2,tri-
phenylethyl system under solvolysis conditions was reported
in a series of papers by Collins and Bomner (9, 10, 11, 20,

21).
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Thus, the question as to the intermediacy of phehonium
ions or rapidly equilibrating classicai cations in symmetric
B-phenylethyl systems remains open for debate.

Cram and Elhafez have reported the results of a étudy
of the reactions of the diastéreomers of 1,2-diphenyl-l-pro-

panol (III) with various halogenating agents (27. .

?Hs OH
CGH5——?———~—%—~CSH5
i H

IIT

Figure 4. 1,2-diphenyl-l-propanol.

The stereochemistry of tne halides obtained by reaction
of racemic and optically active erythro and threo 1,2-diphenyl-
l1-propanol with thionyl chloride, phosphorous tribromide ,
phosphorous pentachloride, and hydrobromic ébid-sulfﬁric acid

mixtures are gilven in Table 2.
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Table 2. Reaction of the diastereomeric 1,2-diphenyl-
propanols with various halogenating agents®

Configuration Molar Ratio Product Ratio

starting ROH Reagent reagent to Threo to Erythro
ROn

1 DL-erythro S0C1z 2:1 2.6:1

2 L =-erythro S0Cl» 29:1 1.5:1

5 DL-tireo S0Clz 2:1 §.3:1

4 DL-threo SO0Clz 8:1 oniy threo

5 L -threo SOC1az 10:1 only threo
6 DI=ervihro PCls 2.k L.3:1
7 DL-threo . PCls 2.4 5.0 :1
8 DL-ervthro 3ra 3:1 %:1
9 L -ervthro PBrs 31 2.8:1
10 DL-threo PBrs 3:l 5:1
11 L -threo PBra 3:1 5.8:1
12 DL-erythro HBr-HzS50., -— 1.2:1
13 DL-threo HBr-H2S04 - 8:1.

%Data taken from reference (27).

As the data in Table 2 show these conversions ére stereo-
selective. The degree of stereoselectivity is seen to be de-
pendent upon the reagent used and the molar ratio of reagent to
alcohol. Cranm proposed that these reactions proceeded by a
pathway involving both classical open ion and phenonium ion

intermediates (Chart 2),.



CHs
CHa_ o CHs_ o K _ H
O - o - = ———i

Hc”@ %{}5{ H (/{\: %CsHs @b %CaHs

" Threo III Erythro III
V//// oo
[ !
A .

CHa JH Erythro and threo

HGP C_-L,‘CBHS R - CL

’
*
'~

‘:' CL™
™~

Threo RCL

Chart 2. Proposed mechanistic scheme.

In another paper, Cram and Elhafez reported the stereo-
chemical results of the acetolysis of optically active 1,1-di-

phenyl-2-propyl brosylate, IV (28).

OBs
(CsHs)g—CH—é—CHs
H
IV
Figure 5. 1,l-diphenyl-2-propylbrosylate.
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Acetolysis of the optically active brosylate, IV, at
25°C gave rise to virtually optically pure erythro and threo
1l,2-diphenyl-l-propylacetate accompanied by minor amounts of
racemic 1,l-diphenyl-2-propy.acetate. Further, it was shown
that acetolysis of optically pure L-1,l-diphenyl-2-propyl-
brosylate and optically pure Qﬁggggg-l,2-diphenyl-1-gropyl-

brosylate produce the same ratio of threo to erythro 1,2-di-

phenyl-l-propylacetates. This latter observation strongly
suggests the intervention of a common intermediate in’ the
acetolysis of the two brosylates. Cram proposed the mechan-

istic scheme outlined in Chart 3.
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OBS

CHs 0Bs CHs JH N : JH
~.. / Sal . H&C ' L’
c—C 7 2 o C—C. 2 T C—=C~=CgHs
B | b H 7o "2/ NCeHs
CeHs CgHs . Hz CsHs
; ¢
‘AC\ /H }K /AC
r OBs - 0 - 0
Ch:;; ' B CI‘i\s ' = Ch\g ‘..H
N A ot
CelHs , ~On Colls O X
A NE BNy
l
CH‘a ',H CH3 OAc
N>
HCD;C——C-mCGHs Hem= C——C----H
CeHs OAc Cells Cells
Chart 5. Proposed mechanistic scheme.

The second part of this dissertation is concerned with

the substituent effect on the stereochemistry of the products

derived by reaction of the diastereomers of various para

substituted 1,2-diphenyl-l-propanols with hydrochloric and

hydrobromic acids.
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RESULTS AND DISCUSSION

The reactilon of'ervfhro and threo l,E-diphenylél-pro-
panol with hydrochloric or hydrobromic acid in carbqn tetra-
chloride is stereoselective. Thus, poth the erythrbtand
threo alcohols give risé to a predominance of the threc

chloride or bromide as the major product (Chart 4).

e g R
CoHs—G——C—CoHs HCL or fBY . o g O 0Qols  +
. l COls | |
H o H : ioH
‘ CHas
Eryvihro or threo trace CaHs——é==CHC6H5

Threo and erythro

Chart 4. Reaction of diastereomeric
1l,2-diphenyl-l-propanols with
hydrochloric or hydrobromic
acids.

Therefore, the reaction proceeds with net retention if the:
threo alcohol is the starting material and with net inversion
if the erythro alcohol is the starting material.

Only a small amount (ca. 1-5%) of 1,3-diphenyl-l-pro-
pene 1s formed in these reactions. Control experiments showed
that the halide produéts do not arise by addition of hydrogen
halide to 1l,3-diphenyl-l-propene.
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The stereochemistry of the halide products 1s easily
determined by nmr. The chemical shift of the methyl group
in the threo halides consistently falls approximately 0.5
pP.p.m. downfieid from the metiyl group of the corresponding
ervthro halides. Integrat.on over the methyl region of a
mixture of the two diastereomers allows computation of the

’

aryvihro to threo ratio of the mixture,

In a typical run, one-hundred milligrams of the appro-
priate alcchol dissolved in twenty ml. of carbon-tetra-
chloride was placed in a 125 ml. E_ lenmeyer flask and cooled
to zero cdegrees centigrade. = magnetic stirringvbar was
placed in the flask and then 10 ml. of concentrated hydro-
chloric acid was pipetted into the rapidly stirriné mixture.
After suiteble reaction time, the reaction mixture was.

. poured over ice and extracted with carbon-tetrachloride.
The organic layer was separated, dried, and concenﬁrated to
a volume of approximately two ml. An nmr spectrum of a

portion of this solution was recorded; the erythro to threo

ratio of the products being determined from integration over
the methyl region.

If a phenonium ion is an intermediate in these reactions
as Cram has postulated (27), then the stereochemistry of ﬁhe
halides produced in these reactions should be sensitive to

para substitusnts in the phenyl rings (Figure 6).
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Ha

| L
x——<::>——z———f——<::>——¥

H

Figure 6. p-Substituted 1,2-diphenyl l-propanols.

The effect of various substituents X and Y on the

steredchemistry of the reaction should be praedictabla from

a

considerition of the resonance effect of the substiltusnvy.

Q’)

Thus, if X is electron donating the reaction should exhibit
areater stereoselectivity than if X is electron withdrawing.
Similarly if Y is electron donating the stereoselectivity of
the reaction should decrease.

'If a classical open ion (Figure 7) was the sole inter-
mediate in the reaction, the stereochemistry of the products
would not.be expected to be sensitive to substituenf effects

and further an open ion intermediate should give rise to a

CHs

| +
CeHs—"?—?‘—CsHs

H H

Figure 7. Classical open ion.



97

" predominance of the thermodynamic product.

The intermediacy of a species involving rapid equili-
bration of the 2-phenyl group seems unlikely since such an
intermediate would require eguilibration of two ions of

greatly different energies (Figure 8). Further, in'both

CHs | Coks
® @ | |
CsHs—(lj—(!)—-CsHs R CHo—X———C—Colis
]
I H | uoH

Figure 8. Rapidly equilibrating classical cations.

this study and those reported by Cram (27) (28) no products
arising rrom the l,l-diphenyi-e-propyl cationvcbuld be de-
tected in the reaction mixtures. . |

Only one other possibility for a rapidly equiiibrating
intermediate exists (Figure 9). This intermediate involves
a rapidly equilibrating methyl group, and was excluded by

a deuterium labelling experiment.

CHsa CHs
©) ® |
CsHs—C‘?——?"—CsHs s CBHS_'?—'_—(I:_CGHS
H H H H

Figure 9. Rapidly equilibrating methyl group.



98

Erythro 1,2-diphenyl-l-propanol-1-d- was preparedﬁand
treated with hydrochloric acid under the normal reaction
conditions. If an intermediate involving rapid methyl egquili-
bration was important, four easily distinguishable chiorides

would be obtained (Chart 5). The nmr spectrum of a mixture

CHs CHs
@ ® |
CBHS_C——C—"CsHs pud CsI‘is_‘C_C_CSHS
H D E - D
R CL l CL
CHs CL CL CHs

CsHs é—CsHs CsHs—i}'——Af‘—CsHs
H D H D
A B
Ervthro and threo Erythro and threo
methyl group a . methyl group a
doublet singlet

Chart 5. Products from rapidly equilibrating cations.

of chlorides A and B would show a doublet fof the methyl group

of A and a singlet for the methyl group of B. Since the nmr

of the chloride products obtained from erythro ;,2-diphenyl—l-

propanol-1-d showed only dbublet methyl groups,‘an intermediate

involving a rapidly equilibrating methyl group can be excluded.
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Equilibration of the erytnro and threo 1,2-dipﬁenyl-l—

propanols was accomplished by gently refluxing a mixture of
the appropriate alcohol, aluainum isopropoxide, and acetone
in isopropanol for three hundred hours (32). The mixture
thus obtained consists of 54% erythro and 46% threo 1,2-di-
phenyl-l-propanol. '

Cram has equilibrated “he ervthro and Egzgg‘l,Q-diphenyl—
l-propyl formates and found that the equilibrium'mixture cen-

Lo~ o~
v U

]
m

o/ -~ - - = R Many ! RSO R B ~
557 erythro and 459 threo. Thus, the erythro isomers

Ui

sis

are more stable than the threo, although the difference is not
large.

The diastereomerically pure threo 1,2-diphenylfl-propanols
listed in Table 3 were obtained by hydrolysis éf thé,corres-
ponding n-nitrobenzoates. The erythro alcohols were in most
cases crystalline and conversion to the p-nitrobenzoate for

purification was not necessary.
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"Table 3. Substituted erythro and threo 1,2-diphenyl-1-

propanols
CHs " OH
x—@ —Si—ti —y
Diastereomer ¥ Y
Erythro H H
Erythro p-NOz H
Erythro »-CHa0 H
Erythro H CHs0
Erythro o-CE. D H
Threo i) I
Threo »-CHs0 H
Threo p-C . H
Threo 0-CHz0 H
Threo H CHsO

Table 4 shows the stereochemistry of the products as X

and Y are varied.
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-Table 4. Stereochemistry of reaction products from. substituted
1,2-diphenyl -1-propailols with concentrated HCL at 0°C

ROH RCL Rx. time
Diastereomer X Y ZE:-ythre %Ihr. o (hr.) Comments
Erythro p-CHz0 H 26% 749 6.8 rx complete
Erythro 0-CHgO H 29% 71% 8.25 rx complete
Erythro H H 55% 66% 6.5 X complete
Erythro p-NOz H 6C% L0% 9.1  rx complete
Erythro H p-CHs0 ©0% Lo 1.75 rx complete
Threo 0-CHs0 H 29 98% 1 rX complete
Threo v-Cls0 H 1195 359¢% 6 rx complete
Tareo H H 20% 80% 1.5 rx complete
Threo®  p-CL H 37% 62% 12 ca. 60%
reaction
Threo H p-CH30 46% . 54% 0.2 X .complete

%at 25°C rather than 0°C.

The data clearly show that substituents in the aromatic
rings have a profound effect on the stereochemistry of the
rcaction, |

Any proposed mechanism must account for the foliowing
observations: (a) the stereochemistry of the reaction is
dependent upon the nature of the substituents X and ¥Y;

(b) no rearranged products are observed; (c) intermgdiates
involving rapidly equilibrating intermediates are not important;
(d) the reaction proceeds with net inversion if erythro alco-

hol is the starting material and net retention if threo
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alconhol is the starting material.

The fact that no'rearranged vroducts are observe&
excludes a symmetrically bridged intermediate since such
an intermediste should give rise to procducts Trom attéck by
nucleophile at both carbens 1 and 2. The intermediacy of a
T-bridged species (17 ) would account for the observed stereo-
selectivity or the reaction and for the lack of'rearrange-
ment products. The proposed mechanism is outlined in Chart
8,

Altnough the trans T-bridged inteimedlate was proposed,
the unsymmetrical o-bonced bridged ion (Figure 10) originally

proposed by Cram (27) cannot be excluded.

X
~\\~ "’H
CHs "4 “NCeHs Y

Figure 10. o-Bonded phenonium ion.
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X
"Hgo H O =
e ©O)-r G0 o Erythro
,'g l e 6-i§©\ and
- 70 Threo
§  OCH: Crfs 0 \Yg Threo
CL RCL
Yy

N
\“ r" CL :
,L—=C E—— Threo RCL
Y NCgHLY
- C\HS H
5
P
trans ﬁ—bridged
intermediate
X
A
N _ ,H
‘\f - 220 T LT
__?.«.:a @—-Y — TN T Erythro
H of 57 (). and
CH Y
° +
6" Threo

H-"4
OHz
CH o
RCL

CL

Chart 6. Proposed mechanism.
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In terms of the mechanistic scheme outlined in Chart 7,
an explanation of the results similar to that of Cram (27)
can be given. Beginning with threo alcchol, with a strongly
electron donating substituent X = p-CH20 predominantly threo
chloride is obtainea via patnway 1 = 2 =+ 5 =+ 5. Hoﬁever,

path 1 » 3 + 5 cannot be excluded. With poorer electron

’

donating groups, X, pathway 1 = 2 =+ 4 becomes favored. With
Y = p-CHsO and X = H pathway 1 -» 2 - ﬁ'is Thought to be the
only important route of rewction.
Bezinning with erythro alcohol the trans T-bridged
intermediate, 3, cannot be formed directly and pathway é + 7-
+ 3 » 5 may be important. The open ion 7 must be formed
initially and then undergo internal rotation before.j is formed.
It is noteworthy that the stereoselectivity is lower for the
erythro series of compounds. Thus, capture of the open ion
'(path.g 5> 7 + 8) must compete favorably with internal rota-
tion. The latter pathway increases in importance as X becomes
poorly electron donating or as Y becomes strongly electron
donating. |
Another pathway is thought to be important for the threo
ortho substituted alcohol. An intermediate involving methoxyl -

participation seems attractive (Figure 11).
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Figure 1l. Procposed intermediate.

The possibility of such an intermediate 1s suggested by the
fact that the threo alcohol X = 0-JHz0 shows a higher degree
of stereoselectivity than the threo alcohol X = 0-CHs0.

The stereochemical outcome of the reactions of 1,2-di-
prnenylpropane and l-(g—methoxyphenyl)—2-phenylpropane with
N-bromosuccinimide in the presence of dibenzoylperoxide was

next investigated (Chart 7).



(Hs / (0CHs)
CeHs—C—CHa~ )—H
H
|
n l
(CeHs—C—0). l NBS ,CCL,
{Ha 7 (0CEs) [ (00ts)
OGHS—?—-CHE—\*’_ d g b CoHs—CE-CH~( -
Br Br
A B
Erythro and threo
Ba H (0CHs) jHe
CoHs—C—C— d—o +  CeHs—C=CH —H
| | = (OCHs)
Br Br N

Te:
1o

Chart 7. Reaction of 1,2-diphenylpropanes
with N-bromosuccinimide.
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The reaction products were ldentified by nmr and the
yield of each product was cdetermined by integration of
spectra of the crude product mixtures. This metnod of
ena’lyeis ciremvents fractionatio. of the dlastereomeric
products. The yields of the moncbromination products ob-
tained are given in Table 5. ©Small amounts of 1,2-diphenyl-
1l,2-dibromopropane and 1l,2-diphenyl-l-propene were.also
formed.

Table 5. Yields of monobrominavlion products obtained from

reaction of 1,2-diphenyloropane and 1(g-methoxy-
phenyl)-2-phenylprovane with N-bromosuccinimide

-Total of~ -
1,2-diphenyl- 1,2-diphenyl- 1,2-diphenyl-
Alkane l-bromopropvane l-bromopropane 2-~bromopropane
%Erythro %Threo % %
il ‘
CsHsCH-CHz-CeHs  U41% 59% 51% 497
b
CeHs-CH-CHz-CeHa~ 53% k7%, 83% 1%

OCHs

These reactions were carried out in an attempt to deter-
mine the stereochemical fate of the intermediate radical. It
was thought that rédical Figure 12 formed by hydrogen ab-
straction would be a planar species andé that the ervthro to

threo ratio of the bromides obtained from this intermediate
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would serve as a model For the otven icns derived from the
1,2-diphenyl-l-propanols. However, Tthe stereochemical out-
come of these reactions also seens to be substituent depend-

i e AL~ Ll 2 K S e~ [P O R da . -,
ent. Mechanistic implicaticns muct awailt further rescarch.

:

ical.

[oN

Figure 12. 1,2-Diphenyl-l-propyl ra
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EXPERTMENTAL

Instruments and Methods

All temperatures reporited in this dissertation are in
centigrade degraes. All melting points (m.p.) and boiling
po;nts (b.p.) are uncorrected and pressures are given in
millimeters (mm.) of mercury unless otherwise stated.

A1l nuclear magnetic resonance (rmr) Specffa were re-
corded on either a Varian Associates HR-6C or A-60 spectro-
meter. Tetramethylsilane was used exclusively as an internal
standard. The chemical shifts are reported in parts per
million (p.p.m.), (&) units.

Infrared spectra (IR) were recorded on either a Perkin-
Elmer model 21 or Infra-Cord spectrometer.  All absérptions
are given in reciprocal centimeters (cm. *). |

All carbon-hydrogen analyses were performed by Galbraith
Laboratories, Inc.

All vapor phase chromatography measurements were made

on an Aerograph Model A-90-P instrument.
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EXPERIMENTAL

Preparation of iMaterials

Threo 1,2-diphenyl-1-pr-panols

The threo L,2-diphenyl-l-propanocls were prepared oy
the addition of the approoriately substituted 2-phenyl-
p;opionaldehyde to phenyl magnecsium bromide. The prepara-
tion of threo 1,2-diphenyl-l-vropancl exemplifies the
method of preparation. Magnesium turnings (24 gm.,.l.o
mole) were added to & 2 1 three-necked round botton flésk
with 200 ml. of anhydrous ether. The flask was fitted with
a condenser, mechanical stirrer, and an addition funnel.
Bromobenzene (157 gm., 1 mole) in 500 ml. anhydréus ether
was added, with stirring at a rate sufficient to maintain
gentle reflux. After the addition of bromobenzene was com-
piete, the reaction mixture was stirred for an additional
hour at room temperature. ﬁydratropaldehyde (62.5 gm., 1
nmole) in 250 ml. of anhydrous ether was added at such a
rate as to maintain gentle reflux. The reaction mixture was
stirred for an additional two hours at room temperature after
the addition of hydratropaldehyde was completed. The re-
action mixture was poured over ice and ammonium chldride in
a four liter beaker, and sufficient 10% hydrochloric acid
was added to acidify the réaction mixture. The two phases
were separated and the aqueous phase was extracted with ether.

The combined organic material was washed with distilled water,



11l

dried over anhydrous magnesium sulfate, then filtered and
concentrated by rotary evaporation. The crude alcohol'l72 g
(81%) was distilled at reduced pressurs using a 10 cm.
Vigreax column.- The alcechol thus obtained consists of 80%
Frreg and 207 crvihro 1,7="iprenyl-l-nropancl.

Threo 1,2-diphenvl-1-rrovanol b.p., 154-156°C (1.7

ma. ), m.p. of paranitrovenzoate (PNB) 143-144°C, 1lit., m.p.
143-14h°c (26 ).

IR: 3630, 3500, 3030, 2060, 2870, 1505, 1495, 1455,
765, 697. Between salt plates. |

Nmr: CDClz; 1.22 (doublet 7 cps spacing), 1.82 (singlet),
2.95 (quintet), 4.6 (doublet & cps spacing), 7.15 (singlet).

Threo 1-phenyl-2-(p-chlorophenyl)-1-propanol b.p.,

148-150°C (0.7 mm.), yield 57.5%, m.p. of PNB, 111-112°C.
Nmr: CClé;bl.lS (doublet 7 cps spacing), 2.35 (Singiet),
2.87 (multiplet), 4.75 (doublet 6.0 cps spacing), 7.05
(multiplet).

Threo 1-phenyl-2-(p-methoxyphenvl)-1-propanol b.p.

150°C (0.1 mm.), 86% yield, m.p. of PNB, 92.8-93.8°C. Nmr:
CCls; 1.17 (doublet 7 cps spacing), 2.45 (singlet); 2.87
(multiplet), 3.54% (singlet), 4.48 (doublet 6.0 cbs spacing),
6.8 (multiplet). '

Threo l-(D-methoxyphenyl)-2-Dhenyl-l—propanol' b.p.

151-152°C (0.2 mm.), yield 47%. Nmr: CClg; 1.0 (doublet 7
cps spacing), 2.55 (singlet), 2.88 (quintet), 3.53 (singlet),
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L.5 (doublet 7.0 cps spacing), 7.86 (AB pattern); 7568
(singlet).

Threo 1-phenyl-2-{o-metnroxyphervl)-1-propznol b.p.

140-145°C (0.05 mm.), m.p. of PNB, 99.5-100.5°C. MNmr: CCla;
1.11 (dowoict T ope spacinz,, 2.55 (singlet), 3.5C (singlet),
4,66 (doublet 5.0 ecps spacing), 6.5-7.2 (multiplet), 7.06
singlet). |

Pure threo 1.2-diphenyl-1-pronanols

The various three 1,2-diphenyl-l-propanols free from di-
astereomeric impurities were obtained by hydrolysis of the
corresvonding diastercomerically pure paranitrobenzoateé.

Three grams of the appropriate p-nitrobenzoate. was
dissolved in 50 ml. of a solution which was prepared_by dis-
solving potassium hydroxide (8 gm.) in a mixture of ethanol
(100 ml.), dimethylsulfoxide (50 ml.), and water (50 ml.).

This solution was warmed on a steam bath for twenty minutes.
and then poured over ice. The alcohol was extractad into
ether and the etheral extract was washed five times with 100
rl. portions of water, dried over anhydrous magnesium sulfate,
and concentrated by rotary evenoration. The resulting alcohols
were then passed through a column of florisil. The élcohols
thus obtained were clear, colorless oils.which appeared to

be diastereomerically pure by nmr. |

Erythro 1.2-diphenyl-1-provanols

The erythro 1,2-diphenyl-l-propanols were prepared by
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reduction of the approoriately substituted 2-phenylpropyl-
phenone. Lithium alﬁminﬁm hydride was used as the reducing
agent in all cases with but cas exception. Lithium aluminum
tri -t -butoxy nydride (.6) was used to reduce 2-(g-nifrophenyl)—
DIopylphenone.

+ The reduction of 2-phenyipropylphenone to erythro 1,2~

diphenyl-l-propanol exemplifies the exXxperimental procedure

followed
A I I T . S ~ o em e o~ . ~ N ¥
A solution of 2-phenylpropylvhencne (87 wa., 0.42 nole)

in 250 ml. of anhydrous ether was &dded dropwlse to é con-
stantly stirring suspension of lithium aluminum hydride (5 gn.,
0.14 mole). The reacticn flask was fitted with a condenser,
mechanical stirrer, and an addition funnel. A positive
pressure of nitrogen was maintained throughout the reaction.
"After the addition was completed the reaction mixture was
stirred for an additional four hours at room tempergture.

The reaction mixture was cooled to zero degrees and the excess
nydride was decomposed by the dropwise addition of a saturated
potassium carbonate solution. The coatents of the reaction
flask were poured over ice and carefully acidified with 10%
hydrochloric acid. The two phases were separated and the
acueous phase was extracted with ether. The combined organic
meaterial was dried over anhydrous magnesium sulfate, then
filtered, and concentrated by rotary evaporation. The

resultirg oil was distillsd at reduced pressure to yield



65 gm. T4% of crude erythro 1,2-diphenyl-l-propanol. The
ervthro alcohol crystallized upon cooling and was recrystal-
lized from pcntane,

Brvihro 1,2-diphenyl-1-orobainol b.p. 118-123°C (1.5

mm.), m.p. 52-53°C, 1it., m.p. 51-52°C (25 ). Nmr: CCls; 1.05
(doﬁblet spacing 7 cps), 1.60 (sinslet), 2.95 (quintet), 4.5
(dGoublet 8.% eps), 7.12 (singlet).

Ervthro 1.2-diphenvl-l-provanor-1-D

Lryihro 1,2~diphenyl-l-propanol-1-D was prepared by re-
duction of 2-phenylpropylphenone with lifhium aluminum
deuteride. The reduction was conducted under the same con-
ditions as described for the preparation of erythro 1,2-di-
phenyl-l-propanol. A solution of 2—pheﬁylpropylphenone (5.0
gm., 0,024 mole) in énhydrous ether was added dropwise to a
rapidly stirring suspension of lithium aluminum deuteride

(0.25 gm., 0.006 mole) in 25 ml. of anydrous ether. After

The addition was completed the reaction mixture was stirred

at room temperature for two hours. The reaction mixture was
cooled tc zero degrees and 5 ml. of a saturated potassium
carbonate solution was added dropwise to destroy excess hydride.
The contents of the reaction flask were pcoured over ice and

the organic phase was collected. The aqueous phase was ex-
tracted with ether and the combined organic material was dried
over anhydrous magnesium sulfate. After filtration, the

alcohol was concentrated by rotary evaporation. The alcohol

!
!
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was recrystallized from pentane to yield 5.0 gm. of erythro

alcohol.

Ervthro 1 ,2-divhenvl-l-r-opanol-1-D m.p. 51-52°,

Nmr: CDCls; 1.05 (brocdened doub_2%t 7 cps spacing), 1.82
(sirglet), J.90 (quartes with Jurchcr splitting), 7.28 (two.

sharp nearly over-lapping singlets).

Ervthro 1l-phenyl-2-(p-chloroohenyl)-1-provanol m.p.

87-88°C, yield 60%. Nmr; CDCls; 1.06 (doublet 7 cvs spacing),
1.9% (singlet), 3.0 quintet), L.01 (doublet 8.2 cps spacing);
7.28 (singlet), 7.05-7.3%8 (A2Ba patfern).

ANALYSIS: Calc. for CisHisOCL: C, 73.02;»H, 6.13.
Found: C, 73.12; H, 5.07. '

Ervthro 1-phenyl-2-(p-methoxvphenyl)-l-nropanol m.p.

86-87°C, yield 60.6%. Nmr: CDCls; 1.05 (doublet 7 cps spacing),
1.95 (singlet), 2.96 (quintet), 4.58 (doublet 8.4 cpé spacing),
7.0k (A3 pattern), 7.3 (singlet).

ANALYSTS: Calc, for CigHigl2: C, 79.12; H, 7.59; Found :
C, 79.3%; H, 7.60.

Erythro-1-(p-methoxyphenyl) -2 -phenyl-1-propanol: m.p.

89.2-90°C, yield 61%. Nmr: CDCls; 1.03 (doublet 7 cps spacing),

1.84 (broad singlet), 3.0 (quintet), 3.77 (singlet), 4.6

(doubiet 8.8 cps spacing), 7.04 (HzBz pat@ern), 7.26 .(singlet).
ANALYSIS: Cale. for CisH1g02: C,'7§.12; H. 7‘50.' Pound :

C, 78.98; H, 7.36.



Erythro 1-phenyl-2-(o-methoxvohenyl)-1-propanol, oil

PN3, oil, 3,5-dinitrobenzoatef oil. Nmr: CCl.; 0.93 (doublet

7 cps spacing), 2.5 (broad siagle.), 3.51 (quintet), 3.58
(singzlet), 4.6 (doublet 7.7 cps spacing), 6.55-7.23 (multiplet),
7.22 (:inglet).

Erythro 1-phenyl-2-(p-nitrophenyl)-1-propanol

Ervthro l-phenyl-2-{p-nitrophenyl)-l-provanol was pre-
pared by the reduction of 2—(E~nitrophenyl)-l-propylphénone
with lithium aluwminum tri-t-butoxy hydride., A solution of
2-(p-nitrophenyl)-l-propylphenone (9.45 gm., 0.037 mole) in
40 ml. of anhydrous tetrahydrofuran (THF) was added drépwise
"to a rapidly stirring suspension of lithium aluminum tri-t-
butoxy hydride (10.0 gm., 0.039 mole) in 40 ml. of THF. The
reaction was conducted in a nitrogen atmosphere in a 1 l.-
three-necked round bottom flask fitited with a mechanical
stirrer, addition funnel, and a condenser. After the addi-
tion was complete the reaction mixture was gently refluxed
for four hours and then cooled to room temperature. A
saturated solution (10 ml.) of potassium carbonate was added
dropwise to destroy excess hydride. The contents of the
flask were poured over ice and the organic phase was collected.
The aqueous phase was extracted with ether and the combined
organic material was washed three times with distilled water
then dried over anhydrous magnesium sulfate. After filtering,

the crude alcohol was concentrated by rotary evaporation. The



resulting oil was chromatographed on silica gel (60 gm.).

The alcohol was eluted with bsnzene and after concentration

of the combined beizene fractions the alcohol was cbtained
. _

-~ Bom e el LT e men T2 P LI
&3 & rainv yellow crystaliline sclicd.

Brythro 2-phenyl=- -(p-nitronhenvl)-1-sropanol m.p.

105.8—103.8°c. Nmr: CDCls; 1.16 (doublet 7 cvs spacing),
1.8€ (singlet), 3.16 (quintet), 4.7& (daublet 7.76 cps
spacing), 7.28 (singlet), 7.30 and 8.13 (doublets of AaBa
pattern).

ANALYSIS: Calc. for CisiisNOs: C, 70.02; H, 5.87.
Found: C, 70.00; H,-5.84.

Paranitrobenzoates of 1,2-diphenyl-1-provanols

The paranitrobenzoates of the 1,2-diphenyl-l-propanols
wére prepared by the pyridine method ( 52).

The approvriate alcohol (3 to 5 gm.) was dissolved in
anhydrous pyridine (10 to 20 ml.) and placed in a 125 ml.
Erlenmeyer flask. A magnetic stirrer was placed in the flask
and then p-nitrobenzoylchloride (approximately 5% mo;ar ex-
cess) was added to the rapidly stirring solution.

The reaction mixture was heated on'a steam bath for
approximately 15 minutes and then stirred while cooling to
room temperature. The reaction mixture was poured'into a
separatory funnel containing 50 ml. of a cold 16% sulfuric
acid solution and 100 ml. of ether. The etheral solution

was washed a second time with 50 ml. of 10% sulfuric acid
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solution, then twice with 50 ml. of a 10% sodium hydroxide
solution and finally twice with 50 mi. portions of distilled
water. The organic material was dried over anhydrous mag-
nesium sulfate, then filtered and concentrated by rotary
evaporation. The resulting n-nitrobenzoates were recrystal-
izea from an appropriate solvent.

p-Nivrobenzoate of eryvthro 1,2-diphenvl-l-nropanol m.o.

103-104°C, recrystallized from chloroform-pentane, lit., m.p.
106-107°¢ (26). DNmr: CDCls; 1.22 (doublet), 3.%5 (quintet),.
6.09 (doublet 8.9 cps spacing), 7.26 (singlet), 7.38 (singlet),
7.90-8.3 (A2Bs pattern). '

p-Nitrobenzoate of threo—l,2—diphenyl¥lfpronanol ' m.p.

143-144°C, recrystallized from ethylacetate, 1it., m.p. 143-
144°c (26 ). DNmr: CDCls; 1.46 (doublet), 3.45 (Quintet),
6.15 (doublet 7.5 cps spacing), 7.16 (broad singlet), 7.2
(singlet), 8.27 (singlet).

p-Nitrobenzoate of threo 1-phenyl-2-(p-chlorophenyl)-1-

pronanol m.p. 111.6-111.8°C recrystallized from CCle-
ventane. IR: 1710, 1605, 1527, 1495, 1345, 1275, 1100, 720,
692, KBr. Nmr: CCls; 1.41 (doublet 7 cps spacing), 3.4
(quintet), 6.06 (doublet 7.6 cps spacing), 6.87-7.32 (multi-
plet), 8.2 (singlet).

ANALYSIS: Calc. for CzpH1s04NCL: C, 66.75; H, 4.59.
Found: C, 66.53; H, 4.52. |
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p-Nitrobenzoate of threo l-phenyl—2-(p—methoxyphenyl)-l—

Dropanbl m.p. 92.8-93.8°C, recrystallized from chloroform-
pentane. IR: 1720, 1610, 15%C, 1518, 1348, 1272, 12%2,'1100,
757, 715, 698, (KBr)., Nmr: COCla; i.hQ (doublet T cpé spacing),
3.42 (quintet), 3.75 (singlet), 6.01 (doublet 7.50 éps svacing),
6.67-7.10 (A2Bz pattern), 7.22 (singlet), 8.27 (singlet).

ANALYSIS: Cale. for Cz3Hz:0sN: ¢, 70.57; H, 5,42, Found:
C, 70.50; H, 5.57.

p-Nitrobenzoate of threo 1-phenyl-2-(o-methoxyphenyl)-1-

vronanol m.p. 99.5-100.5°C, recrysvallized from ethanol-
water. MNmr: CDCls; 1.35. (doublet 7 cps spacing), 5.67 (sing-
let), 3.90 (quintet), 6.25 (doublet 7.0 cps spacing), 6.60-
7.20 (ABCD pattern), 7.20 (singlet), 8.18 (singlet)..

ANALYSIS: Calc. for CasHzyOsN: C, 70.57; H, 5.42. Found:
C, 70.26; H, 5.54.

Substituted 2-phenylopropylphenones

The substituted 2—phenylpropylphendneé were prepared by
oxidation of the appropriate threo 1,2-diphenyl-l-propanol
with Jones Reagent (15 ). The preparationof 2-(p-methoxy-
phenyl)oropylphenone exemplifies the oxidation procedure.

Threo l-phenyl-2-(p-methoxyphenyl)-1l-propanol (4.6 gm. ,
0.0165 mole) was dissolved in acetone (50 ml.) and placed in
an Erlenmeyer flask. The flask was placed in an ice bath and

cooled to zero degrees centigrade. Jones reagent™ was added

*Jones reagent was prepared by dissolving 13.50 gm. of
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chromium trioxide in 25 nl. of water, Concentrated'sulfuric
acid (11.0 ml.) is then slowly added and the total volume of

the solution is brought up to 50 ml. by the addition of water.

ﬂpx;wiig to the repilly stizr ng wiziture "ntil the red color
of unreduced reagent persisted for fifteen minutes. 'The re—l
action mixture was stirred for an a&ditional 30 minutes and
then poured into a separatory funnel. Distilled water (500
nml.) was added and the reaction mixture was exfracted‘with
ether. The organic phase was separated and washed twice with
100 ml. portions of disvilled water and then dried over an-
hydrous nagnesium sulfate. After filtration, the'ethér was
removed by rotary evaporation. The crude ketone (oil) was
chromatographed on silica gel (30 gm.). The ketone was eluted
with Skelly solve "B", The fractions eluted with Skelly solve
"3" yere combined and the solvent was removed by rotary eva-
poration to yield 3.66 gm. (92.5%) of the ketone. |

2 - (o -Methoxvyphenyl)propylphenone Nmr: CDCls; 1.43

(double 7 cps spacing), 3.55 (singlet), 4.55 (center of quar-
tet 7 cps spacing), 6.7 (doublet of AzBs pattern), 7.13 (doub-
let of AsBaz pattern), 7.28 (multiplet), 7.9 (multiplet).

2-(o-Chlorophenyl)-propvishenone, oil Yield 92%. DNmr:

CCls; 1.42 (doublet), %.54 (quartet), 7.12 (singlet), 7.25

(multiplet), 7.83 (multiplet).
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2 -(o-Methoxyphenyl)-pronylohenone, oil Yield 98%. Nmr:

inglet), 5.0 (guartet), 7.0 (center

w

CCle; 1.40 (doublet), 3.70 ¢

-

of multiplet), 7.88 (zente- of multiplet).

o -Methoxvohenyl -2~oher let. v1 ketone, oOil Yield 89%.

Nmr: CCls; 1.44 (doudlet), .05 (singlei), 4.52 (center of
quartet), 6.70 (center of AgBs doublet), 7.16 (singlet), 7.82
(center of AsBs doublat).

sryvuro and threo 1,2-dighrav-l-nropvlihalidas

Thaqqpd=n g A m e Lol v DAL - ey KR A “n
Eryvinrs and vhreo l,2=divhenyl-l-propylhalides were pre-

Threo 1,2-diphenyl-l-propanol in carbon tetrachloride.

Threo 1,2-diphenyl-l-proparol (10 gm., O.047 moies) was
dissolved in 20 ml. bf carbon tetrachloride and placed in a
250 ml.'Erlenmeyer flask. The reaction mixture was cooled to
zero degrees and 50 ml. of the appropriate concentratgd hydro;
nalic acid was pipeted into the rapidly stirring mixture.

The reaction was stirred for four hours at zero degrees and
then allowed to come to room temperature. The.reactidn mixture
was poured over an ice and water mixture. The organic phase
was separated and the aqueous phase was extracted with carbon
tetrachloride. The combined organic material was washed with
distilled water, dried over anhydrous magnesium sulfate, then
filtered and concentrated. by rotary evaporation. The crude

mixtures of erythro and threc halides consisted of 75-80% of

the threo isomer and 20-25% of the ervihro diasterecmer. Tne
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crude halides were taken.up in ethanol. The erythro halides
are not soluable in ethansl and were collected by filtration.
The thrzo halides were obtained by concentrating the;fil—
trate and cooling to iaduce crystal'.zati.A! |

Erythro 1,2-divhenyl-1l-cropyvichlo»ide m.p. 138-139°C,

lit., m.p. 138-139°C (28). Nmr: CDCls; 1.14 (doublet 7 cps
spacing), 3.37 (double quartet), 5.07 (doublet 8.73 cps
spacing), 7.28 (singlet), 7.33 (singlet).

Thr20o 1,2-divhenyl-l-orosvlchloride m.p. 52-53°C, 1lit.,

m.p. 52-53°C. (26). Imr: CDCls; 1.52 (doublet 7 cps spacing),
3.34 (double quartet), 4.97 (doublet 8.40 cps spacing), 7.10
(singlet), 7.18 (singlet).

Erythro 1,2-diphenyl-1-proovlbromide m.p. 157-159°C,

1it., m.p. 159-160°C. (26 ). Nmr: CDCls; 1.14% (doublet 7 cps
spacing), 3.46 (double quartet), 5.07 (doublet 9.66 cps spac-
ing), 7.30 (singlet), 7.35 (singlet).

Threo 1,2-diphenyl-l-propylbronide m.p. 57-59°C, lit.,

m.p. 60-61°C (26 )., Nmr: CDClsz; 1.60 (doublet 7 cps spacing),
3.43 (doublet quartet), 5.06 (doublet 9.53 cps spacing), 7.02
(singlet), 7.1l (singlet).

Erythro 1,2-diphenyl-l-propvliodide m.p. 123-125°C.,

1it., m.p. 124-125°C. (26 ). Nar: CDCls; 1.13 (doublet 7 cps
spacing), 3.53% (double quartet), 5.20 (doublet'lO.BO cps

spacing), 7.30 (singlet).



Threo 1,2-diphenyl-l-provyliodide m.p. 130-131°C.,

1it., m.p. 130-131°C, (26). ©Nmr: CDCls; 1.61 (doublet),
3,53 (double quartet), 5.25 (doublet, 10.58 cps spacing),

7.5 (broad singlet).

Acetates of erythro and threo 1,2-divhenyl-l-nrcvanol

’

The acetates of ervthro and thrzo 1,2-dipaenyl-l-pro-

panol wzre prepared by reaction of the aprropriate alcohol

with acetyl chloride.

i,..’

Erviaro 1,2-diphenyl-l-propznol (3 gn.) was discolved

in 50 ml. ¢ anhydrous ether conteaining iv gm. o anhydrous
pyridine and placed in a 250 ml. three-necked round bottom
flask. The flask was fitted with an automatic stirrér, re-
flux condenser and an addition funnel. The alcohol-ether-
pyridine mixture was cooled by means of an ice bath to zero
degrees and a solution of acetyl—chioride (2 gn.) in 50 ml.
of anhydrous ether was added dropwise to the rapidly stirring
mixture. Afver the addition was complete, the ice bath was
removed and the reaction mixture was stirred for one hour at
room temperature and then for one hour at gentle reflux. The
reaction mixture was'poufed over ice and water was added.

The organic phaée was washed three times with 50 ml. portions
of cold dilute (10%) sulfuric acid, twice with 50 mi; portions
of a 5% sodium bicarbonate solution, and.then twice with 50

ml. portions of distilled water. The organic material was
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dried over anhydrous magnesium sulfate, then filtered and
concentrated vy rotary evaporation. The erythro acetate was
recrystallized from hepvane.

Srythro 1.2-4%vhenv: -L-sronviacetate m.p. 107-1C8°C.

Viad L

Nar: CDCls; 1.12 (doublet 7 cps speciug), +.81 (singlet),
3.2k (double quartet), 5.89 (doublet 8.65 cps spacing), 7.25
(singlet), 7.30 (singlet).

Tnreo 1,2-Aiphonvl-l-propvlacetate. oil Nmr: CDCls;

0
1.5 (double 7 ¢ps spacing), 2.0 (singlet), 2.22 (gquintet),
5.90 (doublet 7.30 cos spacing), 7.12 (singlet).

Erythro 1,2~diphanyl-l-propylicsylate

Erythro 1,2-diphenyl-l-propanol (7 gm., 0.033 moles) was
placed in a 250 ml. Erlenmeyer flask and pyridine (70 ml.) was
added. This mixture was cooled to zero degrees centvigrade and
p-toluenesulfonic acid (5.8 gm., 0.036 mole) was added over a
period of 15 minutes. The flask waé stoppered and placed in
a freezer and allowed to stand. Pyridine hydrochloride began
to crystallize from the reaction mixture aftef two days.

After six days, the reaction mixture was taken from the freezer
and poured over ice. The tosylate separated and was collected
by vecuum filtration. The crude tosylate was dissolved in a
chloroform-pentane (1:4) mixture and the organic material was
washed once with 25 ml. .of ice cold 0.5 N sulfuric agid, twice

Y

with 25 ml. portions of 5% sodium bicarbonate, once with water
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and then dried over anhydrous magnesium sulfate. Aftef filtra-
tion, the solvent was concentrated and allow.d to stand. The
tosylate was c¢collected by fi.tration and 2 second crop was ob-
tained by concentration of the mother liquors.

Erythro 1.2-dinhenyl-l-oropvitosviate m.p. 90-90.5°C,,

»

lit., 84-85°C. (26), yield 5.6 gm., %8%. Nmr: CDCls; 1.08
(doublet 7 cps spacing), 2.32 (singlet), 3.25 (quintet), 5.49
(doublet 7.95 cps spacing), 7.03 (doutlet of AxBa pattern),
7.18 (multivlet), 7.37 (doublet of AsBs pattern).

]

Rezction of the disstercomeric 1,2-divhenvl-l-progancls with

hydrobremic and hvdrochloric acids in carbon tetrachlorids’

The reaction of ervthro 1,2-diphenyl-l-propanol with con-
centrated hydrochloric acid in carbon tetrachloride exemplifies
the experimental procedure. |

Ervthro 1,2-diphenyl-l-propanol (1C0 mg.) was placed in
125 ml. Erlenmeyer flask and 20 nl. of carbon tetraéhloride
was pipeted into the flask. The flask was fitted with a con-
denser and a drying tube. A small magnetic stirrer was placed
in the flask and the alcohol was stirred into solution. An
ice bath was placed around the Erlenmeyer and the reaction
mixture was cooled to zero degrees. ConcentratedAhydrochloric
acld was cooled to zero degrees and 10 ml. was pipefed into
the rapicdly stirring mixture. The reaction was stirféd at

zero degrees for eight hours and then poured over ice in a



separatory funnel. Water was added and the organic ovhase

was separated. The agueous vrase was cxiracted with two 25
ml. portions of carbon tetrachloride, The combined organic
material was washed three times with distilled wéter, dried
over anhydrous magnesium sullfate, filtered, and then concen-—
trated by rotary evaroration at room temperature. The resi-
due was taken up in deuteriochlocrcform (1-2 ml.) and Filtered
through sintered glass directly into an nmr tube. The
erytnro to threo ratio of the product chlorides was determined
ﬁy integration over the methyl region. The methyl absorption
of the threo derivatives occurs at c.a. 1.5 and that of the
erythro diastereomer occurs at c.a. 1.2 6.

Ervihro 1-phenyl-2-(v-methoxyphenyl)-1-orovylbromide m.p.

132-133%°C. DNmr: CDCls; 1.13 (doublet), 3.43 (double quartet),
3.78 (singlet), 5.00 (doublet 9.2 cps spacing), 6.8% (doublet
of AsBs 9 cps spacing), 7.15 (doublet of A2B2), 7.30 (singlet).

ANATLYSIS: Calc. for CigH1,0Br: C, 62.96; H, 5;61. Found :
C, 62.83; H, 5.49.

Erythro 2-(p-chlorophenyl)—l-nropyldhloride Nmr: CDCls;

1.10 (doudlet), 3.30 (quintet), 4.87 (doublet 8.4 cps spacing),
6.87 (doublet of AsBs), 7.12 (doublet of AsBz), 7.12 (singlet).

Threo 2-(p-methoxyphenyl)-1-sropvlbromide,. oil Nmr :
CCls; 1.51 (Goublet 7 cps svacing), 3.3 (double quartet),
3.45 (singlet), 4.95 (doublet 9.2 cps spacing), 6.52 (doublet
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of A2B2, 9 cps spacing), 5.82 (doudblet of AzBz, 9 cps
spacing), 6.84-7.30 (multiplet).

Mass spectrum: gave wmolLecular ion 304, 306; base peak

Threo 2—(D-chlorop§9nyl\~l—nronvlchloridglfoil Nmr :

CDCla; 1.45 (doublet), 3.30 (quintet), 4.87 (ddublet 8.% cps
spacing), 6.9 (doublet of AsB»), 7.12 (doublet of A:3z),
7.12 (singlet).

Ervthro 2-(n-nitrovhenvl)-1l-vropvylbromide m.p. 156-

140°C., Mmr: CDCls; 1.16 (dounlet 7 cps spacing), .62 (double
quartet), 5.03 (Coubvlet 9.7 cps spacing), 7.35 (singlet),
7.40 (doublet of AzBz, S cps spacing), 8.20 (doublet of AsBz,
8 cps spacing).

ANALYSIS: Cale. for CisHi4D2NBr: C, 56.45; H,:u.ll.
Found: C, 56.30; H, 4.11. |

Eryiars 2-(p-chlorophenyl)-1-propylbromide m.p. 1l15--

116°C. Nmr: CDCls; 1.10 (doublet), 3.45 (double quartet);
4,98 (doublet 9.6 cps spacing), 7.20 (doublet of AsBz, 9 cps
spacing), 7.30 (doublet of A2Bz, 9 cps spacing), 7.30 .
(singlet).

ANALYSIS: Calc. for CisH:4CIBr: C, 58.18; H, 4.56.
Found: C, 58.18; H, 4,41,

Threo 1-phenyl-2-(p-nitrophenyl)-1-nropylchloride Nmr :

CCls; 1.51 (doublet), 3.43 (quintet), 4.90 (doublet), 7.13
(singlet), 7.1% (doublet of AzBz), 7.98,(doublet of AzBz, 9

cps spacing).
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"Threo l-phenyl-2- ('—nltrophenvl)—l-proovlbfomlde Nmr :

CDCls; 1.60 (doublet), 3.58 (double quartet), 5.08 (doublet
9 cps spacing), 7.15 (singlet), 7.17 (dsublet of AzBz), 8.0
(doublet of AzBa).

Threo 1-vhenvl-P-{u-notiaxyoenyl) ~L-nrooylbromide

.....

m.p. 86-87°C. Nmr: CDCls; 1.52 (doublet 7 cpsz spacing), 3.66

(singlet), %.83 (double quartet), 5.35 (doublet 8.60 cos

spacing), 6.5-7.42 (multiplet). |
ANALYSIS: Cale, tor CigHi,03r: C, 62.91; H, 5.01.

Found: C, 62.76; H, 5.70.

Ery-hro 1l-phenvl-2-(o-methoxvphenyi)-1l-prooylchloride
Nmr: CDCls; 1.10 (doublet 7 cps spacing), 3.66 (singlet),}
3.76 (quintet), 5.19 (doublet 7.6), 6.5-7.4 (multiplet).

Thrzo l-phenyl-2-{o-methoxyphenyl)-1-propvichloride

Nmr: CDCls; 1.41 (doublet), 3.60 (singlet), 3.75 (quintet),
5.19 (doublet 7.l cps.spacing), 6.5-7.4 (multiplet).

Erythro l-(n-methoxyphenyl)-Q-Dhenyl-l-propyl.bromide

p. 106°C decomposition. Nmr: CDCls, 1.13 (doublet), 3.46

m.
(double gquartet), 3.76 (singlet), 5.06 (doublet), 6.64
(doublet of AzBz), 7.28 (doublet of AzBz), 7.28 (singlet).

Threo 1-(p-methoxyphenyl)-2-ohenyl-1l-propylbromide

m.p. 106°C decomposition. Nmr: CDCls, 1.57 (doublet), 3.46
(double quartet), 3.65 (ginglet), 5.09 (double%), 6.65
(doublet of AzBz), 7.12 (doublet of LzBs), 7.06 (singlet).

ANALYSIS: Calc. for CigH170Br: C, 62.95; H, 5.61.
Found: C, 62.76; H, 5.70. ‘
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Ervthré 2 -(p-methoxynhenyl)-1l-vhenvl-l-propylchloride

Nmr: CDCls; 1.12 (doublet), 3.27 (3uintet), 3.72 (singlet),
4.90 (doublet 8.4 cps spacinc), G.62 (doublet of A2Bz 9 cps
spacing), 7.92 (doublet of A=3z 9 cps spacing), 7.23 (singlet).

Threo L-phenyl-2-(p-mevhoxyvsohenvi)-l-propylchloride, oil

Nmp: CDCls; 1.U44 (doublet), 3.23 (quintet), 3.60 (singlet),

4,83 (doublet 8.3 cus spacinz), 6.56 (doublet of AzBs), 6.85

("]

(coublet of AsBs), 7.06 (singlet).

Dryshro le-cshenvl=2=/p-ailsronicuyl)-l-propvlchloride

Nar: CCls; 1.20 (Goublet 7 cens spacing), 3.45 (quintet), 4.90
(Goublet), 7.25 (singlet), 7.28 (doublet of AzBz), 8.10
(dou"olet of AzB; ) .

Tr.reo 1-(p-methoxyohenyl) -2-phenvl-1l-propylchloride

Nmr: CCle; 1.48 (doublet), 3.28 (quintet), 3.52 (singlet),
4.87 (doublet), 6.58 (doublet of A2Bz), 7.11 (doublet of

AsBz), 7.14 (singlet).

Ervithro 1-(»-methoxyohenyl)-2-phenyl-1-prooylchloride

Nmr: CCle; 1.12 (doublet), 3.28 (quintet), 3.62 (singlet),
4L.88 (doublet), 6.72 (doublet of AzBs), 7.0 (doublet.of
AsBs), 7.0 (singlet).

Threo l-phenyl-2-(p-chlorophenvl)-1l-propylbromide

Nmr: CCls; 1.47 (doublet), %.30 (double quartet), L4.88

(doublet), 6.79 (doublet of AzBz), 7.0l (doublet of AzBa,

7.0L (singlet).
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2 -(p-Methoxyphenyl )propionaldehvds

The 2-(p-methoxyphenyl)propionaldehyde (p-methoxynydra-
tropaldehyde) was prepared oy the acid catalyzed rearrange-
ment of l-(g—methoxyphenyl)—1,2—dibromopropane (anethole
dibr-mide).

. Anethole (148 gm., 1 moie) was placed in a three liter
three -necked flask and pentane (500 ml.) was added, The flask
was fitted with a reflux condanser, addition funnel and a
rachanical stirrar., Tha anethole-pentane solution wés cooied
to =20°C and then a solution of bromine (1 mole) in pentane
(150 ml.) was added drcpwisc with constant ctirring. The
anethole dibromide crystallized from the pentane sclution and
was collected by filuration yielding 260 gms., 847.‘t'

Anethole dibromide (148 gms., C.48 mole) was placed in
a two liter single necked round bottom flask and ethanol
(200 ml.) was added followed by six hundred ml. of fifteen
percent sulfuric acid. A magnetic stirring bar was placed in
the flask and then the flaskx was fitted with a refiux con-
denser. The mixture was stirred and maintained at gentle re-
flux for ten hours. After cooling to room temperature, the
reaction mixture was‘poufed over ice and extracted with ether.
The ether layer was washed three times with distilled water,
dried over anhydrous magnesium sulfate, and thenvcoﬁéentrated
on the rotary evenorator. The resulting oil was vacuum dis-
tiiled and the fraction distiiling between 88-90°C at C.2 mn.

was collected giving 52 gm., 65% yicld of p-methoxyhydratrop-
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aldehyde.

2-(p-Methoxyphenvl)propionaldehvde (p-methoxvhyvdratrop -

aldehvde)  b.p. 90°C., 0.2 mm., 1it., 100°C., 2 mm. (68 ).

Nwmr: CDCls; 1.%4 (coublet). 3.52 (ouartet each peak further

split into a doublet), 6.85 (doublet).

1-(o-Methoxyphenyl)-1-oronene

The 1-(o-methoxyphenyl)-l-propene was prepared from
1-(o-methoxyvhenyl)-l-propancl by acid catelyzed dehydration.

One mole of o-methoxybenzaldehyde in five hundred ml.bo1
anhydrouvs ether was added crovwlise to a rapldly stirring
solution of ethyl magnesium bromide (1 mole) iﬁ anhydrous
ether (1500 ml.). After the addition was complete, the re-
action mixture was stirred at reflux for 'an additional two
hours and then allowed to cool to room temperature. The re-
action mixture was poured over ice and acidified with ¢
fifteen percent hydrochloric acid solution. The organic phase
was separated and washed fhree times with distiiled water (100
ml. portions), dried over anhydrous mdgnesium sulf'ate, filtered
and concentrated by rotary evaporation. The alcohol (an oil)
was taken up in benzene (150 ml.) and placed in a single
necked round bottom flask (500 ml.). P-toluene sulfonic acid
(1/2 gram) was added and the mixture was gently refluxed for
sixteen hours and then allowed to cool to room temperature.
Tne reaction mixture was poured over ice and the organic phase

was separated, dried over anhydrous magnesium sulfate, filtered
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and vacuum distilled. The fraction distilling between 52°C
and 56°C at 0.05 mm. was collected. An nmr of this material

showed the presence of both the ¢ls and trans olefins, yield

60 gm., L0%.

1-(o-Yethoxyphenyl)-l-nropene b.p. 52-56°C, (0.05 mm.).

Nmy: CCls; 1.51 (doublet 6 covs spacing), 1.535 (doublet 6 cps
spacing), 3.65 (singlet), 5.92 (quartet), 6.27 (gquartet),

5.5% (singlet exhibiting further splitting), 6.71 (singlet ex-
hibiting further splitting), 0.7-7.37 (multiplet).

1-{o=Methoxvohenyl)-1,2-dibrononronana

The 1-(o-methoxyphenyl)-1,2-dibromopropane was prepared
by the addition of bromine tc l—(gjmethoxypheﬁyl)-l-propene
using the same procedure as described for the preparation of
1-(p-methoxyphenyl)-1,2-dibrompropane. The dibromide (an
oil) was obtained after removal of the pentane by rotary eva-
poration and was used without further purification.. Yield |
121 gms., 88%.

2 -(o-Methoxvohenyl) -propionaldehyde

The 2-(o-methoxyphenyl)propionaldehyde (o-methoxyhydra-
tropaldehyde) was prepared by the acid catalyzed réarrangement
of l—(é—methoxyphenyl)—l,2—diﬁ}omopropane.
l—(g—MethoxyphenyD—l,E—dibromopropane (121 gm.,”0.39
mole) was placed in a one liter round.bbtfom flask and ethanol

(100 ml.) was added. A magnetic stirring bar was placed in

the flask and five-hundred ml. of fifteen percent sulfuric
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acid was added. The reaction mixture was gently refluxed for
ten hours. After cooling to room temperature, the reaction
mixture was poured over ice and extracted with ether. The
organic layer was washed with distlliled water, dried over
anhycérous magnesium sulfatz, IJil*ered and concentrated by
rotary evaporation. The resultinz oil was vacuum distilled

yielding 45.7 ems,., 71% 2-(o-methoxyohenyl)propionaldehyde,

2 -( o-Methoxvohenvl )orovionaldehvde b.p. 92°C., (0.2

mm, ). Nmr: CCla; 1.3 (doublet), 3.75 (singlet), 3.76 (quartet),
6.96 (multiplet), 9.55 (Goudlet C.6 cps spacing).

2-(p-Chlorophenyl )orovionaldenyde

The 2-(p-chlorophenyl)propionaldehyde was vreparsd by
the Darzens glycidic ester condensation (61).

Ethylchloroacetate (0.5 mole), R—chloroacetophenohe
(0.5 mole), and 100 ml. of benzene were placed in a two liter
three nacked round bottom flask. The flask was fitted with
a reflux condenser and a mechanical stirrer. Potassium t-
tutoxide (0.5 mole) was added in small portions over a two
hour pericd and the reaction mixture was stirred for an addi-
tional twenty-four hours. The reaction mixture was poured
over iée and extracted with venzene. The organic material was
dried over anhydrous nagnesium sulfate, filltered and vacuum
distilled. The fractions distilling between 115-122°C. at
0.75 mn. were collected. The glycidic ester thus obtained

was placed in a one liter round bottom flask and sodium



ethoxide in ethanol (5.8 gms. sodium in one nundred ml.
ethanol) was added. The reac:ion mixture was stirred Ffor two
hours and then the flask was surrounaed by an ice bath.

Eigoo ml. of ~rater was eided drovwise to the reaction mixture
and the sodiuam sal% of the glycidic ester separated from tne
reaction mixture. The salt was placed in an Erlenneyer
flask (500 ml.) and waé de ~nosed by treatment with a hydro-
chloric acid sclution (28 ml. concentrated hy{rochloric acid
in 150 ml., water). After the initial cvelution of carbon
dioxide subsided, the reactlon mixture was neated on a steam
bath for two hours and then allowed to cool to room vempera-
ture. The reaction mixture was poured over ice and extracted
with ether. The organic material was washea with water,
dried over anhydrous magnésium sulfate, filtered and concen-
trated by rotary evaporation. The reéulting oil was wvacuum
distilled &nd the fraction distilling between 78-80°C. at

0.8 mm. was collected yielding the :ldehyde (12.72 gm.).

2-(o-Chlorophenyl )oropionaldehyde b.p. 78-80°C.,

(.8 mm.). Nmr: CCls; 1.37 (doublet 7 cps spacing), 3.55
(quartet with each peak further split into a doublet), 7.2

(center of AzBp pattern), 9.57 (douvlet 1 cps spacing).
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