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SUMMARY 

A series of diasteromeric amides and carbamates have been prepared, and 
comparisons are made between the gas-liquid chromatographic separations obtained 
with several stationary phases in capillary columns. These are: SE-54 as a non-polar 
phase, polyethylene glycol polar phase, and a liquid crystal phase, cho!esteryl para- 

chlorocinnamate (CpCC). For the compounds studied, the CpCC column provided 
greater separation factors than the other two columns. Since the elution order of pairs 
of diasteromers was the same on all three columns, the enhanced separation with 
CpCC suggests greater sensitivity of the ordered mesophase to the shape of the 
solution conformers of solute molecules. 

INTRODUCTION 

Application of liquid crystals as stationary phases fcr the gas-liquid chromato- 
graphic (GLC) separation of insect sex pheromones and related aliphatics has gener- 
ally resulted in resolution of these compounds superior to that achieved on polar and 
non-polar isotropic phases’-3. The ordered character of the liquid phase is eminently 
suited to discriminating these substrates, many of which are aliphatics bearing one or 
two olefinic links and a chain-terminating oxygenated functionality_ An occasional 
structure has a methyl branch. These materials tend to occur in nature as complicated 
mixtures whose exact composition is crucial for eliciting insect sexual behavior4. 

We have also found that capillary columns that- have beerr coated with the 
liquid crystal, cholesteryl cinnamate, were particularly valuable in connection with 
the synthesis of a series of diasteromeric amides’. Because of current interest in 
asymmetric organic synthesis69, rapid chromatographic analysis of diaster&omeric 
intermediates to determine configurational purity (and absolute configuration) is also 
important in chromatography. We wish to extend our observations of cinnamate 
ester liquid crystal columns to commonly employed diastereomeric derivatives, and 
describe here the preparation, coti,ourtional analysis, and chromatographic proper- 
ties of a series-of diastereomeric pairs of amides and carbamates. Comparisons are 
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Fig_ 1_ Syntheses of configurationaIIy biased amides I-XIII from (I)-ephedine. LDA = Lithium diisopro- 
pylamide. MTM = methyl thiomethyt 

made between the separations obtained with the following stationary phases: SE-54 
as a non-polar phase. Carbowax 201M as a polar phase, and cholesteryi para-chloro- 
cinnamate (CpCC) as a typical cholesteric hquid crystal phase’“*. 

EXPERIMENTAL 

Ca_diary coiunms 
The SE-54 fused-silica column was I5 m x 0.25 mm I.D. and was purchased 

from .I_ W_ Scientific (Ranch0 Cordoba, CA, U.S.A.)_ The Carbowa.. 20M fused- 
silica column was 15 m x 0.20 mm I.D. and was obtained from Hewlett-Packard 
(Avondale, PAI U.S.A.). The CpCC columns were 20 m x 0.20 mm I.D. and were 
prepared in our laboratories from etched soft glass coated by the static method. 
Column A was prepared with a 0.25% (w/v) CpCC in methyIene chioride, and 
column B was prepared with 0.10 “/;; (w/v) soIution_ Each column was conditioned for 
2 h at 200°C prior to use. 

Al1 work was done on a Varian 3700 or Varian 1400 instrument with a user- 
designed ah-glass capillary system_ The carrier was helium and the linear flow velocity 
was IS cmjsec. The inIet split ratio was ca. 100: i and detector make-up flow was 30 ml 
of nitrogen/min. 

The amides I-XI (Table I) were prepared as follows_ Amides derived from (i)- 
ephedrine were alkylated in the manner recently described for (S)-proiinol and (l)- 
ephedrine (Fig. IA)‘*’ lY1’_ The resulting amides were hydrolyzed producing acids of 
known conf@rationd bias (see Appendix)_ The acids then were converted via acid 

* .Mendon of a commexiaI or proprietary product does plot constitute an endonement by t&e USDA. 
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Fig. 2. Synthesis of the R-enriched carbinols for carbamates XV-XVIII. 

halides to amides of (R)-a-methylbenzylamine”. 
Alkylation of phenylacetamides of chiral &aminoalcohols such as (l)-ephed- 

rine (Fig. 1 B) have not been discussed, therefore, the assigrmrent of configurations for 
amides XII and XIII (Table I) was based on high-performance liquid chromatogra- 
phy (HPLC) elution orderi and ‘H nuclear magnetic resonance (NMR) analysis of 
the purified diastereomers (Table II). 

The urethanes XIV-XXI (Table 1) were prepared from the appropriate second- 
ary carbinol by sequential treatment with phosgene-triethylamine in ether, and (@-a- 
methylbenzylamine-triethylamine. Samples of(R)- and (.S)-2-octanols (Aldrich) were 
employed to prepare XIV. The related 3-octanols that were used to make carbamates 
XV-XVIII were synthesized as shown in Fig _ 2. The 5-octyn-3-one was prepared by 
standard methods from I-pentyne and propionaldehyde. Reduction of that ketone 
with lithium aluminum hydride (LAH) modified with (I)-N-methylephedrine pro- 
duced 5-octyn-3-ol with an enantiomeric excess of 36% R (ref. 14). The ratio of 
enantiomers was determined by esterilication with (S)-a-methoxy trifluoromethyl- 
phenyl acetyl chloride (MTPA-chloride)‘“*‘6. Samples of the R-enriched alkynol were 
reduced with Ni(OAc)JNaBH, (ref. 17) to give the predominantly &alkenol and 
with LAH to give the trolts-alkenol. Finally, hydrogenation of the alkenols over Pt in 
propionic acid yielded the R-enriched saturated 3-octanol. Carbamate XIX was pre- 
pared as a mixture of four diastereomers from commercial 4-methyl-3-heptanol. The 
phenyl carbamates XX and XX1.wer-e synthesized from the racemic carbinols, and 
con@uration assi,ment was based on HPLC elution order and, in the case of XXI, 
‘H NMR evaluation of the purified diastereomersi3. 

RESULTS AND DISCUSSION 

Investigations by Dewar and Schroeder’*” using packed columns and vari- 
ous azoxybiphenyl derivatives for stationary liquid phases indicated the utility of 
ordered phases for the separation of simple benzenoid derivatives_ Their observations 

* Commercial (R)-z-methylhenqlamine (Aldrich, hlilwaukee, WI. U.S.A.) was >,92% enantiomeric 
txcess (ee) as judged by the di&scrcorncric a&ides formed with (S)-MTPA-chlorido and was employed 
without further purification. 



T
A

U
L

I!
 I 

G
A

S
-L

IQ
lJ

ID
 C

tI
R

O
M

A
’I

’O
G

R
A

P
tt

tC
 D
A

T
A

 F
O

R
 D

IA
S

’l+
E

R
l’O

M
E

R
IC

 
A

M
ID

E
S

 A
N

D
 C

AR
BA

M
A’

TE
S 

Co
lu

m
n 

te
m

pc
ru

tu
rc

s 
w

cr
c 

11
s fo

llo
w

s 
fo

r 
A:

SE
.5

4;
 

l7
W

’C
 f

or
 1

.X
1;

 
I9

o”
C 

fo
r 

til
l 

im
tl 

XI
II;

 
Cl

lrb
ow

ax
 

20
M

; 
16

0°
C 

fo
r 

I-X
I; 

IH
O

T 
ro

r 
XI

I 
nn

d 
XI

II;
 

C
pC

C
 

co
lu

m
n 

A;
 1

4S
eC

, C
ol

um
ll 

Ic
m

pc
ra

tu
rc

s 
w

cr
c 

11
s fo

llo
w

s 
fo

r 
I):

 S
E.

54
; 

20
0°

C 
fo

r 
XI

V-
XI

X;
 

21
0°

C 
fo

r 
XX

 
iin

d 
XX

I; 
Ce

rb
ow

ux
 

20
M

; 
17

0°
C 

fo
r 

XI
V-

XI
X;

 
19

0°
C 

fo
r 

XX
 

an
d 

XX
I; 

C
pC

C
 

co
lu

m
n 

II;
 

14
5°

C 
fo

r 
XI

V 
nn

d 
XV

; 
15

5°
C 

l’o
r X

IX
; 

16
O

T 
fo

r 
XV

I-X
VI

II,
 

XX
, 

m
l
 

XX
I. 

0 
H

 

I-X
III

 
R,

R~
 C

H
&

JH
 -~

n
llC

H
3:

 
XI

V-
XX

II 
lll

c 
co

rr
es

po
nd

in
g 

cl
\rb

om
ul

cs
 

T
-7

 
/ 

\ 
._

_
.^

_
..

_
._

_
_

.-
_

_
I_

-,
._

_
 

_
- 

-.
1

-.
- 

._
_

_
_

. 
_

 
..

_
. 

_
--

“-
L

. 
--

. 
--

-.
 

.-
.-

 
--

--
..

 
. 

- 
.-

- 
_

 
_

._
_

 
_

_
 

_
_

._
._

_
_

._
_

- 
._

_
_

 
- 

._
..

_
_

_
_

_
 

_
 

_
_

. 
_

_
-_

- 
._

_
._

_
 

-_
- 

._
_

^_
_

 
._

_
. 

-_
-_

_
-.

_
_

-.
-.

.-
II

 

co
np

lu
tlJ

; 
R

, $
1 

SE
-5

4 
C~

lrh
ol

vc
ls

 2h
u 

qc
c 

(c
oh

an
r 

A)
 

__
_.

._
__

._
-- 

_.
._

. .
 _ 

__
-_

-._
---

_.
._

 
-._

_.
 

---
_ 

_.
l-_

-.-
_-

 
__

.-_
_.

_ -.
_-

.-_
-- 

__
-._

__
.-_

__
-_

__
_-

~-
.~

-.-
-- 

k’
 

(N
J)

 
k’(

S,
R)

 
a 

k’
(N

,R
) 

k’(
S,

R)
 

a 
k’

(R
,R

) 
k’(

S,
H)

 
a 

._
__

__
__

__
__

__
__

__
._

,_
__

_.
__

._
__

__
__

__
,_

_,
__

__
__

 
__

_ 
._

--_
-. 

-_
_ 

_”
 _

-_
. ,

_-
._

~_
..-

~_
_-

.-_
.-_

-- 
_.

. .
 _

_ .-
_.

_~
__

__
__

-_
-_

-_
_-

_-
_.

-.
 

__
- 

I; 
a-

1;
, C

J-
I, 

II;
 

I~
N~

m
cl

hy
l 

11
1;

 C
l&

, 
IS

O
’C

,H
, 

1v
; 

C
H

,, 
/I-

cs
t1

, 
V;

 I
V.

N.
m

ct
hy

l 
VI

; 
ct

t,,
 

dy
, 

V
II

; C
al

&
, h

o-
C

,H
, 

V
II

I;
 C

IH
,, 

n
-C

,H
, 

lx
; 

C
$I

$,
 /I

’%
,H

y 
x;

 n
-C

JI
,, 

fl.
C

~
H

‘, 
X

I;
 /I

$y
I,

,, 
/l

.C
,H

,J
 

X
II

; C
H

J,
 C

,H
, 

X
II

I;
 C

,H
,, 

C
&

l,
 

X
IV

; C
l&

, r
K

bH
,, 

XV
; 

CJ
I,,

 
IIG

H,
,, 

X
V

I;
 C

IH
,, 

/t
.C

S
H

,C
d-

 
X

V
II

; 
C

&
, 

a-
C

,t
t,

C
H

~
C

tl
- 

(z
) 

X
V

II
I;

 
C

.$
t,

, 
/I

-C
,H

,C
H

=
C

H
- 

!E
) 

3,
03

 
3,

09
 

I.0
21

 
4.

95
 

4,
95

 
I.0

00
 

3.
91

 
40

06
 

1,
04

0 
4.

lR
 

4.
44

 
1,

06
0 

6.
82

 
6.

15
 

1,
01

9 
5.

91
 

6-
31

 
I.0

58
 

5.
06

 
50

16
 

1,
01

8 
5.

50
 

5,
68

 
1.

03
4 

7.
81

 
8.

18
 

1,
04

8 

4,
36

 
4.

44
 

I.0
18

 
6,

93
 

7,
18

 
1.

03
6 

3,
05

 
3-

09
 

1,
01

3 
70

76
 

80
26

 
1,

06
4 

a,
50

 
9,

13
 

1,
07

1 
4,

11
1 

5,
17

 
1.

05
9 

12
89

5 
I4

02
4 

1,
10

0 
10

,1
11

 
10

66
3 

1.
04

4 
II,

50
 

12
,0

x 
1,

05
0 

l7
,ll

 
18

,2
l 

I.0
65

 
7,

47
 

7.
60

 
I.0

17
 

15
06

2 
I5

,7
9 

I,
01

 I 
7,

oo
 

8.
00

 
I.

14
3 

$7
0 

9.
90

 
I.

13
8 

16
,3

6 
17

,8
6 

I.
09

 
IO

,7
1 

II,
5 

1.
07

 
IO

,2
1 

10
.5

7 
I,

04
 

4.
64

 
4.

86
 

1,
04

6 
5.

07
 

5,
36

 
1.

05
6 

6.
79

 
7.

25
 

I.
06

8 
4.

39
 

4,
53

 
1,

03
3 

4.
93

 
5.

14
 

1,
04

4 
6.

50
 

6.
86

 
I.

05
5 

5.
47

 
5,

47
 

I.0
00

 
6.

76
 

7.
35

 
I,0

88
 

8.
47

 
9,

29
 

1.
09

7 
4.

13
 

4.
33

 
1.

04
x 

3,
87

 
4.

03
 

1,
04

3 
4.

63
 

4,
uo

 
1.

03
6 

6.
93

 
7.

93
 

I.1
44

 
7.

57
 

8.
64

 
1,

14
1 

4.
65

 
4.

96
 

1,
06

6 
2,

oo
 

20
08

 
1.

03
9 

8.
92

 
9.

23
 

1,
03

7 

3.
60

 
3.

73
 

1.
03

7 
4.

12
 

4,
38

 
I.

06
5 

6.
28

 
6,

64
 

1.
06

 

3,
93

 
4.

07
 

I.
03

4 
5.

08
 

50
27

 
I .

03
8 

7.
82

 
8,

18
 

I .
05

 



X
IX

: C
,H

,, 
/r

C
SH

,C
H

(C
H

,)
- 

30
40

 
3,

50
 

1,
02

9 
(3

,3
1,

 
3,

46
 

30
5X

) 
1,

04
7 

(1
2,

52
8 

12
.9

9 
1,

03
8 

1,
03

3 
I3

02
0 

13
.5

0)
 

1,
01

7 

xx
; C

H
J,

 C
&

l, 
X

X
I,

 a?
,, 

C
,I

I,
 

1,
02

7 
4,

43
 

4#
57

 
1,

03
0 

7,
96

 
R

,3
l 

1,
04

4 
20

,lO
 

2l
.H

 
I,

08
 

20
73

 
2.

67
 

1,
02

5 
4.

3 I
 

48
31

 
I.

00
0 

80
89

 
8.

43
 

l-
07

 

‘H
 N

M
R

 D
A

T
A

 FO
R

 I’
H

B
N

Y
L

 SU
B

ST
IT

U
T

E
D

 A
C

ID
 A

N
D

 C
A

R
B

IN
O

L
 D

E
R

IV
A

T
IV

E
S 

!N
 N

M
R

 bu
cc

r w
cr

c o
bt

ai
ne

d i
nd

ilu
cc

C
’H

C
I;

I so
lu

tio
n w

ith
 [I

 N
ic

ol
ct

 30
0 M

H
z q

%
!c

tr
om

ct
cr

. Sh
if

ts
 W

C
 rc
po

rf
cd

 in
 pp

m
 do

w
nf

ie
ld

 fr
om

 (C
H

,)
,S

i, 
V

nl
uc

s o
f 4

6 
IW

 
ob

W
&

 
fr

om
 6&

,, 
H

D
L

C
 co

lle
ct

io
ns

 w
er

e m
ad

e w
ith

 II
 25

0 m
m

 x
 I

8 
m

u 
l,D

, c
oh

lm
n o

f B
io

si
l-

A
, 2-

10
 /(

In
, e

m
pl

oy
in

g h
ex

nn
c-

ct
hy

l IK
C

II
I~

C
 

(9
:l)

 u
t n

 fl
ow

-n
1c

 
of

 9
.9

 m
l/m

in
! C

ur
bu

m
at

c X
X

 w
11

s no
t 

rc
so

lv
cd

 b
y 

H
PL

C
 am

I c
ol

lc
ct

io
~~

s of
 m

&
ri

al
 d

ur
in

g p
cu

k c
lu

lio
n w

cr
(:

 em
pl

oy
ed

 to
 c

st
eb

lis
h r

ch
lti

vc
 ru

tc
s 

of
 c

lu
tio

n 
of

 I
hc

 
di

us
tc

rc
om

cr
s 

on
 L

C
 ve

rs
us

 G
L

C
. 

C
or

tl/
to

r~
nr

l 
E

/r
rli

rt
tr

 or
rlc

r**
 

A
’ 

11
2 

M
,(

“C
) 

4,
 

43
 

4 
64

 
4,

 
A

fit
 

--
--

--
 

__
-.

 
--

__
 --

- 
- 

--
-_

t-
--

.-
--

~
 

_
L

_
-.

--
-.

.~
--

- 

XI
I 

I 
(S

,R
)*

 
w

, 
C

l-
l, 

13
2-

13
4 

5,
09

 
1.

35
 

3.
53

 
2 

(R
,R

)*
 

C
H

S 
C

&
 

11
1-

11
4 

5.
08

 
1.

39
 

3.
57

 
0.

01
 

-0
.0

4 
-0

.0
4 

X
II

I 
1 (

W
!)

 
C

&
l, 

C
2I

-h
 

11
6-

11
9 

5,
09

 
1.

35
 

38
21

 
2 

(I
(,

 R)
 

c2
14

 
W

h 
G

G
-(

I8
 

5.
09

 
I.

41
 

3.
24

 
0.

00
 

-0
.O

G
 

- 
0.

03
 

X
X

I 
I 

(R
R

) 
G

J-
1,

 
C

F
, 

73
-7

4 
4.

H
4 

I.
54

 
6.

07
 

2 
(S

, R
) 

C
F

J 
&

I-
I,

 
13

2-
13

5 
4,

82
 

I ,
48

 
6.

05
 

0,
02

 
0.

06
 

0.
02

 

d 

*b
 C

,ll
,C

IW
I,

C
=

O
 

fo
r X

II
-I

 =
 1

.5
1;

 X
II

-2
 =

 1
.5

1.
 

**
 T

he
 fi

rs
t c

on
fi

gu
ra

tio
n d

es
ig

na
to

r rc
pr

cs
cn

ts
 th

e 
ac

id
 rc

si
du

c.
 T

he
 s

ec
on

d d
es

ig
na

to
r r

ep
re

su
lts

 th
e 

(u
nw

rr
ic

d)
 ch

ir
ul

 uu
xi

liu
y.

 



P. E. SONNET, R. R. HEATH 1 

s cisoid 

Fig. 3. Solution conformers of diastereomeric rtmides and carbamates13. R, and R2 are saturated al&+-! 
groups with R1 longer than R,. 

suggested that the more rod-shaped molecule of a set of isomeric molecules would be 
preferentially dissolved (partitioned) by the ordered phase. This seemed consistent 
with the separations of olefins’-3; the c&isomers which are -‘kinked” tend to elute 
first. and the separation for cis-rr~ns pairs increases as the site of the double bond is 
shifted toward the middle of the chain. 

Lochmiiller and Souter” have investigated optically active liquid crystal 
phases for the separation of enantiomers. Although this polyamide (“ureide”) phase 
provided excel!ent separation of chiral amides. the low mesophase transition tem- 
perature has precluded more extensive use of the phase. More recently Frank er al.‘” 
have described an optically active isotropic, hence temperature-stable, phase that 
provided excellent separations of enantiomeric amino acid derivatives. The dia- 
stereomeric pairs listed in Tables I and ii were, in fact, analyzed with a chirasil-val 
column (25 m x 0.20 mm I.D.) obtained from Applied Science Labs., and the separa- 
tions were always less than those obtained on CpCC columns. The performance of 
the chirasil-c-al column was intermediate to that of the two columns with isotropic 
phases in most cases. Thus we were led to make a comparison of the CpCC column 
with conventional isotropic phases. namely SE-54 and Carbowax 2GM with a view to 
examining elution orders as well as relative separations_ 

The chromatographic elution orders of diasteromeric amides, carbamates, and 
esters have been discussed in terms of solution conformations such as those depicted 
in Fig. 3’*‘g. Briefly, the carbonyl-containing functional group serves to create a 
plane between the asymmetric centers, and these centers extend alkyd (a@) groups to 
either side of that plane. Those diastereomers which feature the largest group on each 
asymmetric center to the same side of the plane have been referred ‘.o as c&id in Fig. 
3. An explanation based on a combination of steric bulk and hydrophobicity has been 
advanced to explain HPLC elution orders for diastereomeric carbamatesi3, namely 
the cisoici diastereomer of a carbamate (U~rcohol, R&& can make easier approach to 
the stationary phase doing so from that planar face having the smaller alkyl (a@) 
residues exposed. This model is tempered by the degree of repulsion (hydropobicity) 
experienced by these substituents, and in extreme cases the usual ehttion order is 
reversed. This situation for amides is quite analogous; asymmetric centers are sep- 
arated by one less atom and cisoid corresponds to an R*R* diastereomer. Although 
substantive criticism has been offered by way of demonstrated exceptions30-31, for 
simple (otherwise unfunctionalized) substrates such as ours the model described13 
was quite adequate and eiution orders followed the proposed model for HPLC elu- 
tion. 
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The elution orders were exactly reversed in gas chromatography from that in 
HPLC with the transoid diastereomers being retained longest. More to the point, 
elution orders were the same for all three liquid phases indication that the mecha- 
nisms of separation for isotropic and ordered phases were perhaps quite similar. Meth- 
ylation of the amide nitrogen (see II rs. I, and V vs. IV in Table I) produced a 
dramatic reduction in separations (cx) on all GLC columns_ A similar reduction in 
HPLC a was observed for N-methylated (as opposed to N-H) carbamates for which 
a higher content of the ISO” rotamer about the N-C bond was suggested13. Such a 
rotamer would contribute in an opposite sense to those factors crucial to IL in HPLC 
since the substituents on the amine asymmetric center would now be deployed on the 
alternative sides of the carbonyl. If one takes GLC resolutions of diastereomers to be 
a matter of relative solution energies of preferred solution conformations, then the N- 
methylated derivatives would on the same grounds as just described for HPLC sepa- 
rations become (solution) energetically more equivalent. Although capacity factors 
(k’) for II and V (Table I) are greater than for their unmethylated counterparts on SE- 
54. they are dramatically reduced by a factor of >2 on the CpCC column, i-e., 
solution energies have been greatly reduced for both pairs of diastereomers. Hydro- 
gen bonding involving the N-H of amides and carbamates is an obvious suspect cause 
for larger k’ values. but further investigation would be required to determine the 
existence of specific solute-solvent interactions involving the relatively apolar choles- 
terol ester solvent. 

The trifluoromethyl substituted diastereomeric carbamates XXI were both 
eluted much more rapidly on all GLC columns than their methyl counterparts_ The 
elution orders were the same with the cisoid isomer being retained more. This striking 
inversion of elution order on substituting CF, for CH, was first noted in reference to 
HPLC resolutionr3 and was ascribed to the considerable hydrophobicity of a CF, 
group. Although the group is small, repulsion from Si-OH of the stationary phase 
causes both the observed inversion of elution order and smaller k’ values of both 
diastereomers. The same observation is made with GLC elution order/k’ values, and 
the phenomenon here would therefore need to bc considered in terms of solution 
energetics as part of a more thorough investigation_ 

As part of this study we examined the diastereomers of the carbamate of 4- 
methyl-3-heptanol. This alcohol is the major component of the a_wegation phero- 
mone of the large European elm bark beetie, Scolt_trrs scolytrrs (F.)3’*33, and is a 
minor component of the pheromonal complex of the small European elm bark beetle, 
Scolyrus nzulctitriutus (Marsham)%. Analyses of the MTPA esters’5*‘6 of the com- 
mercial alcohol had been performed on a Carbowax 20M glass column to provide 
separation into three peaks. (The (-)-t/zreo and (-)-er_rtAro derivatives of (-)- 
MTPA coincided_ The four esters were only separated into two peaks (ca. 1:1 by 
CpCC. The carbamate XIX, however, was separated albeit incompletely into the four 
diastereomers by the CpCC column (Fig. 4). 

In conclusion we can summarize the data in the following manner. For the 
compounds studied, the CpCC column provided the greatest separation factors 
Tables i and II). Since the elution order of pairs of diastereomers was the same on all 
three columns, the previously described models seem applicable to this cholesteric 
phase although the enhanced a with CpCC suggests greater sensitivity of this phase to 
the shape of the solution conformers of substrate molecules. 
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Fi_g 4. Separation of diastcreomeric carbamates of 4-metbyl3-heptanol, XIX on 15 m x 0.02 I.D. CpCC 
(column B) at 155’C. carrier _~IS (heiium) at IS cm@c~ 

One should note also that the operating temperatures for severai separations 
reported here were well above the meso-phase transition for CpCC Thus the reported 
z values are not maximal. By reducin g film thickness of liquid crystal phases, the 
chromatographer has a variable that permits lower operating temperatures in order 
to further enhance a given separation3’*33. 

APPENDIX 

Amides of (S)-prolinol and (Z)-ephedrine are deprotonated by non-nucleo- 
philic bases such as lithium diisopropylamide to produce enolate ion?*“-“. The ex- 
ample in Fig. 1A depicts the enolate (presumably 2, ref. 12) derived from (l)-ephed- 
rine propiotiamide after reaction with more than 2 equivalents of the base. Although 
the detailed structure of these intermediate anions is still under investigation”, the 
observation made by several independent laboratories is that the new center is 
created in this instance with strong R preference. When the hydroxyl group of the 
amino-alcohol is etherified bond formation bettieen enolate and alkyl halide occurs 
mainly from the other face of the double bond and, for a reaction involving a pro- 
pionamide with ethyl iodide, results in a strong S bias in the new center. Using this 
reaction and its predictable stereochemical consequences we were able to obtain 
products of known configurational bias. 

In order to obtain amides XII and XIII, (I)-ephedrine was treated with phenyl- 
acetyl chloride. The resulting phenylacetamide was then allowed to react with (1) 
NaH, and (2) methyl thiomethyl chloride in order to convert the ephedrine hydroxyl 
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XII R=CH3 

Fig. AZ. 
XIII R = C2Hg 

group to a methyl thiomethyl ether (Fig_ A2). This amide then served as the substrate 
for production of XII and XIII. The deprotonation by lithium diisopropylamide was 
followed by reaction either with methyliodide ( -+ -+ XII) or ethyliodide (4 + XIIL). 
The methylation product was a 1: 1 ratio of diastereomers while ethylation produced 
a 21 ratio that was shown subsequently to be R-predominant. As was the case for 
amides I-XI, the alkylated ephedrine amides were hydrolyzed (I N HCl, 90”, 24 h), 
and the resulting acids where then converted to amides of (R)-r-methylbenzylamine. 
The diastereomer ratios obtained were independent of the temperature employed for 
deprotonation; alkylation was conducted at - 78°C. 

The ‘H NMR data in Table I of the text are consistent with the relative shift 
data presented for closely analogous compounds”. Brielly, the principal solution 
conformers of amides and carbamates such as those described are as indicated by the 
structures associated with Table I. Aryl groups on the acid-based center of asym- 
metry in opposition to a methyl group on the other center will shield that methyl 
group. Thus for XII, the CH, signal (absorption b) of the first-eluted (HPLC) dia- 
stereomer is shielded by 0.04 ppm relative to that of the later eluting diastereomer. A 
shift difference of 0.06 ppm is observed for the XIII pair. These observations in 
conjunction -with HPLC elution order13 and mechanistic rationalization for XIII (as 
per amides I-XI) led to our configuration assi_gnnrents. 

For urethans, or carbamates, XIV-XXI the assignment of configuration fol- 
lows from the many asymmetric reductions of conjugated alkynones provided in the 
literature (e.g., ref. 14); however, the con&guration assignments for the phenyl carba- 
mates XX and XXI were based on expected HPLC elution’3. In addition, the ‘H 
NMR data for the purilled diastereomers of XXI (‘Table I) were rationalized as they 
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had been for the phenyi-substituted amides XII and XIII. The second-eluted (HPLC) 
diastereomer would be expected to have the S,Rconfiguration’3 and is the dia- 
stereomer in which the CH, signal “b-’ is shifted upfield (by 0.06 ppm) by virtue of 
opposition to a phenyl substituent as R,. 

All new compounds were characterized by ‘H NMR and mass spectrometry. 
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