
Ten racemic helicenes ([5 ] to [14D and two double helicenes (diphenanthro[4,3- 
i; 3’,4’-o&icene (l) and 8,20-dibromodiphenantfrrot4,3-a; 4’,3’~]chrysene (II)] were 
resolved using high-performance liquid chromatography. R(-)- and S(t)-2-(2,4,5,7- 
tetranitro-9-ffuorenylideneaminooxy)propionic acid (TAPA) and three R(-)-ho- 

_ mologues derived from butyric (TABA), isovaferic (TAIVA) and hexanoic (TAHA) 
acids were used as chiral charge-transfer (CT.) complex-forming s’iation&y phases, 
in sirucoated on silica micropartic&. The bulkiness of the group at the chiral ceutre 
of the CT. acceptor is critical for the ease of resolution of the CT. donors. The [6f- 
[l4l-helicenes and the double hekenes I and EI were completely resolved on R(-)- 
TAPA. On the other hand, the optical isomers ~of [5]-hehcene could be separated only 
On R(--)-TABA and baseline resolution required ten recycling steps. R(-)-TAPA 
was also incorporated as a bonded solid phase and as a salt. The resohrtion factors, 
r, are given, a mechani&u of resolution is proposed and the scope of the method and 

-its sign&we are discussed. 

A preliminary communication describing the present work has recently been 
pubhshedL. 

The inter&ion between chiral selectors and selectands”’ (solvents and sohues) 
in gas-Jiquid chromatography (GLC) has been the subject of investigations in our 
laboratory for more t&n a decadej. In 1956, the first separation of enantiomers by 
GLC was reported4_ Resohuion Was achieved on capi&ry cob&ns by selective hy- 
d&&d bonding between optically active selectors (stationary phases) and selectands 
(chiraI Soiutes); both of which were derived from ajamino acids. 

With the advent -of highperffrmance liquid chromatography (HPLC), we 
began, em -1972, to explore the possr’biIrfy of extending euantiomer separation to this 



n2ethod, wbk@ is in many aspects more zdv~h~Ous than GLC. Onr appr&+i was 
based on thci assumption that by proper choice of a selector known to exhibit sekctivity 
ifi its i&era&on with enantiomers; and its adeq+&e modZkation iTn_, sy&&s 
could be found that would lead to efficient resolution under the conditions of HPLC. 
Many references have appeared in the Iiteratun?~.on +temp_ts to reSoIve opt&I 
isomers by gravity liquid chromatogra@hy (IX). The LC experiments reported in ‘&e 
past either failed to produce satisfactory results, or, where initial successes did arise, 
were not further pursued. The system that seemed to us to be the most relevant model 
-for our initial investigation was Baczuk et aZ.‘s works, using low-pres&re LC. By 
linking L-arginine to Sephadex G-25, 3,4-dihydroxyphenylalanine (DOPA) could be 
resolved after 7 h. Examination of space-filling models showed that the atomic-dis- 
tances and possible contacts, through ionic forces and hydrogen bonds, were such 
that preferential interaction with D-DGPA would occur. 

Our initial studies in HPLC were conducted using covalently Jinked chiral 
amino acid or dipeptide moieties, analogous to those used successfully for the resohr- 
tin of optical isomers by GLC. Nowever, none of our attempts have thus far led to 
the desired results. 

It was considered that the two point hydrogen bonding of diastereomeric 
associates3 might be too weak and/or the toposelectivitytoo limited for the rapid 
resolution of optical isomers by HPLC. Stronger binding and/or greater spatial rec- 
ognition appeared to berequired. This view was supported by the approach of Cram’s 
group9-11, where hydrogen and ionic bonding plus inclusion fit permitted strong 
stereoselective interactions between enantiomers and chiral selectors. By. proper 
design of chiral binaphthyl crown macrocychc ethers (“hosts”), large differential 
interactions for chiral “guest” molecules could be produced. This work culminated 
eventuahy in the development of columns with bonded chiral selectors10*11, permitting 
the resolution of amino acid esters and chiral aromatic amines by KPLC. 

In parallel with the above work, we had initiated the study of resolution with 
the help of chiral charge-transfer (CT.) seiectors. It is well known that high selectivities 
can be achieved by complexation 12-1J_ Before tackling the problem of enantiomeric 
separation, preliminary experiments were conducted in order to check the perfor- 
mance of complex-forming se1ec~or-s in HPLC. In 1973, we reported15 that Con&l II 
coated with silver nitrate in ethylene glycol or rhodium(U) tetraacetate gave good 
separation of olefins, which emerged from the column in the order of their respective 
stability cons*%nts. Additional pubIications16-z8 on the HPLC separation ofaromatic 
hydrocarbons using achirai CT. selectors have since appeared. 

A chiral C.T. -complexing agent, 2-(2,4,5,7-tetranitro-9-fluorenyfideneamino- 
oxy)propiotic acid (TAPA), had been introduced by Newman and Lednicetig for the 
separation of hexahelicene’20 enantiomks by crystallizatidn, and had been _u@ with 
a certain measure of succeSs for the resolution of other optically active aromatic 
compound.Pvfi. Our above preliminary experiments and the limited de,- of LC 
resolution obtained with TAPA reported in the literatu&1-2J led to the conclusion 
that the main experimental efiort would have to be concentrated o_n increasing column 

* Ihlre nomenclature of he!i& is +stabli&ed by the “hdic-i~ rule’: (iUPAC rules A-21. A-22, 
Et-3 and B-4). Depending on whethe: the i&e&fkd helix is left- or right-handed, it~is de&nati 
‘tninus” and denoted by M, or designated “pIus*’ &d den&d by P. The p&xes (t) and (-) inch- 
cate fie sense of t&e optical rotation of the co_inpouud_ 



efki~ncy. The procedure that was eventually worked out in order to obtaiu a high 
numb& of plates* is described under Experimental. 

Experiments with various aromatic compounds containing chiral aliphatic 
snbstitu&nts {CT!?. donors) indicated that even high-efkiency cbiral columns were not 
necessarily adequate for the resolution of optical isomers. It was postulated that inter- 
penetration of one molecule into a cavity of the other might be required_ We therefore 
chose to concentrate on the helkenes as CT. donors, as they possess semi-cavities at 
both ends of their helical structure. Examination of space-Gluing models showed the 
good preferential fit of one hekene enantiomer over the asymmetric centre of TAPA. 

The heliceneP+ , composed of o-condensed benzene rings, are inherently chiral 
and palindromic, belonging to point group Cz_ They possess the highest optical rota- 
tions yet reported for-organic molecules {e.g_, [9]-hklicene, [a],“, = 8100’ (ref. 26)). 
In spite of the initial success with the [6]-helicene’g, Wynberg in a recent review” 
states that “the resolution of helicenes has proved both exciting and frustrating”. 
Indeed, the crystallization and chromatographic techniques used in the last 20 years 
were found to be time cbnsuming and often ied to incomplete separation21-24~2s*2g_ 
The development of efEicient and rapid new procedures of resolution appeared, there- 
fore, to correspond to an urgent need in this area of research. 

JXPERIh5ENTAL 

Apparatus- 
A self-constructed HPLC system was equipped with a reciprocating two- 

piston delivery system (Model M 6000, Waters Assoc., Milford, Mass., U.S.A.). 
Seamless type 316 stainless-steel tubing 0.05 cm I.D. (Superior Tube Co., Nor&town, 
Pa., U.S.A.) was used for all connections. Two injectors of similar type were used: 
one, a mod%ed version of that described by Hahisz et aI.30, was constructed in our 
workshop; the second was a septum injector kit (Type C904, Waters Assoc.). Col- 
umns were prepared from stainless-steel tubing, 0.32 cm O.D. x 0.23 cm I.D. 
(Analabs tic., North Haven, Corm., U.S.A.), fitted with Swagelok reducing unions 
(Type 200-6-1, Crawford Fitting Co., Cleveland, Ohio, U.S.A.) drilled out to mini- 
mize the dead volume3’. A stainless-steel porous disc with 5-pm pores, 0.3 cm diam- 
eter x 0.16 cm thick (Mott Metallurgical Corp., Framington, Corm., U.S.A.) was 
placed at the bottom of each column inside the reducing union. An ultraviolet 
detector operating at 254 or 280 nm (Model 1205, Laboratory Data Control, Riviera 
Beach, Fla., U.S.A.) was used. 

The stainless-steel cohmms (20 cm x 0.23 cm I.D.) were packed by the high- 
viscosity slurry techniqufz=~=, using either carbon tetrachloride or tetrabromoethane- 
tetrachloroethylene to suspend the microporous silica particIes. The support materials 
used were Part&l 7 (7pm average particle sire), Partisil 10 (1Opm) (Reeve Angel 
Scientitic, London, Great Britain) and LiChrosorb SI 100 (5pm) (E. Merck, 
Darmstadt, G.F.R.). The microparticles (0.8 g) were suspended in 10 ml of carbon 
tetrachloride or te~~bromoethane_tetfachlor~~ylene (3 :2, w/w), ultrasonically de- 
gass&l @?ltrasonic Vibrator, Varian, Palo Alto, Calif., U:S.A.) and introduced into a 
filling reservoir wi&t. 3.5 ml capacity (modified Yeda Press, Yeda Research and 
Development Co. Ltd., Weizmann Institute of Science, Rehovot, Israei) above the 

-* Com~b~with~~obtainedonthebestcommerciatcolumns(e.~.,25,000platesper~~). 
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col&. The~res&oir was carefully &&d-to t&e top- G&z carbon -teti&hlorGe ‘&G 
p&&&ed to 6UQO psi. with he$ane as-the mobi&$ase, The tIllingtin& was 2+- 
30 min. A~ frestiy prepared columns gave&bout 5U90 theoreti&d plates Per 2oCnr 
cohrmn in (= linker -velocity- =~ length of cot-nmn (cm)/dead voh&e (&)) 2. o.iO] 
for naphthalene oti PartZ~il7j 1600 on Iktkir -iO, and 1800 OS LiChrosorb SI 100; 
using h&me as the mobile phase. 

The instruments usedrfor the analysis of se&tom and enantiorners i&luded a 
laser~uIt&nicropolari~eter (Type UM -141, Pe~kin~Etmer, Norwalk, Corm., U.S.A.} 
provided with a helium-neon laser source (Model 133, Spectra Physics, Santa C&a, 
Calif., U.S.A.), a Car-y 14 recording UV spectrophotometei;and a Caryl4~provided 
with circular dichroism accessory 6002 (Apphed Physics Corp., Monrovia, Cahf., 
U.S.A.), a 2I49OB singie-focusing mass spectrotieter (DuPont, Wifmingt&, Del., 
U.S.A.), a quadrupole mass spectrometer system 1015 GC/MS (Finn&nInstruments 
Corp., Palo Alto, Calif., U.S.A.), the former for helicene analysis and the latter for 
the selectors, using direct inlet probes, and a basic system T60 -nuclear magnetic 
resonance spectrometer (Varian). 

Chem fcais 
The solvents used were either spectroscopic grade (Fhrka, Bucbs, Switzerland) 

0; chemidiy pure (Frutarom, Haifa, Israel). The latter were further puriied by treat- 
ment with 5 oA potassium permanganate solution, then with 5 oA sulphuric acid, fof- 
lowed by chromatography on silica gel and alumina (Merck), and distilled. 

Materials used for the synthesis of the asymmetric selectors included 2,4,5,7- 
tetranitrofluorenone, (-)-ephedrine and N,N’-dicyclohexyfcarbodiimide (DCC) (Flu- 
ka), ethyl 2-bromopropionate and ethyl 2-bromobutyrate (BDH, Poole, Great Br&in), 
ethyl 2-bromo-3-methylbut and 2-bromohexanoic acid (Eastman Organic 
Chemicals, Rochester, NY., U.S.A.) and 3-am~opropyhriethosysilane Q&ion 
Carbide, New York, N-Y., U.S.A.). 

The hehcenes were generously provided by various laboratories: [5]- and [7]- 
[I4]-hehcenes and the two double hehcenes diphenanthro[4,3-a; 3’,4’-olpicene (I) and 
8,204ibromodisi?henant~or4~~; 4’z3’-j]cbrysene (II) by Prof. R. H. Martin, 
Brussels, [6]-hehcene by Prof. H. A. Staab, Heidelberg;and [8]-helicetie by Prof. H. 
Kagan, Paris. 

Synthesis of chiral s&ec#ors 
Cl&& R(-)- and S(f)-TAPA and the enantiomeric homologues -TABA, 

X = methyl, R(-)-TAPA 
X = e&yl, R(--)-TABA 
X = isopropyl, R(-)-TAIVA 

_ X = butyl, R(-)-TAIL4’ 



Fig. 1. SyIlrkLesis of bond& chiral selector. 

TAIVA and TAHA were synthesized according to Block 2nd Newman=. 
Both enantiomers of each acid were prepared and identified by microanalysis, 

mass spectrometry, nuciear magnetic resonance spectrometry, polarimetry and 
melting point determinations (Table I). 

Ct’ziral bonded geiector 
The covalent linking was carried out in two steps (Fig. 1). 3-Aminopropyltri- 

ethoxysihme (1.3 mmole) was first coupled with 1 g of microsilica particles (Partisil7) 
by suspending the particles with stirring in a 30% solution of the amine coupling re- 
agent in toluene, and then rehuxing at 120” for 8 h. The aminated support was 
wasbed with toluene, acetone and methanol and dried for 2 h under vacuum at 110”. 

The asymmetric moiety, R(-)-TAPA, was then covaiently linked to the 
aminated silica pa.rticEes using DCC as coupling reagent in dry chioroform. The reac- 
tion was carried out at room temperature with stirring for 4 h. The bonded chiral 
selector was exhaustively washed with chloroform, acetone and methanol, then slurry- 
packed into a 20 x 0.23 cm I.D. colslmn as previously described. 

-1~ sirtc co&iug of chid selectors 
Columns coated w&h R(-)- and St+)-TAPA, R(-)-TARA, R(-)-TAIVA 

and R(-)-TAHA werre prepared by the in situ techniqtn?. A saturated solution of 
one enantiomer in nitrometbane or dioxan was injected repetitively on to the column, 
using hexane saturated with nitrometbane or dioxan as the mobile phase at a flow-rate 
of 0.2 m&n&~. The percentage .of coating applied for each chiral stationary phase is 
given in Table T. 

A column with R(--)-TAPA coated as a salt was prepared in a similar way. 
- ~The.cfiiral selector was injected on to a u&imn filied with 3-aminopropylsilani 

-ticros+a particfes. 



-f- _ 
f’_ 

t; 

I_- _- 
I 



40 50 60 70 (nin) 

I I I I I I I I ! I 
:o 50 60 70 60 (min) 20 30 40 90 



” 
--

 
l~

-~
-_

-_
.-

__
_r

-r
_-

-_
.-

~
__

 
_

_
_

-.
 

- 
,.-

“-
..w

 
._

__
 

_-
-.

..-
...

-.
._

 

, ” 
, 

I, 
K

sm
tc

’/k
’[$

] 
r 

R
, 

,k
 

.-
-w

__
 

--
._

., 
-I

I”
-.

-“
--

~
“~

~
--

.-
~

~
--

~
_~

 
“T

 
I 

k’
/k

’ 
[S

] 
r 

R
, 

k’
 

k’
/k

’[
5]

 
r 

k 
k:

lJ
r’

[.s
j 

x’
 

,J
t#

 
(3

 ‘,
 

I:,
 

E
N

 
, 

t7
r 

” 
I 

( 
R

I 
” 

, 

‘,’
 

,,,
’ 

‘N
J 

:‘,
 

y 
‘/ 

,I,
’ 

> 
,‘,

‘I 
tw

 
‘I 

/ 

s;
’ 

,, 
$2

1 
: 

3,
’ 

,,,
I 

,: ,
 s 

,’ 
, 

<
/, 

~
 [x

r!
 

,/ 
/, / 

,/ 
,‘,

 

‘/,
/,>

’ 
I 

‘. 
: 

p4
 

/%
,’ 

,, 
,y

 
‘,I

’ 
“/

 
I, 

,I 
,,‘

, 
,’ 

.: 
,:,

x”
p 

4.
08

 
1.

52
 

43
4 

1,
69

 
1;

11
3 

0.
75

 

6.
15

’ 
) 2

,2
()

 
7,

O
O

 
2,

61
 

1.
13

8 
0.

96
 

69
58

 
2,

46
 

,’ 
7v

55
 

2,
82

 
1:

14
7 

1.
O

4 

II
,5

7 
3,

2O
 

lo
,1

7 
3,

79
 

1.
18

7 
l.I

, 

’ 
12

,8
1 

4,
78

 
14

,U
9 

j’
,%

 
m

i 
1.

35
 

13
,6

7,
 

5J
O

 
I$

,8
0 

$9
0 

1 ‘
 ls

G
 

1 ’
 4o

 

1,
20

0 
1.

55
 

26
45

 
9,

87
 

11
23

4 
1.

81
 

‘2
&

58
 

&
8O

 
‘8

 30
,1

2,
 

11
,2

4 
i ’

 27
7 

2 
18

 
’ 

Jr
jt

24
, 

6,
f5

 
I%

38
 

7,
23

 
1 

,,;
 

’ 
1 

yJ
 

’ 
30

,4
2:

 
‘i

i,3
5 

j 
’ 

3.
91

 
1.

00
 

4,
04

 
1.

03
 

1,
03

3 
0.

33
 

5.
87

 
1.

50
 

6.
53

 
1.

67
 

l,J
12

 
0.

99
 

8.
75

 
2.

24
 

9,
66

 
2.

47
 

1,
1&

I 
1.

00
 

8.
78

 
26

25
 

9.
60

 
2.

46
 

1,
09

3 
0,

91
 

11
,7

6 
3.

01
 

13
.3

1 
3,

40
 

1,
13

1 
1.

31
 

18
.1

5 
4.

64
 

19
,8

2,
 

5.
07

 
1,

09
2 

0,
93

 

21
.8

6 
5.

59
 

23
.3

6 
5,

97
 

1,
06

9 
0,

65
 

25
.8

9.
 

66
2 

28
.5

0 
7.

24
 

‘1
,1

01
 0

.8
7 

: 

32
.6

1 
8,

34
 

36
.1

4 
92

4 
1 *

 10
8 

o$
7 ’ 

39
.2

9 
10

.0
5 

45
.2

9 
11

,5
8 

‘1
*1

53
 ‘1

i3
9 

* 
‘- 

“?
 

- 

._
 

- 
,-

 
- 

1.
73

 
1.

00
 

2.
50

 
1.

45
 

2.
62

 
1.

51
 

3.
54

 
2.

05
 

3.
62

 
2,

O
9 

3.
42

 
1.

98
 

3.
50

 
2.

02
 

4.
39

 
2.

53
 

4.
54

 
2,

62
 

6.
19

 
3.

58
 

6.
31

 
3.

65
 

7.
19

 
4,

16
 

7.
39

 
4.

27
 

R
,G

9 
5,

02
 

9.
15

 
5.

29
 

10
,6

2 
6.

14
 

11
.2

3 
64

49
 

IO
,9

2 
6:

31
 

11
.6

2 
6.

72
 

I 
I 

->
 

-’ 

1.
04

8 

1,
02

3 

1,
02

4 

1,
03

4 

1,
01

9 

1,
02

8 

1,
05

3 

1,
05

7 

1.
06

4 

.I
 

2.
65

 
‘l

*O
O

 
2.

78
 

j”
O

5 
’ 

,1
&

04
9 

3,
87

 
4,

35
 

1,
46

 
I&

 
l”

G
4 

’ 
$7

0 
2,

15
 

6,
65

 
W

l 
r*

4q
 

$,
G

l 
G

”5
7 

2,
11

2 
1’

 “
i 

l”r
x 

2,
rE

B
 

* 
7,

04
 

2,
66

 
8.

30
 

3.
13

 
’ 

3,
17

9 

$4
8,

 
,4

33
 

13
,1

7 
’ 

$9
7 

13
&

l 
3,

Q
7 

‘1
5,

87
 

5,
99

 
15

,9
G

 
M

-d
 

19
,O

O
 

7,
17

 
18

,7
4 

7.
07

’ 
22

,8
3 

.4
.G

l’ 
12

.3
0 0

” 
!r

1,
64

 
” 

‘1
4.

07
 ”

 
$$

l,,
 

I)
 / W

?
 

23
,2

1 
J&

78
 

29
.6

2 
‘1

34
, 

x*
2,

73
 

O
,6

4.
 

,’ 

Q
:6

! 
>‘

I 

04
61

 
: 

,, 

0.
52

 ,,
 

‘, 
:,,

, 



-_ 
__“_&& Uk&T@-Ai ISU~ 

- .- 
’ 213 . 

-- -REst&s ti ms&ssGm .- 

[q&g-&&& . . - . . - _._ = 

--- Hex&&i&e, an:a_doiuk& coitted &h R(-)-T-A, -w& the fkst r2celzliLfe 
i&t ‘We -9xceeded in res&&g by~Ei&C &* A i -1 I2),‘prac%ucing it chramatagrmn 
wltb iwb w~tf-&@trateil &ks of equ&~ area.. The first canfkm2tian of 2&t@ enan- 
Khmer; se&r&on ~2s obt&ne&-by isalati&g sm2ti amounts of m&eri21 and determk- 
i&g the‘ Sign afiatian [kt-p+ (-); 2qd pet& (+)I_ On S(+)-TAPA these samples 
emerged-id the-&posit&-&r&r to th2t on the &-st c&im, 2nd the (-) compound 

. . sh+& s$king of~the:second peak. - 

.- The~f~~l4]~h&en& we& then resolved under sin&~ conditions, 2s &n be 
seen in Fig. 2. The value of the resolution f2ctar (r) 2nd resolution function (I&) of 
each compound are liSted in Table 11. At raomtempemture; f61_[20]-helicenes were in- 
cqmpletely reSalved (R;c 1.25). However, by operating at lower temperatures, base- 
fine sqG&ian could be achieved. The in&ence of temperature a~ r values far [6]- 
hdicene is illustrated in Fig. 3. The broadening of the peaks at lower temperatures is 
mare than~campensated far by the increase in the r v&es. 

Once rhe conditions far the resolution of the various helicenes had been 
optimized, finatl confirmation of the nature of the enantiameric pe2lcs was produced 
by the isal2tian of 8-12-pg samples. The specific optic21 ramtians (reported in 2 
pkeliminary communic2tian1) were found to be in agreement with Eterature data where 
available, 2nd the ukr2violet 2nd m2s.s spectr2 were in 2ccard with the structure. 
Furthermore, the absoi&e conGgur@an, CM); of the [93_[14]-(-j-enantiatiers, Le., 
those whic& are less strongly retained on R(-)-TAPA, was determined by circular 
dichraism. The Cotton effect was indeed found to be of the s2me sign [e.g., (-)-[9]- 
hekene, Et?= = - 0.96. lW] as has been retarded in the literature far the M(-)-IS]- 
to M(-)-[9]-helicenes36 --38 between 300 2nd -400 nm. 

l r, tk resolutiog factor (= retmtio& volume of !ess mobile enantiomer minus ~dead volumef 
rctentio~ ~_oluzne of more mobikenantiomcz minus dead ~olurne~. This parameter is generally des- 
ignated -by-c, the sepantion factor. but aS this sysnboI is also used far optical rotation its use in the 

~pFesent_~ntsttco**co~ 
_ 

,- _ 
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Fig. 4. CPK modeJs of diastereomeric associates. Left-har,d side: P(t)-[6]-helicene,-R(-)-TAPA 
and complex (more favoured). Right-hand side: M(--)_[6]helicene, R(--)_TAPA and complex (less 
favoured). Hydrogcns of the methyl groups are marked with black spots. 

The preferential complexation of R(-)-TAPA with the P(f)_[6]-helicene 
enanticmer can be seen with the spacefilling (CPK; Corey-Pauhng-KoIton) models 
in Fig. 4, where the semi-cavity of the iatter fits comfortably over the correspond- 
ing “cone” formed by the M and CHS groups at the asymmetric carbon of TAPA. 

[5]-Helicene 
As shown in Fig. 5, overlap of the terminal rings in [5]-heficene is restricted to 

the hydrogen atoms. Also, the pitch of the heiix is smaller than in the higher analogues 
and racemization is known to occur readily at room temperature. It is, therefore, not 
surprising that [5]-h:Iicene was particularly difikult to resolve. On a TAPA-coated 
column, no separation of enantiomers could be observed (Fig. 6a). However, when 
the alkyl group at the asymmetric carbon of the CT. acceptor was increased to ethyl, 
a partial separation resulted (Fig. 6b), and baseline resolution could be achieved after 
ten recycling steps at 0” on two coupled columns, each 20 x 0.23 cm (Fig. 7). 
Identiiication of the peaks was carried out as above. 

Temperature studies with [5]-helicene on R(--)-TAPA (Fig- 3) indicated a 
maximum r value between 0 and V, as for [6]-helicene (see above). The reason for 
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Fig. 5. CPK models of diastereomeric asscGGes_ Left-hand side: P(+f-[5+helicene, R(-_)-TAPA 
and the con?pIex (less selective). Right-hand side: P(+)-[5]-helicene, R(-_)-TARA and the complex 
(more seIe&ve~_ Hydrogens of the methyl and ethyl groups are marked with black spots. 

this phenomenon has not yet been elucidated and we are at present investigating its 
solvent dependence. 

The r and R, values for the [6]-[14]-helicenes on R(-)-TABA were also 
measured (Tab!e II). Except for [6]-helicene, they were lower than those on TAPA in 
all instances. 

Double Lelicenes 
The double helicenes I and II (for structural formulae and chromatogram, see 

Fig. 8) were readily resolved on S(+)- and R(-)-TAPA-coated columns. Compound 
I, which can be considered as a double hexahelicene hinged on a benzene unit (total 
number of rings 1 I), has about the same retention and r value as [12]-helicene (Table 
II). Compound II is also a double hexahelicene, but is hinged on a naphthalene unit 
(total number of rings lo), and contains a bromine atom in each helix. Its retention 
is greater than that of [14]-helicene and the r value is about the same as for [13]- 
helicene (Table JI). This behaviour can no doubt be ascribed to the increase in the 
electrcn donating capacity of the selectand following bromine substitution_ 

Selector coovaietzrly bonded to support 
The above compounds can be resolved equally well on TAPA covalently 



Pi. 6. Chromatogrkn of a mixture qf.racemic [5]- and ~6&hel&enes on.S(-i->TAPA qd R(-)- 
TABA. (a) C&x&: 1 t % S(i)-TAPA-Partisil 7, 2 x 20 x 023 cm I.D., mobile phase.20% 
dichIoroxnethme+zyclohe~e, u = 0.20 cm&x, 25”. [.S]-Helicene is not resolve& @) CoIy-: 20% 
R(-)-TABA-Part@ 7, 2 x 20 x 0.23 cuCI.~.,-mo@e phase 25% diddoiom~e-~y~Iobewne, 

P = 0.24 crnjs% 25”. 
..--. 

iinked to Par&ii 7 (Table ii. The r values for [6]-, [7]- a&i IS]-heficene were fq-4. to 
be even higher than on coated coIum& and a smal! resolqtion effect fog [S]-helicene 
was observed (Tab1.e IT and Fig. ?I. On the other hand, the resolutiqn ~ftictions .(I&) 
were in a# instances lower than on coated columnS. A 3-aminopropyGWized Part4 
7 column on which R(--)-TAPA was finked io@%lly 3s a salt (Table I) &ye -even 



Fig 8. Resolution of the racetic double helicenes I and IL Column: 11% S(ft_TAPA, mobile 
phase 25% dicbloromethantscyclohexane, u = 0.23 cmjsec. The arrows in the formulae point in 
the sense of the ascendinp helical turns_ 

lower R, vaiues. Modified supports never pack as efficiently as untreated supports 
(see Table I for plate numbers), and they present higher resistance to mass transfer. 
However, the demon&r&ion that linked chiraf selectors show sekctitity for enan- 
tiomer separations has great interest, as they permit the use of a wide range of mobile 
phases, pa.@cularly of a pok n&ure. The further development of covdentiy linked 
TAPA columns is now in pro_gress, and it appears likely that columns equal in ef- 
ficiency to the coated ones could be produced. 

fn addition to TAPA and TABA, two other homologues (Table I) of the 
selccttir were prepared from cr-bromoisovaferic (TAIVA) and c-bromo-n-hexanoic 
acid (T_AHA) for the purpose of studying further the inkence on resolution of &and 
size 2t the asymmetric carbon. Small resolution effects were observed on a column 
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coated with TALVA for the [6&[14]-helicenes,. but noue~ for the [5~-hehc&_ For 
TAEi.4, no distinct resolution could.he detectt @ho&h t&e_ cohmm used had thk 
same eiiiciency as that canting TALVA, It should be men&one& however, that the 
low specific rotation of TAHA, in spite of several recrystalliza~ons of its ephe&ine~ 
salt (Table f), casts some doubt on the optical purity of this selector. A qu&itative 
method for the determination pf chiral selector optical hurity is now being sought. 

A comparison of the r values for the [CE-[141-helicenes on coated TAP& 
TARA, TAIVA and bonded TAPA columns is given in Fig. 9. The r values on ail 
columns can be seen, in general, to increase with the number of rings in the_molecule 
of the select&d with a disco&uous growth for the [!+hehdene. The r vahtcs,how- 
ever, have not yet been corrected for the contribution made by the non-selective inter- 
action- of bo*J the siiiceous support and the achiral moiety of the selector. It would 
therefore be premature to attempt a discussion of the relationship between selectand 
structure and sefcctivity at this &ne. 

Selector-selectand interaction 
Some conclusions can be drawn concerning the molecular reasons for- the 

selectivity of the selector-selectand interaction. Klemm et aZ.= ana Haenel and 
!3aabBJg assumed that the TAPA acid hydrogen is internally chelated with the imino 
nitrogen, but differ in the orientation assumed for the methyl group with respect to 
the plane passing through the fluorenylidene moiety. We feel that internal hydrogen 
bonding is not an essential factor, as high r values were obtained on columns ccn- 
taining linked TAPA, where chelation would ap_pear not to occur”. 

In Fig_ IO, we have assumed that the selector molecules are oriented parallel 
to the surface of the support with the methyl group as far as possible turned away 
from it?“. Looking at these structures, it can be seen that the semi-cavity of the 
PC+)-selec*and will readily enclose the hydrogen and methyl group attached to the 
asymmetric carbon of the R( -)-selector. On the other hand, these substituents of the 
asymmetric carbon tend to lift the M(-)-selectand off the surface of the selector, 
thus diminishing the overlap of the zelectrons. 

A larger alkyd group at the asymmetric carbon will not be readily accomodated 
by the semi-cavities of [6&[14]-helicenes, all of which should have essentially the same 
shape. Thus, the decrease in the r values with increasing size of the alkyl substituents 
cau readily be understood. 

Pentahelicene, on the other hand, has a semi-cavity of a different shape than 
the higher~analogues (Fig. 5), as already pointed out above. Correspondingly~ the ef- 
feet of the alkyl substituent of the selector is different. Separation can hardly be ob- 
served for the methyl substituent (TAPA), whereas resolution was achieved with an 
ethyl group (TABA). For larger alkyl groups (TANA and TAHA), the resolution 
dropped to zero. 

* For the covalently linked TAPA, the possibb NH - - -N bond is not on& inherentiiy weak, 
but &so sterically hindered; on the TAPA tit column (r = 1.25 for hahe&xne), the acid hyd$ogen 
is tz?ssf& to the amino group. 



RF)- TAPA R (- I-TA~A 

Rt-)- TA’ABA R(-I-TABA 

R(-1 - TAIVA R(-)-TANA - 

Ri-i -TAHA 

F&-10. Suggested explanztion ior the gradual decrease in resolution with increasing size of the 
Egands at the zsymmetric carbon of TAPA homologues. The chroLmatograms shown are for the best 
sesolvcd compound ([14]-hekex). 

In addition to the influence of the size and shape of the selectand semicavity, 
the CT. tip&y of the selectand is an essential factor. This is strikingiy demonstrated, 
&G mekioned A&e, by the bromo-substituted double heticene If. The conclusions 
presented-above were based largely on-a consideration df CPK models, For a deeper 
understanding of thk selectivity of the system, X-ray crystaIrographic studies of the 

: hdicenes and d+stetiom&ic sekctor_Sekctand complexes are required. To date, 
o&y the X-*y studies on ~6&helicene40-and the CT. complex of [61-helicene with 
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