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Table II: pKa Values of Heteroannularly Substituted
Ferrocenoic Acid (8)

~

. pKa
Substituent 689% MeOH 50% EtOH
~C,H, 6.52
—C,H, 6.43 6.34
~CH,~0 6. 25
S 6. 29 6.11
_CO- 5.90
~CO-CH, 6.08 5.76
-CO,C.H, 5.95
~CO,CH, 5.91

Synthesis of Ferrocenophanes

A. [3.3] and [3.3.3] ferrocenophanes

Fe —

vz O
S

1. NaH

AICL,
—_._% >
2. CO4OC,H,),

% g
Fn + CH,-C-Cl1 Fn-C-CH,
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8 Q 1. H,, PtO,, HOAc
Fn-C~CH,~-C-0C,H, > Fn-CH,-CH,-CO,H

2. NaOH, then H,PO,

/O
(CF;CO 0
Fe LAH
eCl, A\ ———w FE
AlCl,
Ref. 6
10

9 50% yield from Fn

The sequence of steps was repeated to give the following

ferrocenophanes.
Fe é% Fe >
[3.3] [3.3 3.3.3]
15% yield from 46% yield from

acetylated 10 acetylated 10
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B. Proposed synthesis of [4.4] and [4.3] ferrocenophanes

from ,li

CH,N, O
Ref 11 i

0

LAH
e Fe
AICl,
i 80% yield from 9
CH,N, LAH
Fe e > ?
AlCI,
N
. LAH
AlCI,
o)
CH,N, LAH
ol " AlCl,
Fe
\LaH
AlCL, g

o

+ Fe

Repeat the sequence shown
on the previous page for building
the three-membered bridge

1, 1'-tetramethylene-
3, 3'-tetramethylene -
ferrocene

1,1’ -tetramethylene-
3,3’ -trimethylene-
ferrocene

1,1’ -tetramethylene-
2, 2’ ~-tetramethylene-
ferrocene

1, 1’~tetramethylene-
2, 2’ -trimethylene-
ferrocene
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C. Synthesis of [5.X] ferrocenophanes (X = 3, 4 or 5)

0]
I
CH,
Fn + CH3-&J-Cl —_— Fe +
base

Perrier
complex

E

base
e

13% yield W
Q—Q -——-——-> 1, 1'-pentamethleneferrocene

75% yield
CH;  "889 yield

ﬁ

AICI,
86% yield Ref. 12

I propose that the above sequence of steps be repeated for the
synthesis of [5.5] ferrocenophanes. Synthesis of [5.3] and [5. 4]
ferrocenophanes should be possible by repetition of the steps leading to
the three carbon bridged ketone. This would then be followed by treat-
ment with CH,N, and LAH with AICl,, or omitting the CH,N, and treat-

ment only with LAH and AICL,.

—_—
"internal Micheal"
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@)
CH.N, LAH [5.4] ferrocenophane
s > =
AICI,
Fe
- LAH _
AlCI, [5.3] ferrocenophane

D. [2.X] ferrocenophanes
The first 2 carbon bridged ferrocenophanes were prepared from

fulvenes. The yield was subseguently increased from a few per cent to

709, 10

R' R
Na FeClz R'
—— N —— Fe
R R’ :

R =H, R' = 3-heptyl

Acetylation with CH,COC1 and AIC1, failed 13 because of the
presumed coordination of three filled non-bonding orbitals of Fe atom,
which are projected away from the tilted aromatic rings, with the Lewis
acid. vThis causes drainage of the electron density from the rings which
are then deactivated towards electrophilic attack. L3

Acylation can probably be accomplished by other routes. HF,

H,PO,, SnCl,, BF, and other Lewis bases, known to monoacylate ferro-

cenes with acid anhydrides could be tried with [ 2] ferrocenophane.
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Methods of acylation which do not rely upon the use of Lewis
acids are available. Acylation has been accomplished by MnO, oxidation

of ethylferrocene, 16 and methylmagnesium iodide treatment of cyano-

ferrocene.
Fn + n-butyllithium —> Fn-Li —Soutylborate o oy CUuCN
I
Fn-CN + CH,Mgl —— Fn-C~CH, (16) Ref. 17

CH,
Na  FeCl, MnO,
- © Fe Fe
o)
TR
CH,CH, Ref. 16
CH,’

Ring closure to [2.4] and [2..3] ferrocenophanes can be
accomplished by bridging methods identical to the formation of [3.4] and
'3.2] ferrccenophane except starting from the aceylated [ 2] ferroceino-
phanes instead of acetylated [3] ferrocenophanes.

Another possibility is that [2.X] ferrocenes can be obtained from
fulvenes connected by an alkyl bridge. The high yield obtained with ful-

venes tends to encourage this approach.
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/

A
(CHy) SRS
O

E. Proposed synthesis of 7

(CHZ)X Fe x=3or 4 (or2)

Intramolecular condensation of lg should lead to the formation of

the bridged compound.

O
/0
base
Fe RSN —— Fe
H O CH,
Q—\{C ’ OH

O
12

AN

12 can be prepared by intraannular cyclizations of 15or by addition

of the diacid chlorides to ,1\/6\
Cl

4 < 0
H* B0l ¢
< O

0 - O\<C H, Cl
HS
Q\n; <
(@)

15 0 16

A~ ~
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The bridges can be made by the acid catalyzed cyclization of the
substituted 3 ferrocenyl propionic acid shown below. This reaction
makes use of the tendency of the 3 ferrocenyl propionic acids to cyclize

heteroannularly.

O

OH
0,H
Fe 2 Fe Fe 4 - Fe

—_— —
H' H S0
P :
The acid has been prepared from the ester. L
CH,
+/
Fn—CHz--III—CH3 + Na—(l)H—COZEt T Fn-CHz-Cl)H—COZEt
CH, CO,-Et CO,Et
14
KO in Megm, Do (H-COH Ref. 18
- CO,H )

67% yield from 14

F. Proposed synthesis of intermolecularly bridged ferroceno-
phanes (3).
There are no known syntheses of compounds of the general

structure 3. Some known compounds which may serve as convenient
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starting materials are listed below.

Fn-CH,-~CH,—Fn Ref. 15
Fn-CH=CH-CO-Fn Ref. 23
H3
Fn—C(CHg)(CzHS)-—?zc—Fn Ref. 24
CH,

These possible precursors can be reduced to the saturated
compounds by various known reactions. The Fn-—(CH,),~Fn can probably
be obtained from a mixture of 13 and cyclopentadiene. 13 and FeCl, has
been shown to give intermolecularly bi-bridged ferrocenophanes in low

yields (< 19%). e

FeCl,

@ + Br-(CH,),~Br s, '/(CH \.

/(CH2)4
Fn \Fn plus polymers Ref. 25

™ (CH,),”
If the ratio of 13 to cyclopentadiene is sufficiently low, the
amount of polymers formed should be greatly decreased. This approach
to synthesis of intermolecularly mono-bridged ferrocenophanes should be

applicable to cases in which n = 2, 3 and 5.
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If one applies known cyclization reactions to these compounds

many side-products are possible and probable.

Te Fe Q oh Fe (Céz)m-l Fe
‘ —»—»(CH,), (CHy)
o TR TROTTOA
Fe Fe Fe Fe
< <O O O

n=234, orb

Yoo

Besides interferrocenyl bridging in the last step shown, intra-

ferrocenyl interannular and intraannular bridging is possible.
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Part B

The extensive organic chemistry of ferrocene suggests some
exciting possibilities for the synthesis of unusual cyclic organic com-
pounds. Ferrocene strongly activates its rings to a large number of
aromatic elecfrophilic substitution reactions as well as to reactions
proceeding through a lithiated or mercurated intermediate compound.
These properties can be made use of to synthesize compounds which are
inaccessible through other means. The crux of the problem is to
liberate the preformed organic molecule from the iron atom. A reaction

that does just that has been found. 10

<17 <7
Li, EtNH,

5 53% yield (distilled)
" 4-6 min 71% yield (by adduct with
CD mn. maleic anhydride) Ref. 19

The generalized synthetic scheme is shown below.

chemistry Li, EtNH,
ey — 25

Fn substituted Fn substituted cyclopentadiene

+ Fe®
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1. The synthesis of a new crown ether

repeat 1) Li, RN
Fe f) el Fe ()~ Fe O

N =P =t

Ref. 21

2. Syntheses of non-benzenoid aromatic annulenes

: \ CH,N, MnQ,
Fe T Fe —_—
Ref. 11 Q \/ Ref. 16
O O

-
O
1) H,N-NH-TS A\
Fe —F > Fe
2) NaH
in glyme / \ /
Ref. 26
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repeat
sequence

—Y@"‘)@

14-annulene

& —a o

12-annulene

|-ta
@ B

18-annulene

H
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H

1) base repeat

2) (1) " sequence

; —_—
Fe S
Ref. 27
\/

0O H,

CH,

CH, 14-annulene
O
POCi, POC1,
Fe Fe ¢.PCH,
CHy), FGo-X *—i——%
7 \ CH3)
CH, o
9) Cl 0]
Ref. 22 Ref, 22
Li, EtNH,
/ ’

CH, CH,,
18 annulene



10

i
12.
13.
14.
15.
18.

19

18.
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PROPOSITION VI

It is proposed that zeolites with chiral cavities be synthesized,
and their potential utility as resolving agents of racemic mixtures of
organic compounds be studied.

The most commonly used method for the separation of a racemic
mixture of organic compounds is reaction of the mixture with an optically
active reagent to form two diastereomeric complexes which can be
separated on the basis of different physical properties. 1 Usually this
involves the formation of diastereomeric salts by the reaction of an
acidic functional group on one chiral compound with a basic functional
group on the other chiral compound.:

Recently, however, some investigators have concerned themselves
with finding systems that differentiate between enantiomers on the basis
of their individual three-dimensional shapes. In the two examples which
will be discussed this has involved the formation of chiral cavities into
which one enantiomer fits better than the other.

In 1973, Wulff, Sarhan and Zabrocki designed a highly cross-linked
polystyrene which contained chemically bound units of D-glyceric acid
(see Scheme 1). . The glyceric acid was bound through its acid function
to an aniline unit by an amide linkage and through its hydroxyl groups by

the formation of a boronic acid diester. The D-glyceric acid was then
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=]

"clipped out' of the polymer by reaction with HCI and removed from the

polymer.
1) copolymerize
with
B
B0~ D N\ 2) HC1/MeOH
H
chiral cavity
D and L-
glyceric
___._.-——-—-}
acid

L-acid

The authors felt that the cavity where the D-acid had resided
was more disposed to rebind a D-form rather than an L-form of the acid
if a 1:1 mixture of the enantiomers was brought into contact with the
polymer. Appropriate experiinents showed that the polymer did, in fact,
show a slight preference for complexing with the D-form over the L

(resolving factor of 1.034).
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This pseudo-enzyme system was easily and irreversibly "denatured"
by physical forces that changed the shape of the cavity such as heat and
polymer swelling in certain solvents.

Cram et al. has designed a polymer containing macrocyclic crown
ethers that have chiral cavities by virtue of the restricted rotation ébout
the napthyl linkage (see below). 2, Because the functional groups which
bind the substrate (simple amino acids) are all located on a single cycle
of 20 atoms, deformations due to heat and solvent caused polymer swellings
are much less. A column packed with bound units of a single antipode of
1 was used to resolve a racemic mixture of (R) and (S) valine. Heating of
the macrocycle to temperatures (205°; 200 hr) at which the binapthyl group

inverts results in loss of all resolving ability. w0

CH,-0-CH,-CO,H

LY cx,
St g
- ?\ /O\ ’ é}OZH
| CH,-O-CH,-CO,H

1 valine

~

In contrast to organic polymers the structural frameworks of
zeolites are known to be stable at very high temperatures (650°C). %
The introduction of chiral cavities into zeolites follows from the studies

5 : C .
of Barrer and Denney. = These workers in their pioneering research on
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zeolite synthesis have introduced the use of large organic cations to
replace or partly replace the alkali metal cations such as Na* which are
normally present in classical zeolite syntheses. Zeolites are hydrous
aluminosilicates of calcium, sodium and other metals in which as much aé
half the total volume consists of cavities that are as much as 114 in
diameter. The Group Ia and IIa metals are present as counterions to the
negatively charged aluminate units in the zeolite skeleton which consists
of tetrahedral Al and Si atoms connected by 0's. The positively charged
metals are not bound tightly to the zeolite and may be exchanged, for
example, a zeolite containing Na* counterions may exchange these for
ca*tions in the ratio of 2 for 1. %

Replacement of several alkali metal ions by bulky organic cations
of unit charge in the syntheses of zeolites has been found to increase the
silicon-aluminum ratio in order to preserve electrical neutrality and has
promoted unusual structural designs. & Organic cations that have been
used are quaternary ammonium salts such as tetramethylammonium
hydroxide (TMAH). In addition to preserving electrical neutrality in
zeolites, other TMAH molecules have been shown to be trapped in the
cavities of the zeolites. 6

It is proposed that quaternary ammonium salts with optically active
groups be used in the syntheses of a novel class of zeolites. The optically

active hydroxides are expected to cause chiral cavities to be formed to

accommodate the bulk of the molecules as the zeolite crystallizes out of
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solution. Furthermore, it is expected that zeolites with chiral cavities
will selectively adsorb one member of an enantiomeric pair. Thus,
columns (vapor phase or column chromatography) packed with zeolites
may be used to resolve racemic mixtures as the mixture passes through
it

The use of zeolites to select molecules on the basis of shape is
not new. For example, n-pentane is much more easily accommodated in
zeolites with cavities of a certain size than is isopentane (by a factor of
35:1). 7 This research is proposed to fine adjust this selection process so
that enantiomers can be distinguished by the zeolite in the same way that
a right-handed nut selects a right-handed screw over a left-handed one.

The synthesis of zeolites with organic counterions is rather
straightforward. %8 Sodium hydroxide, sodium aluminate, sodium
silicate, a quaternary ammonium salt and water are heated at reflux for
a few days till crystals of the zeolite fall out of solution. The zeolite is
collected on a filter and dried at 120°. Occluded TMAH is released by
heating to 350°C. Quaternary ammonium salts are broken down at these

temperatures according to the equation:

o
(CH,),NOH —— > (CHy,N + CH,OH

Occluded water (zeolitic water) and TMA ions acting as counterions

are not released until the zeolite is heated to 650°C.



345

It is proposed that first syntheses be attempted with optically active

sec-butylammonium hydroxide.

ITTH: OH~
CHs-CH2-('3—H
CH,
After appropriate heat treatment of the resulting zeolite, a VPC
column will be prepared with this zeolite. Resolution of a racemic

mixture containing an asymmetric center with a H, -CH, and -CH,CH,

and one other group will be attempted.
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