CHAPTER V

RESULTS AND DISCUSSION

5.1 Preparations of Ferrocenyl Derivatives

5.1.1 Ferrocenylamine Derivatives

Ferrocene can be aminomethylated readily to forrn dimethylaminomethyl
ferrocene with high yield. The unreactive ferrocene was recovered and reemployed by
recrystallized with hexane The aminpometallation of ferrocene furnishes a new route to

the synthesis a number of unavailable ferracenyl derivatives.

N, N-dimethylaminomethylfesraocene was methylated with methyl iodide to
generate quarternary ammonivm salt.(N, N-dimethylaminomethylferrocene methiodide)
with excellent yield. This step t3 performed to canvert a poor leaving group, -N(CH;),,
into a good leaving group, "N{CH3); and that the methiodide of this tertiary-amine is
useful intermediate for the synthesis of monosubstituted fairoceny! derivatives.’® It can
be seen from Scheme '3, | that tertiary-amme was converted through its methiodide to
the corresponding ferroceny! derivatives, this involved the displacement of trimethy!
amine which was observed: to be formed as a by-product. Ferrocenylmethyl anion
(Fc-CHy) was reacted with potassium’ cyanide, methylamine, ‘and diphenylamine to
give ferrocenylacetonitrile, o-methylferrocenyimethylamine, N, V-diphenylamino
methylferrocene, | ‘respectively:) “Ferrocenylethylamine /was  prepared-by reducing

ferrocenyl acetonitrite with LiAlH,,.

The synthesized ferrocenylamine derivatives were characterized by 'H NMR

and FTIR techniques. The results are shown in Table 5.1 and Table 5.2
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- Table 5.1 'H NMR data of ferrocenylamine derivatives

Compounds Amino moie.ty Cp ring protons
NCH; NH CH;N | CH,CHlizN | | NH» NPh; CsHs oH BH
Fe-CH,N(CHa), 2.15(s) ; 3.27(s) 2 \ - 4.09(s) 4.14(s) | 4.09(s)
Fc-CH,N(CHa)sT | 3.33(s) - 2.90(s) - - - 4.24(s) 438(d) | 4.48(s)
I=5Hz

FcCH,NHCH; 243(s) | 2.80br) | 3.46(s) - ’ - 4.11(s) 4.09(m) | 4.18%)
J=3Hz

Fe-CH,CH;NH, - - 275() | 2.44(t) | 3.50 (br) 4.08(s) 4.10(m) | 4.10(m)

J=6Hz | 1=6Hz
Fc-CH;NPh, - - 4.70(s) - - 7.0(m) 3.90(s) 4.15(s) | 4.05¢s)

1% 4



Table 5.2 FTIR data of ferrocenylamine derivatives

Compounds -NH =CH -CH C=C -NH -CH; CH; -CH out of
stretching stretching stretching i stretching bending plane bending
Fc-CH:N(CHs), - 3092, 2938 2858, 2768 1637 - 1460 1350 818
Fc-CH3N(CH;)51 - 3052 2993 1655 - 1483 1408, 1387 BR6
FcCH;NHCH, 3439 2920 2748 1638 1510 1465 1392 817
Fc-CH,;CH;NH, 3751, 3312 2967 2859 1651 1541 1452 - 814
Fc-CH;NPh; 3093 3093 3047 1600 - 1465 - 6952

1) 4
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5.1.? Schiff Base and Reduced Derivatives

1, 2 Bis (ferrocen-1-ylmethyleneamino)ethane (Schiff base) was prepared by
condensation of ferrocenylaldehyde with ethylenediamine. Hydrogenation of Schiff

base with LiAlH, resulted in the corresponding amine as shown in Scheme 5.2.

Sl
= HaNEH?CHINH? e 3
< 7T N <

Scheme 5.2 Condensation of férrocenylaldehyde with ethylenediamine and reduction
with LiAlHz

Ferrocenyletdehyde was reacted with ethylenediamine (2:1 mole ratio) to
produce orange solution from which Schiff basé-was isolated in a good yield.
Hydrogenation of Schiff base with LiAlH, gave yellow solids of reduced Schiff base.
'H NMR spectra and the data of bothzcomplexes were shown in Figufes 5.1-5.2 and
Tables 5.3 <5'4. The spectrem of Schiff base showed HC=N chemical shift at 8.15 ppm
white the spectrum of reduced form showed the disappearance of this group but
showed NH-CH; chemical shift at 2.75 ppm,

FTIR data of Schiff bass and reduced Schiff base were shown in Tables 5.5
and 5.6 respectively. Schiff base showed a strong C=N stretching vibration at 1642

cm’! while reduced Schiff base showed secondary amine group at 1543 cm™'.
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Figure 5.2 'H NMR spectrum of reduced Schiff base derivative

48



Table 5.3 'H NMR data of Schiff base derivative

49

Chemical shift Multiplicity Number of Assipnment
{(ppm) protons
8.15 singlet 2H HC=N
4.60 triplet 4H a-CsHs (J = 1.5 Hz)
4.31 triplet 4H B-CsHi(J = 1.5 Hz)
413 singlet 1GH CsH;
3.75 singlet 4H =N-CH,
Table 5.4 'HNMR dataof seduced Schiff base derivative
Chemical shift Mulgiplicity Number of Assignment
{ppm) protons
4.20 singlet 4H a-CsHy
4.15 singlet 10H CsHs
4,12 singlet 4H B-CsH,
3.50 singlet 4H —CH,-CH;
2.75 singlet 4H —~NH-CH;




Table 5.5 FTIR data of Schiff base derivative

Wavenumber {cm™) Assignment
3111, 3072 =CH stretching
2895, 2830 —CH stretching

1642 C=N stretching

1470 —CH; stretching
1106, 1012 -CN strétching

820 =CH out of plane

Table 5.6 FTIR data of reduced Schiff base derivative

Wavenumber (cra) Assignment
3435 -NH strefching
3092 =CH stretching
2927, 2833 . —CH stretching
1636 C=C stretching
¥543 ~NH bending
1456 ~CH, stretching
1116, 1025 ~CN stretching
817 =CH"out of plane
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5.1.3 Lithiation of Ferrocene

Ferrocenylbipyridine was synthesized by the reaction of lithioferrocene
with 2, 2'-bipyridine. The intermediate complex gave the product after elimination of
lithium hydride. The position of the substituent is governed by the inherent reactivity
of the ortho position towards nucleophiles  In the reaction, a suspension of the
lithioferrocence in diethyl ether under nitnogén‘Wwas reacted over a period of 3 days
with 2, 2’-bipyridine, followed by a standard work-up in air to achieve oxidation of the
expected dihydrointermediate into the desired aromatic pruduct as shown in Scheme
5.3.

Scheme 5.3 Preparation of é-festocenyl-2, 2'-bipyridine

2, 2'-Bipyridine is used as a ligand with a transition metal.>® There is a
propensity towards cyclometallation since the nitrogen atom is f-to ferrocenyl ring and
thus can coordinate effectively and stabilize a metal sigma bonded to the
cyclopentadienyi ring) (Figure'5.3) This'may be a desirable effect in the case of new

catalyst design for alkylation with diethylzinc.

Figure 5.3 Coordination of ferrocenylbipyridine and a metal
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The '"H NMR data and spectrum of 6-ferrocenyl-2, 2'-bipyridine are shown in
Table 5.7 and Figure 5.4

Table 5.7 'HNMR data of 6-fetrocenyl-2, 2'-bipyridine

Chemical Multiplicity Number Assigoment
shift (ppm) of
_ protons
8.68 doubiets of doublets IH H6' (J=1.0,1.8and 5.0Hz)
of doublets
8.57 triplets of doubiet 1H H3' (J=1.0and 7.0Hz)
8.21 doublets of doubizt 1H H3 (J=1.0and 7.0 Hz)
7.85 doublets of doublets 1H H4' (J=1.0,5.0and 7.0 Hz)
of doubiel
7.74 multipiet 1H H4
7.43 doublets of doublets 1H H5(J=1.0,1.8and 70 Hz)
of doublet
7.31 doubilets of doublets IH H5(7)=1.0, 5.0 and 7.0 Hz)
of doublet
5:03 triplets of doublet 2H aH-CsH4 (J,="18and 6.0 Hz)
4.42 triplet 2H fH-CsHi(J=1.8 H2)
4.07 singlet SH CsH;s
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The FTIR spectrum of 6-ferrocenyl-2, 2’-bipyridine in Figure 5.5 shows

strong peak at 1635 cm™’. The data of other vibrations are shown in Table 5.8.
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Figure 5.5 FTIR spectrum of 6-ferrocenyi-2, 2’-bipyridine
Table 5.8 FTIR data of 6-ferrocenyl-2, 2*-bipyridine
Wavenumber (cm’) Assignment
3098 =C-H'stertching
1635 C=N stretching
1572, 1489 C=C stretching
1111 C-N stretching
813 =CH out of plane
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N, N-Dimethylaminomethylferrocene was metalated with »-butyllithium in
diethyl ether-hexane, and the resulting monolithioamine was condensed with

benzcplienone, to form 1, 2-disubstituted ferrocene as shown in Scheme 5.4

O/,CH;N(CH;)Z @C \ CHAN(CHs)
= . (CH:  @hC0 @/

lie' n-Buli Fe Li/" - Fe C-Ph
& O T D

Scheme 5.4  Preparation©f_2-(a, a-diphenylhydroxylmethyl)dimethylaminomethyl

ferrocene

2-Lithiation of N jN-dimethylaminomethyiferrocene was thought to proceed
by preliminary abstracuen of a proton by the #-butyl anion, it might at first be thought
that the position adjacent fo the dimethylaminomethyl group, being perhaps highest in
electron density due to effect of the substituent, would be the least acidic proton and
~hence undergo lithiation least readily. In the structure of 2-lithio intermediate, the
lithium ion was locked in a fivé-membered chelate ring, bound by the ferrocene ring

on one side and by the fiee-eleciron pair-of ithe-amine-niicogen on the other.*

The structure of 1, 2-disubstituted ferrocene was supported by spectroscopic
techniques. The infrared spéctrumsin Figure 5.6 indicates the broad peak of hydroxyl
group of disubstituted ferfocene at 3450 cm'| (Table 5.9). The 'H NMR spectrum
'(Figure 3.7) and data (Table 5.10) showed hydroxyl-group at 7.55 ppm] phenyl ring at
7.15 ppm and tertiary amine at 195 ppm.



56

100 -

% Transmittance
[ =]
8]

4000

3000

Wevaenumbers (cm-1)

1000

Figure 5.6 FTIR spectrum of 2-(a, a-diphenylhydroxymethyl)dimethylaminomethyl

ferrocene

Table 5.9

FTIR data of 2-(a, a-diphenylhydroxymethyi)dimethylaminomethyl

ferrocene

Wavenumber (cm™) - Assignment
3450 —~OH stretching
3088, 30067 =CH stretching
2817, 2781 “CH stretching
1603,1495 C=C stretching
1460 —CH;
1357 -CH;,
1055 —-CN stretching
707 =CH out of plane




57

CH

@/Clizﬁlc}hh
Fe C;-Pb:

HO

N

Figure 5.7 'H NMR spectrum of 2-(c:, a-diphenylhydroxymethyl)dimethylamino

methylferrocene

Table 5.10  'H NMR data of 2-{a, a=diphenyibydroxymethyl)dimethylaminomethyl

ferrocene
Chemicat shift Maltiplicity Nddibér-of Assignment
(ppm) protons
7.55 doublet 1H ~OH (J.=6 Hz)
715 multiplet SH C¢Hs
4.05 doublet ZH a-CsHs (J =2 Hz)
3.95 singlet SH CsH;
3.15 multiplet 2H ~CH;
3.79 triplet IH B-CsHa (J =2 Hz)
1.95 singlet 6H ~N(CHs),
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5.1.4 Other Ferrocenyl Derivatives

5.1.4.1 Acetylferrocene

Acetylferrocene was prepared by Friedel-Crafts reaction of ferrocene

with acetyl chioride in the presence of aluminium chloride as shown in Scheme 5.5.

Monosubstituted acetylferrocene was separdied and characterized by 'H NMR and
FTIR, the data are shown.in Tables 5.10-and 5.1}

8]
% .* @/
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Scheme 5.5 Preparation of acetylferrocene

O (@]
/=°=°

5.1.4.2 Ferrocenylmethylalcohol

N(CH3); which is a good leaving group was easily substituted with
OH, as shown in Scheme 5.6. The complex was characterized by 'H NMR and FTIR,
the data are shown in Tables 5.10 and 5.11

: : LCHoN(CH, )T O/CHIOH
NaOH

Fe —_— Fe

@ &

Scheme 5.6 Preparation of ferrocenylmethylalcohol
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5.1.4.3 a-Hydroxyethylferrocene

o-Hydroxyethylferrocene was produced by the reduction of
acetylferrocene with lithium aluminium hydride as shown in Scheme 5.7 The structure

was confirmed by 'H NMR and FTIR, the data agreed well with those in the

literature®’ as shown in Tables 5.1

FONUUMUSNNS )
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Table 5.11 '"H NMR data of ferrocenyl derivatives

Compounds Ferrocene moiety Cp ring protons
CH CH; CH; OH CsHs aH BH

Fc-COCH; - - 2A3U(s) - 4.18(s) 4.88(t) 4.76(t)
J=2Hz J=2Hz

FcCH,OH - 4.32(s) - 4.32(s) 4.15(s) 4.20(t) 4.10(s)
J=3Hz

Fc-CHOH 1.87(d) - 1.44(d) 4.52(m) 4.21(s) 4.25(m) 4.25(m)

éH; J=4Hz J=6Hz

09



Table 5.12 FTIR data of ferrocenyl derivatives

1l

Compounds OH =CH -CH; CH; -CH out of
stretching stretching plane
bending

Fc-COCH; - 3116 - 1377 1005
FcCH;OH 3236 3088 1378 - Gg7
Fc-CHOH 3217 3097 o e - 1308 1002

| “t

CHJ l—;'—‘; ‘
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5.2 Properties of Inclusion Compounds

Ferrocene and its derivatives are excellent substrate for inclusion compound
in cyclodextrin hosts. They can be included in B-cyclodextrin with high yields and a
. simple method as shown in Scheme 5.8, A 2-fold molar excess of ferrucene derivatives
was added to aqueous solution of cyclodextrn at 60 °C .. 1 stirring. The products
were washed with water to remove any rémaining cyclodextrin and nonincluded
ferrocenyl derivatives were removed by washing with tetrahydrofuran. The included

guests were not liberated from the f-cyclodextrin cavity.

R
Q
@/ o
€ . Jx ) Y
& X
Ferrocenyl derivatives [f~Cyclodextrin Inclusion compounds

R = amino, acy! or hydroxyl group
Scheme 5.8 Inclusion compound of B-cyclodextrin-ferrocenyl derivatives

5.2.1 Thermogravimetric Analysis

The inclusion compounds are obtained thermaily stable, did not liberate the

guest whenl heated<at) 150 ©C while the nonincluded melted Ondérithe same condition.

Figure 5(8 shows the results of the thermogravimetric analyses of a) B-cyclodextrin,
b) o-methylferrocenylmethylamine, c) mixture and d) p-cyclodextrin-a-methyiferro-
cenylmethylamine inclusion compound. In the case of mixture each component
behaved independently, a-methyiferrocenylmethylamine meilts below 200 °C and -
cyclodextrin decomposed around 250 °C. In the case of inclusion compound there was
no change around 200 °C except the loss of hydrated water. It was stable up to 220 °C

and decomposed above 250 °C. The results indicated that the o-methyliferrocenyl
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methylamine was included tightly in the B-cyclodextrin cavity. The decomposing point
of the inclusion compound is lower than that of B-cyciodextrin. This may be due to the

promoting effects of the guest.
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Figure 5.8 Thermogravimetric analysis of
a) B-cycludextrin
b) ~a-methylferrocenylmethylamine
) “mixture
d),f-cyclodextrin-a-methylferrocenyimethylamine inclusion

compound
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5.2,2 Elemental Analysis

Stoichiometries were determined by elemental analyses. These results show
that ferrocenyl derivative can form inclusion compound with B-cyclodextrin with a 1:1}

stoichiometry, regardless of the molar ratio of the host to guest in the reaction.

In addition, elemental analyses reveal'number of water in cavity. It was found
that about 3-6 molecules of water swere included in PB-cyclodextrin inclusion
compound. From X-ray-erystal sttucture of B-cyclodextrin at ambient condition, there

were about 12 molecules of water

Characterization/ data ‘of ferrocenyl derivative-B-cyclodextrin  inclusion

compounds are shown in Tables 5 13 and 5.14.



Table 5.13 Characterization data of ferrocenylamine inclusion compounds
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® Required values are given in parenthsses

Table 5.14 Characterization dafa of ferrocenyl derivative inelusion compounds

Inclusion Formuls % mp* Analysis® (%)
compound
yield | (°C) C H
Fc-CH;-N(CHy),-CD CssHgrOysNFe 4H,0 65 | 207208 | 44.75 6.38
(44.55) | (6.60)
Fe-CH-N(CHyhl-CD | CygHooNIO,Fe 4H,0 62 | 218-220 | 42.39 6.38
: 4225 | (6.20)
Fc-CH;-NH-CH,-CD CsaHasNOysFo 410 60..| 208-210 | 45.19 6.50
(45.16) (6.53)
Fc-CH,;-CH,NH,-CD CiHe NOwFe, 4H,0 65 | 235237 | 4495 6.62
(45.16) | (6.53)
CD-Fe-CH=N-(CHy);- | C;gH, N e, 6H.0 58 | 258-260 | 4421 6.27
N=CH-Fc-CD (44.33) | (6.06)
CD-Fc-CHy-NH-CHz)r- | €)ool sN:OFe, 6H30 62 | 245-247 | 4410 6.30
NH-CH,-Fe-CD (4427) | (6.19)
* With decomposition,

Inclusion Formula % mp* Analysis® (%)
Compound
yidd | ¢C) | C H
Fc-COCH,-CD CsaHg:0xeFe. 3H0 70 244-247 4558 6.30
@577 | (6.26)
Fe-COH-CD CsaHgOxsFe. 3H,0 75 228-230 45.38 5.80
@ssn | (6.18)
Fc-CH,-OH-CD Cs3Hg06sFe 4HO 63 221.222 4438 6.29
{44.73) 6.37
FC-(I:H-OH-CD Cs:HssOpFe 4H,O 65 222-223 45.13 6,30
CH3 @5.13) | (6.4%)
Fc-CH,-CN Cs4Hy O3sNFe 4H,0 61 198-199 45,00 6.29
@529 | (6.26)
* With decomposition.

® Required values are given in parentheses
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5.3 Characterization of 3-Cyclodextrin by NMR Technique

- Cyclodextrin is insoluble in most common organic solvents but soluble in
water and dimethylsulfoxide. Solvent has a profound influence on 'H NMR spectra, in
water there is a fast exchange of OH protons. To avoid this, dimethylsulfoxide was
frequently used. In such medium oneé ‘can obtain detailed insight into the
intramolecular cyclodextrin hydrogen-bond /network and often observes better
resolved signals for other protons. Another way to reach a higher dispersion of
overlapping cyclodextrin signal is.t0.use a 500 MHz NMR instrument. So in this work,
structural characterization ofB<cyclodextrin was done, using 500 MHz NMR
instrument and DMSQs«ds solvent.  Proton positions of B-cyclodextnn are shown
below. ‘H NMR datasand’ spectrum are given in Table 5.15 and Figure 5.9,

respectively. The resuit ageees wellwith thatin the literature. !

Table 5,15 'H NMR data of B-cyclodextrin

Chemical Maultiplicity Number of Assignment Coupling
shift (ppm) protons constant (Hz)

5.73 doublet TH OHQ) =67
568 doublet TH OH(3) J =20
4.83 doublet TH H(1) ] =134
4.45 triplet H OH(6) I =255
3.64 multiplet 21H H(3), H(6)
3.59 multiplet TH H(5)
335 multiplet 7H H(4)
3.30 multiplet TH H(2)
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Cyclodextrin has primary and secondary hydroxyl groups crowding opposite
ends of its torus, H(3) and H(5) directed toward its interior H(1), H(2) and H(4)
located on its exterior. The secondary hydroxyl groups, at the wider rim of the
cyclodextrin, form intramolecular bonds. in which the OH(3) group of one glucose is
interacting with the OH(2) group of the neighboring glucose unit. This leads to a beit
of hydrogen bonds around the secondary cyclodextrin side that gives the whole
molecuie a rather nigid structure. The primasy hydroxyl groups OH(6) placed at the
smaller rim are not participating in intramolecular-hydrogen bonds and therefore can

rotate the C(5)-C(6) bond,"
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5.4 Characterization of Inclusion Compounds by NMR Technique

Cyclopentadieny! ring of ferrocene, the delocalized » electrons give rise to a
ring current when field is perpendicular to the molecular plane, as shown in Figure
5.10. The induced field opposes Bo at the middle of the molecule but reinforces it at
the periphery. As a result, protons in the molecuiar plane and outside the ring are
deshielded. Conversely, protons in the regions above or below the plane to the ring are

strongly shielded.

Figure 5.10. Anisotropic effect of cyclopentadieny! ring

In the p-cyclodextrin-ferrocene inclugsion compound, a ferrocene molecule
could fit well into a P-cyclodextrin cavity by:axial inclusion.?’ The delocalized =
etectrons of cyciopentadienyl rings affected H(3) and H(5) at the interior wall of
cyclodextrin. H(3) and H(5) are directed to molecular plane of cyclopentadienyl ring
(Figure 5.11) so they show downfield shifts. The chemical shifts of H(1), H(2 ) and

H(4) which are on the outer surface of the B-cyclodextrin torus are unaffected.

Figure 5.11 Anisotropic effect of cyclopentadienyl rings to H(3) and H(5) of
B-cyclodextrin
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It was indicated that if only H(3) underwent a shift in the presence of substrate
then the cavity penetration was shaliow, whereas if H(5) also shifted the penetration
was deep*' as shown in Figure 5.12.

OH(2) OH(3)

CHaOH(6) CH:0H(6)
shallow penetration deep penetration

Figure 5.12 Ferrocene in cyclodextrin with interaction sites of proton observable by
'H NMR

5.5 Characterization of B-Cyclodextrin-Ferracenyl Derivative Inclusion
Compounds by NMR Technique

5.5.1 B-Cyclodestrin-N, N-Dimethylaminomethylferrocene Inclusion
Compound (FcCH:N(CH-CD)

The 'H-NMR, spectrum and-the data of. inclusion, compeund of B-cyclodextrin
with FcCH;N(CH;); " are shown in Figure 5:12"and Table 5.16. The resonance at 4.13
ppm was assigned-to unsubstituted cyelopentadienyl ring, the two-doublet peaks at
4.10 and 4.14 ppm-resulted from four-protons in the substituted cyclopentadienyl ring.
The splitting of the 'H NMR resonances for the substituted cyclopentadienyl ring upon
.inclusion of FcCH,;N(CHas); in B-cyclodextrin cavity suggests that rotation of the bond
between the ring and the methylene substituent is hindered by the cyclodextrin.** H(3)
and H(5) of B-cyclodextrin located in the cavity were 0.03 and 0.02 ppm downfield
shifted but H(1), H(2) and H(4) which located in the exterior of the cavity were
unaffected. Secondary hydroxyl groups, OH(3) was downfield shifted and became
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singlet because of moderate hydrogen bond between N of amino group (acceptor) and
H of hydroxy! group (donor). OH(2) was 0.02 ppm downfield shifted because of
. ferrocene moiety. Primary hydroxyl OH(6) became singlet, this can be explained from
partially block in the cyclodextrin cavity by hydrogen bonding with cyclopentadienyl
ring. The two conformers of B-cyclodextnn reported,”’ as shown below are the (-)
gauche form with OH(6) pointing away and the (+) gauche form with OH(6) toward
the cavity. The latter form is observed if certainpacking requirements are met or if a

hydrogen bond is formed with an included guést molecule.

Ol

o L _oCF

Cil) c
O(L'If)

(%CVJ

(-) gauche (+) gauche

From these, results, it indicates that FcCH3N(CH,); was included in the
hydrophobic cavity of fiscyciodextnin-and a possible geomeiry was proposed as shown

below.
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Table 5.16 'H NMR data of B-cyclodextrin-¥, N-dimethylaminomethylferrocene
inclusion compound
Chemical Multiplicity | Number of Assignment Coupling
<hift (ppm) praotoas constant (Hz)
575 doublet 7H OH(2) J=6.5
5.70 singlet 7H OH(3)
4.83 doublet TH H(lL) J=3.0
4.47 singlet TH OH(6)
414 doubiet r?.H aH-CsH, J=20
4.13 singlet SH CsHs
4.10 doubley 2H fH-CsH, J=20
3.67 multiplet Z1H H(3), H(6)
3.61 multiplet 7H H(5)
3.35 multipiet TH H(4)
3.30 multiplet TH H(2)
3.21 singlet 2ZH CH,
2.04 singlet 6H N(CHa};
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5.5.2 p-Cyclodextrin-N, N-Dimethylaminomethyiferrocene Methiodide
Inclusion Compound (FcCH;N(CH;);1-CD)

The '"H NMR spectrum and the data of inclusion compound of B-cyclodextrin
with FcCH;N(CHi )l were shown in Figure 5.14 and Table 5.17. The quatemnary salt of
FcCH,;N(CH,);1 was hindered and polar, The inclusion compound with B-cyclodextrin
showed the resonance at 4.13 ppm that _eorresponded to the unsubstituted
cyciopentadienyl ring. The two tripiet peaks at 418 and 4.25 ppm result from the
substituted cyclopentadienyl ring. The peak from the unsubstituted cyclopentadinyl

ring was observed to split'intofwo peaks due to the interaction with f-cyclodextrin,

For P-cyclodextrin resonance, 0.02 ppm downfield shifts with spitting was
observed for the H(3) and H(3), which are located wathin the cavity of B-cyclodextrin.
The chemical shifts of H(1), H(2).and H(4) were unaffected. Splittings of H(3) and H
(5) were resulted from H of cyclopentadienyl fing and -CH; of ferrocenyl moiety. OH
(6) was unchanged. A possible geomietry was proposed as shown beiow,
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Figure 5.14 "H NMR spectrum of B-cyclodextrin-A, N-dimethylaminomethylferrocene methiodide inclusion compound
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Table 517 'HNMR data of B-cyclodextrin- N, N-dimethylaminomethylferrocene
methiodide inclusion compound

Chemical Multiplicity | Number of | Assignment Coupling

shift(ppm) protons constant (Hz)
5.75 doublet TH OH(2) J=70
5.68 doublet TH OH(3) J=20
4,83 doublet TH H(1) J=40
4.45 triplet 7H OH(6) J=355
4.25 singlet 2H aH-CsH,
4.18 triplet 2H BH-CsH,4 J=17.0
4.13 doublet 5H CsH, J=3.0
3.66 multiplet 21H H(3), H(6)
3.61 multiplet 7H H(5)
3.37 singlet 2H CH;
335 multipiet 7H H(4)
3.30 multiplet TH H(2)
2.91 singlet 9H N(CH;),




77

5.5.3 p-Cyclodextrin-a-Methylferrocenylmethylamine Inclusion
Compound (FcCH;NHCH;-CD)

'H NMR spectrum and the data of inclusion compound of o-methyi
ferrocenylmethylamine with B-cyclodextrin are shown in Figure 5.15 and Table 5.18.
Broad peaks of OH(2), OH(3) and OH(6) appeared at 5.75, 5.71 and 4.47 ppm,
respectively. These results indicate that hydrogenbonding between OH of cyclodextrin
and -NH of ferrocene moiety was formed, Chemical shifts of H(3) and H(5) were 0.02
ppm downfield shiftedowhile H(1), H(2) and H(4) were unaffected. H(6) was
deshieided due to amind group. ~ These results indicated that FcCH,NHCH; was

included in cyclodextrinCavity. Possible geometrics were proposed as shown below.
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Figure 5.15 '"H NMR spectrum of B-cyclodextrin-a-methylferrocenylmethylamine inclusion compound
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Table 5.18 '“INMR data of o-methylferrocenylmethylamine-f-cyclodextrin
inclusion compound
Chemical Multiplicity | Number of Assignment Coupling
shift (ppm) protons constant (Hz)
575 broad 7H OH(2)
5.71 broad TH OH(3)
4.83 doublet 7H H(1) J=35
4.47 broad TH OH(6)
4,19 singlet 2H aH-CsH,
4.14 singlet SH CsHs
4.07 singlet 2H PH-CsH,4
3.66 multipiet 21H H(3), H(6)
3.62 singlet 2H NCH;
3.61 multiplet TH H(5)
.3.35 | multiplet 7H H(4)
3.30 multiplet 7H H(2)
2.85 singlet 1H NH
2.25 singlet SH NCH




80

5.5.4 B-Cycladextrin-Ferrocenylethylamine Inclusion Compound
(Fe-CH CH3;NH,-CD)

'H NMR spectrum and the data of ferrocenylethylamine-B-cyclodextrin
inclusion compound are shown in Figure 5.16 and Table 5.19. A singlet peak at 4.22
ppm is assigned to the unsubstituted cyclopentadienyl ring. Two multiplet peaks at
4.14 and 4.18 ppm are assigned to the substinited cyclopentadieny! ring protons. 'H
NMR data showed strong upfield shift with splitting (0.07 ppm) of H(5) which located
in the interior of smaller cavity but H(3) was unchanged. H(1) and H(6) were also
unchanged. H(4) was 0.1 ppm downfield shifted because of amino moiety. OH(6)
was strongly downfield shifted (0.09 ppm) which might be from rotation of C(5)-C(6)
into the cavity and perhéips from hydrogen bond with guest molecule or water in
cavity. Upfield shift of H(S) revealed deep inclusion of guest and also resulted from a
slight tipping of guest. A possible geometry was proposed as shown below.
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Table 5.19 'HNMR data of B-cyclodextrin-ferrocenylethylamine inclusion
compound.
Chemical | Multiplicity | Number of Assignment Coupling
shift (ppm) protons constant (Hz)
5.75 doublet TH OH(2) J=170
5.70 doublet 7H OH(3) I=20
4,83 doublet TH H(1) J=35
4.54 triplet TH OH(6) J=6.0
4,22 singlet SH CsH;
418 multiplet 2H BH-CsH,
4.14 multiplet 2H aH-CsH,
3.64 multiplet 21H H(3), H(6)
3.62 singlet 2H NH;
3.52 multiplet TH H(5)
3.46 multiplet TH H(4)
3.35 multipiet 7H H(2)
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5.5.5 B-Cyclodextrin-Schiff Base Derivative Inclusion Compound
(CD-Fe-CH=N-CH;-CH;-N=CH-Fc-CD)

'H NMR spectrum and the data of B-cyclodextrin-Schiff base inclusion
compound are shown in Figure 5.17 and Table 5.20. Chemical shift of HC=N was seen
at 8.30 ppm. Resonances of H(3) and H(5) which located in the cavity showed 0.02
ppm downfield shift but H(1), H(2) and H(4)+ere unsffected. OH(3) was downfield
shifted and became singlet becanse of moderate hydrogen bond formation between of
=N-CH; of gust and H oficyciodextrin. OH(2) downfield shifts can be influenced by
amino groups. OH(6) became singler because of partial block in the cyclodextrin

cavity. Possible inclusion'geometries were proposed as shown below.
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Figure 5.17 'H NMR spectrum of B-cyclodextrin-Schiff base inclusion compound
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Table 520 'HNMR data of B-cyclodextrin-Schiff base derivative inclusion
compound
Chemical Multiplicity Number of Assignment Coupling
shift {ppm) protons constant(Hz)
8.30 singlet 2H HC=N
5.74 doublet 14H OH(2) J=6.5
5.70 singlet 14H OH(3)
4.83 doublet 14H H(1) I=25
4.82 singlet 4H aH-CsH,
4,68 singlet 4H BH-CsH,
447 singlet 14H OH(6)
431 singlel 10H CsHs
3.75 singlet 4H CH;-CH;
3.66 multiplet 47H H(3), H(6)
3.58 muitiplet 14H H(5)
3.35 multiplet 14H H(4)
3.30 multiplet 14H H(2)
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5.5.6 B-Cyclodestrin-Reduced Schiff Base Derivative Inclusion
Compound (CD-Fc-CHN-(CH31);-NCH-Fe-CD)

The 'H NMR spectrum and data of P-cyclodextrin-reduced Schiff base
inclusion compound are shown in Figure 5.18 and Table 5.21. The spectrum showed a
brrad peak of OH(2) and OH(3) around 5.72 ppm and a broad peak of OH(6) at 4.45
ppm. 1t indicates hydrogen bond formation” between —NH of guest and -OH of
cyclodextrin. Chemical shifts at 4.05, 4,17 and 4:13 ppm belong to the unsubstituted
and substituted cyclopentadienyl rings, respeciively. Resonances of H(3) and H(5) of
B-cyclodextrin, which are located in the interior of the cavity shifted 0.02 and 0.01
ppm downfield, respectively while H(1), H(Z) and H(4) remained unchanged. These
indicate inclusion in the'cyelodextrin cavity. Possible geometries were proposed as

shown below.
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Table 5.21 'HNMR data of B-cyclodextrin-reduced Schiff base derivative
inclusion compound.
Chemical | Multiplicity | Number of Assignment Coupling
shift (ppm) protons constant (Hz)
5.72 broad 23H OH(2), OH(3)
4.83 doublet 14H H(1) J=20
4.45 broad 14H QH(6)
4.17 doublet 4H aH-CyH, J=8.5
4.13 singlet 10H CsH;
4.05 singlet 4H AH-CsH,
3.65 multiplet 42H H(3), H(6)
3.61 multiplet 14H H(5)
3.35 multiplet 14H H(4)
3.49 singlet 4H -CH;
3.30 muitiplet 14H H(2)
2.75 singlet 4H -NHCH;
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5.5.7 B-Cyclodextrin-Acetylferrocene (Fc-COCH,-CD)
and B-Cyclodestrin-Ferrocenylaldebyde (Fc-COH-CD)

Inclusion Compounds

Inclusion compounds of acetylferrocene and ferrocenylaldehyde with f-
cyclodextrin gave similar results, For acetylferracene, 'H NMR spectrum (Figure 5.19)
showed chemical shift of COCH; at 2.35 ppinthile the COH of iutiocenylaldehyde
appeared at 9.90 ppm (Figure 5.20). The substituted cyclopentadienyl riﬁg gave rise to
two triplets. The splitting suggésts that rotation of the ring is not free because of
hydrogen bond between casbonyl and secondary alcohol. The data of both inciusion
compounds in Table 522 and Table 523, respectively shows downfield shift with
splitting of H(3) and H(§) because of the influence of anisotropic and acyl group. H(1),
-H(2), H(4) and OH(6) were remain unchanged. Possible geometries were proposed as

shown below.
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Table 5.22 'H NMR data of B-cyclodextrin-acetyiferrocene inclusion compound
Chemical | Multiplicity | Number of Assignment Coupling
shift (ppm) protons constant (Hz)

5.72 doublet TH OH(2) 1=65
5.67 doublet 7H OH(3) J=20
483 doublet TH H(1) J=25
478 triplet 2H aH-CsH, J=20
4.56 triplet 2H BH-CsH, F=20
4.45 triplet TH OH(6) J=55
4.24 singlet 5H CsH;
3.65 multiplet 21H H(3), H(6)
3.60 muitiplet TH H(5)
3.35 multiplet 7H H(4)
3.30 muitiplet H H(2)
2.35 singlet 3H CH;
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Table 5.23 'HNMR data of B-cyclodextrin-ferrocenylaldehyde inclusion compound

Chemical Multiplicity Number of Assignment Coupling
shift (ppm) proton constant (Hz)

9.90 singlet 1H COH

5.71 doublet 7H OH(2) I=10
5.67 doublet TH OH(3) J=25
4,83 doublet TH H(1) J=40
4.82 doublet 2H @H-CsH, J=20
4.68 taiplet 2H BH-C,H, J=20
445 triplet 7H OH(6) J=55
431 singlet SH CsH;

3.65 multiplet 21H H(3), H(6)

3.60 multiplet H H(5)

335 multiplet H H(4)

3.30 multiplet TH H(2)
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5.5.8 B-Cyclodextrin-Ferrocenylmethylalcohol (Fe-CH;OH-CD)
and -Cyclodextrin a-Hydmethylfemccnyl(Fc—(EH—OH—CD)
Inclusion Compouads CH,

'H NMR spectrum of f-cyclodextrin-ferrocenylmethylalcohol was shown in
Figure 5.21. Unsubstituted cyclopentadieny! ring showed doublet peak at 4.14 ppm
while resonance of substituted cyclopentadienyl ring appeared as a multiplet around
~ 4.18-4.22 ppm and a triplet at 4.09 ppm. The spectrum of B-cyclodextrin-a-hydroxy
ethylferracene in Figure 5:22 is similar, The 'H NMR. data of inclusion compound of
ferrocenylalcohol and ehydroxyethyiferrocene are shown in Table 5.24 and Table
5.25, respectively.

OH(2) of ferrocenyimethyialcohol end a-hydroxyethylferrocene appeared as a
broad peak at 5.74 and'5.76 ppm, respectively. It indicaies hydrogen bond. OH(6) was
strongly downfield shifted. H(5) proton, located in the smaller interior cavity of
cyclodextrin showed 0.05-0.06 ppm upfield shift. with splitting. Strong downfield shift
(0.13 ppm) of H(4) resulted from substituted group on ferrocene. Upfield shift of H(5)
was presumably affected from anisotropic effect below /the plane of ring current,
resulting from tiﬁping of guest as shown below.

B-cyciodextrin-ferrocenylmethylalcohot B-cyclodextrin-a-hydroxyethylferrocene
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Table 5.24 'H NMR data of ferrocenylmethylalcohoi-B-cyclodextrin inclusion
compound

Chemical Multiplicity | Number of Assignment Coupling

shift(ppm) proton constant (Hz)
5.76 broad 7H OH(2)
5.71 doublet 7H OH(3) 1=2.0
4.83 doublet TH H(1) J=35
4.55 triplet TH OH(6) I=55
4,20 multiplet 2H aH-CsH,
4.14 deublet 5H CsH; J=2.5
4.09 triplet 2H BH-C;sH, J=20
3.65 multiplet |, 20H H(3), H(6)
3.54 multiplet 7H H(5)
3.49 multiplet TH H(4)
3.35 multiplet 7H H(2)
2.09 singlet —3H CH,OH
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Table 5.25 'H NMR data of B-cyclodextrin-a-hydroxyethylferrocene inclusion

compound
Chemical shift | Multiplicity | Number of | Assignment Coupling
{(ppm) protons constant (Hz)
5.74 broad ™ OH(2)
5.69 doublst TH OH(3) I=135
4.81 doublet 74 H(1) J=35
4.55 singlet 1H CH
4.53 triplet TH OH(6) J=55
4.23-4.13 muliiplet 2H aH-CsH,
4.11 singlet SH CsHs
4.08-4.04 multiplet 24 BH-CsH,
3.64 maltiplet 21H H(), H(6)
3.53 muitiplet 74 H(5)
3 48 multiplet TH H(4)
332 muitiplet TH H(2)
2.30 singlet 1H OH
1.30 doublet 3H CH; 1=20
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5.6 Characterization of B-Cyclodextrin by FTIR Technique

Cyclodextrin has many hydroxyl groups, the FTIR spectrum in Figure 5.23
show strong broad peak of OH stretching and other vibrations. The data are shown in
Table 5.26
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Figure 5.23 FTIR spectrum of f-cyclodextrin

Table 5.26 FTIR data of 3-cyclodextrin

Wavenumber (cm™) Assignment
3375 —OH stretching
2923 —CH stretching
1637 -OH bending
1415, 1367, 1335 -CH,
1157, 1081, 1031 C-O stretching
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5.7 Characterization of Inclusion Compounds by FTIR Technique

Inclusion compounds of ferrocenyl derivatives with [(-cyclodextrin were
characterized by FTIR to study the vibrational variation of functional groups. The data

of the complexes and inclusion compounds were shown in Tables 5.27 to 5.36.

When inclusion compound was formed, CH, group of cyclodextrin show
vibrational frequency changé. In addition, some characteristic peaks from guest
-appeared in the FTIR.spectrum. FTIR spectrum of ferrocenyl derivatives and its

inclusions were shown.in'Figures 5.24-5 43,

Table 5.27 FTIR data of B-cyclodextrin-A, N-dimethylaminomethylferrocene

inclusion compound

Wavenumber (coi''} Assignment

3358 —OH stretching
2923 ~CH stretching(CD)
2895 , —=CH stretching
1637 ~OH bending
1451 ~CH,

1419, 1370, 1333 -CH; (CD)

1157, 1081, 1031 C-O stretching
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Table 5.28 FTIR data of B-cyclodextrin-N, N-dimethylaminomethylferrocene methio

dide inclusion compound

Wavenumber (cm™) Assignment

3388 | -OH streiching
2928 ~CH sire.ching(C. MDY
2900 ~CH stretching
1637 . —OH bending
1482 -CH;

1414, 1368,1333 —CH1(CD)
1386 -CH;,

1157, 1081, 1031 C-0O stretching

Table 5.29 FTIR data of [-Cyclodextrin-a-methylferrocenylmethylamine inclusion

compound
Wavenuniber{cin-) Assignment
3375 ~OH stretching
2923 | ~CH stretching(CD)
2898 —CH stretching
1637 —OH bending
1488 ~NH bending
1473 =CH;
1413, 1368, 1333 -CHz(CD)
1381 -CHs
1157, 1081, 1031 C-O0 stretching




Table 5.30 FTIR data of B-cyclodextrin-ferrocenylethylamine inclusion compound
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Wavenumber (cm™) Assignment

33758 ~OH stretching
2923 —CH stretching(CD)
2894 ~CH stretching
1637 ~OH bending
1544 -NH bending
1460 -CH;

1413, 13704337 -CH; (CD)

1157, 1081 4031 C-O stretching

Table 5.31 FTIR data of -cyclodextrin-Schiff base derivative inclusion compound

1157, 1086, 1031

Wavenumber (cm™) Assignment
3390 ~OH stretching
2923 ~CH stretching (CD)
28¢2 ~CH stretching
1685 €=C stretching
1657 © C=N'stretching
1637 —OH bending
1457 =CH,

1412, 1371, 1333 -CH, (CD)

C-O stretching
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Table §.32 FTIR data of f-cyclodextrin-reduced Schiff base derivative inclusion

compound
Wavenumber (cm™) ,  Assignment

3375 ~OH stretching
2923 —CH stretching (CD)
2895 —CH stretching
1637 —OH bending
1546 ~NH bending
1458 . ~CH;

1414, 1370, 1332/ / ~CH,(CD)

1157, 1084, 1031 C-O stretching

Table 5.33 FTIR data of p-cyclodextrin-acetylferrocene inclusion compound

Wavenumber (em™) Assignment

3356 ~0H stretching
2923 ~CH stretching (CD)
2895 —CH stretching
1672 C=0 stretching
1655 C=C stretching
1637 ~OH bending

1413;1371,/1332 LCH,(CD)

1382, 1275 | ~CHa
1157, 1081, 1031 C-O stretching
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Table 5.34 FTIR data of f-cyclodextrin-ferrocenylaldehyde inctusion compound
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Wavenumber (cm™) - Assignment

3375 -0OH stretching
2923 ~CH stretching(CD)
2900 —CH stretching(CD)
1683 C=0 stretching
1659 C=C stretching
1637 —0OH bending

1414, 1372,1333 ~CH, (CD)

1157, 1081, 1031 C-—O stretching

" Table 5.35 FTIR data of B-cyclodextrin-fetrocénylmethylalcohol inclusion compound

1157, 1081, 1031

Wavenamber {cov’) Assignment
3365 —OH stretching
2925 —~CH stretching(CD)
2896 —CH stretching
1657 =OH bending
1462 ~CH,
1414, 1374, 1332 —~CH2(CD)

C-O stretching




Table 5.36 FTIR data of B-cyclodextrin-a-hydroxyethylferrocene inclusion
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compound

Wavenumber (cm™) Assignment
3375 ~OH stretching
2929 \ ' —CH stretching(CD)
2899 —CH stretching
1 » —OH bending

1419, 1367, CHA(CD)

1157, ) \\ \ O stretching
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Figure 5.24 FTIR spectrum of. &, N-dimethylaminomethylferrocene
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Figure 5.25 FTIR spectrum of B-cyclodextrin-V, N-dimethylaminomethylferrocene
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Figure 5.27 FTIR spectrum of f-cyclodextrin-N, N-dimethylaminomethylferrocene

methiodide inclusion compound
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Figure 5.35 FTIR spectrum of f-cyclodextrin-reduced Schiff base derivative
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Figure 5.36 FTIR spectrum of acetylferrocene
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Figure 5.37 FTIR spectrum of f-cyclodextrin-acetylferrocene inclusion compound
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FTIR spectrum of ferrocenylaldehyde

85

79

70 -

% Transmittance

65, -

68D -

s

4000

3000

2000
VWavenumbers (cm-1)

1000
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5.8 Characterization of Inclusion Compounds by X-Ray Powder
Diffraction

In order to confirm the inclusion phenomenon, X-ray powder diffraction
technique was used. A comparison of the diffractrograms of the mixture (guest +
cyclodextrin) with inclusion compound was made. The diffractrograms are different.

For example, a mixture of N, N-dithethylaminomethylferrocene methiodide
and P-cyclodextrin showed a diffraction pattern which is the superposition of patterns
from guest and host. On the contrary, diffractrogram of the inclusion compound
showed new peaks and there were somé peaks disappeared as shown in Figure 5.44

X-ray diffraction/petterns of other ferrocenylamines were shown in Figures
45-47
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Figure 5.44 X-ray diffraction patterns of
a) P-cyclodextrin

b) N, N-dimehylaminomethylferrocene methiodide

C) mixture

d) inclusion compound
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Figure 5.45 X-ray diffraction patterns of

) p-cyclodextrin

b) a-methylferrocenylmethylamine
¢) mixture

d) inclusion compound
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Figure 5.46 X-ray diffraction patterns of
a) B-cyclodextrin |
b) Shiff base derivative
¢) mixture

d) inclusion compound
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| Figure 5,47 X-ray diffraction patterns of

a) B-cyclodextrin

b) reduced Shiff base derivative
) mixture

d) inclusion compound
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5.9 Ultraviolet -Visible Absorption Spectroscopy

Ferrocene can absorb visible light at 443 nm, resultings from electron
transition of d orbital (n—n+). Ferrocene derivatives absorb UV-visible light at
different wavelength. To record the absorption spectrum, the dimethyl sulfoxide
solution at concentration of 10~ M (ferrocenyl derivative or inclusion compound) was

prepared.

From the spectra“in _Appendix B (Figures 1b to 9b), most of inclusion
compounds absorb visible light at the same wavelength as that of their ferroceny!
derivatives (ferrocenylamine, /ferrocenylalcohol, acyiferrocene) but the molar
absorptivity is different,/The'molar absorptivity decreased (hypochromic shift) in the
inclusion compound,” exgeputhe inclusion compound of Schiff base derivative, which

showed  hyperchromic shifi:
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5.10 Alkylation of Benzaldehyde with Diethylzinc

The addition of diethylzinc to aldehyde can be accelerated by a wide range of
catalysts affording asymmetric secondary alcohol. Benzaldehyde has been most
extensively studied. Some common factors such as the choice of solvent, reaction

temperature, mole ratio etc. were examined.

In this work some PB-cyclodextrin-ferrocenyl derivatives were used as
catalysts. Percent yield of alkylation product and the effect of the catalyst structure
upon enantioselectivity ©f produet were studied. The chiral product of the ethylation of
benzaldehyde was i-phenyl-1-propanol as shown in Scheme 5.9.

0 OH
7 Catalyst ©
+ CH3;CH n —_—
(CH3CH2)2 kol CHyCHj

Scheme 5.9 Ethylation of benzaldehyde

Percent yield was determined by gas chromatography. Chromatogram (Figure
5.48) showed retention time of 1-phenyl-i-propanol at 3.74 min. The occurrence of
benzyl alcohol**-at 2-58-might be from the reaction proposed-inScheme 5.10

|

3.74

Figure 5,48 Chromatogram of product from ethylation
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C\H ' \c\)\CHz
+ (CHXCH:pZn —n 1 —— CiHa + +(PICHOZnER),
. “ CH2
7
l|3 lnzo

Since diethylzinc is‘very  sensitive to moisture and oxygen, the alkylation

Scheme 5.10 Benzyl alechol formation

reaction of benzaldehyde' needs to be done in inert atmosphere. In the presence of
oxygen at room temperatufe, soluble peroxide CH;CH;ZnOOCH;CHs (hydrolyzed to
CH,CH; + CH3CH;-O-OH) was first formed but after a few minutes there is a white
precipitate of insoluble CHiCH;-O-Zo-OCH;CH;. If the absorption of oxygen is
controlled so that the process takes several weeks, then insoluble solids are formed but
- these consist for the most past of zinc alkoxides Zn(OCH;CH,); since they are
" hydrolysed mainly to CH;CH;OH with the formation of little peroxide*® as shown in
Scheme 5,11

(CHiCHzpZn + Oz — CH3CHzZIn-(IZHzCH3
0-0
CH;CH:«%'&(EI-&CH; TPt CH:CH>-0-Zn-0:CH;CHs
0-0
CH;CH2-0-Zn-0-CHCHs | +C (CH5CHpZn ' ——S» " CH3CHy-0-Zn-0-CH,CH,
white precipitate

CH3yCHz-0-Zn-O-CHCH; ——* 2CH:CHAOH + Zn

Scheme 5.11 Reaction of diethylzinc with oxygen
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5.11 Determination of % Yield

5.11.1 Alkylation Product Yield

The products of alkylation of benzaldehyde with diethylzinc were 1-phenyl-i-
propanol and benzyl slcohol (by-product). Determination of % yield for each run was

done duplicate, using internal standard. The measured data were corrected using

correction factor.

5.11.2 Correction Factor

Correction facior was /determined by gas chromatography. The gas
chromatogram shown 1n Figure 549 displayed retention time at 3.82, 2.44 and 1.43

belonging to 1-phenyl-1-propanol, benzyl aleohol and cyclohexanol (internal standard)

respectively.

: 2
F

(,,_

r’ 3182

Figure 5.49 Gas chromatogram of atkylation product and internal standard

Reétention time Peak area Mmol

(Calculated from

amount prepared)
Cyclohexanol 1.43 64797 0.0948
|-Phenyl-1-propanol 3.82 568804 0.0729
Benzy! alcohol 2.44 141575 0.0193
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From gas chromatogram, mole of 1-phenyl-1-propanol and benzyl alcohol can

be calculated as following: 0.0948 mmol cyclohexanol (internal standard) possessed

- peak area 64799, therefore peak area 568804 of 1-phenyl-1-propanol corresponded to

+0.0832 mmol and peak area 141575 of benzyl alcohol corresponded to 0.0207 mmol.
The correction factor was calculated as shown Below.

- Correction factor
of 1-phenyl-1-propanol

_ Correction factor
“of benzyl alcohol

Moaleof l-phenyl-1-propanol from GC

Mole of 1-phenyl-1-propanol from preparation

0.0729
0.0832

0.88

Mole of benzyl alcohol from GC

Mole of benzyl alcohol from preparation

0.0193
0.0207

0.93

Correction factor of 1-phenyl-1-propanol and benzyl alcohol was 0.88 and

0.93 respectively. % Yield of product {corrected) can be obtained by multiply % yield

of product (from peak area),with correction factor.
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5.12 Some Effects on % Yield of Alkylation Reaction

5.12.1 Mole Ratio of Benzaldehyde:Diethyizinc

The result shown in Table 5.37 demonstrated that the mole ratio of
benza!tehyde to diethylzinc affected % yield, Without catalyst, hexane as solvent, 24

hr reaction time, 1.2 and 1:3 ratios gave similarVields, so 1:2 ratio was chosen for all
. reactions.

Table 5.37 Effect of moleratio of benzaldehyde to diethylzinc on % yield

Mole ratio % GC Yield
(Beuzaldehyde : Diethyizinc)

1:1 28
1:2 34
1:3 35

Uncatalyzed reaction,l-pheayl-1-piopainol—came from reaction between
benzaldehyde and diethylzinc made from self catalytic reaction'? as shown in Scheme
5.12,

0 CHCH; CHCH;
| C\H | H .| H
. ©/ +  (CH3CH2)2Zn—> OZICH,CH; ———— OH

Scheme 5.12  Self catalytic reaction of benzaldehyde to 1-phenyi-1-propanol
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5.12.2 Solvent, Temperature and Time

Fc-CHaN(CH,), and its inclusion were chosen to study the effect of solvent,

temperature and time on alkylation.

Effect of Solvent
Ferrocenyl derivaiives can dissolve inhexane and toluene while the inclusion
compounds cannot. The resulis-of alkylation at room temperature, 4 hr reaction time,

as shown in Table 5.38 showed hexane was better solvent than toluene.

Table 5.38 Effect of solventon % yicld

Catalysts % GC Yield
Hezaoe Toluene
None 24 13
Fc-CHy-N(CHs ), 42 36
F¢-CHz-N(CH,),-CD 18 15

Effect of Ternperature

Table 3.39/shows‘the dikylation/yield at 0°C, room|temperature (30 °C) and
60 °C, using hexane as solvent, 4 hr reaction time. From the result, it.can be explained
that high\tempeTature, incréases-yi¢ld. However, ‘at) high-témperatire;, more formation
of the reduction product, benzyl alcohol, was observed in Table 5.40, so room

temperature was chosen for studying all alkylation reactions.



Table 5.39 Effect of temperature on % yield
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Catalyst % GC Yield
| 0°C RT | 60°C
Fc-CH;N(CH;), 25 42 58
Fc-CHaN(CH;),-CD 10 15 38
Table 5.40 Benzyl alcohol formation with temperature
Catalyst % Benzyl alcohol
0°C RT 60°C
Fc-CH;N(CH,), 1 1 10
Fe-CH;N(CHs)2-CD 1 3 25

Effect of Time

Alkylation reaction was done at room temperatire on various time, using 2

mol % of catalyst and hexane as solvent. The effect of time on % yield is shown in

Table 5.41. The results indicatedthat % yield increased with time and reaction was

completed after 24 hr.

Table 5.41 Effect of time on % yield

Catalyst % GC Yield
4 hr 10br | 24br | 36 hr 72 hr
Fc—CH:N(CH;)-; 42 63 70 73 73
Fc-CH;N(CH,),-CD 15 24 30 32 33
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5.12.3 Mol % of Catalyst
Fc-CH;N(CHa),, cyclodextrin and its inclusion were chosen to study effect of
mol % of catalyst . The alkylation was done at room temperature, 24 hr reaction time.

The results in Table 5.42 showed that 5 mol % of catalyst gave higher yieid.

Table 5.42 Effect of mol % of catalyst on % yicid

Catalyst % GC Yield
2% 5% 10%
Fc-CH;-N(CHa ) 70 85 30
| CD 30 25 15
Fc-CH;-N(CHa),-CD 30 4] 21

In addition, % yield foreach % mol of catalyst (2, 5 and 10 mol %) monitored
with time was studied, the results are displayed with graph in Figures 5.50-5.52,

ie

80 -
70 A
60
50 A
40
30 —o— |0 mol %
20 4
10 4
0 - ; - 1 r ,

0 5 10 15 20 25 30

——2 mol %

=8=\5 mbl Y%

% Yield

time (hr)

|

Figure 5.50 Graph plotted between % yield and time of ¥, N-dimethylaminomethyl

ferrocene
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- Figure 5.51 Graph ploited between % yield and time of B-cyclodextrin

—o—2 mol %

25 . ——5mol %

% Yield

—a— 10 mol %

0 ' T T T - time (hr)

Figure 5.52 Graph plotted between % yield and time of f-cyclodextrin-¥, N-dimethy!

aminomethylferrocene
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5.12.4 Types of Catalysts
Ferrocenylamine Derivatives

‘Percent yields of alkylation with diethylzinc using ferrocenylamine

derivatives and its inclusion as catalyst areé shown in Table 5.43.

- Table 5.43 Effect of ferrocenylamine derivative catalysts on % yield

Catalyst % GC Yield

None 34
Fe-CHy-N(CHa), 70
Fc-CHa-N(CHa)y-CD 30
Fc-CH;NHCH; 70
Fc-CH;NHCH;-CD 54
Fc-CH;N(CHa)s1 25
Fc-CH;N(CH 31-CD 16
Fc-CH;-CH;-NH; 73
Fc-CH;-CH;-NH,-CD 40
Fc-CH=N-(CHy);-N~CH-F¢ 96
CD-Fc-CH=N-(CH;),-N=CH-Fc-CD 37
Fc-CH,-NH-(CH,)2-NH-GHy<Fc 45
CD-Fo-CHy-NHY(CH,),NH-OH;-Fe-CD &
Fc-CHy-NPh; 45
Fc-CeHyN-CgH4N 65
Fc-CH;N(CH3); . 76
C-OH-Ph;

Ferrocenylamine derivatives gave high yield of l-phenyl-1-propanol
compared to its inclusion with B-cyclodextrin. The activity trend of ferrocenylamine

catalysts corresponded to the trend in-basicity of amino group as shown in Table 5.44.
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Table 5.44 pK,of ferrocenylamine derivatives

Feracenylamine Derivative pKl,
Fc-CH;NHCH; B 4.65
Fe-CH,CH,NH; 4.95
Fc-CH;N(CH; ), . 5.17
Fc-CH;NPh, >9

Amino group in ferfocenylamine derivative was donor to coordinate with Zn
~ atom. The more basicity, i§ the more reactivity of the catalyst. The increase in basicity
of Fc-CH2NHCH, is due 16 the stabilization of the positive charge of the cation by the
—CH;. Substitution with a second alkyl group further increases the basicity. The
tertiary alkyl amines are not continuing this trend. The reason for this is that the
tertiary amine is more hindered and the cation is less stabilized by solvation,

@,aa—-m’) @,cﬁz-—rm

¢

@ &

Scheme 5.13 Resonance stabilization of amine

From the fesult jin Table 5.43, /inclusion compounds gave lower yield than
free complexes. One explanation might be diethylzinc was more reactive to hydroxyl
group of cyclodextrin than carbonyl group of benzaldehyde so it botnd Wwith hydroxyl
group of cyclodextrin (Figure 5.53).

ZnEty

ZnEly L

Figure 5.53 Binding of diethylzﬂ: to hydroxyl group



Ferrocenylalcohol Derivatives
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Ferrocenylalcohol derivatives did not act as a catalyst. They gave lower

yields compared to uncatalyzed reaction (Table 5.45). Their inclusion compounds gave

similar results. It can be explained that diethylzinc favorably formed zinc alkoxide

with hydroxyl group of alcohol. more thaa coordinated wi:h carhonvl group of

benzaldehyde.

Table 5.45 Effect of ferrocenylalcohol catalysts on % yield

Caialyst % GC Yield

None 34

| Fc-CH,-OH 12

F¢-CH,-OH-CD 15

: Fc-(IZH-OH 18
CH,

Fc-(?H-OH-CD 20
CH,

Carbonylferrocene Derivatives

The results’in Table 5.46,"can ‘be~expiained that 'ferrocenylaldehyde and

acetylferrocene/did not act as a catalyst because, of the, inertness .of carbonyl group to

diethylzinc. ‘The inclusion compounds-gave-lower yield'compared to free complexes.
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Table 5.46 Effect of carbonyiferrocene catalysts on % yield

Catalyst % GC Yield
None 34
r. COH 30
Fc-COH-CD 26
Fc-COCH;, 32
Fc-COCH;-CD 24

U

AONUUINYUINNS )
ANRINTUNIINENRE
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5.13 Enantioselectivity

_ To study enantioselective addition of dialkylzinc to aldehyde, the reaction was
carried out in the presence of various ferrocenylamine derivatives and their inclusion

compounds with B-cyclodextnin.

5.13.1 Determination of Enantioselectivity by Gas Chromatography

1-Phenyl-1-propanel was reacted with R(-)MTPA-CI to give diastereomer of
MTPA-ester as shown in Scheme 5.14

Ph H,CH,
o Kol Ml I T

Ph' OCH; CHyCH, a OH Phl_-i OH

R(-)-MTPA-CI (S) (R)

07 CH,CH;, O ph ‘-
CF i CF LH
p:,"" 0" “Ph " V0L CHyCH,

OCH; Ph"™ “och, *

(ROS) (RER)

Scheme 5,14 Two diastereomers of MTPA-ester
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_ Standard racemic of 1-phenyl-1-propanol was derivatized with R(-)MTPA-CI
and % enantiomeric excess was determined with gas chromatography. The two
diastereomers showed peaks in chromatogram at retention times at 14.80 and 15.18 as
shown in Figure 5.54. The ratio of R to S isomer was determined by the ratio of peak
area. The result showed that standard racemic 1-phenyl-1-propanoi was 54:46 (R:S)

TT’\@ -

14.80

15.18

. Figure 5,54 Gas chromatogram of R and S preducts of alkylation after derivatized
with R(-)YMTPA-CI

The structures of two_diastereomers/of MTPA-ester were determined by mass

spectrometry. Mass spectrum of two diastereomers was'shown in Figure 5.55
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Figure 5.55 Mass spectrum of MTPA-ester
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MTPA-ester showed diagnostic peak at 119 m/z, resulted from the elimination
of alkyl moiety. Peak at 235 m/z was resulted from the cleavage of ester involving the
shift of two hydrogen atoms (McLafferty rearrangement) as shown in Scheme 5.15.

Iliz
/R+(I:
ng <|3Hz
Ph—C—C —O—C——I-I RS
}JCHa Il'h
+_H
S CF3 (Ifj
H(|I ==CH-—CH3 = Ph-—(:;——-—--c —O0—H
Ph OCH;3
Cr; OH

Scheme 5.15 Fragments of MTPA-ester
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In some derivatization reactions, the gas chromatogram showed some peaks at

retention times of 8.74 and 15.47 as shown in Figure 5.56.

I it o e == e _ |

=

—

™

8.74

15.47

L

Figure 5.56 Gas chromatogram of derivatization showing peaks

The occurrence of strange peaks might be from the reaction as shown in
Scheme 5.16. When there was moisture, R(-=)MTPA-CI| can change to S(-)MTPA and
react with R(-)MTPA:Cl to form MTPA anhydride.

Ph 0O Ph O
| g HyO I ”
H3CO—$ —C—Cl —i HiCO—C —C-0H
CF; CFs
R(-)MTPA-C] S(-)MTPA
Ph O Ph 0O Ph O O

I Ll | ] I
H.0—C —~C~—Cl + H;CO—C —C—QH —» HJCO—CH—C—O——C—TJ-—OC&

CF, (]3F3 CF» CF;
R(-MTPA-CI S(-)MTPA MTP A-anhydride

Scheme 5.16 MTPA-anhydride formation
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Some ferrocenylamine derivative catalysts and its inclusion compounds were

tested for enantioselectivity. The results are shown in Table 5.47.

Table 5.47 Enantioselectivity of catalysts by gas chromatography

Catalyst Enantiomeric ratio %e. e
SR
None 54.46 8
CD 63.37 26
Fc-CHz-N(CHs), 57.43 14
| Fc-CH,-N(CH;),-CD 65:35 30
Fc-CH,NHCH3-CD 64:36 28

The results indicate that inclusion compounds of ferrocenylamine gave %

enantiomeric excess higher than free complexes.

The proposed mechanism of alkylation with inclusion catalyst is shown in

Scheme 5.17. Zinc monoalkoxide on cyclodextrin reacted with dialkylzinc to form

intermediates. The coordination geometry of the zinc atom is tetrzhedral with the

coordination of the oxygen or the nitrogen atom of ferrocenyl derivative, and the

nucleophilicity of the alkyl group of the diethylzinc is increased. The aldehyde is

attacked at the si-face-yvia\acsix-center transition state-to afford, chiral alkylzinc alkoxide

with § isomer.!?
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Scheme 5.17 Proposed mechanism of alkylation with N, N-dimethylaminomethyl

ferrocene inclusion compound . catalyst

5.13.2 Determination of Ensatioselectivity by 'H NMR Technique

"H NMR technique was used to determine % ewantiomeric excess. The NMR

data of diastereomers were collectédin Table 5.48and 'H NMR spectrum was shown

in Figure 5.54.

Table §:48 \'H NMR themical Shifts of diastéreomeric ester

Chemical shift Multiplicity Assignment
7.13-7.35 multiplet -CsHs
5.75 and 5.83 doublets of doublet -H
3.38 and 3.47 doublet -OCH;,
1.77 and 1.92 multiplet -CH-
0.76 and 0.86 triplet -CH;
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Figure 5.57 'H NMR spectrum of R and S products of alkylation after derivatized with R(-)MTPA-CI
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The 'H NMR spectrum of MTPA-ester showed chemical shifts of two
diastereomers at different positions. In the case of R, S diastereomer, the orientation of
-CH;CH; group was near the phenyl ring so its chemical shift was shielded by
anisotropic effect. In the case of R, R diastereomer, chemical shifts of ~CH2CHj; and
~OCHj were shielded by phenyl ring.

These observations taken together cricial different interaction of the
- anisotropic a-phenyl substituent on the_ghiral acid moiety with the alkyl substituents

were explained in Scheme 5 18,

0 CHiCH, CFs3 o
. H Ph
P o~ Seh —
Ph™ SocH, Ph OCH,
CH,CH;
(R, S) shielding on CH,CH;
«H CH;CH: H
CF : c\ 8 e ]
" o’l\crizcm —_—
Ph™ och, Ph OCHj
Ph
(R, R) shielding on OCH; and CH,CHj

Scheme 5,18 "The ‘influence’ of the phenyl ring on 'H NMR signals of two
diastereomeric esters of R(-)MTPA-C]

Shielding in ~OCH; group was found in only R, R diastereomer. Integration
data indicated 54:46 ratio of R:S isomer of standard racemic 1-phenyl-1-propanol that

- was in good agreement with the result obtained from gas chromatographic technique.
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