CHAPTER II
EXPERIMENTAL

2.1 General
All reactions were performed in oven-dried glasswares. The weight of all

Megttler AE200 electrical balance. Melting

chemical substances was determined
points were recorded on a Fishe; apparatus and were uncorrected.
Evaporation of solvents w:

Biichi B-480 WaterbathiPHe Bro%

Chromatography (T

oufyon ‘ vapor R-114 equipped with a
SS f ‘-.-EH'U!-Was followed by Thin Layer
1 1 60 F254 0.2 mm precoated

aluminium plates an ing either \ : nm), iodine, or 2,4-DNP

module, a 303 pump an A’ Daicel Chiralcel OD® column

(cellulose tris(3,5-dimethylp13, Tce ate) ona 10 ym silica gel substrate, 250 mm
x 4.6 mm) was ,.‘.}sed in attempts for tion, of enantiomers. Gas
chromatographic (G€) experi Phie 'Shimadzu GC-14B gas
chromatograph equlg:d wi onization de@tor (FID) (model c-R8A
chromatopac shimadzu)sising a 30 mx0.25 gm DBTM-I(IOO% dimethylpolysiloxane)

capﬂlarycolﬂ‘ugngjm?ﬂﬂ’}ﬂ‘ﬁ

IR spe were recorded on 2 Nicolet Impact 410 Fourier Transform Infrared

Spe ce (NMR)
spe(:‘a; T€ reCo x@e’ﬁn ﬁmgl ﬁ;]::o}r;leter operating at ag[!; MHz ( H)

and 50 MHz (13 C) in CDCl; (unless otherwise stated). Chemical shifts (8) are reported

in parts per million (ppm) relative to tetramethylsilane (TMS) or using the residual
protonated solvent signal as a reference. Coupling constants (J) are proton-proton

coupling unless otherwise noted and are reported in Hertz (Hz).
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2.2 Materials

All chemicals were purchased from Fluka, Merck or Aldrich Chemicals Co.,
Ltd. and were used as received without further purification. Commercial grade
solvents for column chromatography were distilled before use. Solvents for reactions
were AR grade and dried with activated 3 A molecular sieves. HPLC grade hexanes
and 2-propanol for HPLC experiments on a chiral column, obtained from J.T. Baker

and Merck, respectively, were filtered through a membrane filter (0.5 ym Millipore®-

42

Imine 42 7: pr ed acc acobsen et al.*>° To a 25
mL round bottom @k was 4 A I@Iecular sieves and 5 mL
dichloromethane. To this.solution, benzylamine (0.55 mL, 5 mmol) was added

followed by ﬁ%&};@d%ﬂ%@w&](ﬁ} ﬂn‘.ﬁ 5 mmol). When the

starting materials disappeared, the 51eves were removed by ﬁltratlon The sieves were

ORISR PIL IR (11304 Wl

200 MHz); 6 4.87 (2H, s, CH,Ph), 7.27-7.49 (8H, m, Ar), 7.81-7.86 (2H, m, Ar), 8.41
(1H, s, HC=N); >C NMR (CDCls, 50 MHz); & 65.1 (CH,Ph), 127.1, 128.0, 128.4,
128.6, 128.7, 130.8, 136.2, 139.4 (Ar), 162.0 (HC=N).
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2.3.2 Synthesis of N-Benzylidene benzhydrylamine (24a)

benzene rt
anh. MgSO 4 N O
HoN
H

, ,/// 24a
Imine 24a was sy acce dixg&mocedure by Krueger et )

Benzaldehyde (0.51 was ad \: olution of N-benzhydrylamine
(0.86 mL, 5 mmol) i j i' ce of anhydrous magnesium

sulfate at room temp iltrate was collected and the

solvent was removed i
(1.30 g, 95.7%) (mp
7.20-7.41 (13H, m,
(CDCl3, 50 MHz); 6 78
(Ar), 160.9 (HC=N).

) as a white crystalline solid
Hz); 8 5.64 (1H, s, HCPhy),
lH s, HC=N); *C NMR
%5, 128.6, 130.8, 136.3, 143.9

) (¢

2.4 General proc dar iminonitriles
;j.v

L5 T A
QU AN NN e

solvent at room tem Eerature to afford the Schiffsbase. After stirging until starting

A AN S 2 USBT AT ES Br cction v

compl!te quite rapidly instantly and the desired product was obtained. Using this

H

method, the following compounds were prepared.
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2.4.1 (R,S)-2-Benzylamino-2-phenylacetonitrile (43)

d‘;l\‘(;@

43

The reaction of benzaldeh
mmol), and TMSCN (626 u

, 2.5 mmol), benzylamine (273 zL, 2.5
form resulted in the title compound
; '"H NMR (CDCls, 200 MHz);
h), 4.75 (1H, s, CH), 7.29-
.5 (CH,, CH), 118.8 (CN),

as a yellow oil in quantitati
& 1.86 (1H, br, NH),
7.57 (10H, m, Ar);
127.3,127.7, 128 4,

2.4.2 (R,S)-2- 4

inodiphenylmethane
(0.86 mL, 5 qncul, andmﬂ w ‘le‘ﬂ ? uene yielded a light
yell precipitates
thatﬁ:mm ?ymsm‘%iﬁimtﬁd te—hexanes)

to glve a white solid (mp 85-86 °C). '"H NMR (CDCls, 200 MHz); & 2.14 (1H, d, J =
12.0 Hz, NH), 4.59 (1H, d, J = 12.0 Hz, HC-CN), 5.24 (1H, s, HCPhy), 7.20-7.59

(15H, several m, Ar); °C NMR (CDCls;, 50 MHz); & 52.4, 65.6 (CH), 118.8 (CN),
127.1, 1272, 127.5, 127.7, 127.9, 128.8, 129.0, 134.9, 141.1, 142.7 (Ar).
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2.5 Synthesis of catalysts

2.5.1 Synthesis of (S)-N-Salicylidene-1-phenylethylamine (48)

OH O Me
¥ CH2C12
H HoN rt,anh. MgSO 4 @/“\

To a 25 mL rounds “‘equipped-with'a magnetic bar was added a
solution of (S)-a-meth 12mine (1 L, | -‘»g;;;: ) in dichloromethane (10
mL). Salicylaldehyde (1. v n:i0l) was adde \i e solution followed by an

addition of anhydrot ixture was stirred at room

temperature until the g the solvent was removed

by distillation at redu oress e..tb' i \ rystalline product (48) in
quantitative yield (mp 62- """ \ z); 8 1.64 BH, d, J=6.7
Hz, CH-CHs), 4.55 (1H, q, J = mgz g 3) 8 27.00 (2H, m, Ar), 7.22-7.40
(7H, m, Ar), 8.41 (1H, s, H 'f.:e:_ ¥15, 50 MHz); 5 25.0 (CH-CHj), 68.6

(CH-CH), 117.0, 118.7, 11891264, 127 7.131.4, 132.3, 143.9 (Ar), 161.1
(C-OH), 163.5 HG ".i=iE:EEET-T.K'—T—‘?.TQERE:&I;::; ;;;; ; 980, 2879, 1633, 1575,
1498, 1459, 1382, 1280 -~ 1

j g
ﬂummmw“m
QWW@\?H?WNWW?VEH&EI
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2.5.2 Synthesis of 2-[Salicylidene-amino]-3-phenylpropionic acid methyl
ester (49)

on 0 - ?
' 0. o CH2Cl, EtsN :
Ho* Y ——F
rt,anh. MgSO 4
HCI-H, H

Salicylaldehyde «{1«05=mb; 10<mmol
- phenylalanine methyl €ster hydte 7»”-‘ v. g, 10
fo

added to the suspension of L-

imol), anhydrous magnesium
sulfate in dichloro \i ylamine (1.39 mL, 10 mmol)
while stirring at roon ‘ \\ until the starting material
disappeared and the as washed with water and
b ated in vacuo to give a viscous
yellow oil (1.89 g, 66. y (CI a2 .\ z); 6 3.26 (2H, ABX system,
Jas = 13.6, Jax = 4.7, Jgx =9.0 HZ,CH- , 3.74 (3H, s, OCH3), 4.16 (1H, ABX
system, Jax = 4.7, CH-CH,PH);-6:82:6.98 ' , Ar), 7.06-7.31 (7H, m, Ar), 7.96
(1H, s, HC=N); °C NMR (CDCl;; 50-MH2);:8%40.0 (CH-CH,), 52.5 (OCHj), 73.1
(CH-CHy), 117.1,.418.4, 118.7, 126.9, 128.6, 129.6,131.8;.132.8, 136.7 (Ar), 160.9

(C-OH), 167.0 (H_, X}

G
AULINENTNEINS
QRN IUNRIINYIAY

dried with sodium sul
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2.5.3 Synthesis of (E)-(25)-(-)-2-Benzylidenamino-3-phenyl-1-propanol

(30)
HO
0 OH_ -
. 7\/@ toluene, reflu 1 h -'
N anh MgSO 4 : ﬂ
H
Ph
.0
Ligand 50 was p hod by Aitken et al.** with a
slight modification. B I '\ added into a stirred mixture
of (S)-2-amino-3-phen I (i-phenylalaninol) (0.15 g, 1 mmol) and

anhydrous magnesium sulfate in/tela ene (21 ¢ mixture was heated under reflux
for 1 h and then filtered. Ws
Evaporation y1e1d dX ¢d from hexanes to give
colorless needles .3)".« o #‘” CI3, 200 MHz); 5 2.63
(1H, br, -OH), 2.90 (2H, m, CH,Ph), 3. ,m, cg),@s (2H, m, CH,OH), 5.45
(s, oxazolidine)®, 5.60 (s; pxazolidine), 7.1247.26 (SH, m, Ar), 7.34-7.45 (3H, m, Ar),

7.56-7.60 (2%%7’3 % &] %‘Fgw % (ﬁ)ﬁé 50 MHz); & 39.0

(CHp), 65.9 (&Hz), 74.3 (_H——N——)# 92.0 (oxazohdme), 93.5 (oxazolldme) 126.2,

s BT O L BB M?“‘!‘M“

aporated under reduced pressure.
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2.5.4 Synthesis of (E)-(25)-(-)-N-(2-Hydroxy-1-isopropylethyl)
benzylideneamine (51)

OH
toluene, reflux 1 h NI e
—_—

I CH . 0
Sik

Ligand 51 was en et al.* and Takahashi et
al.* with a minor modi 2-amino-3-methyl-1-butanol (L-
valinol) (0.11 g, 1.1 mmiol) And ash¥drous fis gnesitim sulfate in toluene (2 mL) was
added with benzaldehyde (113" 1 =8 e mixture was heated under reflux
for 1 h. Magnesium sulfate Vfﬁ%o%df {tration and.the filtrate washed with
toluene. The filtrate Was- concentrated under reduced {- e and the residue was
allowed to stand at room temperatu 01 54. Recrystallization from n-
pentane gave colorlej:risms (0.18 g, 86.3%) (mp 58-59"°C). 'H NMR (CDCls, 200

MHz); 5 0.85 , 53 ﬁﬁ J= 67-Hz, CH-CH3) 1.03
(oxazolidineﬁiiﬂx oﬂnﬂl ﬂﬂ ﬁ ﬂ , CH-(CH3),), 2.27
(br), 2.89-3.20{” (1H, m, HCN=), 8.42-3.50 (m,soxazolidine), 3.73-3.89 (2H, m,
i S5EL 08 Pl S bbb} 36\ b
7.28-7530 (m, Ar), 7.65-7.69 (m, Ar), 8.19 (1H, s, HC=N); C NMR (CDCl;, 50
MHz); § 19.6 (CH-CH3), 19.8 (CH-CH3), 20.0, 20.6, 30.2 (CH), 32.1, 32.3, 64.7, 64.9
(CH,0H), 66.7, 70.0, 70.5, 79.6 (CH), 92.6 (oxazolidine), 93.8 (oxazolidine), 126.9,
127.0, 129.0, 129.2, 129.3, 129.4, 131.5, 136.8 (Ar), 163.1 (HC=N); IR (KBr)/em™; v
3506-3110, 3061, 2974, 2926, 2868, 1639, 1581, 1470, 1354, 1223, 1054, 1030.
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2.5.5 Synthesis of (5)-2-(/V-Salicylideneamino)-3-phenyl-1-propanol (52)

HO.
OH O OH 7\/@
N MeOH, OH N"I
H reflux H
HoN

52

Léa¥lalaninol (0.032 g, 0.21 mmol), and
til the starting materials was
e ——

as a viscous yellow oil in
np 53-55 °C). 'H NMR
AN = 4.8, JBX =83 HZ,

ali 0.21 mn
salicylaldehyde (22 4L,

totally consumed. After sa <
quantitative yield and.s

(CDCl3, 200 MHz); & 2

CHaPh), 3.48 (1H, ABXh, GH)} 3175 H: m, CH s.\. 6.80-6.95 (2H, m, Ar), 7.05-

7.28 (7H, m, Ar), 8.02 (14 sHE=N); *CINMR\(CD i, 50 MHz); 5 39.0 (CH,Ph),

65.7 (CH,OH), 73.1 (€ : Q , 118.5, 118.7, 126.5, 128.5, 129.5, 131.6,
. \

132.5, 137.9 (Ar), 161.3
2911, 2848, 1630, 1586, 149

N); IR (K r)/em™; v 3588-3134, 3023,

CH3

2.5.6 Syntheﬁ_igf@a -(N-Salicylide n0)-3uniéthyl-1-butanol (53)
AR1ANN I ll‘lﬂ']’]ﬂiﬂfﬁl

_‘ HO
OH O m E] j\r
. CHs
_H TR - - A/reflux 4 h H
AUYINBININE )
U
ngand 53 was synthesized according to the method by Nobuki et al B A
mixture of methanol (2 mL), L-valinol (0.21 g, 2.05 mmol), and salicylaldehyde (215
4L, 2.05 mmol) was refluxed for 4 h. The solvent was removed, and the yellow solid
obtained was recrystallized from hexanes-benzene (10:1) to give 53 as yellow needles
(0.379 g, 88.9%) (mp 88-89 °C). '"H NMR (CDCls, 200 MHz); & 0.91 (6H, d, J = 6.7
Hz, (CHs),), 1.92 (1H, sept, J = 6.7 Hz, CH(CHj3),), 3.00 (1H, m, HCN=), 3.72 (2H,
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m, CH,OH), 6.81-6.93 (2H, m, Ar), 7.22-7.33 (2H, m, Ar), 8.29 (1H, s, HC=N); C
NMR (CDCls, 50 MHz); § 18.5 and 19.8 (2xCHj), 30.0 (CH(CHs),), 64.4 (CH,OH),
77.4 (CHCH,), 117.1, 118.5, 118.6, 131.5, 132.4 (Ar), 161.5 (C-OH), 165.8 (HC=N);
IR (KBr)/em™; v 3468-3158, 3023, 2965, 2931, 2877, 2844, 1635, 1581, 1499, 1465,
1281, 1156,1030.

2.6 Asymmetrlc transformation of the second kind of (R)-mandelate 54 of

CN cooe
H - (R,R)-54
Ph Ph
e
COO
- e S '54
H )\Ph (S:R)
HO
(R)-Mandelate 54 stepared dccotd procedure by Jochims et al. % 8
solution of 'y;:ﬂ::::::?-’ -—_ﬁ" ""‘ added to a cold (0 °C)
solution of (R)-mandelic ac - ol (0.5 mL). After stirring

for a few minutes a élear solution was obtained, from which the mandelate soon
started to ¢ m as possible) at room
temperatur“q ﬁﬂqmﬂ llec Hjﬂl and the residue was
washed with cold ethanol followed®y diethyl ether, and dried to afford the optically

el AIMUNAINYA Y
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2.7 Preparation of optically active aminonitriles 43 from their mandelate 54

o
CN COO CN
3 NaHCO 3-H,0
""""" " e/ = N
Ph = H"/ pn Et20 Ph H
@ NH,CH,Ph  HO NHCH,Ph
(S,R)-54 (S)-43

Optically active aminonitriles, 43 was prepared according to procedure by

Jochims ef al.*® A suspension ‘ ‘ochemically pure mandalate 54 (0.20
mmol) and NaHCO; (0.22 &ﬂ and Et,0 (0.4 mL) was shaken
vigorously until a cleamasibt@gamc layer was separated,
washed with H,O an 2 tion of the solvent afforded the

optically -active amir _

.
%
T,

undiscernible from

s 2 /A

-pil‘mtyf : I

2.8 General methods for opti‘%EJ
Oy

2.8.1 Attemmd" )¢
|
(-)-menthyl chloroformate as a derivatizing agent.*’” @-Aminonitriles (1 eq) and

[
e M A A g e
chloroformate j El( .1 &q), and"the reacti ix allowed to stand at
room temperature for 30 min. Aftér washing with. water and d with sodium

sulfs®) Y Bialop R Y ion 0 b ) it oft Birok @infebted into the

gas cl%'omatograph equipped with a 30 m x 025 zm DB™ -1 (100%

~aminonitriles using (1R)-

dimethylpolysiloxane) capillary column using suitable temperature program and
optimum GC conditions. Relative amounts of what was believed to be the pair of

diastereomers were determined by relative peak area integration.
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2.8.2 Attempted analysis of -aminonitriles using a chiral HPLC column.
a-Aminonitriles were dissolved in appropriate solvent composition (100% hexanes to
9:1 hexane/2-propanol) and filtered through a membrane filter (Millex®-HV). An
aliquot of the solution was injected into the Daicel Chiralcel OD® column (250 mm x
1.4 mm id cellulose tris(3,5-dimethylphenylcarbamate) on a 10 gm silica gel
substrate). Elution with the mobile phase 97:3 to 9:1 (hexane/2-propanol) resulted in

2.8.3 Analysis of “h-. 0 ﬂ% '"H NMR spectroscopy. The
.#

enantiomeric purities of my aodVe aminonitriles 252a and 43 were determined

by 'H NMR spectrosc DCl; after addition of chiral

no separation.

solvating agents s ic acid, . R-(-)-a-acetoxy

phenylacetic acid,

(-)-a-methoxy-a-tri he ‘- (;SEU’S acid), and R-(+)-1,1'-bi
‘g J+

(2-naphthol). The spec corded. s of each 0.5 eq added

2.9 General procedure fo ame N ker reaction (TMSCN): methods A

and B. To a oven-dried 10 mL% ------ equipped with a stir bar was added

AlCl;, Yb(OTH)s, OAc l eaction mixture was stirred

for 12 h and solvenI emoved in vacuo. The residue s btained was dissolved or

suspended in dried toliénex(0.3 m ’&Lj The thixture was stirred continuously while a

solution of 4 u&m L)Y icd P bve) Edeqia syringe followed

by TMSCN ( HL, 2 eq). The solution was aowed to stir f&, 15 h at room
e/ NGRS FEH IR G B RJree sorion
was evaporated and passed through a short plug of neutral aluminium oxide in a
pasteur pipette to obtain the desired 43 which was analyzed for conversion and
enantioselectivity by "TH-NMR spectroscopy (vide infra). In the case of labile nitriles,
2 eq of the chiral solvating agent was added to the crude product directly to prevent

further racemization on prolonged study.
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2.10 General procedure for asymmetric Strecker reaction (TMSCN + MeOH):
method C. A oven-dried 10 mL round bottom flask equipped with a mechanical
stirrer was charged with a chiral ligand (0.02 mmol, 0.1 eq), 0.25 mL toluene, and a
metal salt (0.1 eq) in 0.5 mL ethanol. The mixture was stirred at ambient temperature
_for 12 h, and the solvent was removed in vacuo. The residue was dissolved in toluene
and was combined with 42 (0.2 mmol) by syringe addition. The mixture was: stirred

for 10 min and then cooled to —5—0 °C. In another oven-dried 5 mL pear-shaped flask

equipped with stir bar, toluene (1 MSCN (50 pL, 0.4 mmol) were added
successively. This solution w \w\ and methanol (16 4L, 0.4 mmol)
was added. The solution ed ;9 stir d then transferred to the first

reaction flask by syrin

1on mixture was evaporated
to dryness. The crud f neutral aluminium oxide
as described above t ' ‘ch were analyzed for conversion and
a). In the case of labile nitriles,

2 eq of the chiral solvati .j d ‘ e product directly to prevent

2.11 General procedure for: ion of TMSCN: A chiral ligand
(0.02 mmol) and Ti(O'Pr)s or 'Fjg}f((l 02 M\_Nere placed in a oven-dried 10 mL

round bottom ﬂask,Ihe mixture was dissolved m‘gﬁ ne (0.3 mL) and stirred

toluene was added byglnngc ac 0 4L, yq) was added to the stirred
solution and the mixture’ was stirred for 15k at room temperature (or no longer than

10 h at ~5-0[C). %J)l'am Ws%je%n% Wyﬁsﬂﬂ % reduced pressure to

give a crude p%duct which was pas‘s,ed through a plug of neutral alum1n1um oxide to

A I T L

the crude product directly to prevent further racemization on prolonged study.

2.12 General procedure for Ti-catalyzed addition of TMSCN + MeOH: A chiral
ligand (0.02 mmol) and Ti(O'Pr)s or TiCls (0.02 mmol) were placed in a oven-dried
10 mL round bottom flask. The mixture was dissolved in dry toluene (0.3 mL) and
stirred for 10 min at room temperature. Substrate 42 (0.2 mmol) in 0.3 mL toluene
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was added by syringe addition and then cooled to —5-0 °C. In a oven-dried 5 mL pear
flask equipped with a stir bar, 100 4L of toluene and 50 zL of TMSCN (0.4 mmol)
were added. This solution was cooled in an ice bath and methanol (16 4L, 0.4 mmol)
was added. The solution was allowed to stir for 1 h and then added to the reaction
flask by syringe addition. After 6 h, the reaction was allowed to evaporate and the

resulting residue was purified by passing through a plug of aluminium oxide and then

analyzed by '"H-NMR experiments. In the case of labile nitriles, 2 eq of the chiral
solvating agent was added t ﬂ oduct directly to prevent further
racemization on prolonged )

é

e —
"TMSCN; slow addition:

'0 mol%) were dissolved in

2.13 General proce
method D.*! A chir
dried toluene (0.3 mls) a aiperature (or 10 mol% of
.5/0.25, evaporated before
use). Subsequently, the 8 {3 e)4 (0.2 ymol) in toluene was added via

MSCN (50 L, 0.4 mmol)

chiral ligand and meta

was added to the stirred Sol . Methanol (s ol) in toluene (1 mL) was

added via a syringe over a 10-ho: : ~The' reaction progress was followed by

chiral solvating age ' directly to prevent further

racemization on prolongédstudy.

ﬂ‘lJEJ’J'V]EJWﬁWEﬂﬂ‘ﬁ
Q‘W’]Mﬂim 1RIINYIA
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