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Abstract: A practical synthesis of both enantiomers of unnatural phenylalanine derivatives by
using two pseudoenantiomeric phase transfer catalysts is described. Through asymmetric
a-alkylation of glycine Schiff base with substituted benzyl bromides and
1-(bromomethyl)naphthalene under the catalysis of O-allyl-N-(9-anthracenmethyl)
cinchoninium bromide (1f) and O-allyl-N-(9-anthracenmethyl) cinchonidium bromide (1i),
respectively, a series of both (R)- and (S)-enantiomers of unnatural a-amino acid derivatives
were obtained in excellent yields and enantioselectivity. The synthetic method is simple and
scalable, and the stereochemistry of the products is fully predictable and controlled: the
cinchonine-type phase transfer catalyst 1f resulted in (R)-a-amino acid derivatives, and the

cinchonidine-type phase transfer catalyst 1i afforded (S)-a-amino acid derivatives,

Keywords: both enantiomers, unnatural a-amino acids derivatives, phase transfer catalysts,

asymmetric a-alkylation, glycine Schiff base
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NMR spectra and HPLC chromatogram of 4a and 4a’

H and *C NMR spectra of 4a and 4a’
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HPLC chromatogram of rac-4a

VWD A, Wavskengih=258 nm (JOJLRACIZI0 D)
mALl

-
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200
200
100
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z ¥ H H 10 14 i

e e FER e LI TR L e i

] [min] [min] [mAD*=] [mAD] ]
L-‘II E.dETI;;-‘I 0.3753 1.27014ed ! 554.0357% di.E;;;l

Z 10.115 BB

0.4208 1.2779%e4

492.45120 50.1540

HPLC chromatogram of 4a
VWD A, Wavsength=258 rim [E-DATAULLL 18030804.0)
mAU 2
= o
o]
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o] o
2 H H H 10 14 ]
e fRFITE] GER EpW o L L B T
L [min] [min] [mAD*=] [mAD] -
s=ee| |==== [ [ -==1
1 B.494 MM D.37T48 367.52402  16.34514  1.3699

2 10.215 MM

0.4047 2.64606e4

1089.68823 98.6301



HPLC chromatogram of rac-4a’

DAD1 A, Sig=254 4 Ref=olf (ZS\JL16032801-DX.D)
mAU % j"ép ,f.‘ff;}
o] ™ g
1
)
i ||
" I \
|
.
RE
N
200 | ‘ ﬂ‘
]
U
. J— o
2 4 & 8 10 12
U CREE SR 2 I U THIFR e vy TR
# [min] [min] [mAU*s] [mAU] %

-1 I===-1 | [ [ [
1 7.758 MM 0.4536 2.49802e4  914.18732 49.8848
2 9.065 MM 0.5278 2.49952ed  789.28033 50.1152

HPLC chromatogram of 4a’

DADT A, Sig=254,4 Rel=off (ZS\JL16031402-D D)
mAU J o ]
&
2000 @"j"
1750
i
1500 ‘
1250 |
1000 -
750 ‘
|
- |
] &
2 4 6 8 10 B P i
W CRETEIR] S Mg [E3TE A U vy AR
# [min] [min] [mAU*s] [mAU] %

-1 |—=—-1 | | |—=--——- |
1 7.772 MM 0.4677 6.1433%4 2189.04443 98.3115
2 9.080 MM  0.4618 1055.13892  38.08363  1.6885




NMR spectra and HPLC chromatogram of 4b and 4b’

H and 1¥C NMR spectra of 4b and 4b’
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HPLC chromatogram of rac-4b (4b’)

VWD A, Wavelengih=254 nm (JLUL16121201-D(2).0)

m£7 =
i
i 8
400 | \l ﬁ
[
| ‘ |
300 - | | | |
| |
| I
] f I
o [ [ H
| ol
100 || | |
| | |
A
| | | | \
, — ) \J
25 .;l 7‘5 1'0 |2‘.5 |‘5 17'5 Z'ﬂ mir}
U RG] 258 0o U TH] AR U 1 U THI R
# [min] [min] [mAU*s] [mAU] %
et | === | === | === |-mmmmmm e [-=mmmmm- |
1 8.881 BB 0.7036 2.18291e4 503.69077 50.2237
2 12.165 BV 0.8019 2.16346e4 395.98453 49.7763
HPLC chromatogram of 4b’
VWD1 A, Wavelength=254 nm (JL\JL16121001-D(2).0)
mAU E
[
|
0 [
[
400 |
I‘ |‘
300 | I\J |
!
s {.’ |
100 kﬁ | I‘.
Bs¥ f \
o] A N N
25 5 75 10 125 15 175 min
I {REFETR] 2T WETE [E3TAE A U 7 WA
# [min] [min] [mAU*s] [mAU] %
-l | ===l === | == | ==mmmmm- | === [
1 8.877 MM 0.6386 879.50299 22.95321  2.8481
2 12.088 BV 0.7042 3.00010e4 624.98010 97.1519
HPLC chromatogram of 4b
VWO A, Wavelength=254 nm (JUUL17051907 D)
mAU g o
10004 ﬁ \5"9
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B0a-| [
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200 |‘ :B;Pk
II R. g&\‘_.
ol — L_._,/%_, P
2 4 6 8 0 12 " 16 mi
I PRETI ] 2RAY IETE W TR R U 7o TR
# [min] [min] [mAU*s] [mAU] %
-—-I- l===1 [ -1 | [
1 8.890 MM 0.5998 3.73180ed4 1036.89526 96.7281
2 12.119 MM 0.6832 1262.34119  30.79416  3.2719



NMR spectra and HPLC chromatogram of 4c and 4c”

H and ¥C NMR spectra of 4c and 4c’
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HPLC chromatogram of rac-4c

VWD1 A, Wavelength=254 nm (JL\RX17031803(2) D)

HPLC chromatogram of 4c

mAU | 8
t
1600 ‘| ﬁ
1400 ‘H “
1200 |‘ H
|
a00-]
|| | lﬁ\
. |
400 | |
AR
200 - ‘ \ ‘ |
,, N RUAUNAN
2 4 6 8 10 12 14 16 min
U CRETESIE] A WETE U [T R Uy e TR A
# [min] [min] [mAU*s] [mAU] %
=== | === | === | === | ======== |
1 8.206 VB 0.3246 3.47315e4 1751.23987 50.3585
2 9.490 BB 0.3345 3.42369e4 1625.74329 49.6415
VWD1 A, Wavelength=254 nm (JLWJL17052402.D)
mAU 2 l
1000 - 1
i
|
800 \ |
. |
N
200+ TL-,‘?\
= e |
0 N N —
2 4 & 8 10 2 A % m
U CRETIR) ZEHY W W TR 631 UFE THT AR
# [min] [min] [mAU*s] [mAU] %
=== | ====]======= | === |=========- | ======== |
1 8.121 MM 0.4046 1143.49902 47.10197 3.4264
2 9.398 MM 0.4735 3.22296e4 1134.37952 96.5736



HPLC chromatogram of rac-4c’

DAD1 A, Sig=254.4 Ref=off (ZS\L16032801-EX D)

mAU %
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o] . J U RV
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el EEEE T I----1 I I [ [
1 9.753 MM 0.7476 1.06088e4  236.51517 50.6663
2 12.910 MM 0.6068 1.03298ed  283.74463 49.3337
HPLC chromatogram of 4c’
DAD1 A, Sig=254.4 Ref=off (ZS\JL16031401-2.0)
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1500 | / |
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1000 ] X \
!
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el e |-===|-==---- [ |-- --|--- I
1 9.717 MM 0.7898 8.90101e4 1878.31470 97.5702
0.5531 2216.63037  66.79173  2.4298

2 12.780 MM
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NMR spectra and HPLC chromatogram of 4d and 4d’

H and 1¥C NMR spectra of 4d and 4d”
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HPLC chromatogram of rac-4d (4d”")

VWO A, Wavelenglh=254 nm (JLL180308010.0)
mAU 5
800 8
g
S
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00
o]
a0
0]
100
o]
2 4 -] 8 10 12 14 16 i}
W R SR SR W i U it WA
# [min] [min] [mAU*s] [mAU] S
—m e [====[=mmmmmn [==mmmmmmmn [==mmmmmmmn [===mmmmm |
1 8.397 BB 0.3635 1.89676e4 B51.13269 49.9479
2 10.022 BB 0.4092 1.90072e4 T750.51227 50.0521
HPLC chromatogram of 4d
VWD A, Wavelenglh=254 nm (EDATAULJL 18030802 6.0)
mAU a9
1750
1500
1250 4
1000 -
750
0]
0]
& &
2
; =
2 4 6 8 10 12 14 i
WE LREIIT] R W e 7 U iy T
# [min] [min] [mAU*s] [mAU] 3
—mmm | [====|==mmmm- [===mmmmmmn [===mmmmmm- [==mmmmme |
1 8.562 MM 0.5045 B83B.67169 27.70378 1.3681
2 10.022 BB 0.5247 6.0464624 1B68.60950 09B.6319

HPLC chromatogram of 4d’

VWD A, Wavelengih=254 nm (EADATALLWL12030802-A.0)
mAU
1750
1500
1250
1000
750
500-]
250
T T T T T T T
2 4 3 8 10 12 14 mir]
W fRETEE] R i [ diop ol i L g s
# [min] [min] [mAU*s] [maU] %
il el R | I-= =1 | |
1 8.533 MM 0.4831 5.50093=4 1897.59363 99.0929
2 10.073 MM 0.5107 503.57877 16.43492 0.9071
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NMR spectra and HPLC chromatogram of 4e and 4e’

H and *C NMR spectra of 4e and 4e’
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HPLC chromatogram of rac-4e (4e’)

VWD1 A, Wavelengthe254 nen (EADATAMLULIB031201-C5.0)
‘mAU =3 =
350 4 a
o]
=0
o]
150 |
100
w]
o L
I H : H E T T R T
U fREE R e e i L e [ 5
£ [min] [min] [mau+*=] [mau] %
e B e B e e e EE
1 12.131 BB 0.49%5 1.2442%4 348 58240 50.05&5
2 15.381 BB 0.5121 1.24148e4 350.68979 49%.9435
HPLC chromatogram of 4e
VWD1 A, Wavelength=254 nm (EADATAULLUL18031201-8.0)
maU o
0]
w0
]
0]
0]
150 4
100 4
504 -
b
a A =
2 H H a 1 12 it 1 B
o {RETn e ER ke B T B LA e
# [min] [min] [mRD*=] [mRD] %
=== l====1 | | | e
1 12.352 B 0.5002 1.63160ed  449.82431 98.9803
2 16.234 BB  0.5308 1€8.08727  4.27285 1.0197
HPLC chromatogram of 4e’
VWDT A, Wavelength=254 nm (EADATAULUL18031201-A D]
mAU =3
0
o]
oo
0]
w0
w0
0
100 ¥
: : I : PR T R
W CRETRTE] FERY WEEE i T A U g IR
# [min] [min] [mAU*s] [mAU] %
e e |===—mmmmm [====mmmm- [====-- |
1 12.282 BB 0.4427 207.53677 ©.54725 0.7250
2 15.939 BB 0.4929 2.8419Bed B54.58905 93.2750
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NMR spectra and HPLC chromatogram of 4f and 4f’

H and *C NMR spectra of 4f and 4f’
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HPLC chromatogram of rac-4f (4f’)

VWD1 A, Wavelengtih=254 nm (EADATAULLL 18031202-C D)
mALl -
E
g
800
o004
a0
200
o
z ¥ H H 10 i 14
e (REEE SRR e LEd1IE 2 LE LEIEH
& [min] [min] [mAD*=] [mAD] %
el J====1] I I I ---
1 B.365 BR 0.3713 2.1613%=4 $46.90161 49.9357
2 10.844 BRE 0.4321 2.16695e4 805.00104 S50.0643
HPLC chromatogram of 4f
1A, nm (£ 1
mAU 7]
1000
a0
o004
a0
200
g
L]
2 4 I H 10 2 14 16 18
o {REinE R el LR ER e e i
# [min] [min] [mAD*=] [mAD] %
- === | | | -==1
1 B.378 BR 0.4216 495.67624 1%.51971 1.5592
2 10.821 BB 0.4572 3.12955=4 1109.%0698 98.4408

HPLC chromatogram of 4f’

TA, Am £ i
maLl

n )

T
4

-

T T
2 ]

o E{I(E) SRR W B i L i LEdTE
# [min] [mim] [mAD*=] [mAL] &
=== |====] | | | ===]
1 B.533 MM 0.4831 5.500%3ed 18%7.5%363 99.0929
2 10.073 MM 0.5107 S03.57877  16.43492 0.3071
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NMR spectra and HPLC chromatogram of 4g and 4g’

H and *C NMR spectra of 4g and 4g’
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HPLC chromatogram of rac-4g (4g’)

1A, nm (£ R
maU 2 -
g
a0
0]
aoa ]
s00]
a0 ]
200
200
1004
a _,/\_
2 H H ] 10 12 ia 16 o]
W REE] R W LEdinE i i e i 2
# [min] [min] [mRO*=] [mRD] %
——— f==mm| ! ! ! -
1 B.GBEB0 EE 0.48B54 2.59925e4 #81.44440 4%.8593
2 10.114 BE 0.5238 2.63492ed 819.41278 50.3407
HPLC chromatogram of 4g
TR, am T )]
mALl g
1000
a0a ]
aoa ]
aoa]
200 >
o i
L
L]
H H & & 10 12 i
¥ PRE A SRR e i i B e LR
# [min) [min] [mAD*=] [ AL ] %
e I====1 ! ! ! ---1
1 E.GED BE 0.4327 2.92482e4 10%9%.6£8555 98.3916
2 10.180 MM 0.4507 478.10956 17.67984 1.6084
HPLC chromatogram of 4g’
VWD1 A, Waveslength=254 nm (EADATAULL18031002-8.0)
mAU =
1200
1000
a0a ]
aoa ]
aa]
200
z
B
0 N\
z 4 H H i i 14 i
e fRE e SRR e LR W LR
& [min] [min] [mARD*=] [mRD] %
—e—- I====1 ! ! ! -
1 B.GOE BE 0.4743 898.62427 2762454 1.9271
2 10.081 BB 0.5696 4.57313ed 1303.56702 98.0729

18



NMR spectra and HPLC chromatogram of 4h and 4h’

H and 1¥C NMR spectra of 4h and 4h’
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HPLC chromatogram of rac-4h (4h’")

VWD1 A, Wavelength=254 nm (JLUL16121201-C(2) D)
mAU ) 8
500-] ﬁ f
|
|
400 ‘
i
300 ( ‘ |
=0 ‘ ||
100 [
UL
. - J\U ) S
2 4 6 8 10 2 14 i
I CREFmIE) 2R e TR AR [t U T AR
# [min] [min] [mAU*s] [mAU] %
e e |-=-----——- |-------——- |-----——- |
1 9.052 vv 0.3466 1.02141e4 492.87582 50.2016
2 10.165 VB 0.3188 1.01321e4 507.64380 49.7984
HPLC chromatogram of 4h
VWD1 A, Wavelength=254 nm (JLUL16121001-C(2). D)
mAU - % °
&
800 | @*\"
3 |
0]
™ ‘|
400 | ‘
300 ‘ ‘
200 | | .
100 I‘ | 8 %"'p A
[ -4
P I — ] L/\,_/’ M
: 4 & 8 10 2 14 1 i
W PREINE) A IR U T AR W 3y U TR
# [min] [min] [mAU*s] [mAU] %
-1 I-==-1 | | | -1
1 9.048 MM 0.3465 1.80869%e4 869.90308 97.9375
2 10.158 MM 0.3171 380.89493 20.02122 2.0625
HPLC chromatogram of 4h’
VWD1 A, Wavelength=254 nm (JLUL17051903.D)
mAU 2
1200 “
- |
™ ‘|
. |
. |\
: ||
g )L
0 2 4 8 8 10 12 1 16 mil
U fRETI (] SRR TR [ESTTE U 5y U TATRR
# [min] [min] [mAU*s] [mAU] %
e R |-——=] === [-—————- |- |-———--—- |
1 9.036 BB 0.3164 224.44653 11.65545 0.9551
2 10.149 BV 0.2889 2.32746e4 1264.93433 99.0449
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NMR spectra and HPLC chromatogram of 4i and 4i’

H and *C NMR spectra of 4i and 4i’
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HPLC chromatogram of rac-4i (4i’)

VWD1 A, Wavelength=254 nm (JLWL17051603 D)
300 E |‘ F
250 \ | |\
] I
I \
100 ‘ \I‘
| | |
D/;_,M_Z. b \TFJ L/_
g CREFHS IR A g AT W (5 W TAT A
# [min] [min] [mAU*s] [mAU] %

el e | === ===mm- | ==mmmmmmms | ===mmmmmmm | === |
1 8.863 BV 0.4611 9102.69434 269.42279 49.9121

2 10.287 vV 0.4004 9134.73828 318.25516 50.0879

HPLC chromatogram of 4i

VWD1 A, Wavelength=254 nm (JLWL17082702.0)
mAU E

- |
|
» |

- / |
| 1
Ju —

T T T T
2 4 6 8

T T
16 18 min

W PRI R iR U THTFH U iy U THT A
# [min] [min] [mAU*s] [mAU] %

=== |====1 =1 | == =1 |
1 8.877 BV 0.4844 3.07185e4 852.67920 97.6025
2 10.297 v 0.4454 754.58209 23.35627 2.3975

HPLC chromatogram of 4i’

VWD1 A, Wavelength=254 nm (JLUL17082701.D)

mAU
1000 -

—

800

=) L
1]
2 4 (-] 8 10 12 14 16 18 min

[ P = 1 e I & W [T A U 5y W THTAS
# [min] [min] [mAU*s] [mAU] %
il Bl | === === | === | === | === |
1 8.860 BV 0.5257 838.35797 21.73728 2.4940
2 10.294 VB 0.4394 3.27762e4 1026.64282 97.5060
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NMR spectra and HPLC chromatogram of 4j and 4j’

H and *C NMR spectra of 4j and 4j’
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HPLC chromatogram of rac-4j

VWD1 A, Wavelength=254 nm (JL\JL17051604(1).D)
mAU | 2 3
o =
400
300
200
100
o] .

0 2 4 6 & 10 12 14 I P
i LREFRFIE] SRR I U TRTFR I 7 I THTFR
¥ [min] [min] [mAU*s] [mAU] %

e R | -=—mmm - |-———----—- |-——m——-- |
1 9.273 BV 0.5766 2.09055e4 485.47672 49.9838
2 11.164 VB 0.5873 2.09190e4 478.37338 50.0162
HPLC chromatogram of 4j
VWD1 A, Wavelength=254 nm (JL\JL16101001-B.D)
:
500
400
300
200
100 1
ﬁ- AN
0 & :
0 2 i 5 8 1 12 1 16 mi
L2 VS ee 1) i S R = UEE THTFH I v U THT R
# [min] [min] [mAU*s] [mAU] %
e | === | === R |-=m-mm--- | -=mmmm- |
1 9.366 BV 0.5233 467.99289 12.23717 1.9181
2 11.276 VB 0.5309 2.39302e4 613.37714 98.0819
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HPLC chromatogram of rac-4j’

WWD1 A, Wavelength=254 nm (EADATAULWRCL RACI.D)
mAL - = -
g
B0 -
500 -
A0 -
and +
200
100~
04 L —
g 2 H i 8 10 mie]
e R AR e i T e e T B
kS [min] [min] [mAD*=] [mAD] ]
mme] [====] [ [ [ |
1 B.361 EE 0.3448 1.42203e4 675.20050 50.1295
2 9.225 BB 0.3661 1.4146%e4 621.65082 49.8705
HPLC chromatogram of 4j’
VWO A, Wavslenglh=25 e [JVSHLIE. D)
mall 4 =
BOQ =
700 <
B0 -
500
400 -
00 -
200 -
100 o "
F
a e
0 2 H i 2 1 ]
B (R E R e 0 T i i T
L [min] [min] [mAD*=] [mAD] -
e [ ====1 [ [ | -==1
1 B.2B7 BE 0.34597 1.90647ed 892 75867 98.4652

2 9.132 BB

0.34% 257.15601

14.16%03 1.5348
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NMR spectra and HPLC chromatogram of 4k and 4k’

H and ¥C NMR spectra of 4k and 4k’
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of rac-4k (4k’)

HPLC chromatogram
VWD1 A, Wavelength=254 nm (JLUL17050402(2).0)
mAL g
w0 A 3
| \ i
| |
e | ./ |
| {
/
w0 B |
| I
o L
.
1007 | | ’ l
o
2 i & 8 10 12 a il
U PR EFRa) AR IR U THT A g ¥ TR 2
# [min] [min] [mAU*s] [mAU] %
- |- | === | ===mmm- === |===mmmmmm |====mm== |
1 9.443 BV 0.6759 2.11636e4  516.67102 49.9899
2 11.702 VB 0.6028 2.11721ed  462.24307 50.0101
HPLC chromatogram of 4k
VWD1 A, Wavelength=254 nm (JLUL17051803.0)
mAU ] a8
£
800 /|
o] 1
|
|‘
400 ‘ |
|
300 |
[
] /
200 I’ |
I |
100 | \I
g \
o] 5 A G
2 4 I 8 10 2 1 16 min
U fREFESE) SR 0RUE U THT AR U WA THI AR
# [min] [min] [mAU*s] [mAU] %
- | [—===-—=———- [--—- -—-- -—1- -
1 9.604 BB 0.5685 689.75122 18.45819 2.5488
2 11.829 BB 0.5854 2.63718ed  677.08789 97.4512
HPLC chromatogram of 4k’
VWD1 A, Wavelength=254 nm (JLAJL17051801.0)
mAU E3
a
800 I
| I
o] |
A
600 'I |
400 | |
\
300 | |
200 ‘l |
| |
oo | . §
S
0 \_./\_‘,_/\—
ﬁ A 8 1'0 12 1‘4 1'5 min
W PR RS E] 2EAR WETE g TRT AR 3= U TR AR
# [min] [min] [mAU*s] [mAU] %
-—-- |-——-1- I | - |- [
1 9.5698 BB 0.5579 3.14106e4  855.63013 096.6341
27.83064  3.3659

2 11.925 BB 0.5824 1094.09119
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NMR spectra and HPLC chromatogram of 41 and 41’

H and *C NMR spectra of 41 and 41’
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HPLC chromatogram of rac-41 (41’)

VWD A, Wavelength=254 nm (JLUL17050403(2) D)
mAU

18

o
) L#,\f

T
12 14 mir|

T T T
4

2

10

U TR

Uy U THT A

W fRE AR A IR

[mAU]

%

#

[min]

[mAU*s]
| | |

[min]

1
2

HPLC chromatogram of 41

8.518 BV

10.645 VB

0.6448 2.20682e4 549.42438
0.6936 2.17332e4 465.13022

50.3824
49.6176

VWD1 A, Wavelength=254 nm (JLUL17051804 )
mAU

T
4

2

i fREFINE] SRR Y

# [min] [min]

1 8.449 MM

LEaTiEA
[mAU*s]

1055.66943 97.4982

2

10.583 MM

0.7173 4.54324e4

HPLC chromatogram of 41’

- [====|======- | ===mmmmmmm | ===mmmmm- |===mmmm |
0.5908 1165.78491 32.88894 2.5018

mAL

800 -

600 -

VWD1 A, Wavelength=254 nm (JLUL17051802(2) D)

T
(-]

U CREAITE KA i

#

2 4

[min]

U T AR

[min] [mAU*s]

U v
[mAU]

1
2

8.535 MM
10.745 MM

|
0.5960 4.1799%e4
0.7238 1398.09924

29
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NMR spectra and HPLC chromatogram of 4m and 4m’

H and *C NMR spectra of 4m and 4m’
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HPLC chromatogram of rac-4m (4m’)

VWD1 A, Wavelength=254 nm (JLUL17051605.0)
mAU 2 c
=1 1
{1 f
[ .“
™ |f | 'ﬂ
[
‘ | I‘{ |
150 | ‘{ |
|
100+ | | |
L '
\
| U L.
0 M J |
2 H ] 8 10 12 1 16 mid
W CREESTR] SR WETE e THT A W vy U THIA
¥ [min] [min] [mAU*s] [mAU] %
e R I-===1 --1- |----- |
1 9.545 BV 0.5767 1.17008e4 271.68500 49.9704
2 11.371 VB 0.5974 1.17146e4 264.91830 50.0296
HPLC chromatogram of 4m
VWD1 A, Wavelength=254 nm (JLWL16101001-C.D)
mAU_ g
400 /l‘
" /|
300 - ; |
250 +
.
200+ |
|
[
150 J ‘l
100 ’l‘ \
50 ~ f | /\
o | \
R . Ly, J\
0 'sr’ 4 é é 1‘0 1'2 1'4 lIG mir|
U LRE TR 2SR W U R A U 5y U TR R
# [min] [min] [mAU*s] [mAU] %
---- [-==-1 | | [ |
1 9.621 BV 0.6358 528.56335 11.15546 2.2168
2 11.517 VB 0.6909 2.33148e4 451.78198 97.7832
HPLC chromatogram of 4m’
VWD A, Wavelength=254 nm (JLWL17053004 0)
mAU
™ /%
600-] | |
s00] |
w0 |
] ‘I |
0] | \
| | lbié
100 ( 5 o5
J L =
o J /\,__/;
2 4 ] 8 10 12 1 16 min
W LR A UETE U T A U vy UE [T AR
# [min] [min] [mAU*s] [mAU] %
el e |====] === [ [ | ===———== |
1 9.585 BV 0.5521 3.15561e4 765.85803 96.8422
2 11.437 MM 0.6992 1028.95996 24.,52723 3.1578
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NMR spectra and HPLC chromatogram of 4n and 4n’

H and 1¥C NMR spectra of 4n and 4n’
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HPLC chromatogram of rac-4n (4n”)

VWD1 A, Wavelength=254 nm (JLLIL17051806(8) D)
mAU g
1400 @ ﬁ
|
1200 “ |‘
1000 \‘ H
o] I‘ H
- |
o] |
i
|
20+ |
I
o IS o
2 H 6 8 10 12 1 16 min
e PR 2SR W TR A W vy e THT A
# [min] [min] [mAU*s] [mAU] %
e R I--=-1 -1 I |--- I
1 9.502 BV  0.2621 2.3525%9e4 1386.28088 49.9362
2 10.418 Vv 0.2532 2.35860e4 1433.11316 50.0638
HPLC chromatogram of 4n
VWD1 A, Wavelength=254 nm (JL\UL17052404.D)
mAU 5
H
2500 ] H
- |
1500 -
1000 + |
0] ||
s
. J LA
2 i 6 0 12 " 15 il
W CREFES ] ST TR U TRT AR e vy e TR R
# [min] [min] [mAU*s] [mAU] %
- I----1 I | |
1 9.497 BV 0.2765 4.87463ed4 2752.07056 97.6909
2 10.423 Vv 0.2626 1152.19336  65.32389  2.3091
HPLC chromatogram of 4n’
VWD1 A, Wavelength=254 nm (JLJL17052403(8).D)
mAU - ?
2500 + |
2000 “
- |
1000 “
“ 1
£ "\,«
ol A
0 2 4 8 8 10 2 14 16 i
W RETRE A SR R I TT AR U 7 e [T AR
# [min] [min] [mAU*s] [mAU] %
e I----1 I-- -1- -1 -
1 9.477 BB 0.2557 1626.01794  98.26515  3.2221
2 10.394 BV 0.2597 4.88388ed4 2912.57715 96.7779
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NMR spectra and HPLC chromatogram of 40 and 40’

'H and *C NMR spectra of 40 and 40’
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HPLC chromatogram of rac-40 (40’)

VWD1 A, Wavelength=254 nm (JLJL17060703.0)
mAU H
800 2 %
d |
700 \| |
] (-
]
5004 f‘ ,|
- i
200 |
|f ‘I I’
200 J | € \ ﬁ
100 [ ] I
| ! |
I Y ALfJAAKM‘*AA_AJ \kAAAAAAAA,
I CREFINTE] SR I [EaTnE:S U v U THT AR
# [min] [min] [mAU*s] [mAU] %

e B [====|=====- === [====mmmmmn [===mmmm
1 9.216 BV 0.3994 2.12554e4 729.92163 49.8020

2 11.078 VB 0.3740 2.14245e4 821.79059 50.1980

HPLC chromatogram of 40

VWD1 A, Wavelength=254 nm (JL\L17062404.0)
mAU e

1200 )
’\

1000 -
a

1.017

1

. |
_ 'MI_JKT_ N

T T T
8 10 18 mir}

W CREAES) 2SR TR U TR A Ui 5 U THT AR
# [min] [min] [mAU*s] [mAU] %

- [====| === | ===mmmmmms |==mmmmmm [======-- |
1 9.176 BV 0.5754 5.33437e4 1245.51160 97.7920

2 11.017 vV 0.5371 1204.40552 30.16798 2.2080

HPLC chromatogram of 40;

VWD A, Wavelength=254 nm (JLUL17062403 D)
mAU £
1400 4 %
l
1200 H
1000 4 /l
800-]
A
600 f|
400 -| ‘| |
[
200 - JI |‘ n
, - 1 U A
2 H 5 } 10 12 A 1 18 mil
U LRPFTES TR 2SR D U T A U U T AR
# [min] [min] [mAU*s] [mAU] %

- [ === | === [===mmmmmm [===mmmmmmm [===mmmm-
1 9.213 BV 0.4411 708.93121 21.60378 1.6816
2 11.038 vV 0.3980 4.14482e4 1460.83630 98.3184
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NMR spectra of 5
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H and 1¥C NMR spectra of 6

NMR spectra of 6
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NMR spectra and HPLC chromatogram of 7

H and ¥C NMR spectra of 7
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HPLC chromatogram of rac-7

VWD A, Waslength=254 nm (EADATAULYT M-CL RAC 4.0
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HPLC chromatogram of 7
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NMR spectra of 8

H and 1¥C NMR spectra of 8
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NMR spectra of 10

H and 1¥C NMR spectra of 10
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NMR spectra of 11

'H and *C NMR spectra of 11
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H and ¥C NMR spectra of 13

NMR spectra of 13
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