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Solvent-induced chirality control in the enantioseparation via diastereomeric salt formation
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Abstract

Solvent-induced  chirality — control in the enantioseparation of  1-phenylethylamine 1 by
N-(p-toluenesulfonyl)-(S)-phenylalanine 2 via diastereomeric salt formation was studied. (S)-1:(S)-2 salt was
preferentially crystallized as a less-soluble salt from agqueous alcohol, while (R)-1-(S)-2 salt was mainly obtained by
addition of solvents with a six-membered ring such as 1,4-dioxane, cyclohexane, tetrahydropyran and cyclohexene to
2-propanol.  Further investigations were carried out from the viewpoints of molecular structures and X-ray
crystallographic analyses. Crystallographic analyses have revealed that incorporation of the six-membered ring
solvent molecule in (R)-1:(S)-2 without hydrogen bonds changed the molecular conformation of (S)-2 to stabilize the
salt, which changed the selectivity of 1 in the enantioseparation..
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Fig. 1 Schematic representations of the optical resolution methods via a) conventional diastereomeric salt
formation and b) solvent switch method.
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Z ZCABIIE TIERIRHRO X Z /AL a 0 EFIL L TRV, FESsEORBRE A2 5281285 T,
TNV T AT LA~ — gD SR WS 5 T51E (BB HGE) OB3E1T 72 (Fig. 1b) . IG5 745
T AT LA~ — DO XS ERTI Lo C, i IR D R B L.

1. rac-1-phenylethylamine(1)® N-(p-toluenesulfonyl)-L-phenylalanine(2)( &2 HFE RN ENZH 1T 54ERIESE
DRt

KIRT 2 ED—>T5(S)-L-phenylalanine 1 X2 C AT A E/ 2T ©—><
MY, A I CORBIREN TS, T 137 QANHZ asciy
DFFHEARTHD N-(p-toluenesulfonyl)-(S)-phenylalanine(2) %5y ElAl & 0=% O
LTI T 237 SO IER BB DR L B o2
L7z, ZORER, fsnfbisie U OKEIET v=a Table 1. Optical resolution of racemic 1 with (S)-2 in
— L% PV \7”:*757%&101(8)-1 MBS ESNDD water, alcohols and their mixture with 1,4-dioxane.
(2L, VWIS 1A-UA 2T 58, A Entry Solvent (wt/wt) Yield (%)?  ee (%)°
PN EOIND T I DNAERI(R)-1 ~Eiftnd 5 1 H,O 51 2(S)
L% R (Table 1). 2843 Fig. 1b 1oRL 2 MeOH 51 18(S)

R . s . 3 EtOH 46 60 (S)

7o IO, R IR A % 57200 C, mfli7edER 4 > PrOH 70 68 (S)
P T A~ — e B e, oo 5  Dioxane/H,O (90:10) 69 48 (R)
FA~—ToHD(S)2 DI HTHFAEM 1 D 6 Dioxane/MeOH (50:50) 67 53 (R)
W= F T A~ —afGHZ LN TELLVI LA TR 7 Dioxane/EtOH (50:50) 63 36 (R)
8  Dioxane/2-PrOH (50:50) 59 15 (R)

LT,
a) Based on a half amount of the diastereomeric salts.

ch:, @%ﬁuﬁ—é{gﬁi@ﬁgkj{%é @:% E L/’ 114_:/“ b) Determined by HPLC after derivatized to its acetyl amide.
Fra Yo KOS AT BIEO BRI E Y Table 2. Optical resolution of racemic 1 with (S)-2 in
TR LER L U CRaTL 7= (Table 2). £33 7 2-PrOH/cyclic compounds mixed solvents.

ANFY BT TH, 22778 — T Entry Solvent (v/v) Yield (%)°  ee (%)
HIRA R 10% 3 Db, HEnElaiT-o7-. 1 2T 100:0 70 68 (S)
ZORER, 144XV LRI Tt g 2 }°“ 90:10 76 28 (S)
FIN AT 2-7 1 — Ukt DR S A% 3 o, S0 49 48(S)
" N 4 70:30 63 47 (S)
T BL, BENDLT I DRI (S)-1 735R)-1 ~& 5 £0:40 63 69(S)
WHAT A LD DTz, BT, FERD 6 BErfEE 6 50:50 77 33 (R)
EETHTITERaE I o0vsaadtr e Hn 7 40:60 | 74 24 (R)
T2 B COWREBIR D MRS IS, Z ALl Tx IR 8 3070 - 63 35 (R)
e e 9 20:80 \ 65 35 (R)
AN, 5 BERIEEE AT 57 M eRkn 77 & v ” 10:90 O o 5 (R)
A IINRO WA T RS e o T, BLED —
FERDD, 1555 1 ONARDWERESIIE, fildh 11 }OH / Q (10:90) 69 56 (R)
- N AN R T =
Tlﬁkﬁ‘ﬁb\5{ﬁﬁﬂ%@j§%é\iﬁi0ﬁ/ﬁ(6 BBRtE . }OH /@ (10:90) 5 2R
1) RO CHRE THHIED I RIBS L.

13 >7OH / (17 (10:90) 71 48 (S)

a) Based on a half amount of the diastereomeric salts.
b) Determined by HPLC after derivatized to its acetyl amide.
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FREOWRIZE A IS 5 EHOIER A X D701, (S)-2 &
gL TRFED L DD, KVBEMRIEAEHMTHD
N-(p-toluenesulfonyl)-(R)-phenylglycine ) B X [6)
N-benzenesulfonyl-(S)-phenylalanine (4)z53EFIELCTHVY, 2-7'173)
—NVBLOTT7aA~F AL LT rac-l DT EE L
(Table 3). L7L, W EIElE WG Th i
DM ESTESND 1 OSLAROWHAIHERSAL T, (5)-2 2 G LIRSl A B i &
IRNZEDDD T, ZOZENDIFLEFRNTEL Th, WHERIC 0373050 FHEED IR DRI LD
AIRZARTEL CWDZEN DT,

Table 3. Optical resolution of racemic 1 with various resolving agents derived from amino acids.

+ICOOH Q_B_
HN L eoH
S \
50

o6

(R)-3 (S)-4

2-PrOH 2-PrOH/cyclohexane (10:90, v/v)
Entry Resolving agent Yield (%)° ee (%)° Yield (%)?  ee (%)°
1 (S)-2 70 68 (S) 61 54 (R)
2 (R)-3 59 50 (R) 73 47 (R)
3 (S)-4 30 47 (S) 74 48 (S)

a) Based on a half amount of the diastereomeric salts.
b) Determined by HPLC after derivatized to its acetyl amide.

3. BT ATLAT—IE((R)-1(S)-2, (S)-1-(S)-2, (R)-1-(S)-2-solvent) M #& RiE S AZAT

TRIAEBEIZ W TIEOLINDT IV L ONRP RS DB A RS-0, T 7a~FH 2 O bt
7= BEATER(R)-1:(S)-2 DA E T A To 7. TORER, (R)-1 &(S)-2 LI AU 55—k 7 AT Z< AL
DIVDIIT LRIKFEFE G Y N — 7 %R TR, SHIZH T AMOBRIZEE LV ED Y 7a~ 2 mhE:
LGt bl TWDZEnbon o7z (Fig. 2). FEROTHEBISRIT 14-2AF P07 MeR e 70 O85 Thik
PSIT=Z DD, T TRV Yz 6 BEREIED 73 1O WEHAZIV(R)-1(S)-2 HEA3(S)-1-(S)-2 HiL v b e ki,
WAL ATRRIC L QWD TN b o Te. oW T NOBAS SRy 1130 T COKFER &%
TERT D L7, 77 T NI — VAR EAER D AL RN O ZERI BRSOV, ZAURIREE Y 1
DRESEFEDMED TEHEZRR T ThHE)_EROFEREZ BTN,

HERBNDOREFIZEN TN T AT LA ~— O ZERDOZ LT L TND LB X bLHT-D,
FEERODZZEMEIL(R)-1:(S)-2-s0lvent > (S)-1:(S)-2 > (R)-1:(S)-2 DIETH 5 = & WFHENSD. £ 2T, (5)-1(5)-2,
(R)-1:(S)-2 lZ W\ T b XAME ARSI 21TV, ZIL DO EIT 72 (Figs. 2-4) .

3 FEDOFEREICIET DM E LT, 7301 EALRUEES)-2 & OMITIIKER-EICL > TH T A
WAFREA T Y NI DEREN T Z ERETFoND. L L IEFFICHERS &, Zheho
71T BIRF >y U= 12X aEO R R B, BB, (S)-2 ONCAEEEIZE B 35 &, (R)-1:(S)-2-solvent

(Fig.2) DX ST DOFBFEMFTATITEE L T DAL 4 FOKERES (O~@) o0 T L
Kr Y FT—7 RSN TN L, (R)-14(5)-2 (Fig.3) @ X 9 (A FERMIIEEEIALS LTV D
BATIEN T 2Ry RU— 2 ERICE > TV A AFEAIL 3 (D~Q) FiFThoT=. 2D &N
5, (R)-1(S)-2:solvent TlT LV %< OKEFERIC L DHE R Y N T—7 BERINTEY, R)-1(5)-2 &
D HEEREREER L TNDEBZHND.

EBIZ, (S)-1(S)-2(Fig. 4) Ti, WA TRILEEILD 2 FHDO 1T DR F NI — 2778 1:1 ThEfREAER L Qs
735, (S)-1:(S)-2 1Z(R)-1-(S)-2-so0lvent £ (R)-1-(S)-2 D HFRID L EME AL TWHEEZ LS. Blb, 2oy
T AT LA~ — A0 2 eI (R)-1-(S)-2:s0lvent > (S)-1:(S)-2 > (R)-1:(S)-2 DIETHHZ /20, AZRITHIT
DIF I ENDREFRA T e 52 LM TET-.
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Fig. 2 Crystal structure of (R)-1:(S)-2-cyclohexane. a) Packing of the hydrogen-bonded columns viewed down the
columnar axis. b) A columnar structure consisting of four kinds of hydrogen bonds. Hydrogen atoms are omitted
for clarity and cyclohexane molecules are shown with CPK model. The dotted lines and circles show the
hvdrogen bonds and columnar networks, respectively.

Fig. 3 Crystal structure of (R)-1-(S)-2. a) Packing of the hydrogen-bonded columns viewed down the columnar axis.
b) A columnar structure consisting of three kinds of hydrogen bonds.

ABFZE TN BN B W OSSR LA A 48
ZHZ LI LS TG EAREAGL T N TE D [TAAE
BUE | OB EA T T2, SO MBS I 3B AR Sy
Doy THEEN RKELSB G L TRY, IR L OH04E
FD DT MIERFEEL D DE NI > TR LD 1
AT DS RES LT,

WFHENDEE TR DHINIE T T AT LA~ —
HAE O EN A DB DS, — R THEED
St e P2 LTS, ARDIHIRL RSy
AR TIEEDO TRNIESOICNEE 225, S5 IIA T IEDE
F#EIPAZIERL T ZEITKD, EDXH7205F- DA S
O THIUIZRAN R 2 E ] CE A TR 52 8% HIEET75.

Fig. 4 Crystal structure of (S)-1-(S)-2 viewed
down the columnar axis.
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