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Synthesxs by Using Chn'ahty of l-Ephedrme Asymmetnc Synthesis -
- of Alamne and Phenylglycmel’ '
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* Hoshi College of Pharmacy®

(Received October 5, 1977)

The chiral hydrazone compounds (IVa and IVb) were obtained by the condensation
of methyl pyruvate and ethyl phenylglyoxylate with /-ephedrine-N-amine. Reduction of
the C=N group in these compounds was carried out using Pd-C (10%) catalyst in ethanol
at room temperature, followed by hydrogenolysis of ‘the N-N linkage using the same
catalyst in acidic ethanol solution under pressure of 3—4 kg/cm2 at 50—60°, and amino
acid esters and l-ephedrine were obtained.

" Alanine and phenylglycine formed by hydr01y51s of amino acid esters afforded R
configuration with optical purity of 389, and 379, respectively. The optical purity of -
l-ephedrine decreased only by 3.4% and 1.5% in several case during a cycle of the ammo
acid synthesis using /-ephedrine as a chiral reagent.

Keywords l-ephedrine-N-amine; /-ephedrine-N-amine Schiff base; asymmetric
synthesis of alanine; asymmetric synthesis of phenylglycine; asymmetric reduction of
hydrazone;  azomethine stereoselective reduction; ‘hydrazone asymmetric reduction;
l-ephedrine as chiral reagent

RAWND o TnBF7 VT 4 —%FIATH LR » CTRALAYE AT 5T, FPE—, BUWicR
RO FI VT P TELIRIHRILSBRT AW EEShD L THS. IHRHEZEL, AVLRR
Wox5 Y 74—, RISKTHICS, BERETREIhTRY, BVELAERGCHAEh LT 5.

B ORMEERRC TR, FHETE, TAhrA FO7 37 E% hydrazino Hic it L 7o (L&Y & RFA
ﬁﬁiwtﬂ)?ﬁ#% EEREHEL., COX3MEND DTRILED TH7x <, 1966 45 Kost 5 1€ X, '
anabasine (4Anabasis Aphylhz DTNIrL F) 0)3% 595 4+ —%F|f L, ethyl pyruvate 7% r-alanine ethyl
ester NARIN T3, 1976 £’ » T, (S)-bornylamine %5 X OF (R)-isbbornylamine % i\, ethyl
pyruvate 25, r-alanine RAERIN T 5. ;b;h;b;hoi, I-ephedrine DFT VT —%%Uﬂ?bf? 3B
BRERARC. ' . ,
 BAERFER=7 = £V v O RERE LURG, SRRKERE L, EREE Y v ARk T KUS 3
&5 &, mp 92° @ N-nitroscephedrine (II) 232 bk, Z DfEEY (1) (7)55‘:9}%{1[1 (IR) A=z b A TIL,
BB (D) 07 $ 2 ROBRANEL, Hiew, =t e VOB o RSB S . ¥k, BRSIE
(NMR) X0t HE (MS) A7 AT, &b, Y (II) 2=t e VLAY TE S Z LEPHRKTR L .

= e vikAY (D) 13, ZAERSESTETIh, N-7 1 (Al (1) Bk, oL RE»
VS AR I BEIAY YEER LT Y VBB 5 SRtk 5 Tx bhie. TILIE, SWEE O HRY ©
HsT, 20 IR A2 bszi II o=trey 3 vORRAEEL, Fice, 73 /%@%&ﬂﬁ ’éﬁ@ﬂ%ht.

D BAEELE 97 FH£TRR, XN, 1977 ¢ 4 7.
2) Location: 2-4, Ebara, Shinagawa, Tokyo.
- 3) AN, Kost, R.S. Sagitullin, M.A. Yurovskaja, Chem. Ind. (London), 1966, 1496.
4) S. Kiyooka, K. Takeshima, H. Yamamoto, K. Suzuki, Bull. Chem. Soc. Jap., 49, 1897-(1976).
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}hg ;?ﬁ;H ’v‘ ?}ﬂ) ) HC CE?J ,
H-C-N-NH, A | HCN—C—<>
H-C-OH + [ ). —— H-cC-oH
Ll : . N
A SO /\"
\ - N
i ' - VI
" Chart 2

%%, NMR %10t MS 2=2 b Al p, III DEEIAER SR, Co LAl (II) 13, KBEEHFT7 v
BV WEED D LBEHHMELT, benzaldehyde Z/LL, ZhhRELD 1L 07 3 7 E & A L ¢, N-
{benzylideneamino)-J-ephedrine (VI) % 4:5% Lﬁ:/. Vi 0)1%;‘@5&1, I EE bénzaldehyde ing CHEE &%
TR ERET S Lk o CHRB L. - 1

N-7 3 7 {tA4% (IH) & methyl pyravate EMLRIEERD L, 73/ E& B = L ER S L, azo-
methine {LAMHi%2 bh, CORGRBEGL Y XL 7 < b 75 7 5 =~ TLHEES 3 % », hydrazono
ester kA% (IVa) 5% bhic. IVa 1%, IR A7 b, vou (3420 cm™). 3 X0¥ ve-o (1700 em=?) %R
L, NMR AR AT, =AFAD O-2FAFEDE— 2 (63:80) HiRLK. bhbhil, XU hydrazono
lactone (kAW TH % & Lu B LA, 52 b vﬁﬂ:%%?é z k75 hydrazono ester {LAWTH S & L
B L7z, IVa o oL, IR, NMR X8 MS 2 =7 b A O R b 5, N-([a-methoxycarbonyl-
ethylidene)amino]-l-ephedrine (IVa) TH 2 = L 2R I Wiz, Fiz, T OLAWIL, ‘NMR ARZ PARI O
HA7 =757 4 —DREDHERYL, MEREEORAY TIXIR N Ehibihr o o, Fiz, IVa ZERL
“C, hydrazono lactone: {l:,A%&CZ"{E@éwé‘étkmc, Corey 59 0)75&?:%9 "C, NaOCH ﬁ%E_F*\ vEvH
TR LB Lisds » 7.

7 r=A7EEY & LT, methyl pyruvate Dhvi h T ethyl phenylglyoxyla,te BT & N-73/
EA% (III) 1%, IVa B4 Rk, hydrazono ester &% (IVD) %5 %%, IVD X mp 78° @ﬁéiﬁ,ﬁ\'
Hc, IR, NMR X8 MS A2 7 b ADFERMS, TOEE X N- [(ac—ethoxycarbonylbenzyhdene)ammo]—l- '
ephedrine (IVb) TH % & LoD L. : ;
| Hydrazono ester f£A% (IVa 3 10X IVB) %= 5 —adc 2L, PAC *‘zﬁma’ma‘%ﬁaﬁﬁ:&ﬁm b,

oF, HEEEG, METCRESE5 L, KREHBIET L. REEAWEEE 7 v~ 2757 1 —

5) E.J. Corey, R.J. McCaully, H.S. Sachder, J. Am. Chem.»SoE., 92, 2476 (197(‘)).'
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(TLC) Bk »C, =7 =FV ¥ (I), 73/ B=A7 VIEME (Va $X0° VD), 6 JOHREWE (IvVa %
XU IVD) 0 3 ZEOESHTHS & L MRS, £2C, ShefElTs L, Va & fuicBacs,
alanine methyl ester g@agg%;ofgﬁg;7 = KU vRFEREh 56% BXO 57% @{b%ﬂl@“(}{&ht el
DM, HEHETHS IVa H9 30% TEILIh,
R, IVb 22513, phenylglycine ethyl ester ﬁﬁgi{g&ivﬁ;@r—7 =« FYVH, Th %Tfh, 58% BIO
- 64% @1{35&1{32%,17_15:&71 RN, HEWETHS IVb 2 %’3 30% ENR iz, ;
73 /B=AFATHSD Va BIO Vb X, KSELTT S/ BE LA, ZoRXbRkT $ 2 BORK
X, 732VOBARIO Tz = u.vvo%ﬁad), R BALTH o7 ZLT, ThHOREMER, Th
Fh, 38% HIV 37% THota. , L
BHRCER SR cHB=7 = F Y /@j’éﬂ*@gm, Z ORIG DB AL tﬁ%l? = F VU Vo shE
~C, IVa X0 IVb 2l 588, £hih, 34% IO 1.5% L WALz e, TOfE, EIX
Lic b BY DL, tif_bi%%ﬁ‘iﬁg%zﬁuﬁ?é%@ﬁjﬁ@%@ﬁ%ﬁ%%)ﬁ@% LEHETEHEELD.
PEDE > mEl=7 = F) vO*7 )7 ¢ —2HATRRRETE, ER=7=F)vO*F VT 1 =A%
37—38% EEINTEY, RLUTHRDOVLOWAEFRIGE T2, LHL, THRBEELTHWIER =7 =
FYVD*T V5 4 =13, Chart3 wRT X5 KX —BEITHHEK, BEAEBILTELT QE%%EW:EZ
T““Coit;:m_&:ﬁ NN e o

CH; (l?Ha
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CeHs recovery ! i
| 96—99% ] H
—eph : optica :
I=ep edrme yield (‘R) -amino acid ester
37—38% R=R =CHs
) ' =CsHs, R’
Citi (IZHs | | | ‘ R=CsHs, R =C.Hs
H——N—NO, . CHs_(l}Hs (IZOOR'
H——O0H | H——N—N =C
CeHs ' , H——0
' "~ CeHs
CH, CHs , / .
,I{——__—DJ NH:
H——0 R C COOR
CeHs . ’
' Chart 3

2 B O

IR A7 F Ak HT 215 B, MS A7 b A it iz RMS-4 B CHE Lk, NMR <7 b 212 HAET
JNM-FX-100 % £ L, tetramethylsilane %Pyt U, W& LT CDCly &AW, FEXE O R/E ik
HAZ % DIP-180 E % #H L. RiSksmmiE. TLC 11 Merck # Kieselgel 60 72131&3*9 L L, Efeﬁﬁ(’“\i@em
CH,Cl,: MeOH: 289% NH,0H 7k (90:9:1) & 7Z. ‘

N-Nitroso-I-ephedrine (IT) = BAERTER= 7 = F P 12 g %7k 50ml & & A L, dil. HCl 2 ml 7271!1
%, 0° CBHL, BT LIEH LMD, thic NaNO,8.4g %7k 50ml ks Ll x 1.5 B » i C
BWFT5. X5 1l BEEBRRS IS, AFciEBET2 L II #EEHEHL LTS 5. EtOH L KOEAE
o bEELTH. NE 1138 (97%). mp 92°. fEEEHRA. IR »E82 cm-1: 3500 (OH), 1480 (N-N=0). MS

mie: 194 (M, '4%) 177 (M+—OH, 1%), 107 ({ > cH-0H", 8%) 87 <M+ { >—CH OH, 15&)

79(<f“ N, 100%), NMR (CDC) 6: 147 (8H, doublet, /= 7.1 Hz, C-CH,), 9.96 (3H, singlet, N-CH,),
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4.69 (1H, double quartet, N-CHJ) 5,17 (1H, doublet, J=5.1"Hz, O-CH). ' -
_I-Ephedrine-N-amine (III) WK 68 L7k 30ml DEAWEKETEBELENS, “hic 113.88g %
E’EE@ 20ml ic &2 LB %, 30 AMsd TR LW TS 2. WTH, HRET1RMH, 80° tanrel 5
HBXES. ﬁmﬁngﬁ, REMESHEL, BENNEBCR ST TEET 5. Thi, XvEvi 30ml %
%, KRG K,COp MAKBKTTA A VHEL, RIEREYE <V 2 vBABFSE 5. NvEVvER
MgSO, TERBEEEYEEL, MEFRET2 & III 2% bhi. bp 138—142°/8 mmHg. W& 1.91g (563%)-

BHEWRW . IR #nax om: 3300 (OH), MS mie: 107 (<_>_CH=0H' 37) 73 (M+ < >

~CH=0H, 100%) NMR (CDC13) 9: 0 83. (3H, doublet, J=6. 6 Hz, C—CHa), 2.59 (3H, smglet N-CH;), 2.85
(1H, double quartet, N-CHJ), 5.21 (IH doublet, J= 1.9 Hz, O-CHJ).

N-(Benzylideneamino)-I-ephedrine (VI) ' 111 600 mg % /» BoxvevicEs LEBRIC, benzaldehyde
340mg FM%, EECERRKISS®S. RISBBRYERTS L, VI 0fR 1A E &4 & RN 7k IRE (820
mg) TZ bife. MeOH LKDRAE KL bR, mp 51—52°. M b A fAMkah. IR »EEL cm~': 3450 (OH).

| MS mje: 268 (M*, 2%), 161 (M+ { —CH=OH, 100%) 107 ({ N-cr-om, 4%) 104 ({ >
cH=N", 10%). NMR (CDCI,) 6: 1.05(3H, doublet, J=6.6 Hz, C-CHy), 2.94 (3H, singlet, N-CHy), 3.38

(1H double quartét, N-CHX), 5.35 (1H, doublet, J=2.2 Hz, O-CHY), 7.2—7.6 (11H, multiplet, aromatic

and< > CH—)‘

N-[(a-Methoxycarbonylethyhdene)ammo]—l—ephedrme (IVa) IIT 1.8 g & methyl pyruvate 2.04 g DR
ey, ERT, SHEEBRRIEIES. RS, chic CHClL, o L& % it 2, MgSO, THiK#, benzene:
CH,Cl, (7:8) #BHEBERE LTHY, YUAFAHTrsr<t 257 4 —CHEERT 3 &, IVa % ekl
Wtk 1.7 8 (65%) % 5 5. IR vmax cm—2: 3420 (OH), 1700 (C=0). MS m/fe: 264 (M*, 0.4%), 247 (M+—OH,

0.7%), 233 (M*—OCH,, 1.5%), 205 (M+—COOCH;, 4.9%), 157 (M+——.< > ~CH=OH, 100%), 107 (<_>

CH=OH +, 3%). NMR (CDCl,) é: 1.10 (3H, doublet, J=6.6 Hz, C-CH,), 2.20 (3H, singlet, N-CH,), 3.21
(1H, double quartet, N-CHX), 5.21 (IH doublet, J=1.5 Hz, O-CHXY), 3.09 (3H, smglet C=C-CH,), 3.80 (3H,
singlet, O=C-CHj). [«]5 —40.8° (¢=0.4, MeOH). :
N-r(a-Ethoxycarbonylbenzyhdene)ammo]-l-ephednne (IVb) 11T 1.80 g & ethyl phenylglyoxylate 3.56 g
DEAWE 50—70° T, 4BEBRELSES5. KEH, <hic CHClL, 0 8% iz, MgSO, THR, BWE%
Bk LEE %, benzene: CHyCly (7:3) R BHBEHE L LCAY, Yy 2arvh I arsve<t /37 4 — THHERE
WtBzricky, IVb of#E& % 2. n-Pentane 6 HiEHh. INE 148 (41%). mp 73° MEFRRE. IR

KBr

52 cm-1: 3410 (OE), 1700 (C=0). MS mfe: 340 (M+, 1.8%), 267 (M+—COOC,H;, 10.6%), 233 (M+——

{ >—CH:OH, 100%), 107 ((>-CH=OH |+,‘18%), 104 (<_>—CH=N]+, 9%). NMR (CDCly) 6: 1.14
(3H, doublet, ] =6.6 Hz, C-CH;), 2.56 (3H, singlet, N-CHy), 3.24 (1H, double quartet, N-CHJ), 5.32 (1H,
. doublet, J=1.6 Hz, O-CHX), 7.34 (5H, multiplet, aromatic), 1.35 (3H, triplet, J=7.1 Hz, OCH,CHj;), 4.27

(2H, quartet, J=7.1 Hz, OCH,CHy). [«] +29.5 (c=0.4, MeOH). :

‘N-[(a-Methoxyca_rbonylethylide'ne)amino]-l-ephedrine (IVa) OEBTHELOKELESE  IVald2g % 80ml
o EtOH &5 L, PA-C (10%) ik 150 mg # Mz, HEXKEY Ak, SRCERRKEEES. 20 KE4
B RWT Hy ¥ 20BN &, RIGWK conc. HCL # 0.5 ml % fn %, Pd-C (10%) 100 mg % EBE
Qi L, hE (3—4kglem?®) KE» A, 50—60° T8 BMBEHRLISS® 5. RISH, Mitx 5%H L, B
HPERTHERENZ bR,

Z DRER ether & 40ml %k, HHT 3 & ether MERA B L b, D¥ic, ether Ryic CH,CL,

% 40ml Bz, HHT3 & CHCL MERAS A2 bhic. B, CHCL, REOERIA B o, LD 0D
ether BF¥ I, MgSO, TEEE, BELHEKRTH L, REIE® IVa390mg (30%) 23z b, Z ik TLC &
O IR A=z b CHEIhi., o¥i, CHLCL Bk, MgSO, ke, BELEE T 5 & 500mg o
Waix bhiz. TLC os5HE T3, alanine methyl ester HEME DIE2IC, T OER=7 = F 1 v A EE
LTWBZ Edbhok. CO—EL T, 28% NH, KEEE M2 CHE? ¢ vIEAWE L, LEBE
ether THIH L, BERKHKZ e~ 257 4 — (%iﬁ}%&i Lichrosorb SI 100, A H T ether: MeOH: 2.59% ‘
NH, K=17:3:0.04) A\, €E¥HE L#EET S L, CH,Cl, M5 ik alanine methyl ester EEEiE
(Va) 390 mg (56%) B IVHERM=7=FVy v 70mg REFIhTWb I Libhsik.

kR0 CHCL MRS bx bhi R 14% NH; KE® 20ml % i %, KiEE ©1EEME L,
alanine methyl ester % /KA L7 £, dil. HCl Bl & LBE X REBK T 5. chi 4 4 v Riglk
Amberlite IR-120 50 ml %> 7= 7 AK'{—E &, ¥, INNH,OH cHiiL, Zﬁﬁ“‘g BREHEET 3 L EE
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BRERALLhT. CoOREWE, IR A2 bAnbd, 77=2vChs LRRAERRIRL. 2 OHE O X
- B [«]F —5.38 (c—O 52, 5 N~HCl 2*47&‘) T, -7 7 =vo [o]f +14. 1‘” ﬁx’b’f%?% & JEEME 1k 38% T
B%. |
BB 5z CHLCl, 7[‘2?‘*@,#,% 510 mg (57%) %, IR X0 NMR =27 b A, EB=7= F Y v
THHC ENATERA IR, ZhOEEE R [«F —33.3° (¢=0.4, H,0) T, BUDKERE LTHY & EE
=7 = F Y vOREEES [«]f —34.5 =04, HO) THolehnb, TORIBIE & » THFEME 2 3.4% B L
'fx_n— LB,

N-[(a Ethoxycarbonylbenzyhdene)ammo]-l-ephednne (IVb) @,ngockvzki{tﬁ-ﬁg IVb 1.70 g % 100
ml ® EtOH &2 L, Pd-C (10%) fgk 150 mg #imx, IVa o0& LAKOBRFL LT, 2L
DEE Hy #AHFTRELL, O007T, EBBEL LPE B—4kg/cm?) H, ¥ A TRRESB L. RIGHK
T#, RSESWE IVa 0B4 LEROLRIC L - T, ether WEHAH 2 5RKIGED® IVb 500 mg, CH,Cl,
B4 2+ 5 phenylglycine ethyl ester #EFEEE (Vb) 650 mg & ;Ui;gm; 7= Ky / 40 mg PFER PR L.
BHCE - CHCL, THRHBS»OEB=7=F ) v 600mg % x%. :

Z Ik 2 bt phenylglycine ethyl ester 13, IVa LEBOUE I & » T, phenylglycme Lﬁ%, mp :;t,
YOV IR A2 b A TCRERE L. ¥7%, = O phenylglycine DENE 1 [«]F —53.4° (c=0.4, 58-HCl ¥
%)?,mmmw@wme@ﬁﬁgiﬂﬁémiwumaﬁﬁ?aa%#mﬁm3mgf@a.

CORBRE - TLbhER= 7= F Y vOREER [¢]F —34.0° (c=0.4, H,0) T, ZOREICE » Tk
WS 1.5% Wb Ll Licinh. ‘ :

i Kﬂ%mékb,MS%inMRz&?bw@M%%thkﬁhtﬁ%%%ﬂ;uﬂ—@ﬁm&
HSRCEHLES. :

6) M.C. Otey, J.P. Greenstein, M. Winitz, S.M. ernbaum,] Am. Chem Soc 77, 3112 (1955)
7) O. Lutz, Chem. Ber., 65, 1609 (1932). '
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