% 4”) qt % DOI: 10.6023/cjoc201601045 it Bk

Chinese Journal of Organic Chemistry NOTE

REBENEMFEELINSUEILMFIEF S B Fmoc fRIFRY
(S)-3,5-ZiRAA T

Five B /J'} & K

(RMRZZHRIZ S a2t HM 213164)

WE B R FRAEA A R T (5)-3,5- RN AR, —Fh 75122 DL IR i H 2R T AT 3,5- IR AL
NIEY, 16 O-Ji T 5E-N-9- 18 L BAL 2 o] T2 AL T, AR R R REAF 2 T (S)-3,5- IR A AR IFTAY), ee
HIBF] 94.9%, B AU T AXBRAREE B A BT HE AL SR 2% 1, 193 1 et OB, 51— FhT 2 L 2- Ll
H-3-(3,5- ZERE) IR TR MR, TEXU(1,5-383F 2 0)- = 980 RS R B (D FH (R)-N- 2R BE B -N- F B -(S)-2-( 2R A i —
PR HE LA T INEAS B LB HELR 1R (S)-3,5- IR N ARR, FHHT /KRB, BZ&AF5(5)-3,5- ZIRANAR. &
Fmoc MIE-%, 143 Fmoc -3 1(S)-3,5- ZIRKNEIR, ee L] 94.7%. Bk WFh ik, 5—RhJiidr=im, Kt
WP m, &R T AT s AR R I & R

R (9)-3,5- IR ER, MM, AFRMELENL; it

Synthesis of Fmoc-protected (S)-3,5-Dibromophenylalanine in the
Presence of a Phase Transfer Catalyst or a Chiral Catalyst

Wang, Qinting Zhao, Shuai Jin, Lei Chen, Xin*
(School of Pharmaceutical Engineering & Life Science, Changzhou University, Changzhou 213164)

Abstract Two methods of catalytic asymmetric synthesis of (S)-3,5-dibromophenylalanine are presented. One approach is to
use asymmetric alkylation reaction starting from diphenylimine glycine tert-butyl ester and 3,5-dibromobenzyl bromide, with
O-allyl-N-9-anthracene methyl bromide cinchonidine as phase-transfer catalyst, the (S)-3,5-dibromophenylalanine derivative
was obtained (up to 94.9% ee). The optimized conditions of asymmetric phase transfer catalytic alkylation are explored. An-
other method is to employ asymmetric hydrogenation starting from 2-acetylamino-3-(3,5-dibromophenyl)acrylic acid with
bis(1,5-cyclooctadiene)rhodium(I) trifluoromethanesulfonate and (R)-N-diphenylphosphino-N-methyl-1-[(S)-2-diphenyl-phos-
phino)ferrocenyl]ethylamine [(R)-methyl BoPhoz] as chiral catalyst. (S)-3,5-Dibromophenylalanine hydrochloride was ob-
tained after hydrolysis. By Fmoc protection, Fmoc-(S)-3,5-dibromophenylalanine was obtained (up to 94.7% ee). By compari-
son of the two methods, the first one gives higher overall yield and a little bit better selectivity, and is more suitable for the
synthesis of other chiral dihalo-substituented phenylalanine derivatives.

Keywords (S)-3,5-dibromophenylalanine; phase transfer catalyst; asymmetric catalytic hydrogenation; alkylation

TR NARE TARREER, 26M— (93.5-ZRFAARENEZMME, H17) LB
SEHUR A PUE 25 I Rk, i, B TRIT AR a . R, BATA G FUX MU S YR & BT .
PR R T B DR R R A A HOR IR Rt ) HAr, &Pt fORNamRRIEARRZ,

(Synthroid) (Figure 1), VAKX 2 Hfiif 254k 4 3 68 & K Parmeggiani 251 Gloge 250 it 2K 1A & R il 2 g 1) 7
BRI I 98 B R R LA P BRTS PR IR R ER R 2R A A0 A R TR ORI AR A s AR &R
(Antimicrobial agent; Figure 1). AUEGHALH T G EHEH Luo ZEMONRLTR AR =) () -AR i A A 1k B ) o) e a4
TRIZ R AV FE v, T EAEH Fmoc fR 471 P BT PR R TR 2082, Ryosuke 25U H 35 P T (A5 2K
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| (0]

|
Naoj©\ OH
| o NH,
|
Synthroid
F

Antimicrobial agent

B &P e R &R BT AR A &4
Figure 1 Several biological active compounds containing chiral
dihalo-substituented phenylalanine sub-units

NRBRBATIR B R A RN R R, (BT A FE
TIRARIR R BRI T IR AR WOSCHRAGE . R, A0
AU 1) F AL AR & IR AR, Bl &
B SR, 2 ER FHARFEFL L% (phase transfer catalysis,
PTO)"> sk & il BATIAESCHR[13, 181%:AE F, I WiFh
TEE T (S)-3,5-IRA AR, —HMELL O-J 1 %-
N-9-J& F R IR AL S 1T 5 i A F AR B A AR, 59—
DA (1,5- 3R 3 = 05)— = 98 FF R R 8 (1) M1 (R)-N- — 2K 4
R -N- B R -(8)-2-( 2RI Bl — KR I 2 N AL 7 EAT
AR A, R T B, AR R AR
PR BRI SO FRA T BRAN 2 15 2540 .
1 GR5iT1e

AR W R T A (S)-3,5- IR KN AR, —
T DA R i H R A T B (1) (A BT ¥ L2255 Sk
[1I9DAT 3,5- ZIRFHIRQ)NIEY, 15 O-JiTHE:-N-9-B
IR JRAL 3 T 72 58 6b(H& BT 15 LS55 SCRR[20) AL T,
LA FREEFEAL SOV AT B T (S)-3,5- Z K IR AT
AW 3, ee MEIEF] 94.9%; FEZ I /K AR RN FE AR

0O

50% aq. KOH, 6b (10 mol%
b aq ( ) Ph\r/N\)J\

A HCT Fmoc fR3PHI(S)-3,5- IR AN 5, Hixskin
Scheme 1 ffizn. 7 —Fo7idkm, & 4eE BT AL INET
AR 9, e, FEXU(1,5-3R3F —0)- =5 FH IR R 2E (1) A1
(R)-N-Z 2K FE il -N-F 2 (S)-2-( 2R B ) — Rkt B
AT INE, 5287 LB (S)-3,5- S RBHE
B, AR5, #ATKE, 1927 (5)-3,5- IR N Z B AR R
th. AFIY G LT Fmoc fRII(S)-3,5- HAERR
I 5, ee (HIAF 94.7%; HA % £ U1 Scheme 2 AR, 1=
MR G40 '"H NMR, °C NMR LL K HRMS #4iE.

1.1 HEBELFIEE R Fmoc RIPRY(S)-3,5-—iRE
A S

EALEY) 3 1A GEFE F (Scheme 1), FRATHZAE
T SN AT T Ak, (R RR IR R, &
FESCHR[ 11~ 16]HIFRIE, 15239 EMms AT AE FIM 5655
1AL 6a F 6b /EF T, L 50% KOH ¥ BN, H ZKF1
SV V=2 D ) RIREER, AR T RM. RN
TR N—20 CHE, {47 6a AL 6b #BHE LA = 1)
Sk B EAS B PE 4, (HLL 6b AL A 2 = e
R, AT PR R N, MR A —40 CH, K&
N7 [R5 Ik PR B AR v, (HPE R AT R RE. o, fi
B3R 6b LAy 1A 77 2 R ik 5 14 45 21 bt ZE AL 7= 4.
Lk R NI E R —60 C, FERE T, T
SERIEFEEEIIEANAS . R, 7ELL 50% KOH A%,
AR 6b AEMEALT], [NHEE N —40 C
(# 1, Entry 4). ZHREMAISAEEE 1, Entry 4), FATL
CsOHe H,0 NBEJHIE T RN &M, 2R MR EN—
40 CHF, F=RuSA Fh s, (HARIEBREEA T 4
HE— B AR MR E ] —60 CH, P28 TR, M
SRR TR 25, FRATIE InAELL T 6b [
HIE] 15 F1 20 mol%, [FIEFERRPIREZ—78 C, 45
R, FERAIEFEEEE A BER S, AL s
IRLE R, WAVE RN T besEb s S et 261, B 2R
STV L v=2 D DIEER, RBREN—40 C, 50%

0

6 mol/L HCI, reflux

B ————

Br:
Br  PhMe/CHCl,, -40 °C < 0Bu-t
Ph\r/N\)J\OBU-t + - Ph = Br
Ph 83% yield, 94.9% ee \©/

78% yield
1 Br
2 3 Br
+ -
HaN Fmoc-Cl, 0°C ~r.t. N._ CO.H
s \;/COZ . o Fmoc” Y~ :
S Br dioxane, 10% Na,CO3 H Br
51% yield \©/
4 Br 5 Br

B 1 MR A A R Fmoc /37 #I(S)-3,5- IR N AR

Scheme 1 Stereoselective synthesis of Fmoc-protected (S)-3,5-dibromophenylalanine via phase transfer catalysis
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Rh(COD),OTf (0.01 equiv.)
(R)-Me-BoPhoZ (0.0084 equiv.)
Ho, MeOH, THF, r.t.,, 48 h

0
o N OH
Br H HA[c])/

Br H,O, AcOH Br
N;( 100°C, 1h m Ac
o
Br z 40%yield  Br Z>COH
o)

NaOAc, Ac,0, 130 °C 30% yield
Br reflux, 10 h (2 steps)
7 9
N _coH H,N"__co; N _coH
2 3 2 2
Y g ¢ Fmoc-Cl, 0°C~rt.  Fmoc” Y
(0] Br 6 mol/L HCI, reflux Br dioxane,10% Na,COs Br
B
78%yield 51% yield, 94.7% ee
10 Br 4 Br 5 Br

B2 RhECEMELS H(S)-3,5- IR KHNER
Scheme 2 Stereoselective synthesis of (S)-3,5-dibromo phenylalanine via rhodium complex catalysis

K1 EFIFERE A 3 75 ee IR ¢

Table 1 Effects of catalysts and solvents on the yield and ee values of compound 3

O
Cat. (10 mol%) Ph\r/N %OB‘”
Ph \r/N oBut * Ph Br
Ph
1
3 Br
Cat.: "0
6a
Entry  Cat. Base Solvent Temperature/ C Time/h Yield/% ee/%
1 6a 50% KOH PhMe/CHCl; —20 24 44 87.9
2 6b 50% KOH PhMe/CHCl; —20 24 92 86.3
3 6a 50% KOH PhMe/CHCl; —40 72 64 92.5
4 6b 50% KOH PhMe/CHCl; —40 72 83 94.9
5 6a 50% KOH PhMe/CHCl; —60 108 44 91.5
6 6b 50% KOH PhMe/CHCl; —60 108 37 94.5
7 6b CsOH*H,0O DCM —40 40 87 86.1
8 6b CsOH+*H,0O DCM —60 80 74 90.7
9° 6b CsOH+*H,0O DCM —78 88 68 88.7
10¢ 6b CsOH+*H,0 DCM —78 88 85 91.3

“Reactions were performed with 1 (0.1 mmol), 2 (0.5 mmol) and 6 (0.01 mmol ) in specific solvents. ® The reaction was carried out with 6b (0.015 mmol). ¢ The
reaction was carried out with 6b (0.02 mmol).

KOH £, 10 mol%H] 6b A4k il(55 1, Entry 4). 153 ZIRRNZIR 5 (Scheme 1).

KeRbAer=4 3 Ja, BATHIAT THROEEINE, AR 12 F#B Rh BAWEEMS A A EEEHA K
HonZelie, RHSCRPIRER RGO EUL  (5)3 5. mEm s

S M E R AL LI, JATH € T R = 13,5 5L RS 7 I N- 20k S 7 2, B I
FaRy S L. BEREALF= IR RN LA BT IR RN o ) ik 8, B, 78 ZBOAKEIE 1 b,
il OD-H FHERE, DLECKGRISEREY 2 V=80 20fF ) yoo stk o, 40U, LIT(LS-FF4E —46)- =9
A, SISy 254 nm. FERFIEIIL s 1R R) N 3 BN ()2 — 2 IEE)

KAt &tk 2 Ja, BATE =Y 3 7£ 6 mol/L HC1 H B3,
BL 78% I AT (S)-3,5- “IRKH AR LR EE4). S5
FH R DIELRY, PL 51%083 45 2] Fmoc fRY11(S)-3,5-
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SR T W, R N A IEAR A KA. BRATE X N
SR FIRET TR, KB S TSR TR &
TERNEEFINN (V- V=10 : 7), (L& 9 nT LBV fE, R
LA PAEAT, SRR B S 10, H7EERN 30%,
ee fHIEE] 94.7%.

2 Zhig

A SCH W A0 755 T (S)-3,5- IR BN AR
5 — PR A FRAR L B A AT G R T (S)-3,5- IR OK
WRIR, ZiErm R m, ks, LRp&t
TR, AR, EE ML W58 R Rh LR AR
A& 2, PV LR E R LR &, (HR
KRR, BB 5. 765 w7 TES, &
AP — DI A FRAR L B A b B I T V5, R0
Hizg B H A — s AR AR I & b 2.
3 X
3.1 {ERSW

NMR H Bruker (400. 300 MHz)® A% REFEHRAC I &
(CDCls;, DMSO-ds TE¥ 7], TMS N #3); HRMS H
Thermo Orbitrap Elite JI%E; E 1L ik A A R A
SQ-5200 AUHE R T VERS; 160~200 H LR (F S HFrEtl
T A7) R e o b At
3.2 ZWHE
321 (8)-3-(3,5- =i KRBT K -2- — K T e H &
BR AT BE(3) 89 A AR

BAMRYT, 1650 mL B B I — 28 Wi H
ST 15 (458 mg, 1.55 mmol). 3,5- IR HEIR(2.55 ¢,
7.76 mmol, 5 equiv.). O-# P Fk-N-9- B FH BL A 3 1] 7
5£(93.9 mg, 0.155 mmol, 0.1 equiv.)f{] PhAMe/CHCl; (15
mL : 7.5 mL)RGAEW, FFIRE—40 C, fiidt 10 min
&, FREEB TR 50% aq. KOH (0.44 mL, 7.8
mmol, 5 equiv.)¥&¥, &M 72 h J&, FFE=ER, K
(100 mL), H . . BE#HU(80 mLX3)j5, HEMEHh
K(50 mLX2)¥eik, Jo/KBRBRBAT1, g, JlkZ8m
R AR, AR ENT Al BE B VO
k) : M(CIR CTR)=20 : 1], FEMEM 3 (0.7 g, /7%
83%), ¥ WA, 94.9% ee. [a) —89.9 (c=1.38,
CH,CL,); "H NMR (CDCl;, 400 MHz) 6: 1.38 (s, 9H), 3.05
(d, J=5.6 Hz , 2H), 4.05~4.01 (m, 1H), 6.68 (d, J=5.5
Hz, 2H), 7.06~7.10 (m, 2H), 7.22~7.31 (m, 6H), 7.39 (s,
1H), 7.48 (d, J=7.3 Hz, 2H); *C NMR (CDCl;, 100 MHz)
J5:28.2,39.0, 67.0, 81.8, 122.6, 127.7, 128.2, 128.4, 128.7,
128.9, 130.5, 131.8, 131.9, 136.3, 139.3, 142.5, 170.3,
171.3. HRMS (ESI, positive) caled for C,sHysBr,NO,

Chin. J. Org. Chem. 2016, 36, 2242~2246
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[M+H]" 542.0252, 544.0236; found 542.0326, 544.0310.
322 2-TBRAE 3 -3-(3,5-= i R )7 M R (9) 49 & A%

£ 500 mL =R, RN 3,5- R g
(7.93 g, 30.05 mmol), N-Z I HZF(3.2 g, 27.32 mmol),
LREN(1.73 g, 21.04 mmol) 1 ZBREF(160 mL), #A)5, 1E
Ny CRAPINEAZE 130 °C, [FI 10 h, fFikn#, Bz
I, SRR EVEME. g, 19 LeGayiE, FKBE
BOUE. B, BHLAAT 100 mL 28R, iR,
AR, BE TS T, A REAAENH, hiEfRiEa
MR EMA, 8 OBEE, T3P T8, SEED
9 (4.3 g, FEE 40%), AEMREAR. mp. 244~245 C; 'H
NMR (DMSO-d,; 400 MHz) d: 1.97 (s, 3H), 7.78 (s, 2H),
7.81 (d, J=1.6 Hz, 1H), 9.64 (s, 1H), 12.94 (s, 1H); °C
NMR (DMSO-d;, 100 MHz) 6: 22.9, 122.9, 127.5, 130.0,
131.4, 133.7, 138.4, 166.3, 169.5. HRMS (ESI, positive)
caled for C;;H;(Br,NO; [M+H]" 361.8949, 363.8965;
found 361.8837, 363.8853.
323 (5)-2-TEEAK-3-(3,5-= 8 K AR EL(10)89 &
I

Ny BR49F, £ 25 mL BEFR, H0AU(L,S5-FF % =
i)~ = B P REFREE(D) (6.5 mg, 0.01 equiv.)FI(R)-N- "
FE B -N- R -(S)-2-( R R B ) R Bk R 22 (10 mg,
0.0084 equiv.) MeOH (2 mL)¥& ¥, #+E 30 min J5, ¥
KNI EA 9 (500 mg, 1.38 mmol, 1 equiv.)f
MeOH/THF (10 mL : 7 mL)¥&EW Y, SRJGEH IR & T
SAFRBE RN 48 h. BIEZEBRERE, 19 0GR,
KHEE T BG mL)f, RaHHE, 78 6AEY,
AEE 0 C, HJE. FORIEREERMALEY 10
(0.151 g, P=& 30%), AR mp. 124~125 C; 'H
NMR (DMSO-ds, 300 MHz) 6: 1.78 (s, 3H), 2.81 (dd, J=
13.7, 9.7 Hz, 1H), 3.05 (dd, J=13.8, 4.9 Hz, 1H), 4.45~
4.37 (m, 1H), 7.46 (d, J=1.6 Hz, 2H), 7.67 (s, 1H), 8.23
(d, J=8.2 Hz, 1H), 12.78 (s, 1H); *C NMR (DMSO-d;, 75
MHz) §: 22.3, 35.9, 52.9, 122.1, 131.3, 131.5, 142.7,
169.3, 172.7. HRMS (ESI, positive) calcd for
CiH;;Br,NO; [M + H] * 363.9106, 365.9084; found
363.8983, 365.8961.
3.2.4  (S)-3,5-= iR R 2R 3 B 3 (4) 89 B &

£ 50 mL =Bt HHE% 10 (131.8 mg,
0.361 mmol)5 6 mol/L Zh&Z(2 mL)iE &, T 100 Chn#k
M3 h AEZRERE, BT, A A GAEETH,
eI A 4 (0.1 g 72F 78%), HEEA, mp.
245~246 °C; 'H NMR (DMSO-d;, 400 MHz) §: 3.15 (dd,
J=10.6, 6.1 Hz, 2H), 4.21~4.18 (m, 1H), 7.56 (s, 2H),
7.74 (s, 1H), 8.61~8.55 (m, 2H); *C NMR (DMSO-dj,

http://sioc-journal.cn/ 2245
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100 MHz) d: 34.6, 52.8, 122.5, 131.8, 132.3, 140.2, 170.1.
HRMS (ESI positive) caled for CoH;(Br,NO, [M+H]"
321.9000, 323.8980; found 321.9073, 323.9053.
3.2.5 (S)-9-% A VBE-3,5- =% - K A £ BR(5)09 5 Ak
£ 25 mL = FBifid, IMALEY) 4 (135 mg, 0.376
mmol, 1 equiv.). 1,4- =% N3 (0.5 mL)Fl 10% aq.
Na,COs; (1 mL), VKIEZEAET, VAR P 22125 hn &
Fi2-9-%j 3 F i (Fmoc-Cl) (97.3 mg, 0.376 mmol, 1 equiv.)
(1) 1,4- %N (1 mLYEWR, /£0 C FHitE4h)E, FE
FIRFHEEE 18 h. 2 mol/L HCIRILZE pH=1, A
AT, 17K (40 mL), A ZFR ZEE(100 mL X 2)%HY,
TILFI A 27K (60 mL X 2)Pe¥k, To/KiR BT, g,
I ZE RS o [ R, R P R JE T AR [ 7
V(&) - (R EE)=20 : 1], BRI BAxbEY 5
(0.105 g, =% 51%), AERE A, mp. 238~239 C;
94.7% ee. '"H NMR (DMSO-ds, 400 MHz) 6: 2.89~2.83
(m, 1H), 3.12 (dd, J=13.7, 3.8 Hz, 1H), 4.23~4.18 (m,
4H), 7.27~7.88 (m, 12H); *C NMR (DMSO-ds, 100
MHz) §: 46.6, 55.0, 65.8, 120.2, 122.2, 1252, 125.3,
127.1, 127.7, 131.3, 131.5, 140.7, 143.0, 143.7, 143.8,
156.0, 172.9. HRMS (ESI positive) caled for
CoyHyBr,NO, [M + H] ' 541.9681, 543.9520; found
541.9609, 543.9592.

45 Bh#4 Bl (Supporting Information) HArb &4/ 'H
NMR, *C NMR, MS Fl HPLC ${ffs. iX st o] A5 2%
MAS T 33 (http://siocjournal.cn/) b T %K.
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