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A Novel and Practical Synthesis of (+)-Biotin via Fukuyama Coupling Reaction
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(+)-Biotin (1) was synthesized from readily accessible L-aspartic acid (4). The contiguous asymmetric centers at
C-3a and C-6a were formed through a diastereoselective aldol reaction of N-Cbz-3-amino-4-butanolide 5 to provide
trans-disubstituted lactone 6 with high stereoselectivity (trans/cis=12 : 1). The imidazolidin-2-one moiety of 1 was
constructed by a stereoselective Hofmann rearrangement of S-substituted asparagine derivative 7 to provide cyclic urea
8. This reaction proceeds with complete retention of stereochemistry. Removal of the protective groups of 8 and subse-
quent dibenzylation and thionation provided thiolactone 2. The installation of the C-4 side chain of 1 was performed
through a Pd/C-catalyzed coupling reaction of 2 with ethoxycarbonylbutylzinc iodide 14a (Fukuyama coupling reac-
tion), which permitted the synthesis of 1 from 2 under industrially applicable mild conditions in three steps.
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Scheme 2. The Fukuyama Coupling Reaction
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Scheme 3. Strategy for the Synthesis of Thiolactone from L-
Aspartic Acid
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Pd(OH),/C, MeOH, 80%, h: BnBr, NaH, DMF, 84%, i: AcSK. DMF, 92%.

Scheme 4. A Novel Synthesis of Thiolactone from L-Aspartic
Acid
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Strategy for the Synthesis of (+)-Biotin via Fukuyama Coupling Reaction
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Scheme 6. Novel Synthesis of (+)-Biotin via Fukuyama
Coupling Reaction
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4. Ni(acac), iE F CORURKZR WD FA
7 b2 A ADOAIHEAY

¥R D PACL, (PPhy), 3Rl TH D, Rl
ThHHEDEABROEINPIRETHS. £IT, %
ili7e = VAR GETE T OB DWW THRE L
. £, ZuTIIVEOZ ) —Z 2 T B F A —
VI AT )L 202 & Highid3E 14a & O KR % W TTT
> 7 (Table 1). ZD#5H, NiCl, 134 < S 7
ORI o =H, Ni(acac),, NiCl, (PPhy), KT
NiBr, (PPhy), 2 lN% Z &12X D, BIEBINET
Th22aB/{HIENTERE (ENTNT4%,
T1% KU 63%). TOXI=y )V FE TR T
OHEHREZH N b HOARIZINETTH
DTOHTHS.

Table 1.
pling Reaction

/@/(CHz)QCOSEt
MeOQ'

Screening of Nickel Catalyst for Fukuyama Cou-

+ 1Zn-(CH,) 4-CO,Et

20a 14a
(4 equiv)
(0]
Ni-Catalyst )J\
(10 mol%) (CHZ  (CH,)4-CO,Et
THF, toluene MeO
rt,20h 21a
Ni-Catalyst Yield (%)a) Ni-Catalyst Yield (%)a)
Ni(acac), 74
NiClz(dppp) 49
NiCl(PPhg), 71
NiBr(PPhs), 63 NiCl 0

a) Isolated yield.

Table 2. Ni(acac),-Catalyzed Fukuyama Coupling Reaction
Ni(acac),
. s . (10 mol%) . )
R'-COS + R%Znl —/—— R'-CO-R
R : THF, toluene
20a-f 14a-¢ rt,20h 21 a-l
(4 equiv)
Entry Thiol Ester (20) Zinc Reagent (14) Ketone (21) Yield (%)a)
(CH,),COSEt
1 /©/ 1Zn-(CH,)4-CO,Et 14a 21a 74
MeO 20a

2 CHg(CH,)¢COSEt 20b 14a 21b 79
3 >—COSEt 20c 14a 21c 73
4 O—cosa 20d 14a 21d 89
5 Meozc@—cosst 200 14a 21e b)
6 20b IZnOGOZMe 14b 21t 86
7 20d 14b 21g 77
8 20b PhZnl 14¢ 21h 81
o? 20e 14c 211 39
10 PhCOSPh 20t 14c 21) 85

a) Isolated yield, b) multi-spots were observed on TLC.
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RIZ, RIS —BEEZHSNMIT 520, fEix
DFA—=IVITAT)V 20 EHighaddE 14 Dy 7Y
RIS EME Uz (Table 2). Z0DHEHR, Nelik
DF F—)V T AT )L 20a—d & 51 A 3K 14a
EDHy T TR, PTIVFIVT R 21a—
dZ2BEBHBNRTEZSZ N>/~ (Table 2,
Entry 1—4). £/, HEBRF A —IVIT AT )L 20e
ARG SRS 14a DA G DR T, 7IVFIL
TU=)T k2 2le ZRRI<GED I EIETERN
7% (Table 2, Entry 5), 20b, d & 75 7 Jik i 9 i 3%
14b, c DA BFHETHMNET 27 IV FINT U =)
TR 22M—h MERTESD Z EMbMh- 7 (Table
2,Entry 6—8). —F, HFEWBKETA—INITATI
20e & HEHH K 1de EDORIBITBWTIE, &
SN T U= N AIRINETH> = (39%

I =
SR
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Scheme 7. A Possible Reaction Pathway of Fukuyama
Coupling Reaction

yield) (Table 2, Entry 9). Ni(0) O jkZE—iEfE
BANOBRLIM NG, = v 7 IVIEF O &
DIOBEGPITHETT DI ENREINTNS. ¥ L
2o T, ARSOEEEREITHNAE 1407 >
WZw T ) FFL—FRADN T AAT L —
3> TCHhHEEZENSD (Scheme 7) 3 ZF I T,

L0EWHBEGEEAF TS S- 722V FA—ILT R
T ERWIUL, I AAY L — 3 RS
NHy 7)) TR ESINS ZENHIFTES.

S-TFIVNYFAIL—F20e iIZRAT, S-7

Table 4. A Model Study for Pd/C-Catalyzed Fukuyama
Coupling Reaction

(CH,),COSEt
/©/ + 1Zn-(CH,) 4-CO,Et
MeQO'

20a 14a
(2 equiv)
L
Pd/C
(1.5 mol%) /@/(CHz)z (CH,)4-CO,Et
S
THF, toluene

MeQ' 21a

Additive (4% (v/v))
rt,20h

Additive Yield (%)?
none 68
DMA 79
NMP 85
DMF 87

a) Isolated yield

Table 3. Installation of C-4 Side Chain of (+)-Biotin via Ni(acac) ,-Catalyzed Fukuyama Coupling Reaction

)} 1Zn-(CH,),-CO,Et

(14a)
(0] Catalyst (10 mol%)
)k THF, toluene, DMF
BnN" NBn Cnditions

O§ ii) p-TSOH H,0, toluene
o

S 20°C, 18 h
2

X

BnN NBn

CO,Et
Q=\/\/ 2

18

Entry DMF (equiv)? Catalyst

14a (equiv)”  Conditions  Yield (%)

1 none Ni(acac),
2 none NiBry(PPhg),
3 05 Ni(acac),

6.0 25°C, 48 h 13
6.0 20°C,24 h 14
2.0 20°C, 15 h 81

a) Equivalent relative to 14a, b) equivalent relative to 2, c¢)isolated yield.
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IR RI—bF 20f) & 1de EDRIEZEFTD
oAE S, MIFR@E O INERNPREICH ELZ (85%
yield) (Table 2, Entry 9 versus 10).

KIZ, Oy )Vl z WS &L RIS Z 2~
DOHIBEEAIZSHA L (Table3). LirL, FF 5
7822 E 14a DRIGITHBNT, 14a 2 KiEE (6
equiv) ICHWTHHMET S 1813 13% & {KILR
TdH o7 (Table3, Entry 1). F7=, fiitE L T
NiBr, (PPhy), Z T HINEK 14% E#ERIIFE U T
& o 7= (Table 3, Entry 2). Hi$hik#k 14a |3 THF
BIEPTIIRGREICHDLELINTND EEX
515 DT, DMF ZRNd UL 14a OIEFHELN
Hiffxn s, EPE, DMF % 14a 24 L 0.5 L&A

Table 5.

W5 ZETRIBDBIMIZRIESN, 14a 2 2 Y&
WBEITTHET S 18 # IR 1% THD Z EMN
T &7z (Table 3, Entry 3).

5. PA/CHETTCORULURICERW-FAZY
b2 ADRISEE AR

FEDERETHWS Ni(acac), 13 Z MM TH 3
7, BRIEREEEEICAND & FEIRILEE D N & 7
D, THRERELUTIIFEHALEN 22T, il

U TR E S e A — R i TdH % Pd/CIZHEH
U7z, Pd/Clit R W= OX Ty 7Y 2T K

DOFELTIE, 88ART Y TU T Kk, 49 Stille
Ty T TG, 4 By T 2T RORY K
CEEEN Y T TR RHsNTWS0, 2

Pd/C-Catalyzed Fukuyama Coupling Reaction

1Zn-(CHy),-CO,Et (14a) (2 equiv)

Pd/C (1.5 mol%) 0
RCOSEt J\/\/\
THF, toluene, DMF (4% v/v) R CO,Et
0b, -
200, ¢, 9] 20°C, 22h 21b, o, k-n
Entry Thiol Ester (20) Ketone (21) Yield (%)"’)
[e]
COSEt /\/\/\)j\/\/\
1 NN CO,Et 91
20b 21b
(o}
2 AN\~ COSE /\/\)l\/\/\ 76
MeOZC szc COZEt
20g 21k
[0}
3 COSEt 74
CO,Et
[o] (o]
Cl COSEt
\©/ CO,Et
4 920
201
COSEt
CO,Et
5 70
MeO, MeO,
20e o
COSEt
S 21n

a) Isolated yield.
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NH5ITT T sp! B DN sp? [RFE DR FE—IRF

FEORMEIETH D, 1 OHISHE A HE PRI
ROy 0 Xy 7 U RIS I N E THE
BN TIan, 2T, EFI)IVERE L TEHEFA—
I AT )L 20a ENERGEHSNFASE 142 & D T1 v 7Y
DU RIRZERE L. (Table 4). Z D%, 20a i
KLU 2MED 14a 2 FHL, 1.5mol% @ Pd/C filt i
FAE R, 20°C T 22 K, THF— VIV iRETA
Elﬂirﬁéﬁé’trot@ HiET %57 K2 21a %

%BDNRTHEDZENTER, Zix, Pd/C fil
ﬁ%ﬁ“t%%ﬁﬁfﬁ%@ﬁmxﬁ/7U/7ﬁ
JEDHDTDOEITH S, KRIZ, FLITHRREZXDIC
14a |3 THF FEF TR REBIZH DLRELI N
TWBEEZENDDT, ™ ZDEMEILEH> T
DMA (N,N-AFIVT7EEY I R), NMP (1- A
FI2-v0Y P/ ) KU DMF OiRMFER %17
o7, FORR, bs@“‘h@ LadIERNmEL,
DMF ZH W85, WK 8T% CHMETSr k>
21a 2155 Z tﬁ\’(%t

RSO — Bt EFH 5 HKT, ZO DMF ZiR
e 25ikEERANTEREF 4 —IV T A7)V EIEIE
MK EO Yy T P RIibEMEF L (Table
5). TOFER, ZOPA/CEHVWDHY T IK
S, roory o)V, TAFIVE, KD
FAT 2 REATATFA—INIATIVNG S, &
INRICHWET D b 252, —REDH 2 K
THhHhdIENbho T,

RIZ, Pd/C AT TOMILIEZHNWT, 2
DRIBAE AT DWW THES L 7z (Table 6). & D#ER,
2 EHighELEE 14a (2.5 % &) &% S5mol% ® Pd/C
il E ~, THF—K)LZ>—DMF (4% v/v) &
GRS, 25°C T 18 RIS S B2, p- ML T
SANECBTUETSZEICED, HHETS
18 U H 94% T155 T LMW TE7 (Table 6, Entry
4). ZOFEFIZ, filgt & L T PdCl, (PPhy), ® Ni
(acac), ZH WL EELDHENTWVWS (Table 6,
Entry 4 versus Entry 1—3). —J4, Pd/C i F1E
T, \EWETF A7 5222 & 14a & O R &R A
=, BNETAHAEZIN AN T+ R23 21552 &
INTE/MM> /- (Table 6, Entry 5). T, 27/,
ST 2 6 BRRINTG Y YA 7))L 24 DFN, 2270
S5AERRT S 25I1THANRT, XDV EOBE BRI R
WCEDTEREATSNTVS D THDEEZLND

(Scheme 8) .40

fil i mIUN D FTEEMEIC DWW THET 272012, 2 &
1da L DRISED AR DINT 20 LIRE Z T
WHIEICTHIE L2, TR, NTPTLIEAE
HRHITIE RS ICH Wz PA/C (212X L 5mol%)
D5.8% ITKLT0.29mol%) LaktiEng,
FEAUENABT —FITEGFTH I ENbho .
FERE, AROSTHA L7285 D7 AT A5 8 —
FNSULH 90% LA |- TR T & /.

DAk, 2~ RI5HE A RO LGSO il & L
T, MINASEPA/CaHWTHRISDETL, 2
MOEMINER 68% T1 2152 ENTE/. Ak
F2mH6 1 ETEIE SNETHD, FHL ik
BB EIRICEINTE, FHRRRAERORKRES %
WBEELRRWZENS, EFFOMBEAEEL
TERPENEZHDOEEZLNS.

Table 6. Installation of C-4 Side Chain of (+)-Biotin via Pd/
C-Catalyzed Fukuyama Coupling Reaction

() 1Zn-(CHy)4-CO,Et

(14a)
Catalyst
o} THF, toluene o}
)J\ DMF (4% (Vv)) )J\
RN NR 550G, 18h AN CNR
& (i) p-TsOH; toluene O=\/\/
CO,Et
s” O  20°C,18h S 2
2: R=Bn 18: R=Bn
22:R=H 23:R=H

Entry thiolactone Catalyst (mol%) 14a (equiv)  Yield (%)?

1 2 PdCIy(PPhg), (10) 3.0 86
2 2 PdClI,(PPhg), (10) 25 34
3 2 Ni(acac), (10) 2.0 81
4 2 Pd/C (5) 25 94
5 22 Pd/C (5) 25 0
a) Isolated yield.
X I
RN” “NR Pd(0) RN" NR
(0]
0
S S—Pd
2 : R=Bn 24: R=Bn
22:R=H 25:R=H

Scheme 8. Possible Formation of Palladacyclic Intermediate
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Scheme 9. A Novel Synthetic Scheme of (+)-Biotin
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