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Transition Metal-Catalyzed Coupling Reaction of meso-Cyclic Anhydrides with
Allylic Zinc Reagent

Kotaro OCHIAI, Masayuki KAMEYAMA, Kei NISHII, and Michihiro 1IJIMA

The enantioselective desymmetrization of meso-3,5-dimethylglutaric anhydride provides syn-
deoxypolypropionate motif which is one of the ubiquitous structures within nature. We have envisioned to
extend to vinylation or allylation of meso-3,5-dimethylglutaric anhydride with organozinc reagents,
providing more useful syn-deoxypolypropionate synthons. Unexpectedly, the rhodium-catalyzed allylation
of meso-3,5-dimethylglutaric anhydride with allylic zinc reagent provided the undesired allylic ester in
moderate yield. This result suggests that the electrophilic allylating agent was generated in the catalytic
system to afford the allylic ester. The generation of nucleophilic allylating agent was examined by employing
monoallylzinc or diallylzinc reagents and a variety of electron-donating ligands (PHOX, BINAP,
MonoPHOS). Lewis acids also were employed to increase the electrophilicity of carbon atom of carbonyl
group. Although the organozinc reagent generally has been utilized as a nucleophile, allylic zinc reagents
have functioned as an electrophile in our system.

KEYWORDS : meso-cyclic anhydride, allylic zinc, rhodium catalyst, coupling reaction
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FTAX R T e r— b, REBEXIC
AFNIEHT LR r 24 REICEL Abhb
PLHROEDERTH Y, ZNHDORIMITE A D
APREMZ AT 5 Z LS TWD (Fig. 1),

Dictyostatin Inomycin

Figure 1. Natural products containing
deoxypolypropionate

Maier & Imeso-3,5-3 A F/L 7 L2 VBRI K1
Ziggt LT, BRI X DIENT bz &
TR DA R CT AF AR T r et 31—
N L, MO EHS & U ChitE A A
4~ Zdictyostatin > Gk A S L7 (Fig. 2) V),

emzymatic
0._0.__0O reduction acylation
I — -
H H
1
4 steps
—, Z
AcC H Me;Si OH SiMe,'Bu

Deoxypolypropionate
(2,4-syn-4,6-anti)

(:)H OH Dictyostatin

Figure 2. Maier’s total synthesis of dictyostatin
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IEE AR, 8- T, TR IR Fr et x—
NMEFOE TR X 2 GEAEOBTSIX, Rkt
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FCRESED LG TE D,

TAX R T a e r— FOWERT, e
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K LICHWT, Rimlic 7T U v%E 6o syn-7
IR Y T u AR — O A R LT,

o0._0_0

YL

O o
PdCly(CH3CN),
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—_—>
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HOWO/\/
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Nnizd, £ T, BRIFTZ 5 F RV REERIZH
Z W2 ORISR G L TE 72,

—J7. 2007 H={Z Rovis H1E, v ¥ Afiliilz
W AREREENERER & L 2 VR K 1 & D7
TV TN K0 R U D Z L A
L72 9, LoaL., ZORISIZHG A=A
HEIT L =L T U — VI RE S,
TINL7 aF ), TaFp FOEREEE
OAHEHENRIEA~ OB L TRy,

;I;Ii +  EtyzZn
1
5 mol%
[Rh(nbd)CI]2 0 0

t-Bu-PHOX 10 mol%

THFE,50°C, 24h HOWB

95%, 95%ee

KINZT VNIEEFO syn-TAF LR 7o e
Fp— ML, EEAHeck FUSIC &L D REHIERE
DAV T 4 VA B VARG X D ERER b L
\Z LD EHREA~ERTE D, 7Y LVl
RIE L OROSIT I BN SISIC 72 D, FT,
7 v FVHENREE & ORJS CIEHT A E RFE 5
WG 2 ENTE, FOSTASERVEOHIEI AR
DTHERE, 22 TlE, rYTL W=y L
0, XT VT LN EOBEBAEERE TV LSS
FIRE VD meso-35-2 A F LT L& LRI K
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2. 1 FERtERZTZAVSEHERHEDRERE

TSR R % BYHEfE CULEE L CRifl L 7= 8EE(b

fighe ., bV FoU L, 12-V 7 nEexH L o
2 R RFALTAHET, FAOT VAR D
A & DROET &0 kST 2 AR AR
(2) L7 8, = ZTHLY F 7 AT AR
7 — MEIARZTER L, AR ENREE DSOS E A
mESELZ ENHONTWD, Fo, AL
AEEOPRFLIL I RO THF W% AV DTEIC
KOWRE LTz, ™l VR REBR T L ERIR
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Table 1. Preparation of allylic zinc reagent

Zn* 3 equiv.
LiCl 2.5 equiv.
R \/\/X >
BrCH,CH,Br 18mol%
R =H, Ph Me3SiCl 6mol%
X =Br, Cl THF, rt, 1.5h
I2
R \/\/an — s+ R \/\/I
2
entry R X conc./mol « L!
1 Ph Br 0.19
2 Ph Cl 0.13
3 H Br 1.49
WIZ, TR L= BAbT U VHigh & N XT v

Tt F&E-78CT LRGN SED &, XeT 5
BET VLT )L a—/LNUER 14% TR LT,

ZnBr
o 27 HO H
1.2 equiv.
H > X
THF, -78°C, 1 h
14%
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N34 27 Y VT 2 VRsE 40O Wrutz SO0
DX IR D TV o THRETT D EHERI S
Do o T, T VAV A R DR L Hlgh
OIFARINZ L 57 U VEghESEO TR IR )
ThoiHEEZT,

2. 2 FSURAZIEIZEBRTY)ILESRE

W= O AN Y o X2 Rl =Y [V g
TR T ED T AAZNAGUZ L > TT U Vil
SR A R U729, 3 URICL HHE TIIRK
JGDEALT VN~ T3 ABRIST D720,
BEIXE Lo Tz, &/ 7 VI LVHEaREE 2 1%
1EBEORT VI~ TRy T L ANTREL
Too Flo, 2FEBEORT VI~ TRUT LEK
JMZHWT YT U Llighaade 3 Z3fl L7z,

/\/MgBr
1.0 or 2.0 equiv.
ZnCl, /\/an
0°C,05h,
thenrt, 1 h X=CIl 2, Allyl 3

TR L 727 U NSRRI AR » 7Y
ot THERR LTz, 20X v 7Y Tt
3, =y T VBERIHE T, AREHENREEI I VR
SNFEOSR LTS BRER & ISR, e s
VIRTERIRT D ENREETHD, EA(RY
T2 ZIVRAT 4 )=y )Y v ) RTFE
T, HET U AEE2 L p-r et T o
)OS 7Y RIS EATY &L p-T Y
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% FHUN T meso-27 /L 2 VR M) 1 DFERIFD T
Vb ERR LT,

(0]
/©)J\/ + P ZnCl
Cl 1.3 gquiv.
NICl,(PPha)2 20mol% @]
THF, rt, 1 h
Z quant.

3. Rh ¥ % ALV5 meso- LA JLEREE
KL A ENEHEDH Y T VI RIG

3. 1 FYNLESRHELDDY T VI RIEG
RAENL 2 (@S)-tert-7 FIL-2-[2-(3 7 = =)b
RAT 4 /)7 2= V45T Rrd¥iy—L
(LY)Z AT 51 oy MRIRE MBI NS, 71
H ORI 1 L b T U VR 2 & OB

X, B E PREE DI TE-Z T,

I
t-Bu-PHOX L1 -0 Mol

L

o_0_0
IiJf _~_2nCl

1) DCC, DMAP
2) Benzyl Alcohol

DMF, 50 °C, 24 h

O (0]

Carboxylic = _
Acid DCM. 1, 3 h Bno)jY\ru\o/\/

C MW 290

Bn= }G\© 4-Bn " 17H250,4
MS : m/z 291.2 [M+H]"
(6] (6] (6] O
HOWO/\/ BnO N
MW 274

5-Bn C17H2,03

BRSO THNMR A7 S UZHVN T, 5.9 ppm
& 5.1 ppm TS T U VI RESI 72 > 7 ViR
BRESNT=Z D, TUNEEETHIVER
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LR VARSI S =, BIIO LR =
NT VUL CldZane Bz T, £Z T, b
WIS Z BT D720, BN VR BE
NN-2 > 7 B ~F LR YA 2 R(DCC),
NN-2AF/-4-7 3 7 U P (DMAP), R
LTIV —)L e N TAR U DL AT )W TS L
72 ZOTAT )V ESI-MS % W T RSHT
EAT789 & miz291.2 DBy 1A A L [M+H] A
BHISNZ, ZHUXT VLT 2T L 4-Bn D4y
BE—EL W5, 2FE0, ZORKGTITERMD
T U R 5B TIERL . VATV EH
57 VT ATV Q15 24-0 AF V5T VUL
X INVIRZAR U H AR A PR LT L
N> T2,
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—_—
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1Y LR E D Z OISO Rovis
5O A% 1, &2 Figure 3 D X ) IS TS L
MIACTE %, AR E ooy ABEKRD T
VARZIAUIC L DR YT MERIR (1) 04
%, e < BRINEREE K ~DE LA N E BEr A4
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THEEZZ, £IT, iR & AR
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1y AGERFAE T, Fix OARFENL &/
7 VI VHSRREE A W RIS R B 2 o7, K
FRAT FAZ(@S)2-[2-(Y 7 == AR AT 4 )T ==
IWA-A Y T aEN-45-U Radst—/L L2
EHWD &I T70% TR A7 U VATV
4 % H.z 7=(Table 2, entry 2), fhoOARFEN % H
WA BRI, ST 257 VLo AT %5
Zlre (@)22-BEA(YT ==/VIRAT 4 /)1,1-
BT L4 ERWESE, RODIEEMMEL

TJEIRAT 4 AL FAIZIRATTIRNZ LAV
77,
Table 2. Rhodium-catalyzed reaction with
monoallylzinc reagent
o._.0__0O
XX
2.0 equiv
[Rh(cod)CI] > mob
CO 2
Chiral Ligand 10 mol% O o
THF, 50 °C, 24 h
4
entry ligand yield / %

1 L1 59

2 L2 70

3 L3 97(crude)

4 L4 38

5 L5 66

& j’K - j)\ G2
tBu-PHOX (S)-i-Pr-PHOX L2 2,2-bipyridyl L3

., U,

P-NMe,
sofiN oM
rac-BINAP L4

MONOPHOS L5
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Wiz, KEEHIE LTOT U LVESh 3 A VT
[FRRDPUG AR LTz, T8EZ DMF 2 HIV 255
A TUVIMEAERD 4 11T LA /DN T
(Table 3, entries 1-4), —J5, 7 U /Liligh 3 & fid
iz 5T THE CRUGEATR D &, ¥
TNz 7 k2 (6)35 HAL7= (entries 5,6) . AU
TR OREEAE =720, 7Y LT AT L
TRIGHIEE BT, EHIT VLR Z »727-
DIEEZZ DILD, REZ 25CICFF 5 LT
TIABGELNTZ, UL, ROSEEEDS TA
0., TV IUUERIZ BGNIZT2D e LB 2 B
entry7), 728, ZOTT U NT T R 6 O
BTERRFT TH 2,

Table 3. Rhodium-catalyzed reaction with diallylzinc
reagent

[Rh(cod)Cll2 "

o__0O Chiral Ligand 10mol%

Ii (Nzn 50°C, 24h -
3 ,
o) o)
Aphens
4
entry ligand solvent  4/equiv. yield / %
1 L1 DMF 2.8 4 trace
2 L3 DMF 2.8 4 trace
3 L5 DMF 15 4 trace
4 L1 DMF 5.6 4 trace
58 L1 THF 5.6 6 30
6 L1 THF 5.6 6 23
7P L1 THF 5.6 4 38

210 mol% [Rh(cod)Cl], 20 mol% i-Pr-PHOX
bat 25°C
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4. 1 Nifti¥ZFH0\% meso-7 /L3 ILEEEKY
D7) Ik

= U % FNTAR R ) o T RO
ZAToT7, RRROFIETY T VI LVignZ iR L7
%, ERAS-v I ut s A VTN IV E R
Bz 2T, 0°C24 AU S /72, B 1
|2 t-Bu-PHOX L1 ZHW =36, 7T UL AT )V
IEMRE LAVERR Lo 7= (entry 1), 72, EE
UL L3, MonoPHOS L5 ZHW\2 &, &g
D7 VIV AT VMG B LT (Table 4, entries2,3),

Table 4. Nickel-catalyzed reaction of meso-glutaric
anhydride with diallylzinc reagent

o_.0__0O
+
K o
3
10mol%
Ni(cod)2
Chiral Ligand 11mol% O @)
> HOWO/\/
THF, 0°C, 24h
4
entry ligand time/h  vyield/%
12 L1 20 trace
28 L3 5 50
3 L5 20 60

adiallylzinc 1.1equiv.

4. 2 Nifiti¥Z AL % meso-0/\7 EEEKID
T7ILEILE

meso 7 /VE JRIEKY) & D RISIZEWNT, A~
FRUL T &R, FONEE, Wl EEE
FREMEAVNTYH, TATFANER L, F2
T. Rovis 5O IZE &SN T, T rdagpit
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L = i Ui & OFRMS K37 IR )
ZHAWT, 7 N EFERILTE D, =y
JURIEERS SRR T U UAFIE T, cis-1,2-3 7 B~
YDAV R Y(T) & Y= Vilsh &
O CTRIGSHED L, 26%THIET 5T AT /1(8)
PEONT, EHIZ, EAF 2T ——T X4A %
WL TH, ARIEETRIGNT D= AT VDR L
2o ZOZ 1L, AT ADERDISRNOKIFZ
EDAL T A I NVOIIENFRTITINZ &%
JNIZ2 3% (Table 5, entries 1,2), 76~ T, SURICR
D DD TIT < Al B A = 2T LD
REEATNDEBEXBND, I T, filllts H
WD, Iy BRIk & A RETRSRRER DA T
ISEF TR & A T D S S RIZTR I
RTHIET DT AT ADEGSI(entry 3), ZAUE,
SO B AT L TN D T e 2w L
TWn5,

PIEDZ bt —RENTRERIE LT L
DTSRRI Z ORGSR TIIsREFHIE LT
BNTNBZ LI 5,

Table 5. Nickel-catalyzed reaction of meso-succinic
anhydride with diethylzinc reagent
H O

0O t  EtyZn

2.0 equiv.

10 mol%

Ni(cod)2
2,2'-bipyridyl 11 mol%

Styrene 10 mol%
MS4A, THF, 0 °C

entry time/h yield / %
12 18 26
2 18 28
3P 18 30

awithout MS4 A, Pwithout catalyst
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D7 ILEILE

WIZ, 73T V0 MMl A CRBRO SIS 21T
Ipolz, RUAPRUVUT T Ry) D)
FUTNE W) T2 VRAT 4 AHETR, ZV
HOERIEKI)(9) & V=T L illigha 80°C ThUGR S
B5 e, T HF LT AT NA0)E 5 27,
R OES SR 2 VT, BIIO R
G SN 0T,

o._.0__0O

j;;f +  Et,Zn

9 1.2 equiv
10 mol%
Pda(dbggaGhiss
PPh; e) 0]
THF, 80°C, 18 h HOJ\/\/U\OEt
1059 %

P ED X 21 2fi % OB ARSI A AW
JRIZBWNT, RAT ¢ VBN X0 T U VRN
T ORI ETE o T,

4. 4 Lewis BEZ ULV meso-T LA JLEEEEIK
MEBBENREDOHY T VKRG

Lewis g% FHN= LR =L EoiEM Iz X 5
TN DA E R LT,

0 Uy MEAAE T, fix O Lewis g% VT
TN E DRINE B TR o Tz, Lewis BRIZ
HiAbF 2 o EHUET VR = DR AND L 39% L
U TENENRIET HZF N AT NEE T
(Table 6, entries 1,2), F7=. v v Afiiia 4
(2. ZIVENFREEKY) & T Ll VT3
B bt DT F LT 2T L EINERE0% TH- 2 72
(entry3), 61T, Lewis fEa WD & IR 72%
L EAERE TE T,
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Table 6. The reaction of meso-glutaric anhydride with
diethylzinc reagent utilizing Lewis acids

oc._.0__0O
;I;ji +  EtyZn
2.0 equiv
5 mol%
L PILPHOX 10 molté o o
Lewis Acid 10 mol% HOWOB
THF, 50 °C, 24 h 10
entry Lewis acid yield / %

1 TiCly 39

2 AICl3 34

32 none 50

48 AlCl; 72
awithout catalyst

5. F&H

k% 724 @A FVN 2 meso- 271 2 UK
MO T VU UbIic LD . ARy Fa
B — N OFT WA TFEOEST 2 fiFt LTz,
BEBREBMAL LTV UL, v, NTY
U A, AFEENAITEISR AT ¢ RN, K
AL LT U VTSR A VD & 1FETR
TOEMET, ot 27 VLT 2T AN EL
Tre F1o. ZOTATIVOERIL, AR
& meso-BRIREAI KD DA THLT L CUND Z A
37710,

Bt — 7 rm AT LA G % Fischer —
AT L, S VAR gL T v a—)L
O K W 2 AT N E B IGETH D,
Z DGOV %A 58 5 T2 i fED 7 L a—
NERWTIET D ERSH D, FTo, BRI
72 8D JWBER A A9 T VA R A 2
HalL7-t%., 73— )L CUE L T AT LEARK
TE DN, FEPED TREZRRD 7o ORI TIE7R
VY, Fox O BERENGE & BRIRIBIEKY) D i
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1% Lewis iz & OIAFRNEETH D, LL, Frx
DOAREFESNAIED SIS Lewis BRIFAE F 7 /L% /L
(LS T 5720, FT /L7 Lewis fig % FHU =37
REREOHIHN FTRETH D, BIZIE, afLlZT
R BKEET D INE BRIy E U, —
B TR DT o F A RIREN = AT AR
SN ITNE I VBEARRT D2 ENARETH
%o ZAUTAREHENGRIE ORI LA IR T 2 A1
BRRSOGRE 72D Z E NI TE 5,

R,Zn

Tl
NH

2
O O

HO)K/\{‘KOR
H,

Protected Glutamic Acid

Chiral Lewis Acid
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