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This review summarizes the new carbon-carbon bond construction methods based on the radical reaction of imine
derivatives. The intermolecular carbon radical addition to oxime ethers proceeded smoothly in the presence of BFj; -
OEt,. A high degree of stereocontrol in the reaction of oxime ethers was achieved to give amino acid derivatives with ex-
cellent diastereoselectivities. The radical reaction of imine derivatives in water has also been investigated. The radical cy-
clization of oxime ethers proceeded effectively to provide the functionalized heterocycles via a carbon-carbon bond-
forming process. These reactions were extended to the solid-phase radical reactions using triethylborane or diethylzinc as

a radical initiator.
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1 ,BF3OEt R'<__NHOBn
RI_NOBn R, BusSnH, Et;B \I/
CHCly, 25 °C R?
1 5-30 min 2

R! = Et, Ph, 2-MeO-CgHj, 4-HO-CgH,

2-HO-CgHj, 3-Thiophenyl
R? = iso-Pr, Et, t-Bu, c-Hexyl, Adamantyl

Scheme 1. Radical Addition to Oxime Ethers
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Scheme 2. Radical Addition via Iodine Atom-Transfer
Process
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Fig. 1. Ratio of 4a to 4b in Radical Addition to 3
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Scheme 3. Possible Reaction Pathway
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Method 1: RI, BusSnH, EigB, -78 °C (>98:2 - 955 ds)
Method 2: R, EtsB or R, Et,Zn, 25 °C (ca. 90:10 ds)

Scheme 4. Asymmetric Synthesis of a—Amino Acids
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Scheme 5. Asymmetric Synthesis of f~Amino Acids
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Scheme 6. One-Pot Reaction
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Scheme 7. Radical Reaction in Water
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Scheme 8. Indium-Mediated Radical Reaction in Water
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Scheme 9. Radical Cyclization of Oxime Ethers
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Table 1. Sml,-Induced Cyclization of Oxime Ethers
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\}Qﬂ I Smlz, +BuCH [Ein ;
N
Boc THF Boc
31a: n=1 32a: n=1
31b: n=3 32b: n=3

Entry Substrate Additive frans:cis  Yield (%)

1 31a none 91 70
2 32b none no reaction
3 32b HMPA 6.6:1 50
_NOBn NOBn
SI‘I‘I|2 N I 2 E
Boc
A B
Sml, _
O NOBn
Smi 2
2 A, +BuOH 32
Boc
C

Scheme 10. Possible Reaction Pathway
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F—t¥ C Oy s HEEMEZRT (—)-balanol 33
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‘ HO O 1) Radical cyclization

COZH 2) Lipase-catalyzed

optlcal resolution
Oxidative rlng ,;f" o N
cleavage )

(-)-Balanol 33 OH

Fig. 2. Total Synthesis of (—)-Balanol

R2 NHOB
‘j\ /[/NOBn RzIIEtaB h n
1
07 07 R 0Ng

R1
34 (R' = TBDPSOCH,) 35
R? = Et, iso-Pr, c-Hexyl, c-Pentyl

in bnezene (trans.cis = 12:1)
in HsO-MeOH (trans:cis = 7:1-9:1)

Scheme 11. Tandem Radical Reaction of Oxime Ether
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Et;B

o

R% + Efl =——— R + Et»
A
34

R? ]
i ,E
1 -
%:Tifm
0 R'
@]
jj\ /I:NOBn

ELQB

RZ
(o]

éElz

Et;B

BEtz

HgO
35

Scheme 12. Possible Reaction Pathway
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Wang resin R
36 37a-g

O—X Me

1) (RI) Et,M

0
RI, BugSnH, Et;B Q\

NHOEBN
CH;Clz, 20°C, 1h OJ\(

TFAJCHCI3 (1:3, viv) HO.C

: R = Et (69-83%)

NHOBn : R = iso-Pr (66%)

20 °C, 30 min R

Q—

he : R = c-Hexyl (61%)
:R = +-Bu (78%)

‘R = s-Bu (71%)

R = iso-Bu (24%)

: R = Adamantyl (28%)

38a-g

@ +0a0Tm

Me

O-NH ©

o-N O Me
Wang resin N
\
0,8

2

2) TFA-CH,Cl, (1:5, viv), 20 °C

Me o
RHN% X = §—0>_\—» 0’_©_\
058 o o

2

39 40 a:R=Et, b:R=is0-Pr,c: R = c-Hexyl
Scheme 13. Solid-Phase Radical Addition to Oxime Ethers
Table 2. Solid-Phase Radical Addition to Oxime Ether 39
Entry Initiator R Product Yield (%)« Selectivity
» Et;B Et 40a 74 >95%de
2b) Et,Zn Et 40a 67 >95%de
39 Et;B iso-Pr 40b 69 929%de
4¢) Et;B c-Hexyl 40c 58 929%de
5¢) Et,Zn iso-Pr 40b 53 90% de
6° Et,Zn c-Hexyl 40c 41 90% de
a) Isolated yields of major diastereomer 40a-c. b) Reactions were carried out with Et;B or Et,Zn
(5.0 equiv)in CH,Cl, at -78°C. ¢) Reactions were carried out with Et;B or Et,Zn (10 equiv) in RI/
toluene (4 : 1, v/v)at 0°C.
EIRBAXILEYMORRED, LY 2 aiE Ty froz& A, BHOMIMMEINERKNIZE SN/

LIEGERTE SRS H 5.
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T 39 NDIZF IV T 2 A IV IS % AR5 Thrat
L7~ (Table 2, entry 1). ZODOFER, BEMHZ IV
B VSRR O = AREIRAVICHEIT L, TFAIT K
LLN60U0EL ERT, 7/ BKiAENR

402 71 74% ONERTH SN /=. FEFEIC, Et,Zn &
HAWEBEICHEY T AT LA BRI RS ST
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A9 % Et;B S EtyZn DEMH EOFF > LT —F )b

WKEALL T, LY EREICERL 0, WHE
IRTFIVT DIV IBOS B E N7z, £ I T,
WEOREE2EDICRETE DEMKISOR SR EE

B L T, RI:toluene (4 :1) BEEBKT CTRIL%E

(entries 3-6). ZD X D1, Et;B Et,Znlidkl 2>
DIRYZAFL U EICREINSD Z &<, BRI
CBNWTHHENRT D HIVHBHIE L TEHS 2 &7

HEAL /2. AREAMHENE, BE0REOR R ks
ZQEERT, HRAZZTOEEFHNWDZENTE

H5ZEMS, AEF MY TIVERIEIZEIG LT
WRINEF A D, £k, RRIEOXDIZ, FTHIV
S % F WU B I K R o R A 2 L
ERT, FEM ETESICRE—RBEEERT 2
ZEMWTES.

KIZ, P FNTRFZF—IRFEMOTERRLT DI Ex
HMELT, AFTAT—TIIVEAAOREES N
JVEABR I I & M5t U 7= (Scheme 14). 59 JIEAGHET,
Bu;SnH & Et;B # HIWTHF L AT —F )L 41A D
RIEZE{To-E2 5, BROMERK 4242 3550
fe. AZ 2T DIV I—BABR B D HEE B i %
P& 7% " L7z (Scheme 15). AN, Et:B 75D
IFINIPHINDREAETEIDIBEED, BENTAYZ
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7 YH Et:B  TFA
Q-0-xN tol CHyCly
R oluene 2Llg
NOBn 80 °C 20 °C
A Y
HO—X—N
a:Y =SnBu; NHOBn
b:Y = Si(TMS); 42Aa (64%)
42Ab (50%)
v /-H_%H YH, Et;B TFA
O AN toluene CH,Cly
NOBn 80 °C 20°C
41B

CHY

o 0 HO—X—N/\;/(
X = aa)'ﬁikfl NHOBn

42Ba (77%)

Scheme 14. Solid-Phase Radical Cyclization
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Scheme 15. Possible Reaction Pathway
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Scheme 16. Solid-Phase Tandem Radical Reaction
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Scheme 17. Solid-Phase Radical Reaction in Water
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