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Development of Radical Reactions in Water Aimed at Environmentally
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The aqueous medium radical reactions of a variety of imine derivatives such as oxime ether, oxime, hydrazone, ni-
trone, and N-sulfonylimine were investigated. Triethylborane-mediated intermolecular alkyl radical addition to glyoxyl-
ic oxime ether, oxime, and nitrone in water proceeded smoothly to give a-amino acid derivatives in good yields. Alkyl
radical addition to N-sulfonylimine proceeded in aqueous media using zinc as a radical initiator. The zinc-mediated radi-
cal reaction of the hydrazone with a chiral camphorsultam provided the corresponding alkylated products with good di-
astereoselectivities, which could be converted into enantiomerically pure a-amino acids. The indium-mediated radical
reactions provide new opportunities for carbon-carbon bond formation such as alkylation reactions of imines and 1,4-
addition to electron-deficient olefins. The indium-mediated tandem reactions also proceeded effectively via two carbon-
carbon bond-forming processes for the preparation of various types of functionalized cyclic compounds.
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Scheme 1. Radical Addition via Iodine Atom-Transfer
Process
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Scheme 2. Diastereoselective Radical Addition Reaction
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Scheme 3. Tandem Radical Addition-Cyclization Reaction
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Table 1. Zinc-Mediated Alkyl Radical Addition to N-
Sufonylimine
NTs Zn, RI il:rl‘s NHTs
PH” “H sat. NH,Cl, CH,Cly Ph™ "R PH” ~H
19 20 21
Yield (%)
)
Entry® R 20 21
1 i-Pr 73 8
2 c-Pentyl 64 18
3 5-Bu 56 10
4 +-Bu 66 20
5 Me 0 16

a) Reactions were carried out with RI (5 equiv.) and zinc (7
equiv.).b) Isolated yield.

a: R = i-Pr (§7%)

NHOBn

hd b: R = c-Hexyl (99%)
R ¢: R=s-Bu (95%)
11a-d d: R = c-Pentyl (97%)

One-Pot Synthesis of a-Amino Acids in Water
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Fig. 2. Possible Reaction Pathway

o
1
AR R2l, Zn
50, sat. NH4C|
Me  “Me 20°C

Jk,NHR‘
S02 R2

73-95% de Me  Me
3:R"=0Bn, 4: R' =0Bn,
22: R' =NPh, 23: R' =NPh,

Scheme 6. Zinc-Mediated Diastereoselective Radical Addi-
tion in Water
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Scheme 7. Conversion into N-cbz-Valine
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Scheme 8. Indium-Mediated Generation of Alkyl Radicals
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Table 2. Indium-Mediated Isopropyl Radical Addition to Oxime Ether 1 and Hydrazone 14

MeO,C R’ In, FPrl MeOZC\T,NHR1
i-Pr
1: R'=0Bn .
14: R' =NPh, 2R TOB”
15a: R' =NPh,
Entry R! Solvent Product Time (h) Vield (%)?
1 OBn  H;0-CH,Cl, 2a 22 76
28 OBn  CH,Cl, 2a 24 NR
30 OBn  H,0-MeOH 2a 0.5 74
49 OBn  H,0-MeOH 2a 0.5 NR
59 NPh,  H,0-MeOH 15a 1 98

a) Isolated yield. b) Reactions were carried out with i-Prl (5 equiv. X 2) and indium (7 equiv.).
¢) Reaction was carried out with -Prl (4 equiv. X2) and indium (7 equiv.}. d) Reaction was
carried out with galvinoxyl free radical (2 equiv.), i-Prl (4 equiv. % 2) and indium (7 equiv.).

) Reaction was carried out with i-PrI (5 equiv. %2} and indium (7 equiv.).

In Inl
I/ MeO,C.__NR'
In* _
Meozc\r , f Me 02C\I/ NR Proton-donor MeOZC\I/ NHR'
R | SET] H,0 R

Fig. 3. Possible Reaction Pathway
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25 15a-c

Scheme 9.
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Scheme 10. Indium-Mediated Michael-Type Reaction
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Scheme 11. Indium-Mediated Diastereoselective Radical Addition to Oxime Ether
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a:R=iPr,b:R=c-Pentyl, ¢c.R=tBu

Scheme 12. Indium-Mediated Tandem Reaction in Water
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Table 3. Indium-Mediated Tandem Reaction of 28
Yield (%)@
Entry RI Solvent Time (h)
29a—c? 30a—c
19 i-Prl H,0 2 63(3.2:1) 13
20) i-Prl H,0-CH,Cl, (4 : 1) 20 63(4.7:1) 21
39 c-Pentyl 1 H,0 2 65(4.0:1) 9
40 t-Bul H,0 2 38(3.6: 1) 19

a) Isolated yields. ) Ratio in parentheses is for trans: cis-selectivity of 29a—c; The trans: cis-selectivities were determined
by 'H NMR analysis. ¢) Reactions were carried out with RI (5 equiv.X2) and In (2 equiv.) in H,O at 20°C.

RI
In ‘~\
Inl'/‘I R . /
. XS
o oy
\ 7/ CHPhs
A In
0" °N
CHPh, Inl

RI r:Xn \

Fig. 4.

CHPh,
c

. _
— }{ N\
o" N
CHPh,
B

PP

CHPh,
30

Possible Reaction Pathway

-Pr(81%, trans : cis = 1 1.4)
c-Pentyl (84%, trans : cis =1:1.3)

a:R=
b:R=
¢:R=¢tBu(79%, trans:cis=1:20)

i-Pr(93%, trans : cis=1:1.2)
c-Pentyl (86%, frans: cis=1:1.1)

a:R=
b:R=
c:R=1Bu(42%, trans:cis=1:1.6)

R |
~\| P - /wj/\
0.5 O2S\N

2 xblql H20 |
CHPh, CHPh,
32
3
\H _NNPh, _ 5 NHNPh,
0,5, - ]
N H,0-MeOH 025‘1:4
Bn Bn
33 34
Scheme 13.
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I 517, Sed Michael 5 22 1)U i T i n

Tandem Radical Reaction of Sulfonamide

it aRUEEZINV AR 205 FNICES 54
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5NN/ (Scheme 13). ARIEDORMEL T, 2D
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%.
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ZW 0 £ UM R R ENBR G AR IR < BAL
HLUETEY. 72, AMREHET 2128720,
TN 72 & T USRI E O BRI < &
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FleBRlAafse st DEFMEB) ) OTHRITKD
THhNzdvDTHO, PFETEHHNZL KT,
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