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Development of Novel Electron-Transfer Reactions via Organonitrogen Active
Species
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We have developed transition metal-catalyzed transformation of cyclic
0-acyloximes as an novel type of precursors for organonitrogen active species. In this study, we
have utilized 3d transition metal catalysts such as iron and cobalt for such transformations. As a
result, we have developed cobalt- and iron-catalyzed several types of transformation reactions of
O-acyloximes into various nitrogen-containing heterocyclic molecules.
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F VLT AT VO N-O FEEOBRALIINE, w4 L7 0 VAN, HDOIE B IRFEMBECZ LS
Flix DEBFCAWO RN TNZNHE SN TND. AT LD N-OFES DU ITEH EB
EREANDZ L LAEETHY, = AEHAWEEATIE, N-O /AUl EH< 71—k
O C-H fABEITT 2HIBME SN TN D, £, SA08kE AW ZHA121E, N-O FHEUIo
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DHESNTWEHT, FHEBBEETHDL a2V FEHWE N-O #EAYUINICE D7 VLD
AL THOMTRE SN TRV, —JF, BATBROF XV LAZATALTHLA VA *
W= V-S@H)-F v (VA ¥y my) R E L LT Hc OB BRI Z 5 55 ALY
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Scheme 1. Transition metal-catalyzed reactions of isoxazol-5(4H)-ones.
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Scheme 2. Cobalt-catalyzed reaction of isoxazol-5(4H)-ones.
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3. WHEOTE
Table 1. Substrate scope.

N\O Col, (10 mol%)
R1—” dppe (10 mol%) N
Mn (1.5 equiv) R1—<’
R2 O R3
R3 MeCN, 100 °C, 14 h R2
1 2
N N N
Ph— Cl 4 Br %
Me Me Me
Me Me Me
2a 60% 2b 60% 2¢ 65%
RS S
O~ 15
AQ_%\MG ‘ Me WMe
Me Me Me
2d 59% 2e 56% 2f 38%
N N Me N
7 Ph 7
"SH) ns
Me Me Me
29 41% 69 21% 2h 55%
H
N N N__Me
Ph— Ph— Ph—\ |
Me Hi+
Me V4 7
2i 75% 2j 40% 6j 43%

Yields after purification are shown.

S MBEEIZ X DA Y A a v D4 FEMR S DS F OFE R, SIS T VA
WL EHT DA VAV r L 1a 1Z% LT 10 mol%® 3 vib=z /3L k RO - & LT dppe
(1,2-bis(diphenylphosphino)ethane), 1.5 SEEDEE~ 2 B AFE T, 7& b= b U LIRS,
100 °C THSEAT-7-L 24, TH BRI 7 n 7m0 2a N 60%DILRTHE 7~ (Table
). RIONFR 7 maeryaelk, N 7t 2AFUETEBINET U —L KR, 7



FLE, Fr =V THONTHEIT L7 (Table 3, 1b-f). F£72, RP BIAFIILEOHAAh)R
DDA VNVHEEZH/THEEM) THIGBET LTZ. RBKETHLT VNVEOYETIET
FBmAAEWQRe2DITINZ, 1H-E 1 —/1(6g,6]) b1 HiLd = L ibinoT-.

TV YY 3a lZONHF K TH Y, 3a OFRRIGNIZE > TT7 ¥ By 77 a0 2an
FHNTND EEXDBND.ZZT,3a OFIKERAIZET 2 3 Vb OG22 1T > 72 (Table 2).
A v b L MO A TR L SOSAEIT L 2a B ONTZZ LD, 3a BPIETH
% Z LINREIUTZ (entries 1and 2). O )& 3 Uik & LT3 vikligno=a vk FY v A, 3
ik F oL, Fubt<U o AERAWTHMINTEIT L (entries3-6). L L, &RV T4
YEEERVWIAUAT NTTFAT RS MEOSE T, 2a OICRITBEFIIKTLTEY,
F72, BALHER TITZ 2a 132G LN o7 (entries 7and 8). T AVH DFER NG, BHEHEANLIC
IT&E 3 VIEMDEG L Tnbs Z EnbhoT.

Table 2. Effect of iodide for the formation of azabicyclic cyclopropane 2a.

N N N=
Ph Me Ph—( Ph Me
\ Me * N\ /
MeCN, 100 °C M

Me 14 h € Me
3a 2a 4a
entry condition 2a (%)? 4a (%)?
1 Col, (10 mol%), dppe (10 mol%), Mn (1.5 equiv) 68 8
2 Col, (10 mol%) 49 6
3 Znl, (10 mol%) 61 7
4 Nal (10 mol%) 64 3
5 Lil (10 mol%) 57 2
6 Sml, (10 mol%) 72 10
7 BuyNI (10 mol%) 13 1
8 ZnBry, (10 mol%) 0 12
4NMR vyields.

AVFHFHY v DA ZODRE LT NV R AT LT R INABREEENND Z & T,
T T AR IR BSOS AT RE & 72 D A fRET L72 (Table 3). 7 X 7 vipA VA F ¥
YHICKI L THR T AR AT ¢ VEUML T T D (R,R)-DIPAMP (L) W TS S 72 & 2
A, THRAT 7 07 mR0 2i%% 10%ee THDH Z LR TET (entry ). HEVVTEA 2% T 1
RAT 4 VLT B G LT RER, (S,5)-QuinoxP* (L3) &% ONR,R)-Ph-BPE (L6) % F =552 81%
ee DRI F T ABRPNWETHRD) 2i* 0375 H AL (entries 2-6). F£ 72, KUNREEZ 80 °C & L
THRIGEETEEZA, WROETIZRONTZHDD, eeld 88%E Tl L L7 (entry7). & 51T,
TER=RMI ML TOART % 13 1| OFIGTRA LEEEEZH WS Z LT, 95% ee £
TERMEZ M ESEDZ ENTER (entry8). L7eRN- T, TF 2 F AR REBRSITE N
T, 7 b= WA FY L DOIRGVRE A Sl 2 At & LTz,

WIC, FEEE R OME 21T - 72 (Table 4). —HD7 U NIEZE AT HHE TIIAERY 2j ©
IR ONEIRME DR OVFER L 72572, R AT UNER T = 32 F VEEFH T 5 WE 084 T,
AR OILRIFE D T2 b DD, ZNZEI 1% ee, 92% ee & VT 2 FABPUNE THERM
e %m‘:zﬁ(zk* and 21%), E 1k (T4 V7 o VEAEDS B LTAL G D LE T eis

, SRR 2k-b* DB R HERR S AU72 (2k-a*, 2k-b¥).



Table 3. Enantioselective transformation of achiral 1i.

N C_)olz (10 mol%) N Ph,P PPh,
, =0 ligand (10 mol%) ; PhoP PPh;
MePh Mn (1.5 equiv) Ph \ * Me dppe dppbz
solvent, temp OMe MeQ Me :Me
Me /N
Me PP PhoP  PPh,
1i 2i Ph Ph L2
L1 (8,5)-Chiraphos
entry ligand solvent temp (°C) yield (%)? ee (%) (R,R)-DIPAMP
t-Bu , P
1 L1 MeCN 100 67 10 N P FEr v
2 L2 MeCN 100 67 36 [::j: " Me <::T P
3 L3 MeCN 100 77 81 N peMe s N
4 L4 MeCN 100 50 37 L3 t+Bu P
5 L5 MeCN 100 43 57 (8,9)-QuinoxP* (R,R)-i-Pr-Duphos
6 L6 MeCN 100 62 81 Ph Ph
7 L3 MeCN 80 48 88 H )
8 L3 MeCN/dioxane 80 64 95 " PR
(viv=1:1) PHP :
LA Ph Ph
aj ; +Bu tBu
isolated yield L5 L6
(1R,1'R,25,2’S)- (R,R)-Ph-BPE
Duanphos
Table 4. Substrate scope.
Col, (10 mol%)
/N‘O QuinoxP* (10 mol%)
qgn Mn (1.5 equiv)
@)
MeCN/dioxane
R 80 °C, 14 h
1
N N N N N
Ph—’ |, Ph— |, Ph Ph Ph— |,
* Me * H n-Hex n-Hex * (CH,)oPh
+
Me H n-Hex Me” (CH,)oPh
2i* 2j* 2k-a* 2k-b* PeNt 21
64% 35% 48% (2k-a:2k-b = 5:3)2 38%
95% ee 49% ee 91% ee 92% ee

Isolated yields and % ee. 2 Constitutional isomers are observed.
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AKWFZETIE, TAT BN AT HA YA XY 1Tkt LT aryl Mz -4 72
BEOSICET D2 24T, 7Y TR 7 m T a R0 RNRIRICE LN 2 A RE L. A
FOTIE 2 iz S0 METER A L LTk L R ERONE 2{ba L b 2N Z e Troy Yy
VREOTY IR /a7 a R N ENRIRICE L Z LN TE . £, Zo0A X UL
BEATDHTXTINIA Y AXY Y Ak LT, 3,90 MR ONF F VR AR AT ¢ U EL
TERAONTRISEIT) 2 & T, ZF Uy FABRMICZRAT VY P 7 Ry 7 n 7o
RNUB/LND ZEE R Uz, AHFERRILE TR ERRRC L 5 A2 RIE R OB %%
VLRI &V O BHTHIEER L TEY, 5% IO ETEDN LIZABERIED S 572 RN
RiAEND.
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