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el zbi= o]|#5A Al(salen), Co(salen) %
In(salpyr) A= oldFw] FARAISH vlaste] Wt} 24 o Huwfry. HEstE ¢FEF (ammonium
bromide), ¥~ % (phosphonium bromide) H=iE olnthEE]e ¢ (imidazolium bromide)S Zie Mg ¥ 7Znol &
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ko) AN
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disubstituted-2,6-bisiminopyridine

= terpyridine, bpy = bipyridine, dhbpy = dihydroxybipyridine
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R = EtOH, PrOH, Pr(OH);,PrIm(propyl-1/imidazole)

X =Cl, Br, I

TBAB = tetrabutylammonium bromide
TBAI = tetrabutylammonium iodide
TPPI = tetraphenylphosphonium iodide

TBD = 1,5,7-triazabicyclol[4,4,0]dec-5-ene
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[0052] sFshA] (1)
[0053] [Fe(BIP") (dhbpy)X]X
[0054] s}ek2] (2)
[0055] [Fe(tpy) (bpy)X]X
[0056] 3}8+2](3)
[0057] [Fe(tpy) (dhbpy)X]
[0058] 714,
[0059] BIP = disubstituted-2,6-bisiminopyridine
[0060] tpy = terpyridine, bpy = bipyridine, dhbpy = dihydroxybipyridine
[0061] R = PrOH, Pr(OH), ,PrIm(propyl-1H-imidazole)
[0062] X =Cl, Br, I
[0063] TBAB = tetrabutylammonium bromide
[0064] TBAI = tetrabutylammonium iodide
[0065] TPPI = tetraphenylphosphonium iodide
[0066] TBD = 1,5,7-triazabicyclol[4,4,0]dec-5-ene
[0068] T 12 2 o o]F9 Fe-H|zom|eggd & g t=e 7| R e gigk Aottt &
3] o]F9] Fe-w|zolndgd ZFEL F42A3FAA1BD) 2 A& A (nucleophilic activator)e] 754
7= (functionalized ligand)E H3 Ho| S o] Ut}
[0070] A7) Fuhe] Az e 8] A (1)~(3)% 2k,
[0072] w21 (1)
BIPR {1eq.) dhbpy(1eq.) LiX, TEA
FeX, Fe(BIPR)X, [Fe(BIPR) (dhbpy)X]X
THF. rt 12h DMF, reflex. 24h
[0073]
[0075] HH3-21(2)
tpy(leq.) bpy(1 eq.) LiX, TEA
FeXy ————— = Feltpy)Xs [Fe{tpy)(bpy)XX
THF, rt 12h DMF, reflex 24h
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tpy (leq.) dhbpy(1eq.) LiX, TEA
FeX, ————  Feltpy)Xs [Fe(tpy)(dnbpy)X]X
THF, rt. 12h DMF, reflex, 24h

HA, E EEe Z—ﬂﬂﬂﬂEE*owﬂﬁ}ol‘:(2—pyridinecarboxaldehyde picolinealdehyde) = 2,6-¥2dl
tho] 728~ H 3lo] = (2,6-pyridinedicarboxaldehyde) & o}Flz}e] Z3F ubS-o] <& 7]53lE olnwygd
(iminopyridine, IP) H+= Hlxolm| =32 (BIP) =8 A|x3ho.

at7] Wkg2 (4)F Mo =3I 2] (BIP) 2it= Al 9] o]t}

: DCM N R
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W2 (1) 2,6-9 2 d T 7F2 5 A1 H| 3] =(2,6-pyridinedicarboxaldehyde) @ 12k ©}¥1(RNH,) 9] F§Whgo =
g mlzolm v W (BIP) 2]F=E FeXy(X = Cl, Br, 1) ¢ w3t § F7l2 tho]slo] == Alulolyeld
(dihydroxybipyridine, dhbpy) % LiX¢} ¥H&-A]7]= Zo|H,

HhS-2 (2) (3)2 "H=9Zd(terpyridine, tpy)¥ FeX;o] Hk&ol <38t T3+ AXE Fe(tpy)Xs(X =
Br, Dol wlo]ly &l (bipyridine, bpy) i tho|sto|=FAlnto]y] g (dihydroxybipyridine, dhbpy)®} F7}

HEEAI7]= Aol 540] gt

= =7

5
e

shte] AAbE] 2l =(terpyridine ¥+ bisiminopyridine)E A#z o= =13
© (dihydroxybipyridine, dhbpy) @Zt=7} Zslslo] & W&k dalol=s} FA o] Fol
7les dalol= A7} 3L ).

T2 2 B A7 A #AE S0E ol &dte] 1Y) e 2X 3] SAbe] =9} (0,9 et b wkgol €

WA 49] 33 FtE2RY|EE A|xsE AL I, 1X37] e 2237] 38 JlRY o E
™

X 18 FsA(1)~(3)Y F o= 3}l o]F 9 Fe-v|xolu =y 25 (heteroleptic Fe-bisiminopyridine

complexes) TE o]Z9] Fe 2HE Zuj(Fe(Il)cat.) %
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TBAB, TBAI, TPPI, TBD-HI % ol: slute] EFwj(add)® A °F = H A& Zuls o]&ste] ~E
SAfol=o] 12]87] g FhEM|o]Efte] Azl ik Aot

X1
0.25 mol % Fe(ll) cat. 8]
0 0.5 mol % add,
0" o
Ph COs4 5 bar, temp. time \—<
1a Ph
3.6 mmol 2a
entry Fe(ll) cat? add.” temp. (°C) time (h) yield (%)°

1 [Fe(tpy)(bpy)BriBr TBAB 60 12 20 (80)
2 [Feltpy)(dhbpy)Br|Br TBAB 80 12 78 (22)
3 [Fe(tpy){dhbpy)CIlCI TBAB 60 12 49 (51)
4 [Fe(BIPE'®M)dhbpy)BrlBr  TBAB 80 12 60 (40)
5  [Fe(BIPPCH2ydhbpy)BriBr TBAB 60 12 81(19)
6  [Fe(BIPP™")dhbpy)BrlBr  TBAB 60 12 85 (15)
7 [Fe(BIPF ™ ) (dhbpy)BrlBr  TBAI 60 12 86 (14)
8 [Fe(BIPP M) dhbpy)i]I TBAI 60 12 92 (8)
9 [Fe(BIPP®H)dhbpy)]l TPP 60 12 93 (7)
10 [Fe(BIPP™)dhbpy)il TBAI 60 12 94 (6)
11 [Fe(BIPP"™)(dhbpy)i]l TPPI 60 12 99

12 [Fe(BIPP"™)(dhbpy)i]l TBD-HI 60 12 92 (8)
139 [Fe(BIPP"™)dhbpy)l]l TPPI 50 20 98 (2)
14 [Fe(BIPP"™)(dhbpy)l]l TPPI 50 20 82 (18)
15¢ - TPPI 50 20 12 (88)
162 [Fe(BIP®'™)(dhbpy)l]l - 50 20 11 (89)
17" Fels, BIPFT™ dhbpy TPPI 50 20 41 (59)

w

=

o
I

= disubstituted-2,6-bisiminopyridine
tpy = terpyridine, bpy = bipyridine, dhbpy = dihydroxybipyridine

R = EtOH, PrOH, Pr(OH),,PrIm(im(propyl-1#-imidazole))

X =Cl, Br, I

TBAB = tetrabutylammonium bromide
TBAI = tetrabutylammonium iodide
TPPI = tetraphenylphosphonium iodide

TBD = 1,5,7-triazabicyclol[4,4,0]dec-5-ene

AR (SRR 2EAS A= (la)E A3 F g Fo) 9 2Eujste] Lgu) 2ANA o, &)
9 e 59 wed o 49 BAY. 4] 2EASAe|=(1a)S WEEACR 60T 2 Shar (0, oA

H] 7|53}l (unfunctionalized) FeZ vl ([Fe(tpy)(bpy)BrlBr, 0.25 mol%) 2 ZZvl TBAB (0.5 mol%)2] FAja}ell
H-3e o 3% FtRyo|EY Al giste] F&o] 20%°]tH(FE 1).

T A (bidentate) bpy BIF=el 7 7N 424 FAAQ S| =5A7](0H)E =93 dhbpy t=+s WESA
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o] AASHA A FEo] 782 FAHHQ WHgo
’“(Cl)i w3He 33 JlH Yo E(2a)8
Tolg (g 3).
HEZ3 g (terpyridine) & 25-H olv|x 42 AlES T3 fE4 ¥98E & Jde= AR g iF=(tridentate
ligand)$! W]2=o]v] =3 2] (bisiminopyridine) .2 H3H 3 F7F ¢4 AF FoJA(EtOH, PrOH, Pr(0H),) 7+
A AT 4~6).
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Aol 7HF 2 58S ZrEU(EHE Q).

I
o
oZ
oot
i)
k)
o
I
lo
éﬂé
=
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=
Prlm

waba o) akElEl s ZASARE o|nthE7|(midazole group)E I = BIP & dAEgowH
[Fe(BIP" ™) (dhbpy) 1118 WA E 348 7o E(2a) 94% &2 Ao Ao h(FE 10~12).

o] REgofl gk 2Fule JS A Holl gde dEE, X2YF 2 FolYuE (guanidinium) Fo] Al
=3}E 23 A el TPPI(tetraphenylphosphonium iodide): 99% &8 AFst= 7ME & vk

o,
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o =]
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Dee Bl %21 M(fﬂi 13), 50TC9 o W& Wk
o

L5 A 1.0 mol% TPPI ZZul (3 14)) A
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* 2
0
o [Fe(BIPP"™)(dhbpy )]l (0.1 mol %) L
0" o
R TPPI (1 mol %), CO, (5 bar), 50 °C, 20 h
1 2 R
epoxide o cyclic carbonate
Q R=H 1a Yo 2a 82%
L\CL R=Cl 1b o b 76%
R R=Br1c 2c  54%
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0 | ) |
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“ DMF (10M), 80°C

® [Fe(BIP™ ™) (dhbpy)I11 (0.5 mol %). DMF (10 M), CO, (10 bar), 100C
“ [Fe(BIP" ") (dhbpy) 111 (0.5 mol %), MeCN (10 M), C0, (10 bar), 100C

¢ [PeBIP™™) (dhbpy) 11T (0.5 mol %), DMF (10 M), CO, (10 bar). 100C

249 AN 2709 Fu] @ 2E0S o] §ete] BYF 1NF i 2 #7] o FA S o] NRhsh e
Aeaa, 715ahE Fe BgAe) Sl 4§42 FAsgrh. ofd ¥ 4 ABY AENSE FH AR WA
Frd FET ALoE 88 B 2042 AT BN DL & 5 A

1A AE (leg) e $ & oI FAbo|EE v 27sklA o AHe Ao 8] olvhe ug Aol Fad
Ao G4 SAODS 350 £L @T D 00 o5 A ATL ATHEY DARG. 452
AAER I, FEEANY % 7 REAKOE FRAE AEAIEE I 947 AWUGES 76 1)
X el FEE D2+ ALk,

WEALAolE 1S 747 GlEAE 1k7h 80T ol 4e] £RdN FEEULE, Lae xSkl weis u
gol & Aaso] Qe olxHzel LYW WlE b BAS: AHRS 92 5 AT TR et 9

o},

_11_



[0126]

[0127]

[0130]

[0131]

[0133]

[0134]

[0135]

[0136]

ZIHSd 10-2020-0142731

WA 2EOA 2E W= ARl off AUFRefolo] @ ukg Ei Q)

S 2HESAIA (1D 93,
2 At

3
A OF Fel7h QoluA ek Ae] BaE

Y5 o] ZAfe] AAA Aoz dd oJHE 7R FHA MeCN(lOM)JJr DMF(10M) 3} 722 8w 3ol A
10bare] C02 €& % 100C9 z3 & A o] QAT & 29 3 sabdel oish 4

=
F 008 ol Aol A, AL FRA D LI 2e oo vE RAYER) RAE WM.

T
T o
§__\__ e

¥ 3

5 x mol % [Fe(BIPP"™)(dhbpy)I]| O

/\ 1.0 mol % TPPI
Ph > O O

1a CO, (10 bar), 60 °C, 20 h \_<
3.6 mmol 2a Ph

entry X mol % yield TON

1 0.1 mol % 90 900
2 0.075 mol % 85 1133
3 0.050 mol % 77 1540
48 0.050 mol % 94 1880
9 - 33 -

* 50 mmol of la, 80°C, 24h.
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