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Iron Dinitrogen Complexes Supported by Tris(NHC)borate Ligand:
Synthesis, Characterization, and Reactivity Study
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Abstract  The use of the N-adamantyl-substituted tris(NHC)borate ligand phenyltris(3-(1-adamantylimidazol-2-
ylidene))borate (PhB(AdIm); ) has enabled the preparation of the high-spin tetrahedral iron(I)- and iron(0)-N, complexes
[PhB(AdIm);Fe(N,)] (2) and [K(18-C-6)(THF)][PhB(AdIm);Fe(N,)] (4), from the reduction of the ferrous precursor
[PhB(AdIm);FeCl] (1) and the iron(I) complex 2 with KCg under N,, respectively. Single-crystal X-ray diffraction studies
revealed a distorted tetrahedral coordination geometry for the iron centers in 2 and 4 with the terminally bonded N, ligand
sitting in the cavity composed by the three adamantyl groups of the borate ligand. The frequencies of the N—N stretching
resonance (1928 and 1807 cm ") of 2 and 4 are the lowest among the reported terminal N, complexes of iron(I) and iron(0),
respectively. *’Fe Mossbauer spectrum (6 =0.59 mms '; AEo=1.31 mms ") and solution magnetic susceptibility
measurement (ueq=>5.2(1) ug) of 2 supported its high-spin iron(I) nature. The cyclic voltammogram of 2 measured in THF
shows a quasi-reversible redox waves with E;,=—2.11 V (vs SCE), which is assignable to the corresponding redox process
of [PhB(AdIm);Fe(N,)]' ”°. In addition, the reaction of 2 with an excess amount of CO led to the formation of the
bis(carbonyl)iron(I) complex, [PhB(AdIm);Fe(CO),] (3), that was characterized by IR spectrum, solution magnetic
susceptibility measurement, 'H NMR, as well as elemental analysis. The protonation of 2 and 4 with HCI or HOTS at
—78 C only led to the formation of NH,NH, and NHj3 in low yields [less than 9(3)% and 5(3)% (per mol Fe), respectively].
However, 1, 2, and 4 proved effective catalysts for the reductive silylation of N, by KCg and Me;SiCl to afford N(SiMes);
with comparable catalytic activity. The TON of these catalytic systems could reach 87 using 0.005 mmol of the catalyst, 2000
equiv. of KCg, and 2000 equiv. of Me;SiCl in 10 mL Et,O at room temperature after 24 h.
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Figure 2 High-spin Fe-N, complexes bearing carbon ligands
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Figure 3 Molecular structure of [PhB(AdIm);Fe(N,)] (2)
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B5 EAY 4 157 [PhB(AdIm)Fe(N2)] 44
Figure 5 Structure of the anion [PhB(AdIm);Fe(N,)] in 4

R1 Fe-NFLEH) 2 A0 4 () B L5 M KR
Table 1 Key structure data of 2 and 4

2 4
N—N/nm 0.1046(5) 0.1149(11)
Fe—N/nm 0.1845(4) 0.1735(7)
0.2076(4) 0.1982(9)

Fe—C/nm 0.2071(4) 0.1994(9)
0.2037(4) 0.1947(9)

122.12) 121.6(4)

C-Fe-N 125.3(2) 130.6(4)

122.2(2) 116.2(4)

B-Fe-N/(°) 178.2 172.5

© 2018 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences
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R 2 Fe-No BLE YRG0 SR A AN Z 177 2 ¢
Table 2 Yields of hydrazine and ammonia formed in the protonation
reactions of iron-N, complexes

Et,0

Fe-N, complex + HX (15 equiv.) ——=—> NHoNH, +NH;3
-78°C
Fe—N, HX  Yield/% of N;H,  Yield/% of NH;

2 HCI® 2(1) <1

2 HOTf 42) <1

4 HCI® 9(3) 5(3)

4 HOTf 5(3) 3(2)
[(ICy)sFe(N,)][BPh,]  HCI 2(1) <1
[(ICy)sFe(N,)][BPh,] HOTf 92) <1

[(ICy)sFe(N,)] HCI 2(1) <1
[ACy);Fe(N>)] HOTf 18(2) 2(1)

© 2018 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“ Yields are relative to per mol iron, and are the averaged data of 2 runs. * 7.6
mol+L "' HCl in Et,0.

TF. BATREMEMA R Nishibayashi SR8 ) — %
BB R ERELEAD
trans-[(depf);Mo(N,),] (226 equiv. N(SiMes)s/ B /K H B
75 equiv. N(SiMes)s/BE /R &xJ@) Peters 251 RIE 1)
BRI A WI[(Et-cAAC),] (24 equiv. N(SiMes)y/BE /R
Mezailles %5 P14} 38 (1) 4 J& 4H i 1k 77 [(P(CH,CH,-
PCy,);)Mo(NN(SiMe;),)] (15 equiv. N(SiMes)y/E /R4H),
Ohki 45 14 18 () [Fes(u-H)(us-H)o(N(SiMes))x(PEt; )]
(40 equiv. N(SiMes)y/BE/REK), Lu SPOHRIE I = ik =%
MBS TR & 04k 22 (98 equiv. N(SiMes)y/ BE /R &), H13%
MPY IR E MR H R REERMNERSD
M[(ICy),Co(N,),] (M=K, Rb, Cs; 120 equiv. N(SiMes);/
BEIRAE). 5 OA BRI R =R 1k
A1, 2, 4, [(ICy);Fe(N,)][BPhy M [(ICy)sFe(Ny) [tk
PR I N 3 F 7 A X 458 v (1) TON B 78 2000 equiv. KCy
EAET, CACBREIET, 2RI = R =i & i
B E 2000 equiv. Me;SiCl [z 342 i (MesSi)sN - ()
TON H[3iA 87; B UK S ELAL (I BRAC & P 1L 4
Z TON {HZI N 35(3K 3). IXLUfffh A BT RE B O3 v
) TON A 1] Bt S A R ERAAR SO & a1
5, e e e A R R ), B R S
B R, FIETRHFELN = AL AR I R
) TON {H 15 B 5y i PR A FOAATE R J T A USIE
T A S S AR A5 P M A 751 7 T L VS .

TE RIS WA B = % S R IC & W 10 s RUHE A 3R
DL EAL b, BRATSACEY 2 A 4 55WR K E D
Me;SiCl IR AT TR 7E, LR s AR AL
MIHUEE, &5 5k BURC &9 2 S5 B MesSiCl %
RAERL MM EREE A 1, AT 4 55T
Me;SiCl e SAE MR &9 15— ERBC &4 2
FIREY). FEXPIAN S P R SE IR R B & A&
YR IAA IR 2388, X — 25 SR B AL S B R R o T 1Y

http://sioc-journal.cn 449



¥ F R

R3 BRAERIRREEC SR R
Table 3 Catalytic performance of iron-NHC complexes in catalytic
silylation of N,

t.
No +  KCg +  MesSiCl LN(&M%%

101 kPa 2000 equiv./cat. 2000 equiv./cat. Eter: (122 ’:'—)

Entry Cat. TON Yield/% of N(SiMes);
1 1 83(11) 12(2)
2 2 84(21) 12(4)
3 4 87(11) 13(3)
4 [(ICy)sFe(N»)] 35(2) 5(1)
5 [(ICy)sFe(N,)][BPh4] 34(2) 5(1)

“ The reactions were run using 0.005 mmol of the catalyst in 10 mL of Et,O
with the addition of the reducing reagent prior to catalyst. TONs and yields
were the averaged data of three runs. ” Turnover numbers were calculated as
the molar ratio of N(SiMe;); to iron. ¢ Yields of N(SiMes); were based on
Me;SiCl and determined by GC with cyclododecane as the internal standard.

Tef A T R A 007 A 1) = WP e e 0 S 02
3 [ BE BT 52 BP0, R 56 e B HEL A 5 TE HEAT

I8 T IR B = R AR SCHE I Bk A AU
EWE R FRAE A B O R AL OB
N-Z W 22 A P 2R A A B — R 2% B R 3 9 A 5
T E AN TR 2 EN S TR S
) 4 FIERL, HON—N ZCAMBEGEIRSIIE 2558 1928
11807 em ', ¥R A BA LA LA R
T IR FL MR B = R SRR L S W T v R AL A SRR
BT, MesSiCl SRR li(MesSi)sN, i1k & £ i TON {1
ik 87, NEREC AV PR EHE. X Eess JUiiH B A
SRR T RE M 2 6 A A R ERATE &R AL AR
T A T T A RV RN

4 SCIGERSY

4.1 ¥EE&E
4.1.1 [PhB(HAdIm);][OTf], 4 %%

HE 45 2504 [PhB(H'Bulm); ][OTT], & BT A8 1R
PR, K N-4RIBEIE K (8.9 g, 44.0 mmol)IE AR{E 40
mL I, 53 E 200 mL Schlenk b 100 mL B A
PhBCl, (2.3 g, 14.7 mmol). H LM% SR ¥ N-2N|
Jot K AL [ FE RV TR 18 N 21 PhBCL, 1 H 2R .
RGBT 15 min f5, FEMH I TMSOTS (6.5 g,
29.2 mmol). TR SEERAYTHEZE 100 C, 4ks:
BHE 12 h [RMNEEHE, AHEER, Ok, SO
&, RS 28100 mL)Pe, EET, A~
) [PhB(HAdIm);][OTf],, A H (L [E A=), & 59 g,
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F“# 41%. '"H NMR (CD;CN, 400 MHz) ¢: 8.08 (s, 3H),
7.69 (s, 3H), 7.46~7.44 (m, 3H), 7.24 (s, 3H), 7.15~7.13
(m, 2H), 2.24 (s, 9H), 2.15 (s, 18H), 1.81~1.73 (m, 18H);
5C NMR (CDCls, 101 MHz) §: 176.9, 173.9, 170.1, 165.8,
160.8, 160.1, 101.4, 83.2, 76.4, 70.6. Anal. calcd for
Cy47Hs59BFgNgOS,: C 56.85, H 5.99, N 8.46; found C
56.62, H 6.00, N 8.31.
4.1.2 [PhB(AdIm)sFeCl] (1)&9 4] &

7E 100 mL Schlenk JiH N A [PhB(HAdIm);][OTf],
(1.02 g, 1.0 mmol)F1 60 mL UM, JEEWIFE—28 C
A 2 h JEEAERZERE T I LDA (365 mg, 3.4
mmol). ZkZEHEFE 4 h /5, I [Fe(tmeda)Cl], (250 mg,
0.5 mmol). XM RAEEM NHEE 12 h J5, flFiE.
FLEOFRARPITINN 50 mL HRERERE . 0t g o
IS BRI T 4l 2R, 45 20K B O R A
R E T 2120 mL)E S5 RS T DU SR R v
AW, VARV T —28 C R AR AT 15 E lE 14,
RUNELAY 1, E 650 mg, 723 70%. UV-vis (THF) Apay:
302, 335, 1340 nm; '"H NMR (400 MHz, C¢Ds, 294 K) o:
74.89 (s, Avy,=48.47 Hz), 61.01 (s, Av;,=288.59 Hz),
43.15 (s, Avi,=66.48 Hz), 21.71 (s, Av;»,=18.35 Hz),
18.76 (s, Av;,=17.20 Hz), 4.56 (s, Av,,=20.67 Hz), 3.42
(br), 1.08 (br, overlap with residual solvent peaks),
—36.42 (s, Av;,=364.91 Hz). Anal. calcd for C4sHscBCI-
FeNgTHF: C 68.82, H 7.54, N 9.83; found C 68.50, H
7.53, N 9.82. Magnetic susceptibility (C¢Ds, 294 K): pess=
5.2(1) ug.
4.1.3 [PhB(AdIm)sFe(N,)] (2)49 %] &

4 [PhB(AdIm);FeCl] (500 mg, 0.60 mmol)Fx & & T
100 mL Schlenk M P, AN 50 mL Y&k R 7 i f 75 2]
T BIHERT —25 CTIAE2hWEERZIHET
ZZ1E I KCq (97 mg, 0.72 mmol). KA R H Pk E
EEIRGIRGAEFE 12 h, 5 1558 S SO e e
b g, S BILROIER. BAEAR JE B 2R 1S 2
srtalEfg. st E AR 10 mL WEMRRERE =R T &
By B 4 TR AY) 2 skt IRE g, H 320
mg, P23 77%. UV-vis (THF) Ay 270, 750, 1180, 1517
nm. '"H NMR (400 MHz, C¢Dg, 294 K) 0: 32.52 (very br),
28.25 (very br), 8.65 (s, Avy,=128.14 Hz), 3.86 (s, Avp=
64.74 Hz), 1.56 (br, overlap with residual solvent peaks),
1.41 (br, overlap with residual solvent peaks), 1.24 (br,
overlap with residual solvent peaks); IR (KBr) vyy: 1928
cm ;IR (THF) van: 1933 cm ', Anal. calcd for CysHsB-
FeNgeTHF: C 69.42, H 7.61, N 13.22; found C 69.83, H
7.38, N 13.79. Magnetic susceptibility (C¢Ds, 294 K):
Uer=4.3(1) us.
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4.1.4 [PhB(AdIm);Fe(CO),] (3)4% %] %&-

F & W X & [PhB(AdIm);Fe(N,)] (400 mg, 0.5
mmol) T 100 mL Schlenk S, I 50 mL PY5{RK IR
RGBSR, MR E T, EEBRERRA N,
FHEAN TS M CO (101 kPa). J MK RIBHKE 2=
WG 8 h, THARB AWM. R ZIEAIS 3
kRS Gl AR 10 mL DUSIRI AR 5 8T SRk = iR
T BES SRR A 3 MRS FR A R, 125
mg, 7% 32%. UV-vis (THF) Amax: 295, 330, 405, 775 nm.
'H NMR (400 MHz, C¢Dy) d: 30.02 (s, Av,=339.12 Hz),
14.78 (s, Av;,=144.13 Hz), 9.50 (s, Av;,=91.31 Hz),
7.02 (br, overlap with residual solvent peaks), 6.15 (s,
Avi»,=130.17 Hz), 5.87 (s, Avy»,=40.08 Hz), 3.72 (br,
overlap with residual solvent peaks), 2.11 (s, Av,=17.46
Hz), 1.12 (br, overlap with residual solvent peaks); IR
(KBr) veo: 1935, 1855 cm ~ '. Anal. caled for
C47Hs¢BFeN¢O,: C 70.24, H 7.02, N 10.46; found C 70.32,
H 7.40, N 10.30. Magnetic susceptibility (CsDg, 294 K):
Herr=1.8(1) up.

4.1.5 [K(18-C-6)(THF)][PhB(AdIm);Fe(N,)] (4)849 %] &

F & W X & [PhB(AdIm);Fe(N,)] (650 mg, 0.8
mmol) T 50 mL Schlenk Jf P, HIA 20 mL DY &S0k 1 41
IR OVEI. FE 100 mL Schlenk i, FREIIA
KCsg (135 mg, 1.0 mmol) T2, Ji N 50 mL PU S M 1
PR EMOR. K Schlenk JHLRIF, 8L AL T itk
R, MALEEBRTRAZE—T8 CIRBSOERFN KCs
R, EEHMRIRBERE 2 h SR E R 18-C-6 (422
mg, 1.6 mmol) VY MIE(5 mL)AEH TN SAERA.
SNAR IR 28 20 R AR A 4 h, RPOEEE i g,
1R BIRELL VAT, 990 B 25 T 770 )5 19 21 1) A e T 4k
20 mL VUSRI VA A 5 48 b SR 45 Sl v 1S L A1) 4
(R ER LS IR B A, F 280 mg, 7% 31%. 'H NMR
(400 MHz, THF-dg) J: 35.65 (very br), 33.40 (very br),
7.98, 7.30, 7.21, 7.06, 6.82, 6.63, 6.60, 6.47, 5.92, 4.46,
345, 2.37, 2.29, 2.17, —5.42 (very br), —12.43 (s,
Fe-H); IR (KBr) van: 1808 cm ™', 1958 cm ™ '. Anal. caled
for CgHg7BFeKNgO7: C 63.70, H 7.62, N 9.74; found C
64.02, H 8.24, N 9.43. FL&4) 4 5 K45 F W C—H 4
TECR BIEEAGA 5. Rtk IR SRR A 4 F 5 IR
“W.

42 EHFRREYRFURE

Wk TR A 10(0.08 mmol)% AR T Et,O (2 mL)
th, —78 C FMMAJEFERHCl HIT/K ELO EREL
7K HOTT, 1.28 mmol [%). fKi#d /< 2 h J&, H7K(3 mL X
3)VAEHR, @it H ko B NH; il NoH, & P>,
43 HEEYEMNL N ERECRE

25 mL Schlenk P, FREAMMA KCs (1.35 g, 10
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mmol), k& 41(0.005 mmol) T Me;SiCl (1.08 g, 10
mmol). JIA Et,O (10 mL)/FRMNARREE R T EiR
PEFE 24 h. SR REEE T I8 5 Ak B e IR
BN IE+F %840 mg, 0.24 mmol)fE N AHxR. &
GC K I 72 (MesSi);N & &

4 Bh#1 Kl (Supporting Information)  FiT & B e 44 A1
LWyl 3 e SN T VI A SN DAL N
ZL A0 1 B R A AR S5 R R AT DA B B DA T ) sl
(http://sioc-journal.cn/) . Nk, FLAY 2 A1 4 1) b Ak 444
HdE O AL 2 90 [E S M i A4 248 FE (Cambridge  Crystal-
lographic Data Centre), CCDC 5 fi3 5 1827402 A
1827403.
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