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A Mononuclear Iron Thiolate Complex with N-Heterocyclic Carbene Ligation
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Abstract The relevance of low-valent iron complexes bearing sulfur-containing ligands with the reactive iron intermediates
in enzymatic dinitrogen fixation has stimulated great synthetic efforts toward them. Low-valent iron thiolate complexes have
been mostly known for the thiolate-bridged diiron(I) carbonyl compounds. In contrast, isolable mononuclear iron(I) thiolate
complexes are exceedingly rare. Herein, we report the synthesis and characterization of a mononuclear iron(I) complex
[(IMes)Fe(SAr*)] (1, IMes=1,3-bis(mesityl)imidazole-2-ylidene, Ar*:2,6-(2‘,4',6'-Pri3C6H2)2C6H3) as well as its catalytic
performance in dinitrogen silylation reaction. Complex 1 was synthesized from the reaction of (IMes),FeBr with KSAr* in
Et,0 in 81% isolated yield. Single-crystal X-ray diffraction studies revealed that the thiolate ligand in 1 is coordinating to the
iron center in an o:x°-fashion via the sulfur atom and one of the flanking Pr'’;C¢H, ring with the Fe—S distance of 0.2228(1)
nm and the Fe—C(Trip) distances ranging from 0.2076(2) to 0.2205(2) nm. Zero-field *’Fe Mossbauer spectrum at 80 K (6=
0.56 mmes ; AE;=0.98 mmes ') and X-band electron paramagnetic resonance data (g=[2.20, 2.03, 1.99]) at 103 K of 1
point to its low-spin iron(I) nature (S=1/2). These data are comparable with those of Holland’s iron(I) thiolate complex
K[(2-S-1,3-(6-F-3-(2,4,6-Pr';C¢H,)C¢H,),C¢H,)Fe] (Nature 2015, 526, 96). Density functional theory studies support the S=
1/2 ground spin-state for 1 and reveal that the interaction between the iron atom and the sulfur atom is essentially o-bonding
in character. In addition, 7- and 5-type interactions between the iron atom and the #°-Pr';C¢H, ring in 1 also exist. Complex 1
can catalyze the reaction of N, with KCg and Me;SiCl in Et,O at room temperature, affording N(SiMes); with a turn-over
number up to 73 in 24 h and 87 in 48 h. The reaction employing (IMes),FeBr as catalyst has a turn-over number up to 73 in
24 h and elongating the reaction time to 48 h does not lead to further increase of the turn-over number. The fine catalytic
performance with 1 over (IMes),FeBr implies that the thiolate ligand in 1 might render the catalytically active intermediate a
relatively long lifetime.

Keywords N-heterocyclic carbene; iron; sulfur ligand; N, activation; low valent
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Figure 1 Examples of iron(I) thiolate complexes
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Scheme 1 Synthetic route of the iron(I) thiolate complex 1
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BT Bl R SRR AL AN, SRR I 95 A i
n®- 5 Gk R AEAE . Fe—S HEEK N 0.2228(1)
nm. 7\ Fe— C(Trip) 8 # K 4> fi 7/£ 0.2076(2) ~
0.2205(2) nm I [, HA Fe—CQO)E H M. XK
5 Holland 5438 1% B e B — I 8L &4 K[(2-S-1,3-
(6-F-3-(2,4,6-Pr'yC¢H,)CeH,),CeHy)Fe] ' Fe—S 1 Fe—
C(Trip) A K AH 240, 5@ A e B M Bk b &
Y [Fe(SCeH,-2,6-Mes,),] 1 1] Fe—C(Mes) i £ (0.247 ~
0.254 nm)AHEEY), 1 1) Fe—C(Trip) 88 K W] 556,
B &% 1 1 Fe—C(carbene) K4 0.2002(2) nm, 5 =it
fr AW BL A — fr Bk BL & ) [(IMes),FeCl] #lI
[(CylDep),Fe][BAr'y] (CylDep = 1,3-bis(2",6'-diethyl-
phenyl)-4,5-(CH,)4-imidazol-2-ylidene) H AH [ i i 4 AH
ER

B2 FEAYI[(IMes)Fe(SAr*)] (1151451
Figure 2 Molecular structure of [(IMes)Fe(SAr*)] (1)
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BCA 1 /N DU AR PR 24 5385 SRR ARG 1 e o —
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mmes”', AEq=0.51 mmes ")°’fI(PhB(CH,SBu’);Fe(CO),)
(0=0.21 mmes ', AEq=0.47 mmes ' BIEARFF—
e 5y E e B EC AL — U BRC A B3R 1) DY AR BE 24,
U1 K,[(nacnac)FeSFe(nacnac)] (6=0.67 mmes ', AEG=
2.18 mmes H'HI[(CyIDep),Fe][BAr',] (6=0.48 mmes ',
AEq=5.75 mmes )*, X-J B o I 3L R ot itk 2 ikt
—PRWABEY 1 PSS ERETHCN S=1/2. 1£ 103
K A AP H g SR 1 P 2 30t AR 7 0 R 1 g,
=220, g,=2.03, g.=1.99 (&l 4). XL ¢ H7HEBE
& B e & — M 8 &% K[(2-S-1,3-(6-F-3-(2,4,6-
Pr'sCeH,)CeH,),CeHy)Fel i) g R F BU(E #H 24 (g, =2.18,
2,=2.02, g.=1.99) .
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Figure 3 Zero-field *’Fe Mossbauer spectrum of [(IMes)Fe(SAr*)] (1)
measured at 80 K
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Figure 4 X-band EPR spectrum of [(IMes)Fe(SAr*)] (1) in toluene
glass measured at 103 K

B RS R AR LA 1 7R B eSS S=1/2
TR B AL S=3/2 A1 5/2 BEAS T MBS AL R G R
B, % S2). £ 5=1/2 & FEHOIHEAH(AH) ()
(d)'(d,)° TP, ATEEN—MEEL A A 5). F
B S ACEE o- A EAEH. B ST
T s (i - 3a e 3p Bl 52k O i 3d B AR AR
o-BEAHHAEA. UNO-239 IR T &% o*-AHEAEH ek
w55 R T A 1) ) S B A ELAE R (B S). Bbak, i
P B (1) 95 I3 43 Sk RO [RIAEAE. §-F1 n-TE 3R AH
YEF(UNO 234 Al UNO 239).

22 —NERBERSMEXHNESTREFEECRE

H 1972 4F Shiina fixi8 — L3 I 4 @ fAW AT 7EIE
JEFAFAE A RS SR B s AR R 3 2 1 i
PR, NMITERBIFZ S, 23 k5. R Imt
B A (3L O 4 J L 5 0 B R DA A i 28 e i 2 S AR
SR B B O AR P Bk T S P 2 32 1 US040 S B A I 57 B
BIF S0 AR SR, (HIZ AL & e B SR SR R
PR R B RIE. 2018 4 Murray 2% 555 F ] 55 7

274 http://sioc-journal.cn

UNO 239 UNO 236
Fe 3d61% Fe 3d 75%
S3p 11% C, 2p 13.6% S 3p 5%

UNO 235
Fe 3d 72%
Cpr 20 15%

UNO 234
Fe 3d 77%
Cpu 2p 15%

UNO 231
Fe 3d 58%
S3p13% C, 2p 16%

B 5 Ta[(IMes)Fe(SAr)] (1)7E S=1/2 7 F 1354 Hir 4 4 &l
Figure 5 Selected unrestricted nature orbitals of [(IMes)Fe(SAr*)] (1)
at its S=1/2 state
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TE = IRV 24 h AT BL 11 %072 R FHXET MesSiCl)
A % N(SiMes);, TON {4 73. % TON 15 &= F1#
£1 MR AR

Table 1 Catalytic performance of iron complexes in catalytic silylation

of N,
Fe catalyst
Ny, + KCg + Me3SiCl ——————— N(SiMe3);
Et,0, r.t., time
. Yield of
Entry Catalyst Time/h N(SiMes)y/% TON
1 0.05 mol% 1 24 11 73
2 0.05 mol% 1 48 13 87
3 0.05 mol% 24 11 73

(IMes),FeBr

© 2022 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“ The reactions were run using 0.005 mmol of the catalyst in 10 mL 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;)s; to iron. ¢ Yields of N(SiMe;); were based on Me;SiCl and

determined by gas chromatography with n-dodecane as the internal standard.
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A T AR RS 755 5 A7 A0 oy 2 e Ak ) — ik i
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& BC AL — M BRC & W) (IMes),FeBr 5 KA BH A7 Fy 47 25
KSAr*(Ar* =2,6-(2',4',6'-Pr'yCeH,),CeHs) 1 2 N 52 B T
— KB EE L L A Y0 (IMes)Fe(SAr*) & B, Bl & 1
Hh B I 2 T Rl B R T A R — AN S I S & s
DL oA, TFe BRI . T BRI
DU ESLRRE 1 MESHIRETECN S=1/2.
BC&9 1 Al AL A SR AT RUA, MesSiCl e v A ik
N(SiMe;);, ALK R TON {H ik 87. BL &4 1 &8
JE S5 A= BRI 22 AN R R AT B8 R s N i A v S USRS
AL A 3 1 R ] 4.

4 SILERsy

41 HEHE
4.1.1 (IMes),FeBr, # %] &

% FI% FeBr, (3.54 g, 16.5 mmol, 1.0 equiv.)Fl
PYERIR(S0 mL) A EMBINA IMes (10 g, 33.0 mmol,
2.0 equiv.). $iHE 36 h J5, WUERRZWEA]. FF R E AR
KLY 50 mL IF ke ouE, TR SIS Ko
Bl 408 A& B N (IMes),FeBr, (10 g, 7% 74%). '"H NMR
(400 MHz, C¢Dg, 294 K) d: 26.79 (v;,=25.1 Hz), 4.61
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(V1/2:13.1 HZ), 3.69 (V1/2:74.9 HZ), 1.39 (V1/2:5.7 HZ)
Anal. calcd for C4HygBroFeNy: C 72.05, H 6.91, N 8.00;
found C 72.03, H 6.94, N 8.21.

4.1.2 (IMes),FeBr &)%) %

£ 50 mL Schlenk jfH i1 A (IMes),FeBr, (500 mg,
0.61 mmol, 1.0 equiv). 720 mL)F1 KCs (98 mg, 0.73
mmol, 1.2 equiv). RFAARTEZER NHiH: 24 h {518
ES SR AT/ BIIBUREE ¥ 3 sb ORI X2 AR S e S
B 25 T 701459 21 2145 €0 [ 44 B A S5 ) (IMes),FeBr (300
mg, & 66%). 'H NMR (400 MHz, C¢D, 294 K) o
53.96 (vi,=18.8 Hz), 8.28 (vip,=157.8 Hz), —13.47 (v,
=94 Hz), —14.07 (vip=17.1 Hz). Anal. calcd for
CyHygBrFeNy: C 67.75, H 6.50, N 7.52; found C 66.84, H
6.56, N 7.32.
4.1.3 [(IMes)Fe(SAr*)] (1)89 %] &

5 (IMes),FeBr (745 mg, 1.0 mmol, 1.0 equiv)FFi & &
T 50 mL Schlenk /A, A 25 mL ZBA RG34
KRV . =3 T NN KSAr* (Ar* = 2,6-(2',4',6'-
Pr';C¢H,),CeHj, 553 mg, 1.0 mmol, 1.0 equiv). 1A %
FEZ T FHERE 12 he 45 1308k o R s B i i ek v 1o
IE, BRI AR, BUEREEN, A% 20 mL 1EC
FEVRAR AR AR, 1L DR S BT R €0 ] A R
NECEPI1 (708 mg, =3 81%). FLAY1 M RIE I TE
—25 C NAHEMM LB ERSE. '"H NMR (400
MHz, C¢Dg, 297 K) o: 13.93 (very br), 10.44 (very br),
6.26 (very br), 5.48 (very br), 4.16 (very br), 2.75 (vip=
42.0 Hz), 2.11 (very br), 1.92 (very br), 1.31 (v;»,=20.6
Hz), 0.79 (very br). Anal. calcd for Cs;H73FeN,S: C 78.32,
H 8.42, N 3.20; found C 77.90, H 8.62, N 3.31. Absorption
spectrum  (THF):  Apa/nm  (¢/(Lemol 'ecm ™)) = 261
(12910), 372 (6400), 480 (1030), 753 (270), 878 (340).

4.2 SRECEWIEN N iEE R N

7E 25 mL Schlenk & P IIA KCs (1.35 g, 10 mmol)+
Me;SiCl (1.08 g, 10 mmol). ZkEC &4 1 5 (IMes),FeBr
(0.005 mmol)f] Et,O ¥ (10 mL)FIIE+ —HE(20 mg, W
FR). RONVAR R R AAE =il —En KiE, )
0.5 mL BT BERR B A, M GC KA E
N(SiMe,); & &, 45505 T3 1 .

2 ##{E B (Supporting Information) & A&
VAL REFEIRTE ] . SR A -mT WKW L 20 4h etk ] A
LT NI O v I S I NN N N & | I
(http://sioc-journal.cn/) F T . BCEY) 1 H ARSI 5L
I O b AL 2 B [F I My & 44 £ 45 PE (Cambridge  Crystallo-
graphic Data Centre), CCDC “5fi%°4 2142841.
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