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Abstract

Samarium diiodide (Smlz), as a unique single-electron transfer (SET) reductant, has become a cen-
tral tool in constructing complex molecular frameworks in organic synthesis since it was first sys-
tematically reported by Kagan’s group in 1977. Traditional Sml: reactions rely on stoichiometric
amounts of reagents, which have limitations such as low atom economy and high waste generation.
In recent years, the development of catalytic Sml: systems has overcome the key bottleneck of dif-
ficult dissociation of Sm3+-product complexes, achieving efficient catalyst turnover through reductant
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regeneration, electron cycling, as well as electrochemical and photochemical driving strategies.
This review systematically summarizes the core mechanisms of Sml:-catalyzed reactions: the use of
stoichiometric sacrificial metal reductants, electron cycling back to Sm through back electron trans-
fer (BET), and the latest advances in photochemical regeneration.
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Smly & —FiURR (1 M4 RAB SR, HORJR HUALAE THF H19—1.55 V vs. SHE [1] [2]. AJE ¥ N7
(1 HMPA. 7K/ctk 2) RIE I, BetG it BEBoE skt wRe. Mk, WgE2ZME A [3]-[7]. £t
ZWHRES, SmhL A FRRBC ZRHTEEERE OB E5. B 5888, JTHAE
RARRIRF= A A BN Ja W OB D IR R B AN o] BRI A [4] [5]. 28T, FEGufb =it S L A AR K
SEETIRIRY . YA EESR, HPERESBHIEFY), S5ATHrEE i & S

FERMEAR SmIs /& RIZOHRAE T Sm> IR A2 . Sm™ 5 ) B =) (e R . BRES)TE 45 &
YiksoEYERr, MELLE KRR, Wl 1. IR, ARSI AU AR S T AT R, SEARE TR
2z AR R DUSEIL R R B ER AT, HES) SmL FEZW & s MEMESE . SR b T AU T2 R . B
22025 4, CAE 13,500 f@ AR HRGE, AR TN G 0.3%, UIFEEERIIK R E[8].
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Figure 1. The most common method for preparing Smlz solution in THF and its electronic structure
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Figure 2. General cycle using a stoichiometric sacrificial terminal reductant for Sm"-catalysis
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3.1.1. FIA4SE BT EFISSH Sm" B4
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WL SR 7], SEBL SmP AR, R FF 51 A SR BRI IR0 MesSiCl. Mgh)fE ik Sm** =28 & V) I -

1997 4F[9], Corey M H RIS AEMEALEAIA L ) R R H T SmlL/Zn(He) 7R R R, 1% 5 W A AL Biis: A 1
P TERAR R, TR = P R R = G5 B R T (MLes SIOT )l A JRT T vy A JB) 7t 28 32 O o 2
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Figure 3. Smlz-catalyzed ketone cyclization reaction

B 3. Sml HEALERER K Iz R

1) Sml; (0.2 equiv)
mischmetall
0 20 °C; THF HO R

RX ¥ )M > M\/
2) H;0*

mischmetall; La 33%, Ce 50%, Nd 12%, Pr 4%, Sm 1%

Figure 4. Mixed-metal reduction Sml catalytic system
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Figure 5. Smlz-catalyzed coupling reaction
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2019 4£[13], Maity Al Flowers FIFAXT Mg(0)/Me;SiCl ML A R AT T IR AN 5T, KILGIN
JR B (I = $ 2 B 1] B R THMEAL R . A TR 3R 1 SR PR 7 S B S N I TR HE RS
RAETE AR — B AT N A AT, Smb 2 A N S5 B R ) SmCle X FEZER I 73 i I
N, fRFE T AT ALK 2R I U L858 A DAL 2 R Smb I8 SRR -

TX LB T (1) 3 [R] S 7E T8 FH BN A4 PR AR A 3 i R A R e AR o JE I A R S A% 1, ik
WET B IO AR AR e e, DASEEl s A . SR b T & Sm (KA, (Hi%
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2024 F[14], Reisman F Peters J¢ . [F) S48 1 7E M FEFE AL 2 0h S04 SR A Sml! i 4k g 1 —
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RS A, 248 Sm"-0 B IF2E & SmIs (W15 6(b)).
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Figure 6. Sm''-catalyzed ketone-alkene coupling/cyclization using a Sm'"-alkoxide protonolysis approach
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Figure 7. General catalytic cycle for Sm'-catalysis exploiting a radical relay mechanism
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Figure 8. Radical relay mechanisms drive Sml>-catalyzed (3 + 2)-cycloadditions

& 8. SmL L AI(3 + 2) I N Ak R 2

2024 4E[18], Procter TREALRIUGEILIA AT MISRIRY), XA PR AL B A AR HL S B PEAS
AT EA BRI A 9). R T E HIFEG + 2)M IS RIS . A B B d R SRR EIATT
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conditions A: Sml, (15 mol%), THF (0.1 M), 55 °C, 4 h
conditions B: Sml, (15 mol%), Sm® (15 mol%), THF (0.1 M), 55°C, 4 h
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Figure 9. Intermolecular coupling of alkyl ketones with alkynes/alkenes catalyzed by Sml2
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Figure 10. Sml>-Catalyzed cyclopropyl ketone ring addition
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Procter PRARZHIEHEFL T Smla fHE Ak [ HAth 5 DR B 1) AR 1 2 10 22 5 AR I B2 [20]-[22] . 2023 [23]
S, A ATIHROE T — A i o T AR FH SR Smb AL A CIAROBUR[2. 1.1 & EH 1K 77 v« XOGA[1.1.0] T 50
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WEMEARFHRIFANE21]. Z LZ8E R, NFRGE SmL AT TR MA, vTH&— R
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Me
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-10°C, 15-30 min
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Figure 11. Sml>-Catalyzed synthesis of substituted bicyclo [2.1.1] hexanones
11. Smb L& B RER2.1.11 2 &l

3.3. R EFREE

EFER, — AT WOGRERAEL Sm™ ERIE R R TIR RIS AL . 207 & A R T 4
FERHEVE IR SR AFAE T SEIMEAL . IR VERCA S Sm" S5 &, EALIEFR AT HT e 25 ARl g Atk 4T . 3R
A S R AN Z A Smi HEALAEIR (U0 1] 12) [24]. 7E Sm R AGIEIRCEMAEIR), KEHS Sm 45
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Figure 12. A general photocatalytic cycle involving Sm" bound to a photoactive ligand
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2023 4£[26], Borbas &I [ HHRIE 7 @i FALE R EA LR & H R ERER) Ln R i,
eI B Lot B SR ] 13). RS IZME 7T 32 BT Bu AL S, (B8 T B R Sm! il &R AE
2R N AT T R

X EulL, (0.1 equiv), hv
reductant, additives CH3
S c RS
R
=

Condition A: EuL (0.1 equiv), Zn (1.0 equiv), DMF, Blue LED
Condition B: EuL (0.1 equiv), DIPEA (1.0 equiv), HCO2H (0.5 equiv), DMF, Blue LED
Condition C: EuL (0.1 equiv), DIPEA (1.0 equiv), LiCI (10 equiv),H20 (20%), DMF, Blue LED

Figure 13. Light-activated coumarin ligand
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TEMEIERL |, 2024 47[27], Borbas HIBARIE T —Fh Sm!" & G R Z Ak, T Sm! S A0IE i &
eGP DA A BB ER 1,2- ZREE I 14). ﬁ**m%m%%ﬁf?ﬂﬂ%TL%LLWM@#%E%%
BEARSZEL Sm™ BT AL e b 2 A Smls Bl S, 1% SRmE IRl S T [ U N e Hopth /N2 F(n Oy
AR MHCOs) IR [ 28] [29].

3.3.2. AF PET BB EA &
2024 F[30], &R WAKLBANIKRIE T —Ma] WA S8 Sm AL 51, 1Z 7 vkiE i X B E AL
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P HO OH
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MeCN:H20 = 4:1
16-24 h
= Ar or HetAr Conditions A : EtNPr, (5.0 equiv), LiCl (5.0 equiv)
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PS = coumarin 343 EtNPr, L-ascorbic
(0]
H Me Me HO ;OH
X o (0]
Me N Me o)
Sy
N 0" o Vo HO
OH
Figure 14. Coumarin 343 system for Sm'-photocatalyzed pinacol coupling
E 14. Sm BN BT R 343 KEMBZEHBIR KL
Sm(OTH); (1 mol%)
DPA-1 (1 mol%)
EtN'Pr, (1 equiv)
0 H,0 (0.69 equiv
PR 20 (0.89 equv) HO——OH Antenna ligand DPA-1
5W, 415 nm leds
THF, RT 22 h Ph.

Ph”
= Ar or HetAr H

Ph

Ph<
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Figure 15. Photocatalyzed Sm" coupling reactions of aryl aldehydes and ketones
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B SR T A, R A Sm LA Sm. 1A T bR B 5 AR Sm AL LA SRS 1)
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25°C,1.5h

Conditions A : HEH, (4.0 equiv)

Conditions B : HEH, (4.0 equiv), PS (1 mol%), pyridine (2.0 equiv)

Figure 16. Photocatalytic Sm"-Catalyzed ketone-alkene coupling/cyclization
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Table 1. Comparison of different catalytic strategies
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