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Fig.1 Synthesis of Compounds 1 and 2
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Fig.2 Synthesis of Compounds 3~7 (Top); 71, Ty, in Solution and Solid State 2] (Bottom)
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Fig.3 Synthesis of Compound 8 (Top) ; Structures of Compounds 9~11 (Bottom)
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THF, 90°C
2). TBAOH
p-chloranil
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Fig.4 Synthesis of Compounds 12 and 13
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Fig.5 Synthesis of Compound 14
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THF, r.t.
—_——

1). -BuOK 15, R

2). p-chloranil

1). tBuOK
2). p-chloranil
THF, It
_—

BEl6 WEWIS~1THER
Fig.6 Synthesis of Compounds 15~17

Na,CO;
Pd(PPhs)s
]l  Toluene/EtOH/H,O
90°C

E7 LEWIBHEM
Fig.7 Synthesis of Compound 18
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20 21F122(&18) , R ik TIIRENE. [HTF
TERE , a3 P22 O ETEAE R IR I 2% (Ana=

973 nm) B T — AL IR W WG IR ST .
201045, Miller%s Vi 55 SEBRARPLAP WS | 2 KA 1L
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Si(Me)s

19

Si(i-Pr)s

20, R=H
22, R=CF;

i-Pr :.§_<

(i-Pp)3Si Si(1-Pr)3

21, Ar= p_tert-butylphenyl

(i-Pr)3St Si(i-Pr)3

23 Ar= p-tert-butylphenyl 24
Mes = .§ CF,

S

Mes OAO Mes Mes Mes
(0]
z
OO
Mes Mes Mes O O Mes

26 j:F;

B8 RFRMFZTREHAE
Fig.8 Representative Open-shell Long-chain Acenes
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SEMIEEIRE PR . W2 50 2 e 5
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SHAPFISUENI[3, 2 |4 (B19) fE RS R ek
208 KuboZ 2 4007E20104E 120 134E 5 5B T (3,
3IFARATA 2T 3,4 PJEARATEYI28 (K19) , HIgFR A
HEAZR SR E H SR, 20184F , XIR TG s st
IS4k 45 203 Bl S7 SR T [ 4,2 1 AT LR 29 F
30(E9) IR A K. 8 R B A KA S 1A,
FE BN 12 T ARAP RN T 4 v 1 e T 3 2 R R
W, BT A ATT AR A 2 SO I 2 S TR BN IR R B
R SR SR A . 20204F g 2 A
AT —N[4,3 PDFAR LA HE31(1&9) , HERH
SRR A P JE M (10=94.8% ) DL KA /)N (i B B 45
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VWA R B B B . 20104F S 4k 3625 51201345
Miillen%E 46 i M 15 L BT BI040 T B e A
HLAR R i I 2 A A 5 /RS (Michael
Reaction) @l &I ; J5 7 B i i B 28 A & A DA Fe 3t
Vs fRpEA 22 XMELAEA T IR B2 RN . FL320244F , R4k 3%
SELTI R WA B T R RE 95,21 3F 633 (1819) 56,2 ]
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32, Ar = tert-butylphenyl

29, Ar} = mesityl, AT = tert-butylphenyl
30, Ary = Ar; =2 6-dichlorophenyl

33, Ar; = 2 4 6-trichlorophenyl

Ar,
35-40, 1=1-6
A173 5. di(tert-butyl)phenyl

[y

Ar
34 Ar, = 2.4.,6-trichlorophenyl

A CsH
Arlz_; ms 11
Ary = 4-(tert-butyl)-2,6-dimethylphenyl sHi7

B9 KRMEMFFZERIE

Fig.9 Representative Open-shell Rectangular Acenes

HRAEY34(E9) . BRI B2 AR b 3EAE
PECRUA B8 800551 0 75.4%F190.7% ) FIAR %5 ) 2.
EER——FHAREK (AEs 15708 —1.68 kcal/mol 5
—1.28 keal/mol) . 20174F , R4k 48 0K T — R 5 7]
s LR E IR & 00T 4= 035~40(1K19) o AFSEH 1]
Yo re 2 o A A A 2 B B S A RO
AL 7 RGT R, X SRR B | R S — =5
AREPRALEXHE RN b G Y140 I SRR A AL
i EARRAE (10=0.564 ) Fl /NI PLEE 25— = H A AR R
(AEg.7=1.80 kcal/mol) . 7 Z 48 A, Bk TAEH A
Xk 8531 e 8l ) 2 R A T R AE RS

20254F , W B ARAE O IGE T — R T A (6,2 EERT
AEY41(E10) . Z5rFBA T R)E R ESHES  HTE
TG PEBR VIR T 25 A Ve K Bl ) 24 CR AP A i) S s | JLAE
A TR RIFREE (1,224 h) . A UKL
F41-alfyE O B Refb (IRAL IEEAL ) , 38 3 SuzukifBEE 5 |

Br

Pd(dppf)Cl2
bis(pinacolato)diboron
KOAc
41-a Dioxane, 90°C 41-b

1) n-BuLi, -30°C
2) 2,6-dichlorobenzaldehyde

Ary Ar, Ary

K;PO, 3) TfOH, DCM, It
DCE Ar; Ay Ar
Tellux. Ary Ar, Ar
_—
1) t-BuOK
18-crown-6
1 2 Ty 2) p-chloranil
41-d THF, r-t.

Pd(PPhs)s
SPhos, K3PO,
Toluene/H,0, 90 °C

ATHPRIER 5 FE 4554 1-c. BEJS , CuBry/ilif
) — Sk ER I R S T AT IME S A A, AR R T
o AR ) VAR T (B R4 1-d . SR — A | S
W INBL B 53 F WAE— S b N BF41-die Aok — ST
&, o AL R AT HAR =941, SCR MBS TR %
AH G B A A 0 0L 1 pR R OBL 1 R 2 R AIE 45 4L
10=94.5%) , SQUIDI 15 HAT B/ Ny B i 38— = HE A g
BRIAEs.1=—1.33 kcal/mol., @ B[S, 7E70 KN, %5
T HE— b Sb RN 18 7,24 16.7 ms, H FEAH TR T,
M0.85 pso
2.2.3 EMIHFFELHZA I (Zethrenes) £ (B EHLET
FER)

20184F | Rk 345 OURIE T =R [ RF 258
IRAE, FLGh M FRAE S HAT WS4 T HES A9 95 14 IR i 2%
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Fig.10 Synthesis of Compound 41
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52, Ar3=3 5-bis(trifluoromethyl)phenyl

ATy
53, Ary=2 6-dichlorophenyl

B KREERFFMZEHR

Fig.11 Representative Diamond-shaped Acenes and Zethrenes
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AIH B FES4(F12) . %0 TR H B 505 B i
PE,FE-78 CASMRI T RERREAETE— R JaZL o5
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Fig.12 Representative Acene Derivatives with Other Topological Structures
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a c
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—
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E13 LEWSTHA R
Fig.13 Synthesis of Compound 57

Me,SO,
K,CO4
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MesLi

(CF3C0)20  Mes
BEHZCIIE
o

B4 =RBHTENSSHE R
Fig.14 Synthesis of Triangulene Derivative 58
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E15 EWSIHIE R
Fig.15 Synthesis of Compound 59
59-b, J5 G I 5 A ACK: R B AL e S9-c. AR TEIRTIAR60-f, AR5, A i AR R S MO B A B
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Triisopropylsilylacetylene
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—
H,SnCly, r.t.

El16 LEM60ME AL
Fig.16 Synthesis of Compound 60
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Fig.17 Representative Indeno type Open shell Molecules
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7% (Hexabenzocoronene , HBC ) B 22 |- filvg — I i 8T,
BT P SFAART 580 (EI17) . HoAr 5 FR I h 45
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— LIRS . VA B AT T B R 30
TR AW 7 S e i Q) R R e Sl 2 = B R LA i
Yol , Bt — AR T AR T RAHTAT R HZE R 7

mesitylmagnesium bromide

o —THE. xt.
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T 1
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regime
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’t;)\ O— o
5 3 ’ = ' LI
~ [oop©0©©® . 3 % ’®
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oo o o ® o . 4 & L
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T (K)

E18 L EMSINAR (L), BERER B RE—SEN KR EEEMNEEETHE, EEXOEAREHR, FEFINOEARKER &
BELHSKREARBE GBS OHFSRRCS,, BERRS T8, AHRAREBHERR, ST OBERTZEBENE,

FEEELRTREMCS,HBEERE(T)

Fig.18 Synthesis of Compound 81 (Top). B. Temperature Dependence of the Inverse Spin-lattice Relaxation Time and of the Spin
Coherence Time in Powders (Blue Full Circles) , Toluene (Green Half-filled Circles) ,d-toluene (Blue Open Symbols) ,and CS, (Green
Open Symbols). Circles Represent 81,and Pentagons Represent Monoradical Impurity. Arrows and Full Hexagons Represent Values
with Nuclear Decoupling. Vertical Dashed Lines Indicate the Freezing Temperatures of Toluene and CSz[m (Bottom)
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Fig.19 Synthesis of Compounds 82~85
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R|Br, n-BuLi

THF
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e R R Ty
gy = irdy ]
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Fig.20 Synthesis of Compounds 86 and 87
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Fig.21 Synthesis of Compound 88
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Fig.22 Synthesis of Compound 89
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Fig.23 Structures of Compounds 90 and 91
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Fig.24 Synthesis of Compound 94
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Fig.25 Representative Carbon-based Macrocyclic Quantum Magnets
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Fig.26 Synthesis of Compounds 102 and 103
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Fig.27 Non-alternant Quantum Magnets Containing Seven-membered Rings
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Fig.28 Structure of Compound 113 and Synthesis of Compound 114 (Top); B. Spin-lattice Relaxation Time (7;) and Spin Coherence

Time (7,,) of Compound 1140102 (Bottom)
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FEH B (Dimethylformamide , DMF ) %5 H i S S AR
FIHAR> T 114, BIETHR SEPRICRUE ALy =
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Table 1 Summary of Spin-lattice Relaxation Time (7;) and Spin Coherence Time (7;,) for Carbon-based Radicals

HFREHS BE(K) RS T (us) T, (us)
298 0.2 wt% B2 TPMMA 3.74 0.23
60 VAL S / 13.30
298 B / 1.17
298 B 35.60 1.08
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(8:55)
HFREHS BE(K) HERRE T, (us) T, (us)
40 SURHZE >100.00 21.10
298 0.05 wt% 37 FPMMA 3.09 0.36
80 SRR 497.00 5.90
298 0.2 wt%B 2 TPMMA 4.73 0.40
70 TARHIZE 16700.00 0.85
70 TULH 3260.00 0.93
50 SRR 1430.00 0.75
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R= .; :X<
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Cl e Cl X
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Mes O‘O‘Q Mes
) . (D
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. _Cl T oa
- ‘ Q O , e 50 SACHIZE 1760.00 1.78
tepd~TCP TCP—R_ !
89
50 TALHR 1150 000.00 5.75

4
BolUce O




458 RN S 2026 4F
B
HFARES BE(K) HFRIRE T;(us) T,,.(us)
10 AR 45.20 3.69
10 SRR 53550.00 3.41

* PMMA K 2 F B 4512 TP TG (poly (methyl methacrylate) ) o
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Solution-phase Synthesis and Quantum Coherence Tuning of Carbon-based Quantum Magnets
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Abstract Over the past few decades, significant advances have been achieved in the molecular design and solution phase
synthesis of carbon based quantum magnets,leading to a clearer understanding of the intrinsic relationship between
magnetic properties and chemical structures. In recent years,driven by the rapid development of quantum information
science , carbon based quantum magnets have attracted unprecedented attention as an emerging quantum materials platform
because of quantum coherence tuning. In this article, we briefly review the development of solution synthesis of several
types of carbon based quantum magnets and highlight representative systematic studies focused on structure—magnetism
correlations , aiming to demonstrate their potential relevance for quantum coherence tuning. Particular emphasis is placed on
recently reported synthetic strategies for carbon based quantum magnets,as well as their quantum coherence properties,
including spin—lattice relaxation time (7)) and spin coherence time (T,),providing insights and guidance for the future
design of carbon-based quantum magnets.
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