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Abstract Radical chemistry has gained its renaissence in the past decade and trendendous progresses have been witnessed in
synthetic and material chemistry. However, mechanism studies are largely lagging behind comparing with rapid paces in the
development of synthetic methodologies. On the other hand, the study of radical species remains a central theme in physial
organic chemistry, and a large amount of thermodynamic and kinetic data on radicals have been generated over a century’s
reserch. Unfortuately, there has been no systematic compilation and curation of these quatitative data that are dispersedly
distributed and buried in literature. As a result, most synthetic chemists are not acquainted with these valuable data. In this
review, we aim in compiling and curating thermodynamic and kinetic parameters of radicals, that may hopefully provide a
quantitative data basis for rational development and evolution of radical chemistry. The key parameters include radical stability
energy (RSE), radical lifetime (7), substituent constant (o) and electrophilic index (). Fundamental concepts such as radical
stability, Class S/O radical substitution effect, persistent/transient radical effect will be discussed on the basis of data.
Keywords radical property; quantitative parameters; stability; substituent effect; persistent radical effect
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R, (HIX R K 2 B0 A Sk, M= &
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FER, WERE. S4 H SN B LS PR S
PERIFA 57 B 2 MR D JC R 55 = AN T T 32 1% 5
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YEy—Fd e a4k, B AR E VT Nt g5
B J1 AN TT R AT &, AR A0 P A 5T
H H15E H SR RS T AR E Mo H i, Gl
15 Ak 4k ) 5 2448 B (BDE, bond dissociation energy)
SRFALVL. BDE ffit VA RBEmENREEFE, £2HMH
BRI E LIRS, W Eq. 1 B SEIE.
— i, BDE B, FoR AR B AR HUBAR E, R
MEAFEE. PAER) BDE Ml &7 B ML M= H
HEES) 128k DGRBS A AN S TR IMA SR, i
LSRN & EAME T EB, T H A RREA T
pK, M E K2 (12~16 kJemol ). BEAL, IX 4650 Xt
JE A R i M EE K, 0T K 2 B B & A K
H.

R—H >R + H (1)

BDE= AH"

7298

=AH (R)+AH (H)—A,H R—H) ()

1988 4, Bordwell FIFEEEL ORI A WL S H
I 5 R A IR VE R B9 2, ST T — Bl # ) 2 0E
RAG IR W C—H 8 BDE M7 1), %5
o 1AE, R FRNE pKua M1 Ex(A)RIATIE Eq. 3 3K15
BDE. A H T pKua WTHTE R FIE BIES 2], Ex(AD)
A IR 2230045, C 2B Ea(H)TE P 55T 21
Z A, HARAE R H(DMSO) A 233.6 klemol .
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Figure 1 Thermodynamic cycle diagram for deriving BDE
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IR PR i 1SV 5 A% 8 SOME 7 TR AN BRI H R R 1S, B e
FETUNE 7 — R5IHEY) BDE RN,
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(EDG, electron-donating group)n] AM#FHita T Fa g, MMk
HLFIE(EWG, electron-withdrawing group)Xf H H 352
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AR EMN, F—T5H, HE TR AT DUAT E AL
B T, R B LA E A AR TS BLEE 1966 4R,
Walter Vit K I p-NO, HURIE IS~ 1 488, (AfE-F
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#5H Class S H HIFE(S Fo same), HoAHFBAI i1
Ft R E W ER T AR, 55—2808 Class O
H H13£(0 %R opposite), EDG Al EWG %} H Hi3Efa e b
{EFIAH 2. Walter P\ A, Class S H H1FE A4 i H HH3E
LR ERE AR, R EHE, REAH
FRAE T O BRSO B A R B IO
T E WA Class O H HEE, 11N B HEE(E 2b). &
SN B SRERE YR, BT O, S S5 i1 1 th2k
MiZtJE T Class O 2K, (H—E ARG EISLIRIUESE. K5
BAVFZH K H BT 21808 1 B U 2 2508 1 i
FEHRIERY, HEF] 1995 47, Class O Z [ HHEEUREEAL
N7 A 3 S R v 5 TR A % LT R ) R G ST
WESEE i AAEDS 2, ZA AR, HT EWG WlRgs S
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ML ToE i, Ik T 308 R R AR e TERRAC. Wl
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Figure 2 Resonance structure of p-nitrophenoxyl radical
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HBA A T F R C—H B e B 5193 T 50
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Figure 3 Substituent effects of carbon and nitrogen radicals
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Table 1 BDEs and RSEs of selected C—H and N—H bonds

. ArCH3 ArCH2CN  ArCH(CN)CO2Et

Substituent
BDE RSE¢ BDE RSE BDE RSE

4-OMe 3622 6.0 337.1 6.3 327.9 8.4
4-Me 366.6 1.6 3409 25 334.8 1.5
H 3682  (0) 3434  (0) 336.3 0)
4-COxMe — — 346.6 —3.2 3432 —69
4-CN 388.0 0.2 3454 —2.0 348.1 —11.8
Substituent Ph-CH2-E* Ph-COCH2-E* 9-E*-fluorene

(EY) BDE RSE BDE RSE BDE RSE

H 3705 (0) 3889  (0) 3325 (0)
PhsP* 3709 —04 403.6 —146 3413 —88
(-Bu)sP*  373.0 —2.5 4065 —17.6 3471 —146
MesN* 3797 —92 4048 —159 3551 —22.6
PhsAs® 3835 —13.0 4002 —113 3454 —13.0
ArC(Me)=
Substituent T2 ANHCOMe  HcoNH,

BDE RSE BDE RSE BDE RSE

4-OMe 3782 8.0 400.1 154 381.0 32

4-Me 3849 1.3 408.0 7.5 382.6 1.6
H 3862  (0) 4155  (0) 384.2 0)
4-CN 3983 —12.1 4248 —93 3882 —4.0
4-NO> 404.6 —18.4 4275 —12.0 3872 —3.0
. ArNHPh ArNHNH> ArNHOH

Substituent

BDE RSE BDE RSE BDE RSE
4-Me 365 2 302 3 284 8
H 367 (0) 305 (0) 292 (0)
4-CN — — 326 —21 — —
Substituan ATNHPO(OED): _ ANH(P'Phs)

BDE RSE BDE RSE
4-Me 391 6 288 —2
H 397 0) 286 0)
4-CN 414  —17 271 15

“RSE=—ABDE= —[BDE(4-G-C¢H4R*) —BDE(C4sHsR*)] (kJ/mol).

I
DG EWG

m—20
.

Class S apparent electronegativity increase Class O

R = C, BDE decrease, pK, decrease
R =N, BDE increase, pK, decrease

B4 BrEBERE T B bR 2
Figure 4 Thermodynamic schedule of carbon and heteroatomic
radicals
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HHEEANRIB LS “FaE” B it 1
fiftiX— AR, 1976 4, Ingold Z5PYH] “FaZS” (persistent)
— AR AR B AR E LA 5). Ingold W, “FaE”
seifit BDE Sk ECAL H HHIE 3 S AR R 1, “F2
A7 R B R () LUROR A B 2R3 7%
FRE . Ingold H4RLL 25 & T H AL | tH A A5 () H
FEFR TS H H 3 (persistent radical), —AA, HH
BAFan KT 103 s RS H B, RZNBEES H HEE
(transient radical). ¥ 5 ¥ 7 —SF AR MEFRSKE
B, A7 FHALRI AT K T AR B 5K 2=, BRI eA#
BARBKKE HE .

VE R SErE R, B 2 A AR+ ) 2 F 2
= AR R, BEAS B EE E] RO R L
HRT BRI, RS REA PRkt it
ITH, BOHEZEMEESE. (BRI — R 5
TEREE ) B A BB S 51 T AT RTE, dnt
IR B 2 I8 T BN — S8 w5k 6 R 16 A PR R,
A Z s MRS B B AR B ARG AR RS R (B 6).
WEFERIN, XL S B E I S N AR AEARAS Bt 2R S5k
A HHEZ R AN, Fischer 2B A Zd 2 i i T2
A B B 5 DU R A i, B OV R AR
AEBEM R, RS REKREZRD K THESHH
B, 51T SOV A BURE R A8 AR, VR
RO “ WA R B ” (internal suppression of fast
reactions). 1992 4, Finke ZFB24EH T A24S B H 208
(persistent radical effect, PRE): A& % i 5t [F] i £7- 752
SHBEMBESERE, B oFHm R, BaH
A AR 770, BEJG ERoR, Wik R
rh RS B R B 2, HARRAS B AN
AR, R 453 31 (1 2 7= 0 58 AR B = 4134,

BSLIIARAS B AN, TR AR — R
NXARBRE B IR R AEERE -, WM ER
R ZFar I Z R AT RER. AR, FadS B H AR RN AE
G FERRE T IRZ R B, AR T — #&751
A VAN B H A58 B B2 R 5 R
N, HEEAARRMERANIES B HES TEMPO-,
+-BuOOs. Z M N 2k H B A A5 ZE 15 + B AR5
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e N
¢ Compared with methyl radical
4 Thermodynamic destabilized destabilized stabilized stabilized stable
BDE/(kJ-mol™") 469.2 439.1 368.2 338.7 291.5
. ' ' Phs_Ph ¢
Me* \r N
Ph
# Kinetic persistent transient transient  transient persistent persistent
log(t/2/s) -2.2 -4.7 infinite
@ Compared with lifetime of radical
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\ /
ﬁﬁv e
>Lvi< Si si— —si S—
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Figure 5 Persistent and transient carbon-centered radicals
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Figure 6 PRE-mediated cross-coupling reactions
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Figure 7 Persistent radical effect
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REEHE 0, XMW E BB RUEFTH B TAE.
HUAR TS 3 o AR AR DCHUAR IR AR S5 B3 1 A5 B2 (1)
KN, T BRI AW 285 S AR L 0 205 I P e S e — e
K, o BRSBTS 2K T R A B R AR I (B
P R AR IR RN, AR s AL B A 22 3 K 1) Ay
FKAI L, W] BE AL, A BN PE R A 7] T
4% PR e 8 1) LA AR A s 7 AR PR L 1 258, AT
WS T AR bR HER N, KIET o\ o &R TAE
Yy A s I PR B A I 44,

T H R R, BRI AT DLos i e B A
FA 23 O B G B IR L B DR B, AN TR B R ik
R A E B E AT A B AR O L AR S8
e b, HAUE A B B S N K ok, DRt
YT 280 E HEE R PR, RSO R R A
HP I ARE L. T2, NMISHERMES @& TT
%, PR — 28 5 2 S SR b S 2R RS I A B
(R IA RIS B 4L

lg(klko)=po 4

FLAE 1947 4, Alfrey F Price®i#g i T Q-e H#%
(Eq. 5), TR B AL 5 s R s 26, IX A 72
AL E AR ) 2R, Hoh, ko BoRRE
VEE R S A2 My BT LR B BRI, X M A AT
IR (R 2 K, Py AR B BRI OMETE, O,
RE My AR R BLENE, =& S5HPEBNAER, e e
3 AR M AR It S 3. € ORI 0=1,
e=—0.8, RIAId 56 ZRSLIAA 1 B o THE H HARLER
G HARN) O\ e HUH(Eq. 6). RE Q-e TR ZE— Y
BT, O WG IR Bt ALY R B R L4
PEBTM AR — BOAREE, B3 (3 AV 5 A P
19 E T s L SR T R

kin=P102exp(—eie2) (5)

ri=ku/ki,=Q1/Q-exp[—ei(ei—e2)] 6)

Ff j5, Simamural®®. Yamamoto*’!. Sakurail.
Kieboom!*l, Fisher!®l, Creary!®'l, Jackson!>2%&5 i i %
ANIE) E AR S N ZEHEEIE, 2 0E LT o Ers
Eps ErN. opes oce o ZEHURESH HU(E 8), SR
K2R BT 58 205 SR A 52 Wi s 3 5 PR 4/ PR 3R
M TR BAREE (1) B i 5 3R R ] LA 20, Jd e %) T
Wt 240 Hammett 75 FE AT 228040 IE, SRIRAGAH R X
RIEHEL. Arnold Z5P20IH @ M+ H IR IR (ESR) 3156,
S F B B B A AR A HHOE LT oL b
R FHCIC S TR 2, XEEH—ERE LR
T HUREGT B R B Ry AR, TR AR B R
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Figure 8 Model reactions for determining radical substituent
constants

1984 4F, P ERESEH, PR EURERH Bre il 2
IR 2R T BRI AR E X KR o F 2 R R,
M e B 34 2 5 FE S I G 1), BT PARTIR TAE 3%
A K AR M RN N [ e B N 58 A Ay B T, AR TE 4R
SHR ORI R ORI, ZRNAETT T 1,4-
MH S A, AR A, B 3 R AR
il AR AR AT R A ARk, R 72 A B AR AR HLAE
AT M0 4 0 T 338 558 7 5 4 F L s Sk 7 4R, AT BASE
AR A 2880 [ e B 3 RS PR AR A3 (T 9). AR = 30K
TSR, (R A PP R A 2 A R 220l
S HUAR TR I O AR B Hh ORISR, 5 ST & %2k
1A 0 AR M AR 2 B o™ (Eq. 7). 7E Swain-
Lupton X Z4 H H B AH AL 5 K NS, AR ik
)43 FF 1) P S S N 2, B E R L L pe=1,
pmb=—0.35, HLHE LI 52 13 7 FHE, FIH ook
PEEER B T — RIVA R IARIER) o0 fHP2)(Eq. 8,
% 3).
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Table 2 Compilation for radical substituent constants
Substituent 7 ERr Ep ErN oF- oc- 0. o
H 0 0 0 0 0 0 0 0
p-NO2 0.90 0.41 0.27 0.41 0.27 0.76
p-N=NPh 0.90 0.33
p-NMe» 0.24 —0.11
p-Ph 0.42
p-COMe 0.24 0.24 0.12 0.066
p-COPh 0.064
p-CN 0.24 0.32 0.23 0.53 0.46 0.043
p-SMe 0.34 0.43
p-CO:2Me 0.35 0.048
p-SOMe 0.006
p-SOsMe 0.003
p-OCOMe 0.001
p-OMe 0.14 0.11 0.19 —0.008 —0.12 0.24 0.42 0.034
p-SiMes 0.17
p-Br 0.12 0.072 0.17 0.14
p-Bu 0.03 0.014 0.13 0.036
p-"Pr 0.03 0.034
p-F —0.011
p-Cl 0.16 0.10 0.07 0.062 0.08 0.12 0.18 0.017
p-l 0.12 0.037 0.16
p-OPh 0.13 —0.147
p-Me 0.09 0.03 0.11 —0.020 —0.02 0.11 0.39 0.015
p-CF3 0.08 0.001
m-SiMes 0.03
m-Me —0.02 —0.001
m-CO2Me —0.004
m-OMe —0.02
m-Cl —0.04 —0.001
m-F —0.05
m-CF3 —0.07 —0.014
m-F —0.08 —0.018
m-CN —0.12 —0.039
m-OPh —0.013
F FpCr-m--- CF, omy 5 on AT UM R AT, AT LSRG pun =
R A g2 e i FF —0.168 Fl py.=0.449, HAHKHMRIF(R=0.997); TMi#
. E E FRIESHL o #EAT — T a3 50 4 AR S M B 22 (R =
Jue 0.743). MJRINE % B BOfE AT AR th, A% A 1 e Bk
X o trans  cis = 1:1 ORI I AT B KB

B9 BER=FAK L2421 M

Figure 9 [2-+2] reaction of substituted trifluorostyrenes
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Figure 10 Radical addition of a-methylstryene
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Figure 11 Qualitative criteria for nucleophilic and electrophilic
radicals
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Table 3 omb and ou- values

Substituent Omb o). Substituent Omb o1l

H 0 0 p-OMe —0.77 0.23
p-NMe: —0.96 1.00 p-Br 0.13 0.23
p-CF=CF2 0.40 0.86 p-Cl 0.11 0.22
p-SMe —0.18 0.62 p-CH=CHz 0.03

p-COMe 0.56 0.54 p-Me —0.29 0.15
p-SOMe 0.19 0.50 p-Et 0.15
p-Ph 0.06 0.47 p-CF3 0.49 —0.01
p-CN 0.86 0.42 p-F —0.24 —0.02
p-COOH 0.31 0.38 m-Me —0.20 0
p-CONH: 0.10 0.38 m-Br 0.36 0.12
p-SO:2Me 0.64 0.41 m-"Bu —0.20 0.11
p-NO2 0.86 0.36 m-CN 0.89 0.11
p-OCOMe -0.14 0.35 m-OMe —0.11 0.10
p-CO2Me 0.48 0.33 m-CO2Me 0.21 0.10
p-SO2Me 0.64 0.41 m-Et -0.15

p-SiMes 0.14 0.31 m-F 0.23 0.03
p-Pr —0.31 0.29 m-NO2 0.69 0.001
p-Bu —0.22 0.26 m-Cl 0.12 —0.05
p-OPh —0.46 m-CF3 0.39 —0.07
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Figure 13 Radical addition of histamine amide
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Table 4 . index for radicals

Substituent log K M(H,0)
‘H 4.70 1.47
‘OH 4.33 1.10
*CH3 3.23 0.00
*CF3 4.18 0.95
*CCl3 4.23 1.00
‘CH.OH 2.48 —0.75
*CH.CH20H 2.00 —1.23
-C(CH3)0H 2.00 —1.23
-CH2C(OH)(CHs)2 3.60 0.37
5 B&

L AARFENRRE, NI 2B F27 4
LT ERGE R TR H A R R A T ik TR
AN BON 73 A BRI 5E, X B ER A 10 S R i AT
TREATRAR. FIX T3l 05 R T B 2 OV R
I, WIdxt B bR AT AR R AR ELEL, FTEL
WAL E 2R AR R e . X PR R AN
[ Ffy e B R AEVE BT 5 5. IR s i Sk 1 H 3
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