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Abstract

This article reviews literatures concerning preparation of stable free radical DPPH
(2,2-diphenyl-1-picrylhydrazyl) and its derivatives. The key intermediate playing an important role
is diarylhydrazine. The article reports solution methods for problems in each step of the reaction.
In addition, it also shows the development of DPPH synthesis and other stable free radical DPPH
derivatives, besides DPPH.
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1. unth

ffusaud Stefan Goldschmidt waz
Konrad Renn dswn3nzheyyadassiiadios
DPPH (2,2-diphenyl-1-picrylhydrazyl,
1 awduans) Jusnuulanasewsndafioy
ARITIBALEY (R.A. 1922) TnAnenFansi
saviulfiaualaseadeasiliognainaula
wazmenainsfigaulaseainedeiaanndos
Fulassadraidufivinuifeanciauals
(Williams, 1966; 1967) DPPH Wuan37is
falrepdwsnaiuiiy Tunmsnsdazsidundn
Nau (Rnnanuial 1356 °C, dec) (Sigma-
Aldrich, 2012) snsflaseasendnldnans
WUU 19W DPPH-I (Ranasumad 106 °C) u
Orthorhombic, DPPH-II (3A%addL%a"
137 °C) w4 Amorphous Waz DPPH-III
(Aanadunal 128-129 °C) u triclinic
\Wud (Kiers et al,, 1976; Zili€ et al., 2010)

O,N
Ph,N—N NO,

O5N
2.2-diphenyl-1-
picrylhydrazyl, DPPH (1)
(deep purple solid)

A.A. 1952 Kaufmann way Korfhage
(Kaufmann and Korfhage, 1953) Wudn
DPPH snan3nvingfji3eniu Tocopherol 161
937 Blois (1958) lWaunlaeh DPPH [
Tdmunduansyszugnsmsiupyyadass
2998135741217 E98%3m (Biological
Materials) WgATHWasUAINEITaTANUEN9

JsasIIMsiaddd uns.ws:uas Ui 6 aduil 2 Auandu 2555

dudwdesseu anduAsisnseulusiud
wSouru3dalugruiisanudndiuauunn
(Sanchez-Moreno, 2002; Huang et al., 2005;
Shahidi and Ho, 2007; Liu, 2010)

Taes33u21# DPPH {innsaanssitias
LAZENNITAAUANTAANNTIINAITULDS LS
(Dimerization) TaeAn Conconical Form 1a
fiwrililassanedatiosamlagaBianasou
i N(1) v99 1a +im Delocalization l@@nIn
Trssadeuuy 1 (fequdl 1) (Walter, 1966;
Poirier et al., 1952)

e

PhN—N—Pic <—3 Ph,N—N—DPic
1 la
35U 1 wamsmsadraafiosanwass DPPH

Uszlewdves DPPH afimshlulsiduy
a15u1m351ulu ESR (Electron Spin
Resonance) (Chen et al., 1961a; Chen et al,,
2009) waziinsw3ew Diradical eyl
%4 Molecular Ferromagnet (Kozaki et al.,
1998) Bneay \lasann DPPH gnlfeiueg
winanpaTwaunseisiaaiu Tupnaaui
azlgna1afiensiwion DPPH aghalsianu
Tupnanuildneaunsnionansoyius
DPPH Bu 9 @2® loun 2,2°,-bis(4-
methylphenyl) -1-pricryhydrazyl(13), 2,2-
diaryl-1-pricrylhydrazyl(22), 2,2-diphenyl-1-
(trifluoromethane-sulfonyl)-hydrazyl(23a)
wae 1,1-diphenyl-2-(2,6-dinitrophenyl)-
hydrazyl(23d) udu Buafivsfioungites
windulifisneaunisldauvesansmant
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Faufudesiaulatiasmandaunsaldou
nauwny DPPH lan3ald wazaziidadiuas
dodauansneiundald penels Beonathllg
AMsanTasPLYaINI B DPPH agls

2. itiom

A.A. 1922 Goldschmidt wae Renn
(Goldschmidt and Renn, 1922) ¥inmsw3ey
2,2-diphenyl-1-picrylhydrazyl (DPPH, 1) Fu
iniflupfeusnvaslan (@3 2-1) lagends
Ufnse1sendne 1,1-diphenylhydrazine (2)
1 picryl chioride (3) ¥lig

O.N oM

CHCl, e
PhoN—RHNH,* CI@»ND? —_— Ph:N—NHQNO;

O:N O:N

1-1-diphenylhy- picryl chloride (3)

druzine (2) DPPH-H (4)

PhO- M50, in C,H,
O.N or CHCl,

thN——N-QN02

O:N
2.2-diphenyl-1-
pierylhydraeyl. DPPH (1)
fedeep purple sofid)

..(2-1)

2,2-diphenyl-1-picrylhydrazine (DPPH-H,4)
annduans 4 azgreendladieianlaeanlsd
(Pb0) luiwudu wisnaslivoduldans
nandasi DPPH (1) suaey Tulfasen
SuspsdulsiFeudama Wneaindi) ady
@mﬁﬂ‘ﬁLﬁwﬁummﬁﬁ%maaﬂ%Lm%’ummLaﬁﬂm-
ponloddeauns 2-2 iefleedutifia
UfAseeendwduty DPPH Aunaulliu

2,2-diphenyl-1-picrylhydrazine

PbO2 + 2H" + 2e- = PbO + HZO
...(2-2)

2.2-diphenyl-1-picrylhydrazine,

2.1 msiasay DPPH-H (4) (Forrester
et al. 1968)

1181582818 1,1-diphenylhydrazine
22 a5y, 0.1 Tua) Twesnuea (250 wa.) I
naufuladeuluasuaun (21 5y, 0.25
Tua) anduidis Picryl Chloride (24.8 n%4,
0.1 lua) avlBeazifnuiansvaulasanles
Fuuazansazarvaziasuiduduns, guans
azanwadszina 15 ufl anduweanlsnada
Tugsanasfividuasly dnlunseafiountu
Filtrate TU&edeth (2x250 11a.) wadavihns
sempivnazanslfnisyszanas 150 wa.
Fisesueaadll (150 wa.) felidudu
nspeivhazaneeanazldndn DPPH-H (37.1
A5y, Spuaznandaeivingy 97) thansfilaly
AnKANMNSEAanlsHasy (90 1) WaNAD
W057UBa (60 Ua.) azlAnAnU3Ty DPPH-H
(annanNal 170-172 °C)

2.2 msiasau DPPH (1) (Forrester et al
1968)

aza1wd1s DPPH-H (5.1 A%y, 0.013
Tua) wanduanlneanlss (31.4 n5Y) wa
Tgifpadame (Usraani) (5.1 n3w) Tu
wudu (100 wa) Widhdu vansweians
avanslidniusouny 2 oy, andunsosda
inazanafiell vesudediasldadndaria
avanufimanlagnsanAnusiu (in vacuo) Az
Tgvoeudednan vin1sanudnansfilase
widuuazladtlnsidon (2:1) azlaU3Buisiag
Yp9a19Begou DPPH Avwwudu (1:1)
(aAnaDNWAY 128-129 °C) wanfildmnily



@

P¥nfvhasausalaunsanANNFud 80 °C
W 16 . azldndnifiganasumnad 137 °C
(MInnuanTnavee DPPH a5 ld6iain
azangnaunanlsiasuLazlnefiad ey
Aulpensdndirinazasdi 80 °C luaaiy
MIANAINUAY)

siounlutl A.A. 1953 AuztAddBYRY
Benington (Benington et al., 1953) livin
AIMILNEIPUNUS hydrazyl Fuan Tun
di-(4-fluorophenyl)amino radical (12) Wio
AavnUAze A ITndueswesasi Taud
ANTLAANTUABUANTTIATIZRAN T o8N
aula seluaunns 2-3 lawiduann N-(4-
fluorophenyl) benzamide (5) viUfATeNAy
phosphorus pentachloride (PCI5) Tuanusou
ﬁﬂﬂ@j crude V89 benzimino chloride (6)
Was@nduanIigae 4-fluorophenoxide
sodium salt (7) azlef 4-fluorophenyl-N-4-
fluorophenylbenzimidate (8) &15 8 awiiin
ANTdndInid 280 °C azld N, N-di-(4-
difluorophenyl)benzamide (9) §15 9 Ka¥aIN
lalasadaluaneaziindly di-(4-fluorophenyl)
amine (10) #9azgnenndladsadiziania-
panlaaluwuduingy tetra-(4-fluorophenyl)
hydrazine (11) 9815 11 asnsaAnng
uwane (dissociation) 11/g di-(4- fluorophenyl)
amino radical (12) WaZLAANITIINAINY
(dimerization) nauUINgans 11 1 wananil
AN lsvinns@nenans DPPH wuin
LiAannssaudiuguivafua seyius
DPPH #inanaandnedu (Poirier et al., 1952)
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(8] Cl

PCIg/A .
Ar——N=—=(C——ph

Ar—NH—C——Ph

N-(4-fluorophenyl)benzamide (5) benzimino chloride (6)

e
Ar é‘@* F Ar( m.'-..@

(7
Ar()
8] A
rearrangement
Ar——N——(—Ph —— Ar——N—C—Ph
J\r 4-fuorophenyl-N-4-fuorophenyl-

benzimidate (8)
N.N-di-(4-fluorophenyl jbenzamide (9)

KOH/H,0
alkaline
hydrolysis
Ar——NH  phoCH, Ar——N——N—Ar
——i
Ar Ar  Ar
di-(4-fluoropheny!) tetra-(4-fluorophenyl)
amine (10) hydrazine (11)
-
Ar——N

Ar

di-{4-fluoropheny!)
amino radical {12)

...(2-3)

Tullsounuzunideifndeldsnoey
AIWSHUBYIUS hydrazyl 3u 9 spAINEN
(Poirier, and Benington, 1954) WazgNgudi
4wy R waz R lu hydrazyl (13) fiwasio
LRYININYDOYYADASY (free radical) 7
Andu nafe win R =R =Ph %390 p-tol,
pyyadaTzfinIsuTusnaziiafiesang ua
AN UNUT R = Ph, R = CH azdui
w3sayyadasziiliiafius (Unstable Free
Radical) Jusnléf uswin R = R = CH, a2
ldanunsnwmIsusyyadassiduunldias
upnand SeldssnuaugAiung
Aanauwssly UV-spectra famsnsdl 1
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.
Rj——N——NHPic Rj——N——NPic

R, R,

hydrazine (14) hydrazyl (13)

0N

p-tol = &@‘ CH; pic = é‘@' NO,

O-N

M3t 1 uaneiM3ganauusagies hydrazine
(14)* uay hydrazyl (13)°
Hydrazyl, 13

Hydrazine, 14

R1 R2 (nm) R1 R2 (nm)
Ph  Ph 319 Ph Ph 332
p-tol p-tol 320 p-tol p-tol 347
Ph  Me 319 Ph Me 334
Me Me 319 Ph Me  332°

*The 1 x 10* M and ” 5 x 10 M prepared
solution was as to be determined after

standing unprotected daylight for 1 h

A.A. 1961 Chen wazAady (Chen et al,
1961Db) 9innswSey 2,2-diaryl-1-
picrylhydrazyl (22) Tusnéeauns 2-4 lag
AIUNUTFIUALS para- 2893 phenyl 2l
ny -G (= OCH,, Cl Br, COCH, NO, uag
Ph) wud ayyadassiiwseuladiafiasawlad
-8 °C U 3 hipu

L
NPic

ArN

2,2-diaryl- I-picrylhydrazyl (22)

Ar = 3—@—(;

G is given by:
Group 1: G = OCHy, CL, Br, CO,CH3, NO,, Ph
(The free radicals are stable at - 8°C for 3 months)
Group 2: G=CH,, F
(These free radical are unstable and cannot prepared in pure states)

@

(8nViW G = CH,, F; auyadaszliafiusuen
13l8) Fevuidusdnafendeiifinnsinoy
diarylpicrylhydrazyl 84 9 TuxIuenaIn
DPPH usnannii Anzinddpdeldwmunnig
WndfA3e1 picrylation wazdiisen N-
nitrosation laglutfAssiusndnisun N-
picrylpyridinium chloride 1 unuansld
picryl chloride Wigaagnafienlngazyinlile
Sovaznandarigedy ifasanmsld picryl
chloride agnifgazyinld hydrazine &
wilafaUfAsenlilu hydrazine hydrochloride
drutfjA3en N-nitrosation Afin3ld nitrosyl
chloride (NOCI) wnuansld nitrous acid
(HNO)) Immﬂﬁ%@aamémﬁmﬁﬁqﬁuLﬁuﬁu
fefnzenalsldimangy ¢ = OCH, H,
CO,CH, w3n NO, AuLAUNIeNIFAIIZH
diarylhdrazyl vnuawansl3luannns 2-4
sumnssil 2 wans hydrazyl iy

Ar——NH,

substituted aniline (15)

acetylation by
Fieser's method
8} Ar

Al

Ar-1iCu l

Ar—NH—C—(H; — Ar—N
Elfmanns ' reaction

psubstituted acetanilide (16) N N-diarylacetamides (17)

r.’J.\ abtainable from acetvlation's Fieser method KOHiale)
of p-subsituted I"-anmine) fvdrofysis
nitrosution by:
1} nitroaws acid (HOCH) or .
AnN——NO  2)nitrosyl chloride (NOCH AnNH

. . A djarylamine¢ (18)
nitrosamines (19

Ii.-\IH.n:ilu-rl

reduction
AN —NH N-picrylpyridinium
AN H, chlaride ArsN——NHPic
diarylhydrazine (200 —————®
picrylation 2. 2-diaryl- | -picrylhydrazine (21)
PhO,/CHCI,
or CCly/ Na.S0y axfdeation
(anhydrous)
Ar g@‘i
.
ArsN—— NPic
G = OCH;, Cl, Br, COsCHs. NOw, Ph. CHy, |
' " ) - 2.2-diaryl- | -picrylhydrazyl (22)

.(2-4)
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ana

A19197 2 uane hydrazyls (22) ﬁLﬁmmmJg]mm

29n8LATYU hydrazines (21) A2y

PbO,

para-Group Solution  Recryst. mp
of 22 Color (°c)
—OCH3 blue - 145-148
—CH3 blue-purple CGH6 108-118
-H purple CClL, 127-129
-Cl purple CClL, 154-15
-Br purple CClL, 139-141

—COZCH3 dull-purple CGH6 90-100
—NO2 brown-purple EtOAc 204-207
140-150

-Ph blue-purple CHCI3

“mp after drying at RT are listed (Chen and Walter,
1961b)

faunAmMzindduaA1e q ldneneny
FupaazianIoyiusdy « (23-25) 289 DPPH
FusnBnfaanduzIwazsefinIIenu
2,2-diphenyl-1-(trifluoromethanesulfonyl)-
hydrazyl (23a) (Balaban et al., 1973a) #fin
Fuiiedusanlusniazasiigumgivesuas
#¥iNN1IkEn 1-cyano-2,2-diphenylhydrazyl
(23b) (Negoita et al., 1974) waz 1,1-diphenyl
-2-(2,6-dinitrophenyl)-hydrazyl (23d)
(Balaban et al., 1961) SL‘LIEIJTEN wivpanunle

PhyN—N—R
23
R = -80,CF; (23a), stable solution at RT
(Balaban, et al.1973a),
-CN (23b), black-violet solid
(Negoita, ef al. 1974)
2.6-dinitrobenzene (23c¢), violet unstable

2 4-dinitrobenzene (23d), black-violet
(Balaban, er al.1961)

R = SO,Ph (24a),
(Balaban, ef al. 1974),
2.4.6-trinitrobenzene (24b),
(Balaban, ef al. 1977)
PhCO (24¢), (Caproiu, ef al. 1983)

N— T‘\E-SO:@- R

25

R = H (25a), NO, (25b),
(Balaban, er al. 1973b)

WinfiIusn azudnanssedu 1,1-
diphenylhydrazine (2) asnsaww3auldann
U7i38100nBw 5 diphenylamine (26) #3¢
nitrous acid (HONO) #3® nitrosyl chloride
(NOC1) auaq8diAize13antu N,N-
diphenylnitrosamine (27) #inTuday Zn/
AcOH %39 LiAIH, ¢Naun3 2-5 (Fischer,
1878).
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HONO or NOCI
Ph,NH ———» PhN——NO

diphenylamine (26) N.N-diphenyl

nitrosamine (27)

Zn. AcOH| . , .
or LIAIH, i reduction

PhoN NH,

1, 1-diphenylhydrazine (1)

.(2-b)

pgn9lafnNy a19e9dy 1,1-diphenyl
hydrazine (1) Tuiduniedneduiidamiung
wenliuFans Snislumsiyiazenidnduans
N,N-diphenylnitrosamine (27) azinadf)izen
wnIndaulinuanianuss N-N vinl#la
diphenylamine wnu U Koga Way
Anselme (Koga and Anselme, 1968) asld
Waun 90 S anan3a ks s a s nan e
figauazdnnnsliiedu TawiFuduan 1,1-

aoca

diphenylcarbamyl chloride (28) vinufjizen
Wufisiy sodium azide (NaN)) Aau
1,1-diphenylcarbamyl azide (29) #&a13 29
¥UfAzen msdesalnduuy Curtius e
$m8 deprotonation ¢y NaOH(aq) azldians
1,1-diphenylhydrazine hydrochloride (30) ta2
1,1-diphenylhydrazine (2, Sp8aznansin
WinU 66, AWIAN 28) MUANRU (AunNT 2-6)

(8] (o]

“ EtOH/A
PhaN—C——Cl + NaN; PhoN—C—N;
3T 97% 2 :

1, 1-diphenylearbamyl

1.1-diphenylcarbamy!
azide (29)

chloride (28)

1) +-BuOH/A/ Sdays
(Curtius rearrangement)| 78%,
2) HCI

NaOH(agq¥A . . .

PhaN—NH. q—(I’II:N—i\H—NH:)-H(_E

2 : 89%

1, 1-diphenylhydrazine (2) 1.1-diphenylhydrazine
hydrochloride (30)

(66% based on 28)

...(2-6)

&

AMNYUszaun1saieey O’Connor WAy
Walter (O’Connor and Walter, 1977) wWu3n
15 1,1-diphenylhydrazine (2) waz 1,1-
diphenylhydrazine hydrochloride (30) [
wigsderulidunauu q Audndded
Tam3sinusnmansienan laenudn win
Lﬂ‘ﬁ'suaﬂsﬂﬂaq’lugﬂ 1,1-diphenylhydrazine
tosylate (31) azvilansiiadosnnaidetu
st Fhansnandnst 1,1-diphenylhydrazine
fAnTuszning N,N-diphenylnitrosamine
(27) iy LiAIH, lusiuaasendedy p-
toluenesulfonic acid (TsOH) Tu t-amyl
alcohol (t-AmOH) unldgans 1,1-
diphenylhydrazine tosylate (31) was &5 31
da1u190 recovery ndwvung 1,1-
diphenylhydrazine lasalsifaun1suamn
(Na CO) Beanunsavigfizensdedy picryl
chloride u1lUg 2,2-diphenyl-1-
picrylhydrazine (DPPH-H, 4) [#seaunis

1) LiAlHy fether
: (inverse addirion) ‘
Ph;N—NO (Ni’h:——NHz)."J SOH
2) TsOH, +-AmOH
.\'__\'-diphun)'] 1. 1-diphenylhydrazine
nitrosamine (27) tosylate (31)

(more stable product)
pricyl chloride/
N COyMeOH
DPPH-H

2, 2-diphenyl-1-picryl-
hydrazine (3)

.(2-7)

Tudunaunseandlad 2,2-diphenyl-1-
picrylhydrazine (4) wazaNIdURus 2,2-di
(4-nitrophenyl)-1-picrylhydrazine (32),

N-picryl-9-aminocarbazole (33),
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hay 1-(N,N-diphenylhydrazono)-2,4,6-
trinitrobenzenide (34) (3U9 2) ldg
diarylhydrazyl radical 1588 3allUsaB
wesuuenwa (KMnO) unuianlaeenlss
wouidsld wanannd winsnEn -butyl
ammonium bromide (TBAB) aslgazyinlk
UiA%8AnNIY phase transfer catalysis
Winenaliiin TBAB AanunsniinUfAzenls
Budieaiu dauseuaznindneilaasinazey
Tugae 42-90 fapn31eft 3 (Brown and Weil,
1986)

H . H
\@\ O,N B \CI\ 0N
R
{F w5
H

)N

1
2.2-diphenyl-1-picrylhydrazyl
{DH; or DPPH ., 1)

05N -
Q 0N {

|
NHPic

2.2-diphenyl-1-picrylhydrazine
(DH5-H or DPPH-H. 4)

0O;N
2.2-di(4-nitrophenyl)-1-picrylhvdrazine
(DINO;)»-H, 32)

: [\Q ON
N .\:—ﬁ,—Dch ),
9
H

N-picryl-9-aminocarbazole
(IYH,-H, 33)

O,N

1-(N.N-diphenylhydrazono)-2.4.6-trinitrabenzenide
(DH, K" 34)

3Uf 2 wandlassadevosansoyius 2,2-diaryl-

picrylhydrazines

A9197 3 wansSpEaTNARATITeY
diarylhydrazyls radical a7n

diarylhydrazines

Diarylhydrazines #208n8lad Sopaz
NaRAuI"

1. DH-H KMnO /TBAB 80
2. D(NO) -H KMnO /TBAB 90°
3. D'H H' KMnO /TBAB 81¢
4. DH -H PbO /NaSO, 53
6. D(NO) -H PbO /NaSO, 65
6. D'H -H’ PbO /NaSO, 42°
7. DH-H KMnO, 85
8. D(NO) -H KMnO, 80°
9. D'H -H' KMnO, 70°
10.DH -H KMnO, 70
11.DH-H dry KMnO, 90
12.DH, X KMnO, 59°

“N-picryl-9-aminocarbazole.  Of calculated from
corresponding radical. © Determinated using
spectrophotometrically. 40f crude product (Brown
and Weil, 1986)

11T A./. 1998 Kozaki wazAniy (Kozaki
et al, 1998) [$vinsw3ay diradical (40)
(8un135 2-8) e lUlgu molecular
ferromagnet Agi3NaIAA1581a1T 35 ¥
Ufji%en Ullman coupling fuans 36 azle
d1nanAue 37 aindulnans 37 w1
lithiated #2g n-butyllithium ANAY
nitrosation A3 isoamyl nitrite lu THF ua
NNSIAIBENSHERA AT e s nadensdlu
nsnpzdfnazlaans bishydrazine, 38 11ans
38 winUFA3en picrylation LAawduans
WAnTnel 39 Feazgneandladdeivianie-
9nlAnSadaInsoanlys (Ag,0) Tasdl
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ludadouniven (K CO) lulanaslsfimy
(CH,CL) Fmdehllg diradical, 40 16 89
15 40 danansagnuenoenandyislasin-
Tnsnaillagasfiafivsnmaigungddesndn
0 °C wifaglupme agnslsfienu anstimn
sglugtesudwdaasazagaziinnisaans
ﬁﬂﬁasmmm%ﬁiqmmﬁﬁm

B Me. Me
li K4C 0y, then HCI
A LA
NHAc | ™ Uliman coupling onpling h N

AcHN N
37
1) #-BuLi, -AmONO
2) ZnHOAe
Me Me
Me Me  pieryl chloride/ N
Ar LA - e M N
N X \
NHPic  NHPie NH, NH,
39 8
PO, or
Ag-0 at -20
w0 Ar E_D_(‘
Me. Me
A ﬂ,.«
l\\ N r
| |
*NPic *NPic
40

Tufl m.f. 2011 Hristea WATAMY
(Hristea et al., 2011) lam3wy 1-(4-
nitrobenzofurazan-7-yl)-2,2-
diphenylhydrazyl (43) Tuan (auns 2-9)
Tawin 1,1-diphenylhydrazine (2) 111
Ufji3eniy 4-chloro-7-nitrobenzofurazan
(41) ﬁﬂﬂgj 1-(4-nitrobenzofurazan-7-yl)-
2,2-diphenylhydrazine (42) Bsgnisusnaln
MU S A aniuans 42 azgnaandled
sanaantnoanlonnsaneldaBanias-
LmeLumﬁﬁIﬁ@: 1-(4-nitrobenzofurazan-
7-y1)-2,2-diphenylhydrazyl (43) & agnals
Ama TudfAzenmawion 42 azlawandde

@

9nM2 A 4,7-benzofura-zandione-(bis-1,1-

@

diphenyl hydrazone) (44) Faiinanas 41
WAl fA3ensunufiuuy ipso (ipso-
substitution) AU 1,1-diphenylhydrazine (2)
ANAIBNTILAR dehydrogenation MUA1AU
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