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Mechanism of the Color Reaction between m-Dinitrobenzene Derivatives
and Alkali Cyanide. III.Y Reaction Products of 2,4-Dinitro-
phenol with Potassium Cyanide?®
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The reaction products (I, II, ITI and IV) were separated as their methyl ethers from
the color reaction mixture of 2,4-dinitrophenol with potassium cyanide in aqueous
solution, and their chemical structures were elucidated mainly by their spectral properties.
IIT and 1V, nitro-substituted 2,3-dihydro-3-oxo-1H-indazoles, were the main coloring mat-
ters in this reaction, and III was found to be formed through the intermediates, I and II
(Chart 1). This fact confirmed the previously postulated mechanism of the color re-
action between m-dinitrobenzene derivatives and alkali cyanide.

EELIIEZR, m-U=rrRXvEVOY7 VD ) VAR L DBORIGOREHEH nitro-substituted-2,3-
dihydro-3-oxo-1H-indazole FFEAETH 5 Z L X RWIEL, RICEELYHELEY DWT24-C=br7=y v
EvT7 LR Y U AD BERICE O FEEHHE L LT indazole FHEMADIEH, = b wB#fio-7 I /) <NvX7
IFBREAYHEEELALY COEO7 I FRBRIEAMCHEL, indazole FEMAL 52 2 WE L LTI FICHEES
REedDTHS. S, 24U=bavz/—nk w7 b ) v a0 BEKIGIC S CH%EL, indazole il
th2fL, TO 1 BOERBER EOYHE 2B AFA=~FT AL LTHEEL, XXOEEYHECTSC L1nT
EDOTHETS.

R £ERBAO 5 Rk

24-Y=t B 7 2/ — AVORERCBEIO > 7 bh Vv A DKBEREINZ TINET 3 EFDEE, DU TR
BrETs5. BEPYHOSBECIL 24-C=t a7/ —A by 7 En YV Y ADE LR 1:8.5 % B 55 KM
BLic. KBRDO 7 br )y 2% B0b0, ETRFEMET S L BORKIEHr- k), SEmED
DEEIRETH 5. BRTEMEC L REKICKERET 5 & @B BE LEAWEN S BT L E2 bhi
DT, FIGHIEERZ A TRk Lic. ZOBKE=— 74 T 2 L BaMIRIEER2CHE X h, KB
i3T50 » BYHHED IR - o, SHHHPL S Y 250 FET A S F R EBLBEIR, ChOYEEBLTS 7 r~
FT 74~ E s CREYEE THT O ENTERh . FCTH-EWEY o7 V22 v TAFEL, 7
WIFTEROCBATAIrR= ST T 4~ LIcE A, Table IRTZEL, T2O0DE75 2+ . VI
Lic. 7r=} 77 AIBHICE OPNSWREFVRBRINDBBRF Lich 1. fods, #7240 Flici
oo BHEIREINTE D, THIXBEHEOBETIIEBEH Lish - k.
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TABLE I. Alumina Column-Chromatographic Separation
of the Methylated Reaction Products

Fraction No. Color on alumina Developing solvent

1 yellow " benzene
2 yellow benzene
3 yellow benzene
4 yellow benzene
5 yellow orange benzene
6 red orange benzene-ethyl acetate (9:1)
7 weak orange benzene-ethyl acetate (9:1)

e oz,
757vav No.2 BI040 bEFhFh mp
109—111° OB®EE 7 YV X 444 (I-methyl ether) ¥
X O mp 234—235° OFHE B SR (II-methyl ether)
%, HENERECEL. ChboBiz=—F L1
W TR RIE K% /R &3 (Table IT), A&
RIGDOEBBHE TIXIc. :
77273 vNo.bBIONEMLZH L mp249—
] . 251° Db B F Y X AL (III-methyl ether) ¥ X
0 350460 500 mp 0% mp 244—246° DA o E$FIREL (IV-methyl ether)
Fig. 1. Absorption Curves of Etherial Solutions . Thboo=—7A%KE Fig. 1l KRt &
of II1I-Methyl Ether, IV-Methyl Ether and ¢ 460 mu MEECBIVBEAY TR, —FH X & D= —
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Methylated Reaction Mixture TR A F L Licd DIk L5 ORI K (35
T ln t b e uton s gy g U (. 1), 1l-methy) ether 4 0
..... ;ﬁﬁ$QMMMWmmwmmMMJWMwM tVomethyl ether #FRERLOTREHRATH S
457 (3.84) EHRRLTNWB.
RS EROMRE & RiSH#R

I-Methyl ether O FRIITEIMNER LOBEAR2 b (MS) O5FA 4 v (M¥) 285 CaHON, » HheE
Th, ThiX 24-Y=2tw7= /- ARy 7 7 ERBRINTCELLYED A F L=~ F L DHARC—FKT 5.
MS B LOFRARBEI (IR) A7 rAhdbii=br, A MFoB8IOv7 2 OB L BETKERS T
FET DT LARRE R, BEKED I BREIE WNMR) 227 b AR X - TEBShic (Table II).
X o THEYHEIL 2,6-dinitro-3-hydroxybenzonitrile (I) D A F Az —F L TH 5.

II-Methyl ether D IEEAHEER L O MS O M+ 135 FK CeH,0N, I & < —FK$ 5. Ziud I a3k
NTERTB7 I FDOAFA=—FADMRCHEY TS, Table I TRTIEL, HBARIZ PADF—RIZ D
WER=1r e, AbFvE, 7 IFEBIVOBEKRLETHZEERLTNS. NMR A7 AR KT
% 67.50 DRV 7 F ARBEREZGEMLTIBRBEHELEVWHD, Thil7 i F7e b vick 23EBETH
BT LIIMEETHB. Licpts T IT-methyl ether 1% 2,6-dinitro-3-hydroxybenzamide (IT) @ X /1 = — 5 LG
HDEREZI NI,

ITI-Methyl ether (2R M L OV MS D M+ 25, CaH,ON; DHREZEH T LB L. MSEk IO
IRARZ PARZOYER=Pw, A bFY, 135 78X01 3 FOFELBEZKRLYELTHS I ERTRL
TED, BECIKED HFEIZ NMR A7 ALY XFIhiz (Table ITI). # A48 1x 2,3-dihydro-3-
-oxo-1H-indazole FEkiz 7 5 B ILEMEKENA7RT.D

LFEOHEES S III-methyl ether i3 2,3-dihydro-4-nitro-7-hydroxy-1H-indazole (ITTa) #* #-i% IIla I© kit
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TasLe 1I. Spectral Data ’of I-Methyl Ether and II-Methyl Ether

I-methyl ether

II-methyl ether

UV 2 2remy (log €)

IR v ¥ cm~—?

222(4.94), 284(4.53)
310(4. 43)
2940—2840 (CH,)

1295 (C-0-C)
2260 (CN)
1540

1345) (NO,)

840 (arom. CH)

NMR (6 ppm)® in (CDy),S0

OCH,
CONH,
Arom. H
(adjacent
two protons)

Mass Spectrum® m/e

4.23 s (3H)

8.01 d (1H)
J=9.0

8.72 d (1H)
J=9.0

223 (M+, base peak)

193 (M+-NO)

163 (M+-2NO})

132 (M+-2NO-OCH)

275(4.01)

2940—2840 (CH,)

1200 (C-0-C)
3400

3200> (NH)
1640 (C=0)
1540

1350) (NOy)

835 (arom. CH)

4.10 s (3H)
7.50 bs (ca. 2H)
7.58 d (1H)
J=9.0
8.38 d (1H)
J=9.0
241 (M)
225 (M+-NH,, base peak)
195 (M+-NO,)
149 (M+-2NO,)

a) J was expressed in cps.

abbreviations: b, broad; s, singlet; d, doublet

b) Intense fragment ions were described.

TasLe III. Spectral Data of I1I-Methyl Ether and IV-Methyl Ether

ITI-methyl ether IV-methyl ether

IR v ¢ cm-t 29802880 (CH,) 2980—2880 (CH,)

1265 (C-0-C) 1265 (C-0-C)
3490 T 3440
3280) (NH) 3280) (NH)
1640 (C=0) 1650 (C=0)
1540 1545
1335) (NOy) 1335) (NO;
820 (arom. CH) 895 (arom. CH)
NMR (8 ppm)® in (CDy), SO
OCH, 4.02 s (3H) 3.95 s (3H)
- Arom. NH 7.94 s (1H)2 7.47 s (1H)®
Arom. H 6.70 d (1H)
(adjacent J=83
two protons) 7.76 d (1H)
J=83
Arom. H (isolated proton) 7.53 s (2H)®
Mass Spectrum?® m/e 209 (M+) 209 (M+, base peak)
166 (M+-CONH) 194 (M*+-NH)

163 (M+-NO,, base peak)
132 (M+-NO,-OCHj)
105 (C¢H N,)

163 (M+-NO,)
132 (M+-NO,-OCH,)
105 (CgH;N,)

a) J was expresed in cps. Abbreviations: s, singlet; d, doublet.

b) Intense fragment ions were described.

¢) This signal was somewhat broad and disappeared on adding D,0.
d) This signal was observed as a virtual singlet.
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DRBENS M FETHHEIID) D2 F L =—F L THD EEL RS,

HO
NMR 227 b A (Table II) 2333 2 BEKEDOLES 7 b DEH ﬁ\ v g\
EbhdTAEL (46=1.06 ppm) Z ki3 IlI-methyl ether 3 IITa o % 5 NH At
NT—=FTNLTHBIERRLTNB.D NOz% HO 26

EROEE D, z:géﬁm;xm IlTa 2343 5 #%# % Chart 1 0 e m
TRERTZENTE S, Thbb, ¥F24-U=tu7./—10D 3
7 /EHNBASIHTIREL, DO TIMKRSELZIC IT 2L, S SKBED o-frd = b v &N E
TEERT7 S 7ESB I FrFLAT I JECTILT V 2HRL, CHOBIER S 5B KR LT
Illa %WRKT 5.

o oH OH oH
AUNO; UNO NUNO: ,NH; (or NHOH)
O Qo = Ueow— Q -
‘ \CONHz \I/\CONHz
NO: NOz NO;
I I Vv

Chart' 1. Schema of the Reaction to form I, IT and IIla

V BAMETIBD LR TERI -1, BB To-7 I/ RVX7 3 FHRBEELBEZ LMD, b Fax
VAT IZEIDVIBLAET S 2 LTRIGKPRELEL, %é%ﬁﬁﬁ&@ BEO/NENT T 7. vEBRL
TWBHDEHEEND.

IV-Methyl ether DFERAHIME 36 X O MS 131+ 5 M+ (3 III-methyl ether o 02H‘ g
ZThbE—FKT5H. MS O — v} III-methyl ether i3I LT\ % (Table III). ‘|/\"’ NH
D OEKRRIFYE L Il-methyl ether DRMMGTHS 2 & X RL T3, IR HO"\NC”
A7 b A I-methyl ether L[ UBASIC X 5 RIS 2D B, Y

IV-Methyl ether (¥ III-methyl ether & [ U{b2f9&5E% R+, NMR =22 A2l 6 7.53 ppm i 2 {&:
DEBRT =+ vic k5 —BERIRBOOLNSG. ZhoDZ EnbELZ S5 IV-methyl ether DEEEIL 2,3-di-
hydro-3-oxo-5-hydroxy-6-nitro-1H-indazole (IV) ® 2 F )= — F )L & 213 IIIb D 2 F /L = — FALTHBH, F
BFRY = b VO BN ERBHIC > 7 b LT3 Z &5 IV-methyl ether DBEEIFE TS S 5 & HESH
5. bLEETHDROLFER S » b vO NMR i) 5308802, 2,3-dihydro-3-oxo-1H-indazole & 7 fr o
7wt v R p-anisidine D 4 D 7w b v OIHIEH (5 6.68 ppm, PUMEILIRFH)D DX 51, EREMC 7 b
THXFTTHS. /nis IV-methyl ether © IR A7 b ARIT 895 cm~! EHBFRINTAKECIE X5 RIL
HOBEIE B (Table III).

IV OERIC T2 hlifds BT 5 S L3R - odt, COWBEIZETF 24-C=brT 2/ -0 57
7 2 EHBBASR, N Ila BREFEORIBICE VERLLLDEEL bR 5.

2 B OO B
REEBYMDONME 24-0v=t w72/ -1 4g% H0700ml ic ¥ L KCN 12g % H,0 50 ml

5) III-Methyl ether X/KEML + b U ¥ AICHERL, WEBBC L b REL LTHRBL, 7= 7 ¥R
BSLrRTT 2.9

6) (CD3)sSO shcRETH & 442, 56k 642, 7o = b iz 6 (ppm) 7.63 (1H), 7.33 (2H), 7.15 (1H):
CExhZh 4 B (Ja,5=17.6, J4,6=2.3, J5,6=~0, J5,,=3.5, Je,1=7.6cps) iR

7) NMR spectra CATALOG compiled by N.S. Bhacca, L.F. Johnson, J.N. Shoolery of the Instrument
Division of Varian Associates, spectrum No. 171 (1962).

8) BRAKRME, UV A2 b A x5 SV-50A HERSEREH %A, ¥ 1cm oA THE. IR 2
N7 PARARGK DS-301 HFASKKEF THE. NMR 2= 7 b Lt BABT C-60H BERELES
Ex M, TMS *AIEXEL LTHIE. Mass A< 7 F L2 BART 01SG HoBREEBSFHEELY B
WTHIE.
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A LTIML, 90° 1 15 SMm#T 5. RICKERELKTAHNL, BEER 7.7¢8 #K 100 ml @EH» LB %
VETFOMELTHR., =— 74§ 500ml Fo€ 3 @EHHL, =~ 7 +BrKE, Na,SO, TEE. thic=1
Y AFAVRE 13882 AVT o CHN, 0= — 7 A BEREML T2 BHKE. BF o CHN, # AcOH T
SR, ¥ 100ml B, BIEM T I #2008 oo s T ACHLANL, TableI CRLAEHETE
BBt 5, £75 7y vOBRHEYERL, LILIII X0 IV 0f 251~ F Bk,

I-Methyl Ether 2,6-Dinitro-3-methoxybenzonitrile, < v € v X v B HB L TCHEE 7V X & &, mp
109—111°, # 87, IX&E 200mg. Anal. Calcd. CgH,O:N;: C, 43.06; H, 2.26; N, 18.83. Found: C, 42.98;
H, 2.24; N, 18.91.

II-Methyl Ether 2,6-Dinitro-3-methoxybenzamide, < v ¥ v X b BHHkH L CHEAERSE, mp 234—
235°, # B4, IXE 150 mg. Anal. Caled. C;H,ON;: C, 39.84; H, 2.93; N, 17.43. Found: C, 39.80; H, 2.85;
N, 17.61.

III-Methyl Ether 2,3-Dihydro-3-0x0-4-nitro-7-methoxy-1H-indazole, <~ v ¥ v-7 +« + ViEB®& (#J 7:3) X
DBEABLTSEBXERE2ETIHb-B7 Y X A%, mp 249—251°, #187:. IXE 40 mg. Anal. Calcd. CgH,-
O,N,: C, 45.94; H, 3.37; N, 20.09. Found: C, 46.14; H, 3.40; N, 20.15.

IV-Methyl Ether 2,3-Dihydro-3-oxo-5-methoxy-6-nitro-1H-indazole, III-methyl ether 04 & H U
CHERLTCSBXRYE T k0 - GsHR&, mp 244—246°, %87, ILE 30 mg.  Anal. Caled. CgH,O,N;:
C, 45.94; H, 3.37; N, 20.09. Found: C, 45.84; H, 3.37; N, 20.06.

Wi ATRChch, TRHONELTOREWE RFEBERSNE S L REBEHLPRIERSHH O #
Kk, ¥ IR, NMR % X0 Mass £ AR7 PAXBEEL TWARWAKRERUERREOBFRTEH L

+.

9) 7 7 (Merck, activity II—III) 100 g > ¥ H,0 25ml #mx CHE, KEL, 1 HFHRELHE
.
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