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Synthesis of Azo Compounds from Aminopyrdine

Yuzuha KOBUKI, Toshiaki SUZUKI

Abstract:

3-Pyridylazophenol derivatives were synthesized from 3-aminopyridine and phenol, 2-naphthol, and 2-methylresorcinol.
The reaction of 3-aminopyridine with N,N-dialkylaniline gave 4-(N,N-dialkylamino)phenylazo-3-pyridine. 2-Pyridinol
reacted with aniline and 3-aminopyridine to give S5-phenylazo-2-pyridinol and 5-(3-pyridinylazo)-2-pyridinol,
respectively. The structure of azopyridine derivatives were confirmed by 'H NMR analysis. Use as pH indicators and

dyes of the products were also investigated.
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Figure 1. Examples of acid-base indicator
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TV IDORIIE, PTG E DTV TN RIS LD TFIENTFICHW LR TV, 2R b
BUSIE 1864 R 7 ) — R K W R ENT- 6 DT, Yt LEOERB R IED D EDTH Y | @mEFEFK b
2 OFEREBICLZOISRABICOVWTEE SN TS, DTS TELND VT Y =7 MEEHH
KRETFH, 7=/ =V HFEET IVEREDRER By TV TGy Lo, Ty T T
FOSIZ LD 7GR ERT 5, GdEOFIE LT, Schemel |2 A T /LA = —%AT ORISR %
Y, Fio, RIS, TV SROBBE R EEAN A A A b o, FlE, A TA mu—0Z Ak
pH29~40 TH Y, RONFRO~EOIIELT D, 7Y HEICT e b HBAMIN L, EEEECER ., 10
HNENT D728 TH% (Scheme 2),
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Scheme 1. Synthesis of methyl yellow
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Scheme 2. Color-change transition of methyl yellow (pH: neutral to acidic)
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HICE o TOSHEDNAEME AT DI ENTED, LHLAERL, BIEICBOTHRIEAGIECRAICD
WTORFFER KA TWRWE D BIFET 5,

ZF T, AT, VYUV BRELOT LA DOERIC W TG L7z, 3-aminopyridine %27 V1L
L. N,N-dimethylaniline &7~ 71 v 7"V 7 S5 Z L1Z KD 4-(N,N-dimethylamino)phenylazo-3-pyridine 73/E
FRT 2 2 ST BTN D0, OSBRI TWH R L, HIRF SIvTng LiTE 220, £z,
AT, G LT Y E Y D ALEHmOMHEEZ THNMR AT L ViR L, £ OE IR AOEN,
Yeptl LTCOFRMICHOWTHRE LT,

2. 3FP/EYDUED /) —IILEERWVE=TYVEYSODERK
(1) fRFRAYZREERTTTE (Scheme 3)
100 mL E—7—A |Z phenol (1a) 0.025 mol % A#L, 2.0 mol/L /Kfi#{t7F kU 7 2 NaOH /KA 25 mL
(0.050 mol) & Il 2 T¥EA L7z, BD 100 mL & —7—B IZ 3-aminopyridine (2) 0.025 mol % A#l, 2.0 mol/L
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Y% 25 mL (0.050 mol) Z %2 TR LT=, B ——B ZKIRIZiE L CmEIL, iEle) kU 7 A NaNO,
0.0275 mol ZNNA TR L, 7Y =0 MERKZ STz IRWT, B =T —A OFREMZ 5D Z LT L
0. REAERZEZ, %EITEERICEVIERN L, MUK CUES Lk, St 70, SonAmw

(ZOWTIE, 'HNMR 0TS K O &2 iS5 & & bis, AR OW T,

(2) 7Y EU Y 3a—c DIES pHIT LD RE EEEDOEL
phenol (1a) & 3-aminopyridine (2) % VT 4-(3-pyridinylazo)phenol (3a) %455 Z LN TX 7= (Scheme

3). £72. 1a ®fXi> Y |Z 2-naphthol (1b) & 5V X 2-methylresorcinol (2-methylbenzene-1,3-diol, 1¢) % FH\»
=5 E1CiE,. ENZE 4 1-3-pyridinylazo)-2-naphthol (3b)°, 2-methyl-4-(3-pyridinylazo)resorcinol (3¢) 7345

OH NaOH ONa
O™ e (Y
Yo
N 2HCI, NaNO N \_/"
=T Rk @ﬂtij cr 3a
_ 2 - 2H,0, - NaCl _

Table 1. Structures, 'H NMR data, and color-change transition of azopyridine 3a-c

Scheme 3. Synthesis of 4-(3-pyridinylazo)phenol (3a)
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\ 7 HO N/
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3a

3b

'THNMR  §8.92 (d, 1H, J=2.3 Hz, CsHsN)

8.48 (dd, 1H, J = 4.9, 1.4 Hz,

§9.07 (d, 1H, J= 2.7 Hz, CsHuN)
8.64 (d, 1H,J=8.2 Hz, CsH4N)

$8.94 (s, 1H, CsHuN)
8.49 (dd, 1H, J = 4.6, 1.6 Hz,

CsHIN) 8.56 (dd, 1H, J = 4.6, 2.7 Hz, CsHaN)
8.00 (dr, 1H, J = 83, 2.3 Hz, CsHN) 8.09 (dr, 1H, J = 83, 1.6 Hz,
CsHAN) 8.29 (ddd, 1H,J =82, 4.6, 1.4 CsHAN)
7.71 (d, 2H, J=10.2 Hz, CHy) Hz, CsHiN) 7.46 (m, 2H, CsHuN and CsH,)

741 (dd, 1H, J = 8.3, 4.9 Hz,
CsHaN)
6.69 (d, 2H, J = 10.2 Hz, CH)

7.93 (d, 1H, J=9.1 Hz, C1oHs)
7.74 (m, 1H, C10H6)
760 (m, 1H, C]oH(,)
7.45 («d, 1H, J = 6.9, 1.2 Hz,

6.34 (d, 1H, J= 8.3 Hz, Cell)
2.05 (s, 3H, J= 1.8 Hz, CHs)

CioHse)
7.35 (td, 1H, J = 6.9, 1.2 Hz,
CioHe)
693 (d, 1H, J= 91 HZ, C10H6)
c?alr?;_e pale yellow to yellow yellow to pink yellow to orange, pH 8~9
transition pH 4~5 pH 10~11 orange to dark brown, pH 11~12

2TH NMR (500 MHz, acetone-ds) 8, ppm
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Aie, Ak 3a—c D& L TH NMR o5, 3 KOG L 028 k% Table 1 (2757, thymol (2-
isopropyl-5-methylphenol) . resorcinol (benzene-1,3-diol) , 4-chlororesorcinol (4-chlorobenzene-1,3-diol) .
pyrogallol (benzene-1,2,3-triol) Z W50 7 VY DUNAER LT EHERI SN DN, BT Z L0
TE T, 'HNMR SHTIZ L D EDOHERIZITE o T,

TYEY Y 3a X, ATFNAZa—EOT Y RO L RIS, BRI E kA o
N, BOBTRIRO R T, REREIAONRN-T-, Ziu, BV PUVBRPERSMEEZ o7
b, TYEICT e b BRI LIZ K, 7=/ —/WWEKERIE OH vH 07 a b H OB L 5 &
OB EHERI S NG, —JF, T EY P 3bBLO3c 2B WL, BRI ToREICE TR bR
T, 7B VIHEANCB W TR AICE (LR R 5Nz, 7YY U 3b BN TiE, BV P UVBRNE RS
PTHDHZ LTz, TYEE 7 = ) —WMKBEOKFEFES DD, 7Y E~D7 1 ko H O
7 x ) —WEKEEEE OH 607 v k> HFOBBENE = 0 12 < < | FREEEICo AR R S 7 h
Sl LIS ND, o, 7T UMERAITOEIIT, 7 = /7 —/VHKEERE OH 22607 1 ko HY O i
XD b0 EHEHIEN D (Scheme 4), £7-, 7Y E D VL 3e IZBWThHFEEEC, 7Y RET7 =/ —L
PEAKERIEDKFERES DT, BRI TO REIZELB AL To EHEI S D, Tvk U HEICIE,
FT. TYEREEKEFELTORNWT = ) — VKRR OH 22671 b H D HEEL . S HIZT V7
UPEICR D L, TV EAFBRHELTND 7 =/ —/UHMKEREL OH 225 7 1 by HTAMBEES 2 L& HEH) &
N5 (Scheme5), 723, 7Y EU U 3cid, BANMBIRY , HFHHLEWMTH D,

pH 10~11
_H+
o ) | ey
N H

3b (red) (pink)

Scheme 4. Color-change transition of azopyridine 3b (pH: neutral to alkaline)

pH 8~9 pH 11~12
S S T S e
{ A Y
\ 7N, 4 NN g NN
3c (red) (orange) (dark brown)

Scheme 5. Color-change transition of azopyridine 3¢ (pH: neutral to alkaline)

3. 3FI/ENDVETZYUEERW=TYEY SO DER
(1) R FEERFTE (Scheme 6)
100 mL & —% —A (Z N,N-dimethylaniline (4a) 0.025 mol, £ % / —/L 30 mL %1% IR %1572, Bl

@ 100 mL &— % —B IZ 3-aminopyridine (2) 0.025 mol Z 1%, 2.0 mol/L ¥ 30 mL (0.060 mol) % /J1z T
WinLiz, B —h—B Ak LTMmAIL, #EERT R U ©7 A NaN0,0.0275 mol Z AN THFRL, ¥
TV =0 MEEE ST, S DICEERT R U U A CH;COoNa0.025mol 2 N THFE L%, E—h—A
DEFEREIMZ ., FREOEREZS, WHIIEEIZ L VI8 L, MUK CHeg Lok, s, £z, 556
IOV T, 'THNMR I K &2l 2 & &bz, BRI W TN,
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A\ 2HCI, NaNOy

N
+ —
H 7 N—N=N|ci
_ ) NR oS~ Nac Q c
) N= N NR,
©/ 5a: R = CH,

4a: R = CH, 5b: R = CH,CHj;
4b: R = CH2CH3
Scheme 6. Syntheses of azopyridine 5a,b

(2) 7YYV 5ab DG L pHIZ & 5 R EEDZL

3-aminopyridine (2) & dimethylaniline (4a) % fH\ % & 4-(N,N-dimethylamino)phenylazo-3-pyridine (5a)
w155 Z LN TE T2 (Scheme 6)*7, £7-, 4a OfUH VT diethylaniline (4b) Z MW 23551213, 4-(V,N-
diethylamino)phenylazo-3-pyridine (5b) 235 HAv7-, Ak#) Sa,b D& & TH NMR Zo#TfE . B8 L O%E
Ik & (D ZE{ % Table 2 1277,

TYEI VU8l AT NMA T —DT7 = =)VEAE Y UVELICER LTEEE L TWDHR, ATV
A = —OEEIEN pH 2.9~4.0 (1%L, pH 4~5 Th o7z, ZiUud, {bEWSa B D UBEH D,
ERENL T R HWBREE L IZ Wiz EHERI SN D, Fiz, HREETED pH1~2 I8 W THEGR AR D
iz, BV VU~ b HOMINZE Db D EE 255 (Scheme?), £7-, 7Y EY U 5b
WZBW T B [RIERIC pH 4~5 ([ZE IR A DTz,

Table 2. Structures, 'H NMR data, and color-change transition of azopyridine 5a,

b
N— J‘l‘@*N(CHQ)Z N— //N N(CHchg)z
products @7"‘ QN

5a 5b

HNMR® 59.08 (d, 1H,.J=2.3 Hz, CsHiN) 59.07 (d, IH, J=2.3 Hz, CsH:N)

8.58 (dd, 1H, J = 5.0, 2.3 Hz, CsHiN) 8.57 (dd, 1H, J= 4.5, 1.8 Hz, CsHiN)

8.19 (ddd, 1H,J=83,5.0,23 Hz, CSHN)  8.09 (ddd, 1H, J=8.3,2.3, 1.8 Hz, CsH:N)

7.89 (d, 2H, J = 9.1 Hz, CeH) 7.86 (d, 2H, J = 9.1 Hz, CeHy)

7.48 (dd, 1H, J= 8.3, 2.3 Hz, CsH:N) 7.40 (dd, 1H, J =823, 4.5 Hz, CsH:N)

6.75 (d, 2H, J = 9.1 Hz, CsH) 6.72 (d, 2H, J=9.1 Hz, CHa)

3.11 (s, 6H, CHs) 3.46 (¢, 4H, J =73 Hz, CHy)

123 (1, 6H, J= 7.3 Hz, CHy)
color-change yellow to orange, pH 1~-2 orange to yellow, pH 4~5

transition orange to yellow, pH 4~5

a1H NMR (500 MHz, CDCl3) , ppm
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Scheme 7. Color-change transition of azopyridine (5a) (pH: acidic to neutral)

4. 2-EYS/—NLETY UEBERWVETVIEEYMDAR
(1) fRFRAYZRFEERTT1E (Scheme 8)

100 mL & —7—A |Z 2-pyridinol (6) 0.025 mol & A4, 2.0 mol/L /Kf&{t:7~ ~ U 7 . NaOH /K&K 25 mL
(0.050 mol) # /N % THAA>L7=, BlD 100mL &—74—B (Z aniline (4¢) 0.025 mol & AZvL, 2.0 mol/L ¥l 25
mL (0.050 mol) ZANx THEM LIz, B ——B 2Kz L CHMAIL, diffig7 kU 7 A NaNO, 0.0275
mol ZNNA TR L, 7Y =0 MEHIEEGT-, IRNT, BE—I—A OREEZMALZ 2Ly, R
BERZ Gz, WO EEIZ X VIERI L, MK TR Lotk wi St £ HonERmicon
TIEL. 'HNMR I K0 & Z T 5 & & bio, BRI oW T,

N N
NaOH
7 N—oH - OONa
B} - H,0 _ N

N _
Y \ 2HCI, NaNO, + \_/
/ NH, - N=N
J— - 2H20, - NaCl

Scheme 8. Syntheses of 5-(3-pyridinylazo)-2-pyridinol (7a) and 5-(phenylazo)-2-pyridinol (7b)

(2) 7Y EU T Tab OGS pHIZ L D B & EEDE(L

2-pyridinol (6) & aniline (4¢) ZH\ % & 5-phenylazo-2-pyridinol (7a) 2343541, 3-aminopyridine (4d) %
W% & 5-(3-pyridinyl-azo)-2-pyridinol (7b) 7345 54172 (Scheme 8). =34 7a,b D& & 'HNMR 234G
B, BLOZE@E L DO % Table3 (R T, 7V LEW T7a 1%, BN EGIIIR SN enoT-,
ZE, B UUBRPEFRSMETH LT, TR m b IR LIZK KW EHERIE
%o Fio. pHI~10 TR OBALN R ST, 7 =/ —/WWEKERE OH 2»H 07 a b v H OJiEfkC
LD BAOE{LEHR D, TYEY T 1, pHIZ XD BADOELR RO oTehy, Ziuk2
OO VUROEFEEMES . IEROBNEZVIZ< WD LEZXLND, 2O LD, T
VB DU BRI L L THWD GG, Ay T TGOS RERNE ) VR THD T
EIIELL N EEBZIBND,
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Table 3. Structures, "H NMR¢ data, and color-change transition of azopyridine 7a,b
N N
,N—{(:)>—OH N= N~ H—oH
products @N — Q*N
7a 7b
'HNMR 8 8.28 (brs, 1H, J=2.3 Hz, CsH3N) 88.93 (dd, 1H, J=2.5, 1.4 Hz, CsHuN)
8.01 (dd, 1H, J=17.5, 2.5 Hz, CsH3N) 8.71 (d, 1H, J=2.5 Hz, CsH;NOH)
7.76 (d, 2H, J=17.5 Hz, CsHs) 8.48 (dd, 1H, J=4.6, 1.4 Hz, CsH4N)
7.48 (t, 2H, J=1.5 Hz, C¢Hs) 8.37 (dd, 1H, J=4.6, 1.4 Hz, CsH4N)
7.41 (rn, 2H, C5H3N and C(,Hs) 8.17 (dt, lH, J= 7.8, 1.4 HZ, C5H4N)

7.77 (dd, 1H, J = 6.6, 2.3 Hz, CsH;NOH)
753 (dd, 1H, J = 6.6, 1.4 Hz, CsH;NOH)

color-change
transition

41H NMR (500 MHz, acetone-ds) 8, ppm

pale yellow to yellow, pH 9~10 -

5. ERLETVEU D EEMIZLDEE
7YYV 3a-¢, Sab, BL N Tab ZHAVWC, M. L—3 . MR EE AR, TET— b,
TV R ZRAT IO §FEOMHEIK L TREEITSTEZA, WTHOT VEY DrEfnizi
Ab. M. FEB TARCORY T I NN IS YeE o7, 7TYESLE Fuxd i 7 KL M)
HEDT X NEOBTRBREZEL D0, IS RFEon bl HHISN D,

6. F&H

T AL, B REEOYEL S L THWBIL, mEFR O (bF] ORZEICBWNTS LITLIZEK
SNLHERMEEM TH D, AWETIE, BV VUVBREAT 2807 Vv U AbEWZ A L, 'HNMR
WX UG Z R T 2 L & BIT, pHIC K DEAZTA, A RIE L L oMM W TG LT, £
DOFER, 4-(3-pyridylazo)phenol (3a), 5-phenylazo-2-pyridinol (7a), 5-(3-pyridylazo)-2-pyridinol (7b) XA 2235y
MY DB o 7D, 4-(N,N-dimethylamino)phenylazo-3-pyridine (5a) 35 & U8 4-(N,N-diethylamino)phenylazo-3-
pyridine (5b) 13 pH 4~5 [Z& k% & OEIIERIEE L THWD Z ERFMRER Z EnyinoTe, £12. 7
VID oLk Fu X% D 1-(3-pyridinylazo)-2-naphthol (3b) 35 L T 2-methyl-4-(3-pyridinylazo)-
resorcinol 3¢) 1%, —MxMY72 T T HLEWM L 13 R0 | HIEMHAINCE AL b OfEREE LTHWS Z &N TE
Do Flo, MHEOGAIZOWTHRFILTZE ZA, B LT Y B Didndng, MeFEE, A e i
EDRY T I PRl DY vIHE R 2 L33 o T,
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