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Semi-continuous Flow Synthesis of 2-Methyl-5-aminophenol
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(1. College of Chemical Engineering , Zhejiang University of Technology , Hangzhou 310000, China;
2. Zheiiang Ningbo Ecological And Environmental Monitoring Center , Ningbo 315000, China)

Abstract 2-Methyl-5-aminophenol is a crucial high-activity intermediate extensively utilized in the fields of dyes,
pharmaceuticals and cosmetics, with a continuously increasing market demand. However, traditional industrial
production methods are characterized by high energy consumption, long reaction times and safety concerns. Based on
the technical advantages of continuous flow reactors, a semi-continuous flow synthesis process was developed in this
work. By transforming the production processes of three key intermediates into continuous flow processes, the
reaction time was significantly reduced from 12 h to just 4 min, and the final product separation yield reached 78.5%.
This innovative approach not only significantly improved the reaction efficiency, but also optimized the process
conditions, making the product generation more stable, while effectively reducing energy consumption and safety
risks. The research results provide an valuable reference for the integrating continuous flow technology with green and
efficient industrial production.
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fH. BT, 2-HR-5-2ARM M T A4 ik 2Rl A b | gfh . ERAL DL SOKIg e, 44
T EVAHRBR IR s 7], AN T bk b b 5 S04 7 1k B R AR | TR R Dol Im) R, s o SRR 2
FRi R AR R A R N, — e (R TSR R | IR A A A LA P S it e
P A O IR R, (L Tl AR 7 5 SRR R R IR REAE . i ELIR AR R R A RUR A
T 07 I BERS TR DA S A 22 R SO R BT & A ) s 1y 86 ) A — ELXE LAk . 2255y e
T LM R S R AR . IR RS AR | AR 7 Rl R APk DL RORS AR AR TR AT SR e e A 45 T B SR AR TE
YIRS MR A 7 T A A Rkt

AR, Tl B I SRR AR TE A ) R TR R 0 A A B I TR, JUHURE TR
R REL R OV B T2 AN 1 3% S0 A AR LB A S W B3R 2, TG 18 S A L
g e 2 B ARG BTk RE . 0 BCCR AT . RN SEUNH AT | B 2s i | etk
i ELRI =70, o] LUE BIME S8 0 e () AR P2 i g A A B 4527 BT, Aol 38 i 2 B AR AL
AR 5252 R AR BN O B SN R A A T SR A 2 ) S N 2R A 2 AR B T N Y S A
AR B AR L AEAR T B, O E S SRR ) B E LA T e A AU e 2- F -5 - R
WA T2 AEE I RCRAR | k2256 8, iz T ARS8 )

ARSCIET {1 2-HAL-5- G OR8N = T2, S G Sm AR, e T 2-F BE-5- 2 SR B i
EIELE A L. DAARRS L B 2R IRk 8 ik [ RAE AR N &, 70 18 SO0 Hh 5 i AR g, I 28 1]
AR AL RIK A SO, 38 o A P S P8 i PRIR SR AR 3 B AR . S ey X i e, FIH
T I I N i ) e A5G A o S PR B AT LA SN = 205 . PR B i 2- R -5- 2 R Iy, e & o3 s i
IEF78. 5%.

1 SEIGERSH

1.1 KF5EE

AR A EE AN JE B (Raney Ni), 40874, HUINASURLE T4 FRAN w5 2-F JE-5-f 30K Wy, 4 prédi,
B E R ARG R AEEREN . I (MeOH) RIS 2K (OT) , Z0#ral, b Zs R iy
RN WRIR , o bral, il tb2A R a IRA R RANIER , v, su Bk TABRA
Al MEANMEBRIR , 42% (50 , Wil e RHAT R A ] .

JIRZ-10005F T4 & = FE VUG , UG HERHE A PR\l 5 APO010 B i3 FR Sk o , il — ke
I BRAF] 5 VCO-HLS0 Y S ARG ER AL, BT BER XA A FRA F] 5 N-121GB B ek 28 &A%, k3L
BT B2 W] 5 Ezone MF300 7 4 45 It fl3H 18 [ 42 PR 52N #% Al Plantrix MR555 TS24, R3]
M —1ERHEAT IR A F] 5 Agilent 1260 7 = 38080HH €15 { (HPLC) 1 Agilent 8860 B AH 1L (GC) ,
g (/NI
1.2 EEiE

Scheme 1 26 % 2- FH 2 -5- G B8 1 3% 4 - 28 AU B S T /s IR . AT Al 25 R R o B o
Yy, TR [ RSO a3 58 EAb 2 AL, 153 B4 G4 6 (OT) 76 28 X S i Hh A= BUBR PR B B 1 W, T8
b 3 A R A B G I S A R SE B AL R AR B L A 4, A A 4 78 4 RO e R o8 I A
A A R NAS EE AP 2, 4 I A PR V5 1 R RS OV VR, Pt T R S by 2 58 e Ak & Ak
AR 2 bR 8 1. O A2 B HPLC A1 GC 4R R 2 Wl s 1y A
12,1 HERENMEE KA T R AW 6) i — B AE  FREL40 g(0. 29 mol ) &PAFFEH 2R, I
% T H R B 0. 291 mol/L M FH 5 FEIE E IR 17 28 Raney NifFE ML S AL AAEAL ] . FHAUAMR
HEEH AN 40. 5 mL/min, KBRS EE B 28 1 H B LA 0. 775 mL/min (4905 58 A 51 Tl 8
o YRR R B R B 25 CHIRA AN, 7E 1. 0 MPa A8 5 1T iR 48 [ 78 R SN 7 30 s 58 A
TRl RN I 28 3t AR A 5 2 e A 8 40 F A e 1 PR v v, Ll G 28 R bR R, S 3L B
6, JFURHFALR A 100% , F=HIAHXT & 5 100%, Y% H 99. 8%.
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Scheme 1 Flow chart of semi-continuous flow synthesis of 2-methyl-5-aminophenol

122 HEZma RN A K 2-F RS- ERKB (e )y —iEE FE20~30 CHMHET, K50 ¢
(0. 46 mol ) &P F 2R i A 51 275 (2. 75 mol) MR IR, A5 A 1A (a0 A B R B R VS TR ARIER Hh , I A5-4R
MR R ER TR BRVA T, 570 . TEVKIA R, ¥4 50 g(0. 50 mol ) e FR 22187 A3 31. 2 g(0. 48 mol ) & 4
fiSER R, £33 38. 4% hi-BRTRER . K540 R e B IR £R A 7 BR T T A0 W 8 52 4 15. 7 mL/min, A-BRIE AR
(R S BERE N 4. 3 mL/min, [FIAS 5 A S RGE T8 S L 45501 BSOS TR R 20 °C, 3L A S L T B R Ak
BV AR, ORI AL R M 100% , ALE4 4 AR Sk 83. 30%, HSEM A 2- F -3 Rl R i
(AR 5 1R 16. 70%. Bl f5 PR A SIS AT A 2 45 °CHY 200 g 7K, R EHAHT 5 T i &2
75 °C, A% K 30 min, B HGIRIEARAT .

123 2R MAREAR(AEWI) N —EE  FREUTE BN 42% M ASTEETER 141. 1 ¢(0. 46
mol ) , il K2 T 7E 35~40 CYU RN, S22 InEfb 59 4 BORRERIS W P, HT i A R AR kg 18 1
fiff , 55 BRI I A PR R L 22 [ R 8 A A, ORISR 30 min. BCTHIVRBE R 1. 19 mol/L PR Z KW
T, TN E sy M ZR e R S AR IBEAR R S, SN T A AR, SR, RIR R TR
B3 100%, F=HIFIxT 5 50 98. 6%.

124 £ R B AR 2-F H-5-8 LK (e 2) 8 — M1 FRIBUK 56. 7 g(3. 15 mol ) Ak i iR
78.3 (0. 78 mol) , it il A& 5T 18 43 BN 58% MY B IR K VS ¥, FF $2 Ak HL T4 58 85 °C. s il Vi JEE 7
80~85 CYU BN, IR /K R INIE 59 3 BIBRER I, SN Z2 g i [ AT e, T4t i s
TR ROV 1 h, U 45 S 16 RO AR 2 A 285 g 7K, AN KA HIKEIR , RRIEE IR 2 40 “Cn %
B 2= PE R RE 30 min ST M 1, B g R A K i eAS 2 B AR =4 2- F JE-5-fiF 0K By
(L& 2). JEREELAR N 100%, 7= ShAIXT & 0 98. 8%, YA 91. 8%.

1.2.5 # & E R A R 2-F H-5-F L KB (AW DB —FEME FREL10 g(0. 06 mol)fLA
W) 2 VT F AT, LK 0. 065 mol/L VA TRTR 5 7 [ 2 K L FE Raney Ni/E M iEALT], FHS
PRI R ST A 14, 1 mL/min, fLA9 2 B9 H B TR BEE 0 1. 211 mL/min, FEJ781.0

TR 283 SR G B 2 A 30 2- P RS- R T 1) FH R, P S B v b ) R sl e 25 15 31 H A ™
W1, FORHEALRE R 100% , 77 S ARXT 5 100%, Y3 99. 9%.
1.2.6 #1773 ERORA TSI . Agilent eclipse XDB-C18 3% 4 (5 wm, 4. 6 mmx250 mm) , i i#
0.7 mL/min, #EFE &S pl, I 45 °C, K00 K 230 nm, 3 ) AH K/ BEARELEL R 101, 38 17 ]
25 min.

MG Agilent HP-5 BAIASFE, 320 wmx30. 0 mx5 wm; JEFE CTIRJE 250 °C; FID K60 £8 5)E
280 °C; F:i 80 °C, 17452 min, LA 20 C/min F+ 2 280 “CA£HF 19 min; 2T S2i%A<, % 25 mL/min;
AU 30 mL/min; 25 400 mL/min; T2 PR 80 °C, BF[H] 20 min; #FFER 0. 5 L.
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Scheme 2 Continuous flow fixed-bed synthesis of o-toluidine and 2-methyl-5-aminophenol

FHE T BRI | TR R RSP 6 USR5 R TR 1 MR T 15 °C
I, sz B A, (S SR B TR A T o, 7R 25 CRPRCR e, kg THl R AL
ROR S 2232 BN ] (3 15 Entries 1~4). 2T AFIiZE T, T BEIE 2 219 KA &
BOUARMFRRIRAR , Jo ORI AR FE R S, B LSRR B SR ROMRCR AN, B F i S
PR AT B SR s S BASCR 2 UUBOREEE O 8 IRF, AT DA JURE 52 4 B Ak O FAR 1 (36 1 1 Entries
5~8). FIEBEITE—EREEE b r] D2 gEEAL S i & Az, BRI SO S U AR S BUR B SCR I
AR, M JRT 1.0 MPalif, 7 & i EE D Thm i s, TR 1.0 MPa 5, RGO
N FEEZBRINER, ROBCRMEEE 1 7t R TR (R 15 Entries 9~12). 7R85 T fAER L | )
FETBORH LA G 2o A SIS Ak FY 4 g PR IS R S0 B R A i AR 5 1 45 B I 1) ) 52
Wi, e LA e R A 452 B INF IR TE 30 s 7647 R FrefE A5 B IR (3R 1 7P Enry 16). e SN M R e 28 A B 25
I, A2 B AR 99. 8%.

Table 1 Optimization of the conditions for the synthesis of compound 6

Entry Temperature/°C Molar ratio Pression/MPa Residence time/s Conversion(%)"
1 15 1:8 1.0 60 11.45
2 25 1:8 1.0 60 100
3 35 1:8 1.0 60 96.31
4 45 1:8 1.0 60 96.06
5 25 1:1 1.0 60 54.12
6 25 1:3 1.0 60 81.52
7 25 1:5 1.0 60 96.83
8 25 1:7 1.0 60 98.91
9 25 1:8 0.5 60 98.81

10 25 1:8 2.0 60 99.64
11 25 1:8 3.0 60 98.74
12 25 1:8 4.0 60 95.25
13 25 1:8 1.0 90 100
14 25 1:8 1.0 70 100
15 25 1:8 1.0 50 100
16 25 1:8 1.0 30 100
17 25 1:8 1.0 20 79.53

* Determined by GC analysis of the reaction mixture.
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TR ARG L T R B BRI XA A4 1 B2 W 2 FIT 7S , dee S 6 44 5 A1 A ik HH O
EEW T WES AL S AL, BRI 0 1. 0 MPa, Z/S 3R R 138, (&8 h 100 s, [
EE R 25 °C, B P15 2 B MCR M 99. 9% (3 2 /1 Entry 18). 4512 1. ARG R L= W0 43 55
KRR 78, 5%. 1] UL, A ESER A ARSI T A S AL SO B AR

Table 2 Optimization of the conditions for the synthesis of compound 1

Entry Temperature/°C Molar ratio Pression/Mpa Residence time/s Conversion(%)"
1 25 1:8 1.0 60 96.01
2 25 1:8 1.5 60 92.11
3 25 1:8 2.0 60 91.41
4 25 1:8 3.0 60 90.47
5 25 1:8 4.0 60 89.61
6 10 1:8 1.0 60 90.89
7 20 1:8 1.0 60 98.74
8 30 1:8 1.0 60 100
9 40 1:8 1.0 60 100

10 25 1:1 1.0 60 4391
11 25 1:3 1.0 60 58.60
12 25 1:5 1.0 60 73.69
13 25 1:7 1.0 60 83.12
14 25 1:9 1.0 60 92.67
15 25 1:8 1.0 20 45.78
16 25 1:8 1.0 40 70.98
17 25 1:8 1.0 70 95.26
18 25 1:8 1.0 100 100
19 25 1:8 1.0 120 100

* Determined by GC analysis of the reaction mixture.

Ltemny e X T2, ESm b S T 2AE RN A BB T Bk . O R A 70~
90 CRIEFARE IR, SOV ESHM 1. 5~2. 0 MPaf2 i@ ST 7E 1. 0 MPa, AL T REFE, i & #2TH
TG IWRNACERE , G50 RS MAINEN F7 2 2 h L F, HJGACBA PR ER; ik
T L SN ) () 46 0 28 30~100 s, J SN T8 2k — A5 Dol H 2 08 R W] ARA% 74, W R b fRT Ak T J5 A 3
TR XA TR, i — PRI T AR A R AR
22 fRiEE R R BT S U IR R

Scheme 3 Al & 2- U BE-S-R AR e A S AL E 220 1T 2R B . I AR IR A5, 245 =X
SN A FLARGE I BV % LA K Plantrix MRS5S RGO I8 S 0 2y AT Al, 25500, fEf 4
2SN 7 R IR AR T S 4 R PR R B ALK, 3R A 0 R 2, IR BRCR AN, 52
IS RCRANFAE . AR N S5 AE SR FH Plantrix MR555 B (00 8 20 25 3E1 711, 1250 2 0 N AR 4
K (206 mmx435 mmx720 mm) , F] LA RCSGE YRS B R S 800 8 2, b rE M e m T
JEF7 EBR, I HLAE i e A I 254 B 1 mT LAISER R TR A A8, DA ITT BSR4 S5 1y 2%

-
NH;HSO, 2

5 ' O,N NH
B Micromixer | : and g 2
8

HNO; Q— Plate continuous flow reactor 4

Scheme 3 Continuous flow synthesis of 2-methyl-5-nitro-aniline
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200 BB RRR I R B MU R SRR IOV TR 2 AR i
KU ECXT RN . A543 TR . MR 5 2- T AR BB L 151, 00 , JSORHE 4%
93. 3% (35 Eniry 1), EAHFRITRIGELRRLIR , FBZACR WA 5] T HRFT, RS 20 S HDR
O 11 20, ST T JSORHISE A, BN 27 4 83, 20 (3 11 Eniry 5).

Table 3 Optimization of nitric acid concentration for the synthesis of compound 4

Molar ratio of nitric acid to

Entry Conversion(%)  Relative content of compound 4(%)"  Relative content of compound 8(%)"
2-methylaniline
1 1:1.00 93.3 77.2 16.0
2 1:1.05 94.5 78.2 16.0
3 1:1.10 95.3 79.1 16.1
4 1:1.15 97.2 80.5 16.3
5 1:1.20 100 83.2 16.8

* Determined by HPLC analysis of the reaction mixture.

XA BE AT 1 0RTE , X EE T 67% WAHIR | 80% TR 97% K MAGIEIR , F4h R AL F A
PPN SRR WP TR, BEE AR B, AR S AR . SRR A F
97% W N SCRB AT LATE SEBUSURESE 4 AL Y ] I ORUE H R W0 B AR 0 35 5 2k 51 83. 2%. X W] fig
ATEAHTF A BOSEIRFTR] A, EACRE T BEAN R A HE B B IMTREAR , S BURUREIGIE St og x4t .

85

100 EA) —— 97%HNO; | ®) ——97%HNO;
—+— 80%HNO; 30 1 —e— 80%HNO;
95| —— 67%HNO; i —+— 67%HNO;
- g
S ot P
= 2
2 < =
g 85h g 70t
= 2
5 80 2 65f
Q =
75t &
60 |
70
1 1 1 1 1 1 1 1 55 1 1 1 1 1 1 1 1
o 1 2 3 4 5 6 7 8 o 1 2 3 4 5 6 7 8
Residence time/min Residence time/min

Fig. 1 Effect of nitric acid concentration on the conversion(A) and the relative content(B) of compound 4

222 R JEXT A AR B B O T U N BE R S R OB R, HRGY T AR R R N IR
FEXT R Vs, LA RN 4 R . A6 S CHE, RN FEALRAUN 83. 5% (R 4 1 Entry 1), I EAE 20~
25 CILFE P Al fd BB 52 454k, #EAERIA 3 100% (F 4 Entries 4 F15). [RIE, Atk F g ih 24> Sep Ak
B it 37 FIR RS (RS2, 76 S "CHE, SO ACR BSRANAT, (BRI 20 0] DAAR G- b il S AR A5 9 8 1Y
PR 2SR TR LN 5. 65 TIAE 25 CCHY, i LB R R 4. 8. JETIEURMECR | S p 4 L ) Fnis
PR INEA TS, B E B A SOV R EE N 20 °C.

Table 4 Optimization of temperature for the synthesis of compound 4

Entry Temperature/’C  Conversion(%) Relative content of compound 4(%)" Relative content of compound 8(%)"  Isomer ratio
1 5 83.5 70.8 12.6 5.6
2 10 93.7 79.0 14.6 54
3 15 95.3 80.1 15.2 5.3
4 20 100 83.3 16.7 5.0
5 25 100 82.8 17.2 4.8

* Determined by HPLC analysis of the reaction mixture.
223 WBRACHEAB AL R K28 HEIREORHE 0 5 H16 mol IR Sz W RS R i 4Tk
. TEREA SO 22 i, YRR PR 5 mol I, TS8R MR ARIR B ER | Wl /L 1S 120
. B, ERSHELR NIRRT, BORHE Dy 5 IBRIR 2 E YIRS R, N T i AR AR
T, 4 R ] R4 2 2. 92 min, JSURHEE LA 100%, H AR PIAHS 5 B 0 78. 5% g K
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(A) —=— 6 mol H.SO, (B) —a— 6 mol H.SO,
80 —e— 5 mol H,SO4 100+ —e— 5 mol H.SO,
< 75t
E S
s r E
8 651 g 80
B z
= 5]
< 60 O
o 70 L
55F
30 1 1 1 1 1 1 1 1 60 1 1 Il 1 1 1 1 1
0o 1 2 3 4 5 6 7 8 0o 1 2 3 4 5 6 7 8
Residence time/min Residence time/min

Fig.2 Effect of molar ratio of sulfuric acid on the relative content(A) and the conversion(B) of compound 4

{5 B I E) i RS OR AL 2, LA AR A BEAE, I ELAE B0 S A B i O R, S 0 3R
B A EE 535 80 °C. HERBRAHORIHE N 6 mol I, 45 A I [A] AT JE— P4 40 2 1. 95 min, HAFR™HIRIHH
XA 82. 2% , A3 A IR SR S

224 fFHEEHARNNEE  CHRRIBOR L 6 mol, PL97% AMIRHIR AL, AHRRBOR
A1 2 LA K 20 CRYZRAFT , A5 b e 57 8 I ) L33 B A i TR A PR, A SR anske s i . Al I, J
TR B A 5 B IS B] A A A T BT, 1. 95 min R AR 5= B IS 8] (3R 5 7P Enry 7). fEJUER | 45 B (]
S, PBCPRL RIS B FE o e, TRAGRHORAELS , SO AL AR FIAX S i

Table 5 Optimization of residence time for the synthesis of compound 4

Entry Residence time/min Conversion(%) Relative content of compound 4(%)” Relative content of compound 8(% )"

1 8.00 70.7 58.9 11.8
2 7.00 88.1 72.7 154
3 5.84 85.5 70.2 14.6
4 3.90 94.0 77.0 17.4
5 2.92 98.4 81.5 17.0
6 2.34 99.8 81.4 16.9
7 1.95 100 82.2 17.8
*

Determined by HPLC analysis of the reaction mixture.

23 EARMNTERUEUHNRE

FEXT 2- I BE-5- A ORI S A R A5 PR R v L A2 B T R R L A BT o i i A B 33 2 170 i AT
HRAA A LA N AT, F2 BN A A R Ak ] A e R R S I T 2 A PR AT TR
5%, GERME 6PN

150 () R AR F DA A FRENIEAT , (BAESEB0 3 A P 7522 1. 3 mol M AMFREN A AT i L% b 58 42,
PR 92, 5% (F 6 H Entry 4) , P2 AR 8 Na,SO, 2354 5 252 B /K A - S BOBCR AR . 6 8 AU,
FRI R J8 Ay SR AR R T, AT 1. 05 mol f AT LA S BLIEURE ) Bk, 7 W AH X Bl 98. 6% (5 6
Entry 7) , 2 52 (4 WV RS BEAT BR 0T LA A3 IR K AR K, AN 23 52 /K gt S NG . X6 sz o ek JBE A 7 0 o 2
PR, LEAH R SR B )T, R 030 B 2 AT 35 31 859% LA 1 1Ak 26, (X 77 ke %o i ) S T A A
(6 Entries 7~13). BT TS, JEURHE (L3R WA & S B4 it 5 . 40 “CHR R S
TR, JERAT DLSE A, AR RAIXT & BRI 98, 6%; {Hi T 40 CJa EAEL T IR, SEAIxT
T TR

AT g 2 T2 FH AN R AN UEA T 8 Ak, AR S50 R FH AR e R 1 S B 070, K54k
RN =PI ARRT S BT 2 100% F198. 6%, #EG T 522 Na,SO, X 7K ff S i 48, (7= 40 s
FE LA, RN BE M 60 CREZEEI, PR T RBIRISAE . (EA5— 320002, AN IEGLRR AL S Je
2 LIRS TR S HERICRT [l , AU T XRS5 Y, B REE T gt b2 Bdr . X
— GRS T SN R A TR, BT RO A ] ek

Chem. J. Chinese Universities, 2025, 46(7), 20250053 20250053(48/51)
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Table 6 Optimization of reaction conditions for the synthesis of compound 3*

Entry Reagent Tempereture/C Molar ratio Conversion(%) Relative content(% )"
1 NaNO, 40 1:1.00 92.7 88.6
2 NaNO, 40 1:1.10 97.2 92.0
3 NaNO, 40 1:1.20 98.8 93.6
4 NaNO, 40 1:1.30 100 92.5
5 NaNO, 40 1:1.40 99.6 94.0
6 NOHSO, 40 1:1.00 95.4 92.1
7 NOHSO, 40 1:1.05 100 98.6
8 NOHSO, -10 1:1.05 86.0 80.7
9 NOHSO, 0 1:1.05 91.5 87.0
10 NOHSO, 10 1:1.05 96.7 92.1
11 NOHSO, 15 1:1.05 99.4 95.5
12 NOHSO, 25 1:1.05 100 95.4
13 NOHSO, 50 1:1.05 99.7 91.4
+
Ll Reagent Ll
4 . b. determined by HPLC analysis of the reaction mixture.
Temperature
NO. NO.
4 3
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709 B, K s 0 B AT IR 3 58 25540 RN 92. 3% [ F= WA B i (32 7 0 Entry 3). JE 8240 51 T
TP T AAL, BT A 7 T AR R B A T AL, I B T 70~120 CEEER A (R 7 h
Entries 7~12). 25303 W], 7E80 'C'F, R AL RIEE] 100%, 7" PIAHXT & 1R 92. 3% ; Bl B )
T, 7285 CF, SEIORCRIEAE, kBSE 2R Ab, YA &1 94. 2% (% 7H Entry 8). i 45
I A ZR TR B R FE R B Z R OC R, AT RUREARAL S8 T2 ATRLEE , FEORIIE R4 S I 280 1 ) Bt ke
BT L LA .

Table 7 Optimization of reaction conditions for the synthesis of compound 2*

Entry Mass fraction of H,S0,(%) Temperature/ ‘C Conversion(%) Relative content(%)*
1 90 80 99.7 92.6
2 80 80 99.8 92.6
3 70 80 100 92.3
4 60 80 100 91.5
5 50 80 100 91.4
6 40 80 96.7 84.4
7 70 70 91.5 87.5
8 70 85 100 94.2
9 70 90 99.7 93.5
10 70 100 100 94.0
11 70 110 100 94.1
12 70 120 100 93.7
+
a. . H.0 oH . . . .
H,S0, . b. determined by HPLC analysis of the reaction mixture.
NO, Temperature, 2 h NO,
3 2
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Table 8 Comparison between batch and self-continuous procedures for the synthesis of 2-methyl-5-aminophenol

No. Step Temperature/’C Pression/MPa  Molar ratio  Residence time/min  Relative content(%) Space-time yield/(g-L™"+h™)
1 Batch 70 1.5 1:5.50 120 96.2 0.3
Continuous 25 1.0 1:8.00 0.5 99.8 1.4
2 Batch -10 — 1:1.05 240 85.3 355
Continuous 20 — 1:1.20 1.9 83.2 368.9
3 Batch 25 — 1:1.05 180 98.6 34.5
Batch 85 — — 180 94.2 21.1
5  Batch 90 2.0 1:6.33 120 97.8 0.28
Continuous 25 1.0 1:8.00 1.6 99.9 0.58

W L5 R, LR T LA RS H E 4 B TG IR B T2 . 7E Step 1 F1 Step 5
PANEAC N AP B, S T2 LA = B EE A, 4 SO 43 51 A 70 Fl90 “CREAIR % 25 °C,
FEJIM 1. 5F12. 0 MPa FEAIL % 1. 0 MPa, O™ WA ARXT & i iff— 204 15 22 99. 8% F199. 9% , 1E K &
A% T SN IS TE] g [) B S AR T TR As PR X T Step 2 i8AL SN, TRIERES T2 TR B - 10 “CHYMIK
TN 240 min (4 50 RSt T 48 0 541 %) S 107 8 26 AR IR AR B 6 %, TTE S0 1 S Rk T4 120
TR BR A (R A3, 75 20 “C AN S 1. 9 min AT SE U N, FLI 2 7 34l 10 1045, 355
368.9 g+ L'h".

HE— RGO AEMR R, X TR SN A TR AT R Ve T T PEAG . ST 4k
(AE) . RN FESCK (RME) | T2 Bt i i (PMD) FIEREE N7 (E)4 T OCEEFa bR, e mia b T2 T
IS AL . ME IR, MR TA3MRE, Step 1, 2, 3F15 TN I T 70% , BA BRI
JRF 2205 5 DV 3R AT, Step 1, 2 M S I EL 70% 9 R AF/KF-, 1M Step 3 W& F =4 T
IR FE RMEERAL; W T 2R RE, Step 1, 2, 35K T ZREIEWAL, 8 T 24
ks WIREEIN K7, Step 1, 2, 3FS 0 E{EIIFERITE2 2247, AR | 452 A97KF-. Step 411
A8 bRy N AE=51. 9%, RME=11. 7%, PMI=4. 67, E=8. 6, X F B & N N1 K B h gl A T K
KPR, (AR T2 MR R A S A Z AR, OV AR 2 P BRTER n] DL i 2% & 7K 4
T EEBT ORI, PR AE SRR AR P2, 4Tk B UL T RS EUE . S BB A O Al T2 B3R 5T
AR T REAE , TR A 5 82 T AR OR A P B e T 8 B A SR B S 7

Table 9 Sustainability metrics of the self-continuous flow synthesis of 2-methyl-5-aminophenol”

Step AE(%) RME (%) PMI E
1 74.8 69.3 0.69 1.7
2 89.4 71.8 0.88 3.0
3 99.3 59.3 0.08 1.5
4 51.9 11.7 4.67 8.6
5 77.4 72.7 1.36 1.4

* AE: Atom economy; RME: reaction mass efficiency; PMI: process mass intensity; E: environmental factor.

3 &

BT HAT2-H-5-2 SR B 0 Tk AR 7= AR, 25524 P AR IESERUWGEIE SR , X 4R T 24
PR LA T ARt , TR T — R BE AR i L AR RCR B e H L i - 2 A S Y
TXE . B T PP S RE PR S A — A5 b A i S e 3 S W AU Ge i 22 s, $2
T 2-WIR-5- AR G N T2 e MRS ek . B 5T S Sy RN AR RN R | 45 BR B[]
Y E MDA FLAE D S0, R S A B SRR TRI 446 22 1 min, AHALSCN A A] 4546 2 2 min, 152
RZ TR ECRIK T8, 5% , REFEILAR TALGE R RONL A1, TEde g O 2 xR IR 22542 1T H
PRI IR R R . R SR - 28 3N 5 1Y T R A 2- FH - 5- G SR I 2 %) TV O AR 7 R
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