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Synthesis process of trinitrophloroglucinol in an ultrasonic microreactor
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Abstract: Trinitrophloroglucinol (TNPG) is an important pharmaceutical intermediate. It is usually synthesized
from phloroglucinol (PG) by nitration in a batch reactor. This technology has the problems such as long reaction
time, high energy consumption, and poor safety. To develop a novel technology for continuous synthesis is
necessary. The process of PG nitration with mixed acid was investigated in an ultrasonic microreactor. By
introducing ultrasound, the problems of low mixing of viscous fluids and solid—product clogging were solved, which
enabled continuous synthesis of TNPG in much shorter reaction time. Additionally, through mass spectrometry
analysis of reactant and product solutions, the reaction mechanism and reaction characteristics were revealed
preliminarily. Under optimized conditions (PG concentration, 1.0 mol/L; molar ratio of nitric acid to PG, 4;

temperature, 40°C), a yield of 80% and TNPG purity of more than 98% was obtained in reaction time of 6—10 min.
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Fig.1 Nitrification mechanism of phloroglucinol(PG )

Be A, X) 4 Ja BHES B AT IR & 0 SR AT, mT AR
HHRNEIT B EY, BT S SRS A R
YR WIKIED 1z A W B 2 J A s

H i, PG i £k i TNPG = 2 2% H a8k 22 =8 T
2 PGV TURBRIR)G , 76 -5~0"C T 12 i g
AR, PRI 1~3 b, B R 2ORHIN KK 5 2edhng
T35 TNPG [E{(4KUE, RN HLE A 1 s, PG 48
PR A A B = R BR L 1) 2K =, B4 = i SR
MR TNPG . PG 7341 7 22 ¥ 5L Ik AT A e ol
Sy kA A AN O, PR e 2 S Ak T 20 R i i IR
I fin 2Rk 2R i BN ) B AEAE SN R ]
K BCRARSR SN . LA R R IR R A
g S5 (] A i 52 07 25 PR B 7 AR Ry BB A A AR ™
ERERETY, RS BRRCRE A 2 IR
AT L.

TR I i AT B0 A 38 R 6 1R O A A L
Y /NG A SR PR SRR A S N ) B AR S BT
WFFE 2R, ) G0 07 i T Ji i Ak i b 25 53 st 44
S fE RS M RN, T SEE R PG SR G, AT
st a7/ S AR T 1 B2 A C R /S
I, 6 F 2 AR R S Bt 7, 5 & A T AR BT RUR
Wi E T, A RPLIE FE I8, BFoE B 5 AR I &
Ji R P OSBRI B T A R R
A B S E s B TR AN R NN TROK 7 € R = R
P38 FE B 7 AR BIR AOCR s [RIB, B T 28 AL, A
LT 5| B Jm 575 OO I A ep i D A R 4 o
b T IARTE A 2 ARG BT R S TR N g
CEET MR & SRR A% T 45 & AR K
B A RS BN . Horie 25" F FH 48 75 G N7
ATF T IR BRI G AL — R W ST, S T R
NS FEE LAY, HICRERIEAE T . Cantillo 58" LAl
1% ek i A AR A6 R P RO R g T S T TNPG
S AR AR T A0S TR N # TR R T Uk
i DIAKAE R T4 T2, A7 7 g 5 5CR AR RN 588 h 3%
TN 3 B BT s U AN A S AR SR T A AR

TSR JERFB R T2 B, ik, A2
TR B 75 U VA TNPG 3 2245 it R R AL Al
TN

AR SCRF WG T8 S A -5 8 P i e AR BRI A
DAFRE fo 7T BE AR A i R AN B 0 JE TR R o LUAH B
TR M A AR, 78 P 2R IR S5 PG EE R 1L
(N/PG) JRPR % K4 A5 B I a] Sz I I B2 5 2 0
SR, X PG AHAL T 28 T 1Ak, IF 3 SR L BE 5
W RRAT O I . WEFEEE 2R ] Ayl 75 Rl B
P )2 = B P Sl A R fe =%

1 SLIGE A

SIS AR 2 FrN LS SIS
7 O A TR R R VK R G, T
B AU 2 K 1 m FINAR 2 mm 9 316 LA
BN s SISO A8 A RGO B U B T 4
fEs (Y R, GYD-D2,28 kHz,60 W) 1 ,
JF S A — R & TIEA KGR

SEUG TV K TE K PG il QR 2E B2 >99% ) 7r
WA 2 (98% , J5T it 4 450 v BC I R, o 2 MR il 1R
(95%) 5Vt R4 LU A5 I B TR PR VA TR o S I VR e )
JEFE0.5 h NI . PG IS5 IR BRI W4y I
SPEE AL , 28 TR A A PRI A 1 R S R AR
TS A IR G 5 RO, I8 AR i 58 A VKK K
I (A K AR 5 B A4 P AR R B LA 30) o TR K
Jei BN RO i SR R R R R DAYRCRE £
AT A AT o S0 R R BN I AR U A Y
0.32~6.4 ml/min,, Xf B i 3 4 1.70~34.0 mm/s, {5
BF 1] 4 0.5~10 min,

O35 s R ZE AR LC 1260 2R 380RAH (4,33
A, 2 FMKGIN B 38 KR 254 nm; (A REAE g C (TG4,
A5 R TN $4.6 mmx150 mm , B S A S um,
RN 25°C; T s A A Sl 109%(1R B 43850 215 7K %
W+0.1% =3 LR (TFA) sl AH B i 5 7E 2 min
NN 30%B 25 14 38 i & 82.5%B, 2 Ji 1 i i &



25 8 1

www.hgxb.com.cn

+ 3599 -

PGHRRRIE A

@,,,,

T

b

TR
ST g
= WIS EE
@ TR

= NP
o T U/ SN

] seimsokin

K2 PGREfLSi RS BRI

Fig.2 Experimental device for nitration of PG
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Fig.3 Typical chromatographic spectra of the composition of

reaction solution and the calibration curve
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Table 1 Comparison between measurement by external

standard method and set values

Sample  BCE R /(mol/L) AN E e /(mol /L)
No. PG TNPG PG PG-S PGtk TNPG
1 0.0412  0.0061 0.0105 0.0332 0.0437  0.0061
2 0.0212  0.0047 0.0059 0.0181 0.0240 0.0047
3 0.0419  0.0049 0.0106 0.0313 0.0419  0.0048
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Table 2 Reactant viscosity at different temperatures
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Table 3 Viscosities of glycerol-water mixture and

glycerol-ethanol mixtures at room temperature (18°C)
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Fig.4 The effect of ultrasonic power on the cavitation and mixing in the channel (80% glycerol/water-20% glycerol/ethanol)
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Fig.5 The effect of flow velocity on the cavitation and mixing in the channel (85% glycerol/water—20% glycerol/ethanol, 50 W)
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(the other phase was 20% glycerol/ethanol solution)
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Table 4 Comparison of sulfuric acid usage between different process conditions
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< VE T
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PG’
AT L 1.0 1/3.9 34.1/1 4/1 1
Cantillo 25" 1.0 1/12.3 54.6/1 3/1 2
a0 1.14 1/1.25 20.8/1 4/1 —

2 1. PG—IRI =i, S—HiiR , N—HAl R
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3. N/S.S/PG N/PG ¥ M EEIR I .
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