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(57) Abstract: The present invention relates to a polyimide film-based synthesis module, a method for preparing same and a method
for mass-producing an organic phosphate compound using same, the polyimide film-based synthesis module comprising: a first metal
plate having a first inlet, for supplying a first material, and a plurality of outlets for separating products; a second metal plate having
a second inlet and a third inlet for supplying a second material and a third material, and a polyimide film adhesive body positioned

between the first and second metal plates. The polyimide film adhesive body has therein: distribution channels connected to the first to

o third inlets and for separately distributing the first to third materials, a mixing channel connected to the distribution channels and for
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mixing the first to third materials; and a plurality of microreactor channels connected to the mixing channel and for reacting a mixture
and then transferring products to the plurality of outlets.
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AT ST AN @-Z2FT U2 AEY §5 A

N, th7] apell 2k4] gk 2pef7h 2 @ B4 29 10 mL 2= vl b

A}2-(23-26°C) 0l A # 2 (1) (Immol), E] ol e ¥ 5}o] E(2)(1.2mmol) 2
E2H3)(5mmol) S AZ EF B x 5=15mL)ol A 7|82 o= & Z3ls 3t}

3 AR A o2 A 2R tha(F 1), 370 €9 BFE 6mL

NORM-JECT & &} 2~8 AlUX] & H7|312 7l A B2 E 53] @ PFA 2
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AAste] 3.93 = AF AIEE 23T A el e = A=
AMEE vho]ld R ol A Hh-E-7] k9] aq. NaHCO, 89 2. 2 A3 313 o).
FHE RIS SAS S, AEES ol E oA H o] E(40 mL) =
FZ3 A THDMFI A BH-g-9] 2 5- t]old o8| 25 AF&3t . 4 S5
o el olAl gl ol E Ti= t]ol E o }] 2(3x15 mL)E 33] Al A 3Rt AgH §-7]
& ATE AA S AL, Na,SO, = A XA ZL o, 713t sfell S Al 7]
v, At AFEE SEd o2 A A EE dE 2/ E oA H o EE
/\}%3}04 21 2] 7F 21(100-200 mesh) S 53 A7l AZnfE 1892

A AT v &ol o &), el 23 =S NMRZ 4] 3F9lc) kg ¢
?r, VA TS olA =, B L ol M E 0 2(23]) 747} A F 8 AL, v B8 9 3
AzA F T

2AD-AS HF CRPE ALY - TAFTH A AEGE 80 FAHS 98

AHAQ A3t
(1) A2 CRPE AlE3% a-E2FX I A AEY] A
A2-(23-26°C)0 A, N, th 7] 3fol], AHA ik wbefj 7} A2kg]l 9 B o7l zg =2
vhek Z b W WA (1)(1.26 g, 6 mmol), E &) ol &l EA0}0] E(2)(1.24 mL, 7.2
mmol) % EE54H3)(1.13 mL, 30 mmol)= % EF<M(3 x 30 = 90mL)°l A
NEA R GAIZTE 3 Al oFS E A o' A ds] e thE(0F 2 W),
37) €9 EFE 30mL NORM-JECT &2} 8 A1 & &7]| 31 27) ALY
AZE 3l CRP U E =3ttt & 742 20.82 mL min' & 4G 5lo] 3.93
9 A AIHE Atk B Aol mge = A E AES vhold
FANA B 7] Wte] ag. NaHCO, & 0 2 PA 3t =1 ¥ 1395
AT O, MES ol olAEl Ol E(150 mL) & FEek At 74 &

ER ey

ol Al Hl o] E(3x50 mL)E 33] Al Xttt AFH /7] T2 2 Al H et ﬂ,
Na,SO. %2 712271 00, <t ol ZA AT 10k, Ak 4788
S|l o F A o el oM o] EE A}-&5}o] 28] 7} 2(100-200 mesh)S = &

Ad I rvlx 1y 2 A A st}
lHH ol g @2-2A2-12-ta ol Eh AT 0| E@)E T4 U2 A, 67% ¥
2 8550, 1 EAL e %E}: 'H-NMR (600 MHz, CDCL): 6 7.93 (d, J
= 7.2 Hz, 2H), 7.51-7.50 (m, 3H), 7.41-7.33 (m, 5H), 6.65 (d, J = 7.9 Hz, 1H),
4.21-4.17 (m, 2H), 3.94-3.89 (m, 2H), 1.32 (t, J = 7.0 Hz, 3H), 1.14 (t, J = 7.0 Hz, 3H).
ppm. C-NMR (150 MHz, CDCly): § 193.71 (d, J = 4.5 Hz), 135.00, 134.95, 134.44,
133.58, 129.38, 128.04, 128.69, 128.13, 80.16 (d, J = 4.5 Hz), 64.37 (d, J = 5.4 Hz),
64.02 (d, J = 6.4 Hz), 16.07 (d, J = 7.3 Hz), 15.87 (d, J = 7.3 Hz). ppm. 'P-NMR (242
MHz, CDCl5): 6 1.88. ppm.
ESE 2-8lo] =R A-12-H B el BF=(5)= M LA ZA, 5% W2 FEE
255 a1, 1 542 U3 ¢t 'H-NMR (600 MHz, CDCL,): 6 7.93-7.90 (m,
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2H), 7.54-7.50 (m, 1H), 7.42-7.25 (m, 7H), 5.96 (s, 1H). ppm. BC-NMR (150 MHz,
CDCLy): 6 190.08, 139.15, 134.02, 133.65, 129.27, 129.25, 128.80, 128.70, 127.9,
76.35. ppm.

EE 2212 v doE EE o] E6):= TN QAR 21% Y FEE
5%, 1 548 v ¢t} tH-NMR (600 MHz, CDCly): 6 8.22 (s, 1H), 7.94
(d, J=7.6 Hz, 2H), 7.54-7.47 (m, 3H), 7.42-7.34 (m, 5H), 7.01 (s, 1H). ppm. BC-NMR
(150 MHz, CDCl,): 6 192.85, 160.12, 134.45, 133.80, 133.24, 130.31, 129.69, 129.36,
128.96, 128.83, 128.60, 77.22. ppm.

(2) 80 ‘c o[ A CRPE A}-&3 a-E2X A AE9 FA

80°COll A1, N, th 7] &fell, AHA] aigk wrefj 7k 2kl @ B2l x4 &+ vhe
Z&2a W a-v7hE Y 3H3HE(7)(985 mg, 6 mmol), E 2o ¥
X 2~3F0] E(2)(1.24 ml, 7.2 mmol), & EE4H3)(1.13 ml, 30 mmol) & A=
DMF(90 ml, 30 ml W} 7} Al ep)ell A 78 2] o5 §af A vt 370 Al k=
MEA o R A3 £3Hg thE(9F2 W), 371 £ BFE 30mL NORM-JECT
Zo e A HA R 71527 FA] BEE B QE(AA 25, 80°C+2)0) A
80°C= A 3l= CRP 2 =3t} F 42 20.82 mL min!' 2 4 A 5}
3.93 29 A Albs sttt A ol mEsh =, AdE MES
vpo] &b = ol A vb-&-7] Wt e] ag. NaHCO, 8§ N & 2 AT =3 ¥
T3 & SAG v, AES odE olAH o] E(150 mL)E &30t 74 55
e ol Al El o] E(3 x 50 mL)E 33] Al Xttt AFH /7] & G2
A A 8FL AL, Na,SO, & A=A 7 o, 7he) shol] S bA Zh, 1th&, A4k

& gg Qo2 AF g2/ E ol M EH o] E(7FEH H &) E AL-8-31
2] 7F Z(100-200 mesh)S & A5l AZntE 783 2 2 A 8131 T
olu], o d2-(4- W EA | d)-2-2 Lo EH)E AT o] EQ)= F- A @ A=A,
50% W] FEE EE55 5, 15442 o33 2 'H-NMR (600 MHz, CDCLy): 6
7.78 (d, J = 9.0 Hz, 2H), 6.84 (d, J = 8.7 Hz, 2H), 5.15 (d, J = 10.2 Hz, 2H), 4.11
(quin, J = 7.3 Hz, 4H), 3.76 (s, 3H), 1.26 (t, J = 7.2 Hz, 6H). ppm. *C-NMR (150
MHz, CDCLy): 6 190.58 (d, J = 4.4 Hz), 164.01, 129.96, 126.89, 113.98, 68.34 (d, J =
5.5 Hz), 64.15 (d, J = 6.6 Hz), 55.41, 15.95 (d, J = 6.6 Hz). ppm. *'P-NMR (242 MHz,
CDCl,): 6 0.45. ppm.

EE 2-5Fo]| EFA-1-(4- W S A H D)ol BF=(9)+= T LA A, 5% 2
TER Y55, 1 54 U3} 2 tH-NMR (600 MHz, CDCLy): § 7.90 (d, J
= 8.9 Hz, 2H), 6.97 (d, J = 8.9 Hz, 2H), 4.82 (d, J = 4.6 Hz, 2H), 3.89 (s, 3H),
3.57-3.56 (m, 1H). ppm. 3C-NMR (150 MHz, CDCL): 6 196.84, 164.53, 130.15,
126.53, 114.34, 65.13, 55.71. ppm.

T3 2-(4-H E A A Y)-2-2- Ao Bl 2o E(10)3= A A ZA, 7% ¥-7
TEE 53, O 542 &7 20} 'TH-NMR (600 MHz, CDCL): 6 8.25 (s,

e

:
5
4
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1H), 7.90 (d, J = 8.9 Hz, 2H), 6.96 (d, J = 8.9 Hz, 2H), 5.40 (s, 2H) 3.88 (s, 3H). ppm.
3C-NMR (150 MHz, CDCL): § 189.66, 164.35, 160.25, 130.25, 127.13, 114.28,
65.20, 55.69. ppm.

Zoln =D 7] vt v M EtE-7] o] Y FA HAE

F7] ul AlEk-g-7] o] Ffutel = & WstetAd ik 4 A ok Aol I
A2 AL H WA HAEES 98] Zgolv = 7wk heksk A
v Al A D (3 300 mm, =010 125 pm, A ©]: 25 ecm) A & A 2SI L v
100°C 2 150°C ol A 5 Y4 F<F 210 wh/ming] H3 2 & HPLC
Jol st ull(EF4d £ DMSOYE A2 H PI & X o] =3le] vk-g7] 4 &
ZALEIATE I A&-SF HAE § B dygaES Ao oA e &
91& 4= &= HPLC o) 93], Aol st 227 Stoll Al =Z ¥ PI 7| HE v A §-A

429l 9 el 29,

f

7l @ E_o
st F7| 2 Ad ol EL 34 HMH 2 sof o 2R E A &4 &4
E o] E o ¢fof o] 2= 3 5 H B0 {83t 18U a-EAEHSA]
AT HHAHA G2 Aelgd o d da 52]a1, F1HA 9] o] F2] 34
GAE Estel=2 @A 2o T2 AT U S0, a-E AT I KA
AEol oot G-t A E wE A AR = a5 2AD- ikl vl $-
vk sioh, a9y, Ry A2 g7 FAEE S 2ol A Ak 4
AlZbol Qs Bowbgol A, a1uk-3A] F o g A Wl () Edo "
EAgtol Byl A A Aststr] fsl Al 8 = A A5k, o] ¢ gk 5] H & o] A 3]
Al oFo] ulek 2 e A b HALE-S Aakett), A 2o A S 24 54l W
AleFS AR EFVE T Aol v 2 FHOR v HEF QR U FA
2 ZHPFA) A ZH0.50 mm 27, I m o) W2 FU3Fo 2 M 45 5 3shS
THFFATHIE 19] 3 1-5 2 5 69 a)
[3£1]
Elat EZFdEEM & A A1 ZHs] @9] +3
) TE(%)
1 0.2 3 mL/min 3.93 30
2 0.14 3 mL/min 3.93 44
3 0.067 3 mL/min 3.93 67
4 0.067 1.5 mL/min 7.85 67
5 0.067 4.5 mL/min 2.62 40

K

g 27 HEFLELFA LTHPFA) EAF0.50 mm A7, 1 m A o])7}

i
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Sl W(1)2 0.067M(1 mmol =L71)E AFEE ek (D)ol thate],2)2] 1.2 G
Z(5)9 5.0 FFo] H A5 A8l &1 At RT = 23-26°C.

3 10l vheR upef o], £ 2439 EA= NS A
5% R 21% E 2 A= Wz G) R SA-E 2ty
mL/min®] & fFr&roll A vl &2 AZH3.93 2) 0= 67% 852 Udh=
a-EnFHSA AEG S FEshE Ao R WH A

S, - EAELYEA AE Y EDL 66% THE, FAHES) R(6)2 247
5% R 22% FEZ F5HAT §HE R T CRPE ol ¥h& = Al H 532 3)),
& w28 Qe AZXA AT vh- A5 L uke 7] ok Al o] Al A& &l

H

5
13- ole] W MRS I TH(E 29 2 14 2

flall, 53 Aol wpe} 53
569 a)).
[3£2]
5 & A5 A 2Hs] T8 TE(%)
(4:5:6)
1 21 mL/min 3.93 60.0:5:22
2 21 mL/min 3.93 65.6:6:21
3 21 mL/min 3.93 65.9:6:21
4 21 mL/min 3.93 65.5:5:21

*HRS 27 -U 72 R 3%HE(1)(1.26 gram Z17], 6 mmol), Ea] o &l
F 230l E(2)(1.24 mL, 7.2 mmol), 1 3 & 24H3)(1.13 mL, 30 mmol); 3 f-E=
20.82 ml/min(H 5 A ZF: 3.93 s, = ¥F-&7] F-3): 1.38 mL), RT: 25°C.

BE A, A E4) FEL 120 YERG vl 7ol A 9] W% gl o]
1A 2 A H YT} -E T G2 A] A B oja] Ty we 34 sleto =
7he g gk 2h& g o Woll A ThE gk ¢ B et ke AT A E AAet]
FrA ol thgk A 7F ol vk s A E-q et e 24
ol 52 3 & AF & 053] A3, PPA Foli: WS 3]

A
o 48 FAAA, W5 2 F 2
o} ofoll, B M AEL e A A koA F
EEH BT L WE v el T V)5S
el P -g] v e 5
= 2] Wzre] kg7 Abole] FUE VIAET 8= E A
1as] a)), 7F A= To] W ARS Y B T B
£ 3 CRPO] 4, 7 &£l 870 1] Al uk-S71 7k ek ahebA, vl Al HES 7 of
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J167) ETEEEH S90S 150% 5o NE Ao R e H MF #E&

At A8 F el MF 0.55% % CFDoll 2] 3] A1 ¥l MF 34(0.46%) 3} %+

a1, o= 16 7 ¥EE A T Z3F Al ko] FA g Al Al HS YER T

Hj e]ol &=, &= "b-& AJ7tFo] 3.93 298 e v, 7 uh-g-7] <]

A= 27H Aleke] 75~ e gk 2 3ol vl g &2 Al kol
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(@)
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L3 a8 A s 20 E BATH(E 3b). & 3boﬂ UFE}»J
A oke] 9AS £ FF Ao RIE 27 mm AEE {5
27(21 ml/min ~ 3 ml/min)®l| 7\1 2.32 ms WA 16.3 msZ &
Fsto =M gt ubabA, Al 2| CRPO A& Bl ~Esioh
EE4H(3), 5.0 %), ET]ollE EA90] E((2), 1.2 §7%) R WA, 1.0 T
126g£/_71);t1 T3 E AT Bl S A1), ) R (3)) 7 mL/min2]
£ 0 7 CRPY T ool #1837 7 7 W= /a3 o ;E’a E%‘}Oﬂ .
%ﬁfi 21 mL/&-o|t}. 3.93 o] A|F A|ZFo 2 Hhgo] &hay T 4
WA =ZA)E 66% THE el ot L, FAHEG) 2(5)E 5% 2 22% FER
&4 o}oﬂv} ol gk & WA REE V| o] & Ao Fdatth HHAL,
2 HHGA AFe AL FE HALE-S Ak E A& kel
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oFZ AR o] A%k Akl g,

3]
Eigss 220 | FEM |AF AN BE FE | AL (gh)
(%)
1 RT 0.067 3.93 66 19.2
2 RT 0.067 3.93 65 18.9
3 RT 0.067 3.93 65 18.9
4 RT 0.067 3.93 65 18.9
5 80 0.067 3.93 60 15
*FE |4 9bS 27 B W A= (1)(1.26 gram 7], 6 mmol), E o€

X 2~ 3o) E(2)(1.24 mL, 7.2 mmo 1), 2 ¥ E4H3)(1.13 mL, 30 mmol); 3 5=
20.82 ml/min(A 7 A%} 3.93 s, 3= ¥+-3-7] F3]: 1.38 mL), RT: 25°C. & & 5: DMF
W a-t] 7R d 33HE(7)(985 mg, 6mmol), E 2] ol ¥l 3 A3} o] E(2)(1.24 mL, 7.2

mmol), & ¥ EFAH3)(1.13 mL, 30 mmol).

39 I 1-5 2 X 69 a)-b)oll WER v} iEo], CRPE] A1 E| 4] o |
Hh5 %—8—%? % o 24 BUHPGHAT A E@D] &S A9 W)
ol Bl A Gz A 54 H A TH65-66% 7). T7HE 5ol A CRPY
A At A8, s EMEREH B8 o- 22X I SA] AEER) S

80°Coll A 60% =& = At th(E 32 85 5). 3, q-FAF LA A E
A E(8)2 60% TH 2, FAHE9) R10)S 72 4% L 14% 82

ATHGE 3). ¥Hg b= &, CRPE o &&= A A3 312 3]), T & uhe-&
A8l A=A ZH

L3 CRPO YA S HIAEste] =85 A F<F 100°C E 150°C9] &2
Lol M 27 F7] Bl (E T, v E A FALo] ) E A4 07
At AL 6). == H WA A E 2 157 ~ 161 bar®] 9t =& AL

shglo] wiizel ¥ FuE fAletHAM Ao 2 A s FAls ik
TAACE, F7] &l H AE glo] Alzd %8 7oA, 2 e 719] 16.3
MPalt}. PI 714t 0] A2 & 100°Coll A 554l 2 150°C) A4 DMSO®]
wE2AZ 3 0 e e 737} oF 15.7 MPa ¥ 16.1MPa)th. o] = &7} §-7]
Suol| A 1o =EF W H-$-o| = CRPS Al o] FAES HolEt) e B
g 252 PL Y| AEES- 7] 9] Al d 32 9] SEM o] 1| A & AF-§-3fo] 3120 A
7] vl slell =& A171 & FEP ZH ¥ Egjolv|= A& Je & &2t 3l.
FEP ¥ ¥ Z|oln| = A 2 d HHE| Fel= /7] Sufoll A a0 =5H
ol &= A4 FhTth(E 6).
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