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Application of 3D Printing Technology in Organic Synthetic Chemistry

Lai, Shilin“ Liao, Xu® Zhang, Hui’ Jiang, Yan“

Liu, Yuangang®™®  Wang, Shibin®  Xiong, Xingquan™“
(“ College of Materials Science and Engineering, Huagiao University, Xiamen 361021)
(* College of Chemical Engineering, Huagiao University, Xiamen 361021)

Abstract Compared with traditional material removal-cutting method, 3D printing is a “bottom-up” material accumulation
manufacturing technology. This novel technology is not only simple to operate, but also has a lower manufacturing cost and
can be quickly generated. What’s more, 3D printing technology can fabricate the be-spoke objects with intricate internal struc-
tures. Therefore, 3D printing has been a representative technology of the third industrial revolution. In recent years, chemists
have combined 3D printing technology with organic synthesis and made many good achievements in the development of new
multichannel heterogeneous catalysts and reaction devices, which has made this technology more and more widely used in the
field of organic synthesis. In this review, the progress of the organic synthesis based on 3D printing technology from 2012 to
2018 are summarized, such as 3D-printed heterogeneous catalysts, 3D-printed devices and 3D-printed continuous flow
microreactors. Furthermore, the development trends of this field in the future are also prospected.

Keywords 3D-printed technology; 3D-printed heterogeneous catalysts; 3D-printed microreactors; organic synthesis
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IREFT IR AR X L RDZ R AT B filli ) — A =4k
S AZROR BRI SATE T AR 65 EL RS = 4R A
RIBEAT SR IE, IR AR AL Rl ML ER ) — 20
PR iE T 28R TRt Bl £ tRiEslg R
FRAEALAT L S BL 387 T, 3D 3T BN C R AT AT
TR, SAEGHEIIN TEARMEL, 3D ITHHR ARG EZ
RWALH: ()n] LBy AiE; Q)nl i =4EE5 M 1
RSE R — YE IR G, B)E BB = 4 dh, A
WRAS_Efif A S 1136 A2 A6 TR B Bk 3y T AL “ A
R MR, B L IR E AR AN (4)
HRITA AT S, PR EARRERETD). B, FIH 3D
ITENBOR B2 R REAATRL . U B &3 77 TR A BRI
IS, AR ORI R PRI T, bR S 30 MG AR ) = 4
BB BN SR SRR, AR SR R I W6 BT AT
LR B, B S B R AR AL AT BE ik
SN ERCTE, XL TR ROT i S B R EBOR
RN EE. AL LE, oo AU X —
BORIIRT H 2 5%, EREPUE. motfs 3D $TE1H
ARA S B RTS8 (i %A 6 1 AR T
KIEZM 3D FTEIM RN 5 & Al 220k, RIS
FRAL 5 5B B (K 5T BT AR IALE AR, A giik
THILE AT 3D FTENEORK N e, Rl Xt
T 3D FTEIRISEARMEAL AT R, S e B AL B ML s =
J3 T

[ soflep#ft |
Nd

RikBE . BEIRE ST
o, BfEe EEEE
RILE . mASTHRAREH R
FEER L R
HEZ. WNFEERENE
RIS

B 1 3D{TEIHR
Figure 1 3D printing technology

2 3D #TENRABEAFIS REELTIEE

2016 4, Sotelo ZE!UF| ] 3D FTEIH AR E R AW T
[+ 2 FLES K 1K) Cu/ALOs AL ). IZMEAL TR AT = L
SRFEFILL R MR, 1 HHEALBE R, ok, B—E&
ALO; ¥y R MAZ] Cu(NOs), WA, BEJE K, FE 15
FIFR TN 5 B 40 4 K8 BV M, TR TR Tk Ik I
(PEI, M,,=2000)5H5E 4, LB, RYE15 2] Cu/ALO;
KPEMER, T 3D FTERHLAHT B HAH L R AR TR 2 4L
CERIRRL, FR4 1400 CheghEnl il Cw/ALO; fiEfk
A FEBME L 80 C MR, LL N,N- R 3 R R AL
(DMF) 7, K 3D 4T Bl 45 1 Cu/ALOs AL,
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HE o AR 3 0 5 K | 2 R IR A L S P e Bl on YRR
WS RN, = R A i — R A1 N-J5 FEKME sl V-0
FEOR UK M KA G . B AR B, R M AL R R
Ullmann N E A 355 & AL TG P (Figure 2), 11 HgE
Yo T RIEJE Cu IR H T BG4 175 L.

Sore
\=N

X =H, 87% yield
X =Br, 82% yield

H
| N
3D printed ©: >
Cu/Al,O5 catalysts N X\©\N
\=N

KOH, DMF
X 80°C,2~4h

/=N
HN\)

X =H, 94% vyield
X = Br, 89% yield
(0]

Y
NH
o™y
=y
L
(e}
X
X =H, 81% yield
X = Br, 78% yield

B2 3D {TEI Cu/ALO; AT B HLAEAL Y Ullmann J 37
Figure 2 3D printed Cu/Al,O;-catalyzed Ullmann reactions

Bt )i, Sotelo I BA S 4 T R 3D T ENH Al %
T 5hh—m A Z LR AT ROIR S M T ALOS SAH
A ZMEATI LD ALO, By A N R RE, T4 I 57K, 708
7 Darvan 821A. FRNE:FEA4E xR L& PEI (M, =
2000)/R A, LR ALO; R AARIM RiE T 3D FTENFEAFT
BN AL S, 45t &R (1500 C)RLsim . ALO; A
AT AT VE N —Ff Lewis BRfiE1L 2 450 R B, JGHXTTE
TG ¥ 1) R0 0 4R O 2% A R 3B AT 1Y Biginelli B A
Hantzsch [ N EA JEH L7 AL SCR, A i B ] =1
PEGF . S JSLI [A) A5 A0 i 7 2R A5 L WF IR, AR
100 CHF, ZAE AT b S . AL S A (R
JRATAE Y = 214> 181 Biginelli 237, #ETT& A AL
WEIER 3,4- A MENE-2(LH)-F 254k B 490(9 min, 84%~
96%); 1M 4L TFE] 120 CH, %A TP EHEE . o
TIRIEAE W 41 8 = 2H 43 1A ) Hantzsch [ B, A2 K
BAAEEER 1,4- =2 EfTAE)0.5~1 h, 78%~
93%) (Figure 3).

2017 4E, Manzano HIRAUHRIE T —FhREME = 20H]
#BEEEAIE S 3D FTERHT ik, X —#4T
BN LR A Z R FONITENM B, &3t bl ik
SLA T Z4TENT AR, 12 BAFH N R 40 3l 5 5% & — 1 —
PIAFRIE(PEDGA). PEDGA Al A (8 & 45 1%)
PEDGA IR R LA & BAPO YA, MKIKIERL 3 FhAS
[F) 3D FTEN AR5, FTEIH T AL-(COOH),Cu.
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R' Me . Q| (Biginelli reaction) 84%~9|?3°/003|7ie|d PA/Cu ZAIMEALAL %, f—E 5 SiO, HyK. PVB-
0 o A H o At o PVAPVAc HI PEG (M, =600)15 2-7A BEVAIE & i %
NH,OAc (2.5 equiv.) R1WR1 SI0, MM BB, RS2 3D JTEIRILS, TR,
Vs e e |N|m 1500 CFRe4h 3 h I SHHIE ML ARIE. 1%
Al,O5 catalyst . :)R WAE, KRS G-A NI = AR BT (APTS) B
(Hantzsch reaction) [3-(2-52 3 2, L G 35 )- P 3 = W 4 R TeE o (AAPT S )ik AT

78% ~ 94% yield

B 3 3D #TEl ALO; 4L Bigineeelli Al Hantzsch < B
Figure 3 Bigineeelli and Hantzsch reactions catalyzed by 3D
printed Al,O;

AL-COOH F1 AL-COOH-co-NH, 4L, b4k, 1% B1BA
FIX 3 PR FK AT TR SRR A R ) R 4
ﬁ\l‘ﬁﬂ ) Huisgen PAANECR B, 8 FEEFIRZ . 31 Ol —

ZrIE) ) Mannich [N, 4-fiF3E 2% B AN i — 20 4 1)
E’Jﬁ@@é«a%&ﬁ(mgure 4). SRR, ZPPRENS T & T

d AL-(COOH) 2Cu
< > DCM PPh;
24 h, 40 °C
N=N
N/
3.83~5.77 h"' TOF
©) @ ij AL-COOH
_—
DCM 4h
: "NH O

65% ~ 75% yield

AL-COOH-co-NH,

(0]
(c) | o
[

24 h, 40 °C
OH O o
/@)\/U\ /©/\)J\
—_—
O,N O,N
0.02h™' TOF

B4 3 FAFEA ] AL-(COOH),Cu, AL-COOH, AL-COOH-
co-NH, {44 1) (a) Huisgen ¥ AMALR M (b) Mannich &\ (c)
FRRELH A [N

Figure 4 Huisgen cycloaddition (a), Mannich (b) and al-

dol-condensation (c) reactions catalyzed by AL-(COOH),Cu, AL-

COOH, AL-COOH-co-NH, respectively
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RAAED R B, H LR 2 IEIE Sio, ik
5 Cul 8{ Pd(AcO), #1745, /5133 3D-Si0,-APTS-
Cu. 3D-SiO,-AAPTS-Pd W#i HAx S AHAEAL . 1% 1P\
B IX P A AT A 7E S, 15T T LA -BuOH/H,0 A
T T A A T - 2 A FR N B (CuA AC) A
AL 28 AR BR (PCCC) J M7 1 A 351 A1 2 20 43 i A I 2
(MMCR), SZHLT 280 1,2,3-=MAT4EM(78%~88%) )
PR 5 l(Figure 5). £5 REW], ZMEAAHA B 4 1)
F B PR = AL TE P, T AEIAE A 22 Ok HL R R R = 1)
FRER,

3 3DITENDRMEE

2012 4, Cronic B2 i H—Fhml s A6
FA) 3D FTEN M AR. IX— = 28 2 F £ S ik i 35
HIAEH 3D FTEIRRMHT BN i), He 2 P ANE
EAEE . — AR Z A — MR S AR R L 52 7 1
H K. Cronic HIPAF R N AgH#EAT T LA 4- A ER G 5
5-(2-1R LB FENE -5 IR R JF R FERE FE A IR LA )
()& B 7t (Figure 6). 25K, %6 BOTEA AT 3R
a2  Bhs ey, 1 H R B ZRAAR R AR 2 fd H AR
FEN R B (Vieaetor = 9.0 mL, CpH oBIN,O, >90%;
Vieactor=2.0 mL, Cy,HxoN,O, 80%). ZJ&, A T7E H HIA
PRI ST SR LA i 2% B I oI PA/C TR A & 4T
EIyh a8, SRR A R 74T 7 — R A A7
HIAR B N B R0 R E . BE 8] 30 min 1
Et}SlH YNSRI, SR E ST T R LA 2K
sk,

2013 4E, Cronic HBAP' 1 T FhAERF. (Il
FIFIAi 3 BT — RS A R SR E. %3 EN “L
B, ANk 4 MK 2OmmEl’Ji7ﬂZl—‘LL.ﬁ/
EIEERA N, HIX 4 DT 1 AN EREYIRE
3 ARRPLIE. X 3 AN E TR SR K 550
(DB FNEUARIA % — I Diels-Alder MU, (2)
Diels-Alder P = P R4 [ A O E ) OB (3) I fi Al

SARAE PA/C AT IR )R S B (Figure 7). #AEN LR /&
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85% ~ 88% yield
3CR 3D-Si0,-AAPTS-Pd \E R
XY Br 3D-Si0,-AAPTS-Cu =
T + NaN; + =R’
(excess) DIPEA, 100 °C \ //
BUOH/H,O (V:V = 3:1),6 0or 12 h
79% ~ 87% yield 1
3+1CR RN
3D-SI0,-AAPTS-Pd Rl N \[ N R
N Br 3D-Si0,-AAPTS-Cu \E N — R N =
|—I _ + NaN3 — p1 N, | - —
DIPEA, r.t. —X' 100°C,6h \_/
1BUOH/H,O (V:V = 3:1), 12 h \ 7 ,
80% ~ 87% yield
B 5 Pd-Cu fALFIIN 2 20 5 AL R SRR (Cu-Pd MMCRY)
Figure 5 General outline for the strategy of Cu-Pd MMCRs
Solution :
holding ‘
chamber i N\
| (1) Vieactor =9 mL —N*
I 1 ! /®/N\) Br
E MeO
. > 90% yield
Reactor NHz I Meo\©\
stirrer oo ' (2) Vreactor =2 mL N/}
- B FN | e
S| asae
tr_ans_parent ! | DMSO 1mL!
viewing port + LT To oo/
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Bl 6 3D FTE1 s P AENE R 2R L S B R &

Figure 6 Selective synthesis of phen-anthridine-based heterocycles in 3D printing reactor
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Figure 7 The multi-step reaction process performed in the 3D-printed sequence reactor
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L7 G AT I F) 34%.
CH3CH,COOH
3D printing of CF3S0O3H
polypropilene reactor rt. 18 h

KOH (5 mol/L)

0 Phi(OAc), 0

TMOF/MeOH OMe

rt,3h
MeOH/H,O (V:V = 4:1) /k/©)\COOH

rt.,2h

34% yield

B8 3D 7T EN IR A H S S H A e AT 4 55 5 B

Figure 8 Synthesis of racemic ibuprofen in 3D-printed poly-
propilene reactor

2016 £, Ananikov 2 HRIE 7 —Fh AT Lt vy i
T TC 4 R SR b T SRR BUR B A 1% N A
A& — D LED G, FEIAT R R PR BREE LB LY
AL T — MG SR S R, (AR R 2, 0L N
FNAMBA R & R AT IS 91% )7~
A iSCEE, T H X PR E- Al A B W e Rk R
(3% 98 @ 2) (Figure 9).
Rl—— 1 + Rgs 0.3 mol% Eosyn Y RV\SRz
Pyridine, 40 °C 15 examples

530 nm 64% ~ 91% yield
E:Z from 96:4 to 98:2

B9 3D TENE IRt AR S s B s — bl s ol S
Figure 9 Image of 3D printed photo-reactor and photoinduced
metal-free thiol-acetylene click reaction

2017 4E, Ananikov ZEC227H FIR A RHTEIH T —
%ﬁﬂﬁ’]ﬁ?’ﬁ}ir‘%ﬁ I BAE LR BRI T eI LR
RE 77 FEAN [F) 77 A P DA R G Bt 3 2 ik % 1Y) R
%ﬂ%jﬁifﬁ, EHTANE BRI 3D $TE0 RN 35 1
POEHEE A 1 B A W R4 PP>PLA>ABS>PETG.
BRIt Z 4F, Ananikov Z5fd FHiX 4 3D FTEI R B T T
1-R-4- FE 2R 55 2R 2 PR 2H 7 18] ) Suzuki-Miyaura 28 X
BB S B (77 ZEAE 42~79% 2 [8]) FITE Ni(acac), 4k T 1)
ORI S 2-F 56T -3 b2 ] () bR AR SRR A s B (=

1t 27%~47%2 [8]) (Figure 10).

[F4E, Hiibner 1B\FIF 3D 4T BN AR B T —Ff
A% NMR E/eit s &3 B AL AR, XPF 3D T
EII B 2 DA SR Wi fie A S5Ok, 78 3 P SR 1 3R B
FTENT AR, A AT FH 225 B 0o 7 225 o A 42 0 5 256 1 R 1)
(1] Sonogashira fHEERBIHATHE T, HIRMS T SR
P2 F(60%~99%) (Figure 11)
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(A) Suzuki-Miyaura cross coupling
Br
B(OH), Pd(OAc), (2 mol%)
Et3N (2 equiv.)
+ _— Me
EtOH,40°C,5h
Me 3D printed PLA vial
standard glass (79%), ABS (54%)
PETG (53%), PLA (50%), PP (42%)
(B) Hydrothiolation of alkyness OH
Ni(acac), (2 mol%)
oy + (Do oty
Toluene, 40 °C, 3 h s@
(2 equiv.) 3D printed PLA vial

standard glass (47%), ABS (-)
PETG (27%), PLA (37%), PP (44%)

B 10 Suzuki-Miyaura 38 SCHE A SO (A) B bk 2 B S A6 B

(B)
Figure 10 Suzuki-Miyaura cross coupling (A) and hydrothiola-
tion of alkyness (B)

Pd(OAc),, X-Phos
— COOH CSZCO3 80 ~90°C
dg- THF Ny
3D -printed NMR tube
R ) 0

60% ~ 99% yield

Bl 11 Sonogashira 185k 5z M

Figure 11  Sonogashira coupling reaction

4 3D ITENRR I8

2012 4§, Cronin B\ ARIE T LR NI (PP) N
FTERJEAPRL, 5T 3D FTERHAR M FRIAL I S 4% 1l 2% 5 1%
IS B 28— R T 42N 0.8 mm [ [BEREE AL . AN
279 270 mL =3 DU N E . Z A B X — i
NS BEAT T B BN IRE: (1) B AN 7 R v
T ST BHE B S Rk S0 0, T3 A SR A AL B
PR AR B AR, PR A 100%; (2) R 2R
AR M AL T F RS N R, 5 IEN R R
IS AE SR I ) A e AU VR 4

B Ji5, Cronin HPAPYSARIE T —FhGit AL PP
AR PRI SR S N 23X T TR S o7 28 A2 K P SRR ABL )
SN A bR iE HPLC EH:A3 10 PTFE & Hf BT Rk
BN AN 1.5 mm Y E I R A
9 500 mL B i@ 3E, SR EENTERN
1.5 mm [P EEE AR AR 350 mL ) i C36E.
BEAN, FEIX — SN 2% 0 A i 8 S 42 1 WA e 7 3 A 1)
ART-IR % & (Figure 12). 1% DA 37 24 2 o7 5% [F) 16 3F
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3D-printed (PP)

MeOH (2 moliL)—>

| R2 R3
L e~f . il
' NaBH4CN
cR2=R3=H | VT
aR'=Ph dR2=R3%= Me
b R! = myrthenyl eR2=CF3 R3=H
fR2=CI,R3=H

I ; flow reactor (270 uL)

! (residence time = 7 min)
ART-IR /@\
HN R2
- R1J\H

I MeOH (1 mol/L)’

Flow ratetot = 0.05 mL/min 3
R

78% ~ 99% yield

B 12 SFRA LRI A R N

Figure 12 Two-step synthesis of aromatic secondary amines

177 W HUAR A AN FE 0 S A A TR A A 7 I i 11
SN, g BRI RT IRAF 7 2R ) H AR PR (78% ~99%).

2015 4F, Rohr BIBAPEE T SLS T2 [ Fikit 7 —Fb
£200 mm. W& 7 mm HEA 84%FLIER M EFF L
FLEEHE B 45 (DPSR). A T 1% I B 4% 3R A3 147 1
R, fATTSE(E DPSR K EIE ALO;-ZnO )2,
SRIGHG AR IR S N o b Bl G, 12U A A e B
BT EBENEET 2-F%-3-T br-2-FE (MBY) )ik 1%
S % 2-H 3 -3- T ) -2- I (MBE) & 42 S S A
SERRW, SEGNAL R PIESA L, AR IEREE. iR
FEEALA FAE B R

2017 4E, Hornung AP HRE 7 —Fh i AL
B NAR(CSM). X — N4 EBM L2, ¥4
BHEATIGR . B)REEKRE L. B EGEEANHNE
& EHE. PG IR N AR B T Swagelok ANFEHE
E, BHSHERECE. SRS )HER BE S0
SRONE NS E . AT 2 B BT TR R
Ko BRIEAL A WAL A W HE A AR TR S M,
g5 LR T 4.5~6.5 min B AT A BIAME T 90% 164 2.
[F4E, Christie HIBA\PHRIE T 2 F0 R B H T 2434 &k H
HAEMANRDIT RN Z IRk &, 2y, ZHIBA
KA SLA T2l 17— R 45 B LG RE L 3 % 10 L
25 X —RMNEEEHANAEN 1.5 mm. FFN 2.8 mL )
R @ ak, 3 E T HPLC & #8 1. Christie F1BA
KRN 25 5 mL ANEHEELE XN A E, s
DAD #2302k b3kt e R-Z5 Tl A JE iR e 2.
T BN 14D Y R 9 Y P A S . 48 0 35 R 1) o A S v 1
ARFEW, IBEHN 69 C.IHEAN 0.27 mL/min 2 b M
ML, BE)E, ZBIBALL Ti-6A1-4V &&K K ANFT
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ENRF R, RASLM LEATEN T —M#i e Mg, 1X— %
NAg e NN 2 mmy ZFUA 10 mL {15 ] 38 38 4 R
BiZ I v ey BT HPLC 1H iR 3% 5 A AN H AN N
a7 BB, RIREEN 79.6 C. N 0.24
mL/min JE MR AR, B3R~ 5N 56%H)
H AR

[4E, Benaglia Z:P5 [ i 7 — /N TS0k £ 4
& S 23R 3D TN N 28, BL HIPS,
PLA BB W NITEIR KL, 4 FDM T23k18 7 A ARH
TEARFIETE R 3D 4T ERoit [ s, 1% AT %6 LA
75 W RIS 2E 2 05E P 4143 18] 1) Henry N ARFT T 3D FTED
TR NER AR, RS LA B S B REIR . 78 2,
B RV R —20 CAIE B )24 30 min PR
NEFEAE T, FURPLES IFTERAPRL RSTFTRARNT SR 1)
RAEREAK, F2K. antilsyn {HF ee {855 A HBLE
95%-. 70 : 30 Fl 82% /A5, BEAL, %P BNK Z I I N 2%
5/ &A PA/C10 wt%)FE1E NHELL T ThalesNano
H-Cube Mini %% & AHE, AL 17 —FPH T S04k £ vk
AT 1,2-2 k0 2 PSR E, FERm
AR BRI K, 90%; antilsyn, 70 1 30; eeun
81%) (Figure 13).

OMe OH
OH OH

©)\_/ HO - ©)\ﬁ;
NH2 NHQ OMe

(1R,2S)-Norephedrine (1R 2S)-Metaraminol  (1R,2S)-Methoxamine

B 13 FrE 12 m AR L

Figure 13  Structure of chiral 1,2-amino alcohols

2017 4F, Hilton FIFAPOLL PP M ARG T —F BH
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Figure 14 Intramolecular cyclization of synthetic polycyclic heterocyclic compounds for the synthesis of alkaloids precursors
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Figure 15 One-step reductive amination of aldehydes and ketones in a CSM reactor
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Figure 16 Reductive amination using a two-step continuous flow procedure
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