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Synthesis of 1,2,2,6,6-pentamethylpiperidinol
YAN Ning-ning , ZHANG Tian-yu, LI Xiao-jun”
(School of Chemical Engineering, Hebei University of Technology, Tianjin 300130, China)

Abstract:1,2,2,6,6-Pentamethylpiperidinol is an important intermediate for the synthesis of hindered amine light
stabilizers ( HALS). 1, 2, 2, 6, 6-Pentamethylpiperidinol is synthesized by reductive methylation from 2, 2, 6, 6-
tetramethylpiperidinol , paraformaldehyde and formic acid in water.Its structure is characterized by 'HNMR ,”CNMR and
FT-IR.From the single factor experiments and orthogonal experimental results, it is known that the molar ratio of raw
materials has the biggest influence on the reductive methylation reaction, followed by the reaction temperature ,and finally
the reaction time.The optimal methylation conditions are as follows, n ( tetramethylpiperidinol ) : n ( paraformaldehyde ) :
n(formic acid)=1:1.05:1. 05, the reaction temperature is at 80°C , reaction time is 2.5 h,and solvent water can be
recovered and recycled for 3 times.Under these optimized conditions, the average yield of the desired product is 97. 9%
with a purity of 99. 6%.

Key words:1,2,2,6,6-pentamethylpiperidinol ; 2,2, 6, 6-tetramethylpiperidinol ; paraformaldehyde ; formic acid;

hindered amine light stabilizer

Z PR EH (HALS) & —2% M Fa &
PR B0 7 580 HL S 4 F AR A a3 2 Bl
HYHRZERE WA R Jefve reii =,
—HREENIMNCRE R R PRz =T
1,2,2,6,6— i B LR BE B (37 AR 0 HH 36 IR g i
PMP ) J& 5 1 32 BH I 56 R e 790 1 20 22 o ] 41510
Al TA MO E R GW-540 Fil HS-508 45112
AT HA O B AT T T2 Bk AR

L FEIRIE RS Y 2,2,6,6— U Y S R I 5 (
R DU F LR I B, TMP ) 0 F B 28 F R Ak I 1 4
ORI 3 V= w1 I R

OH OH

+ 2HCHO

N N
H I

TEAL G R Tl A R e, 5 DY H LR e
PP R R L3l R T 3, RN TR 5 h, )R W IR

+ HCOOH

FERTF 95°C , Bt R 2k 94% , (HI% 3 i o
L PRI A ) R T B T AR VRO, 21 2
ZgpbE s, SRR Z

S DU/ R Ol R SRR 3 a3 i Sk
AT A EEIRIERE, 5 R L, H R
FA IR B30 As) i AR e B o, T L LA S oy s [
JS2 IV 5 AP AR Ak BB BAAE AR

1 SEIGERSY

L1 KFE5NEE

DU LR BE I 22 3 R, 3 o0 Tk Jb st R
SRR IR R A R, gl w (R ) =
88% , R AR I A ™

AVANCE 400 % 2 4% i 35 4%, 3 £ Bruker 2
R A7 AR 7820A AR MY, 2 [E Agilent 24
FAE P A3 FE HP-5(30 mx0. 25 mmx1 pum) , #FFE

Wt B #3:2019-07-01; 42 2 H #1:2020-03-09

EZ B T T (1993~) L, WL 0T A BR S0 7 18] ARG A0 A0 28 i (5 B, 390715067 @ qq.com; 25045 (1967-) , 55, Tt B8, B 9T J5 1) A i

AL A R, 3B THER R | lixiaojun@ hebut.edu.cn,,



2020 5 B

FHE RS R 250°C, FID Al 25 15 B2 4 290°C , #1 i %)
AT E N 80°C , 443 30 min, LA 15°C/min 3 Z T}
TR 2 230°C , P-4F 20 min, 2R A HAUE — k3 712
.,

1.2 HEHRERIEENEKAE

FERAT H BB PE AR TR T ] 3 v s 1) Y

FLBEI AU 50. 00 (0. 32 mol ) I FH LW i
Fi£ 10. 09 g(0.34 mol) Z R W 17.78 g(0.34 mol)
88% I H FR A W A 35. 00 g R K, 13 n (DU Y LR
WERE) cn( ZR W) cn(W#R)=1:1.05:1.05, %
B FHEE 80°C , IR 2.5 h, ZJFRHDH, K
JZUWCECR R (MERE B N HER N ) 5 702 05 2= 15
i 2 i K AR TC IR Y, 12 3 5 15 0 IR E
P P LA™ S R B T

OH

OH
+ HCHO + HCOOH —— + H,0 + CO,
N N
H |

1.3 SR

'"H-NMR ( CDCl,, 400 MHz) :5=1.22 ppm (s,
12H),1.43 ppm(m,3H),1.68 ppm(m,4H) ,3. 60
ppm(m, 1H) ,4.49 ppm(s,1H); "C-NMR ( CDCl,,
100 MHz) :6=26. 8 ppm,30.7 ppm,49.7 ppm,57. 8
ppm, 58. Sppm , £ AT AZ R , 15 T F B DR WE I Y
SERAHAT

FT-IR 3 Hr 45 R R B 7E 3 223 em™ AL 1M 4
WIS T O—H M i PR30,2 996 em™ Ak iy W i 4
JAE F—CH,— % i % 3, 1 380 cm™ 1 2 518
e AL B R T CR,—CH, 0% B 5 50
SRR AEIREN, 1 141 em ™ 40 B W Y )T & N
R,—N—CH, AXFRAEIEHRS . 200 B 20 SN
5 T B R E R A S5 I AHAT

2 KWHEREITIE

2.1 EE/REERRMI
2.1.1 3 RFEEMRGENH A

SN A B B R L AE A i R Ak s o i R e G
HEPEERT . iR 2 5 W 8okl ok D S B
FEWRBE BN RE 56 2 36 4k oy 1 H SRR BE I an SR 2 3R
Rl K2, SR LB R Je A B 8 DO H 3
W B 255 22 5 WA i %) JBE R EE XS S I s M Gn 2% 1 J
N HER 1Al LUA Y, 22 5 HRE ) Joa 1) a1 o 3]
HIMB R 1. 05 f5 LS 77 B e e Fali B 4 A8 1
2RI, DL n (DO JEIRIER ) cn( Z R HEE) =
1:1.05 BMIEH,

FPTTE:1,2,2,6,6- hPRIRITESNE AR - 187 -

®1 SERARYRMNENZIT
n( T EEDRIERE ) <n( 22 HTRE) R/ % 41/ %

1:1.00 85.3 98.6
1:1.05 90. 1 99.6
1:1.10 90.2 99.5
1:1.20 90.2 98.6

R A o BEE I RRY 105 A%, VIR R 80°C, X
R EFE A 2.5 h,

2.1.2 YEBRMRHEWHAR

TERfE TR RS, PR T R Y i) &
HIsIm 5 R ANER 2 iR, R 2 hATLUE L B
F Rk I, 7 i 3R 5 Al 2 Bl 2 1
{HHR H B 0, 7 h By A5, i 5L 2 i B e ik
REYERIG AL P R ME R 25 A DL BIRER 0 (1Y
F LR IERS) sn( R ) = 1:1. 05 AEAREE/R I,

*2 HEBEYMRMENZIN

n( THHZEDRIERE) n( HR) e/ % “ifE/ %
1:1.00 86. 4 99. 1
1:1.05 89.6 99.8
1:1.10 89.6 99.3
1:1.20 89.9 98.5

TF YR R o8 B R Y 1. 05 %, IR JE N 80°C , I
iR 2.5 b

ZEAE UL LM T A B EE R LR n (Y H SR
WERE) n( ZHWPEE) :n(HMR)=1:1.05:1. 05,
2.2 R R7EEA NG

FH s R H i FH A | B g 2R AT 38 I A A s i
M2 1A AT REAN I, 7 28 JE K S5 I s ] A" g 35 21
SIS R SN B[R]0 S 1 A S0 A 3 B
M2 3 il LUE 1, Y s B i R AT 2.5 h B, RO
WCRAFR A, P, 36 B A SR E] R 2.5 h,

®3 REAEREME

S S st A]/h WA/ % 4L/ %
1.5 77.6 98.2
2.0 86. 1 99.7
2.5 89.3 99.5
3.0 89.4 99.2

Hon (P SLIRIERE) cn( ZRFEE) :n(FFER)=1:1.05:1.05,
SR EE R 80°C

2.3 RNiRERFMN
it 2 7 Y SRR B iy o i v R 2 A A I



- 188 - FAX AL L

X RV AN R 4 Fs, MR 4 el LUE ™
st A ISR I B i B IO kB P T e T o, g
I EE H 80°C F+ 2 85°C I, Wi 3 5 4l BE i Ay Wk 35 712
fb., PR, 38 B SN TR R 80°C

%4 REBENEN

B/ C ek 9% AL
70 76.3 99.6
75 86.2 99.5
80 89.5 99. 4
85 89.6 99.5

W n (VI SEIRIERE) cn( ZRHEE) tn(HR)=1:1.05:1.05,
ST 2.5 by,

2.4 IEXLIG

PP R LI A R R W Al E RO SRR
n(PUHEENRIERE) cn (ZRHEE) cn(HR) =1
1.05:1.05  FZ W IFE] Ky 2.5 h, [ i Ui BE A 80°C
SRtk — LA e R Y MR ARG, DR
FH IR WGE i A A3 R 25 A% A8 s, 326 IO HH R IR I B 5
Z RN EE IR G (A) | Y R I I 5 PR R ) JE8
IREC(B) N HHE] (C) F ST N I EE (D) Ry 5 Wil [
R ONFEAZHEAEM, ST HE R =KW L (3*)
IEAZ S, SEUe R ZR AR ANR 5 B IR A 5L 45
R 6 iR,

*5 EXXBREZEATR

A B c D
A n(PUTEORERS) © n( PUIENRNERE) ©  TBL B
n( ZRIE) n(PR) BHRl/h IR/ C
1 1:1 1:1 2.0 75
2 1:1.05 1:1.05 2.5 80
3 L1 1:1.1.1 3.0 85

R6 L(3)EXTHER

F5 A B C D W, %
1 A, B, C, D, 77.3
2 A, B, C, D, 80. 6
3 A, B, C, D, 78. 1
4 A, B, C, D, 86. 4
5 A, B, C; D, 87.6
6 A, B, (of D, 85.2
7 A, B, C, D, 82. 1
8 A, B, (of D, 87.3
9 As B, C, D, 86. 4

E40EBESH
k, 236.0 245.8 249. 8 251.3
k, 259.2 255.5 253.4 247.9
ks 255.8 249.7 247.8 251.8
K, 78. 67 81.93 83.27 83.77
K, 86. 40 85.17 84.47 82.63
K, 85.27 83.23 82. 60 83.93
R 7.8 3.25 1.87 1.30

R 6 A LUA h, JrUBHEE IR Lok it Y 4k
SN A B R, LR 2 S I ek B S I 2 S g B
], Bl ASB>C>D,, W IEASSER 45 vl J, e Ll &
M A,B,C,Dy, FRAZRSLIREE L], Y K i [H] Sy
2.5 h B, R E k758 4, B ) o 23 A
BN BERE, T AR A4 & R A,B,C,D, , Bl n (14 H L
WRIERS) :n( ZRHFEE) :n(HER)=1:1.05:1.05 J%
MR 2.5 h SO i B2 R 80°C
2.5 BRFIKMEHR

FE SN S8 T, FE, 43  ilK AR T A
R A DK O H R IRIE B KA BR T S A
DRE RSN I SR D R RN SRR A SR B
B HIRHE SR D HEBOR AR A T B

R B KA 7, UL R fefE = 0 4%
P50 , BR L — b o3 W BTA K, T KRN 2 T
B R, VA KBS G R Ak S0 R T AN 2 7
Fiis . 7 Rl LA I BB 4 U, 7 5 B
BIFLRARER, o] IR FIK AT LA 3 ¥, F 3490k
K 97.9% , 41K 99. 6%,

®7 BRKHWERER

BEHUAEL W/ % 4/ %
0 89.3 99. 8
1 102.9 99.5
2 100.3 99. 6
3 98.9 99. 1
4 91.6 97.6

W on (VU SENRBERE) cn (BRI :n(H#R)=1:1.05:1.05,
SRR 2.5 h, e iR EE SR 80°C

3 it

(1) LADYHY MR g B oy Jrofe) | FH e/ R Ay Y
A5, DU i A 7 k5 B T L SRR E B

(2) HH PR R 20075 31 6 1 T P L R I Pt ) 28
PE&AE R an (PIH JEIRIERE) cn( Z R EE) n(H



2020 5 B

f2)=1:1.05:1.05 i &k 80°C | 2 o B[] oAy
2.5 h, IEACSCHEE A | JFURHEE /R H XA J5H 5%
PRI B4 R M e A, R R I IR B, 5 J 2 o g st
], ZA R LIS RS AL S 25 R, R
PRSI FIK AT A 3 Uk, 1 LR e i
(RS YU RN 97. 9% 4l K 99. 6%

(3) 522 R 3R Jr ik A b %0y 2 LA Uk
HFED LR IS R ) | SO I [A] | s 0 it B
A Al /0 i A BALAEAR

S 3k

[1] 3KP2e Z B EARE R A U Tk A AE = [ D). M L 4
FAF TR ,2016.

(2] Ehutis, FRERi, el , 45 52 B G Ra E 7) 430 A [ J].
{22 TS5 TR ,2018,35(1) :29-33.

(3] JSr a2, SA2SUN, TR0, 55 78 1,2,2,6,6-F FF ZE IR IE AR 1 O

Fase eI AR N-41k-1,2,2,6, 6 70 F RE R I B 04 A A

[J].Bl2maRk ,1982,33(9) :537-539.

X SCAZ B ERR R R A B A U RAE[ D] R KRR

2,2008.

[5] Butola B S, Joshi M. Photostability of HDPE filaments stabilized
with UV absorbers (UVA) and light stabilizers ( HALS) [J].
Journal of Engineered Fibers and Fabrics,2013,8(1) ;:61-68.

[6] Evans P D, Kraushaar G S, Cullis, et al.Photostabilization of wood

[4

[

using low molecular weight phenol formaldehyde resin and hindered
amine light stabilizer[ J].Polymer Degradation and Stability,2013,
98(1) :158-168.

(7] Hoigide, xUms, B A, % 2 0t — o2 B ZO6RE iy
AW HERELT] K AIME T, 2015,32(3) :318-321.

(EH#% 185 W)

[7] Bala H,Fu W Y,Zhao J Z et al.Preparation of BaSO, nanoparticles
with self-dispersing properties[ J].Colloids and Surfaces A :Physi-
cochemical and Engineering Aspects,2005,252(2/3) : 129-134.

[8] Li S W,XuJ H,Luo G S.Control of crystal morphology through su-

persaturation ratio and mixing conditions [ J ]. Journal of Crystal

Growth,2007,304( 1) :219-224.

BTN, SRk | R, A 45 R DUTE A R R R 2 5

RGBTSR )] AL Tl S TR ,2005,22(5) :371-375.

[10] Vogelsberger W,Schmidt J.Studies of the solubility of BaSO, nano-

[9

[

particles in water; Kinetic size effect, solubility product, and
influence of microporosity [ J]. Journal of Physical Chemistry C,
2011,115(5) :1388-1397.

[11] Chen Q D,Shen X H.Formation of mesoporous BaSO, microspheres
with a larger pore size via ostwald ripening at room temperature[ J .
Crystal Growth & Design,2010,10(9) :3838-3842.

[12] SRAZE, EMIT, AL, 55 2 T 1540 T GPR B RRHUY

77T 1,2,2,6,6- hEPEIRKIEENERAR - 189 -

(8] XURk, MR8, WIEG A, %5.1,2,2,6, 6 Ti HY SR e B 1Y & A
(I HEIHAE 22741, 2006, 30(3) :326-328.

[9] James P G,Wingdale G A.Hydrogen peroxide catalyzed process for
the preparation of sterically hindered N-hydrocarbyloxyamines:
US2005/0014948 A1[ P ].2005-01-20.

[10] James P G, Wingdale G A.Hydroxy-substituted N-alkoxy hindered
amines and compositions stabilized therewith; US6376584 B1[ P ].
2002-04-23.

[11] E M OERE R GW—540 i [H] {4 70 Y 2 0 e 2 T HY S DR 0
BEE T T 2B )] ARSI 1995,50(11) :583-587.

[12] F8ih, 28, BRar 2. 2 B MR LR e A BB et e [ 7] S 4 ik
12,2013,30(4) :385-391.

[13] Yasuda M, Kuga-Gun Y.Method of preparation of 4-hydroxy-1,2,
2,6,6-penta-methylpiperidine ; EP0837057A1[ P ].1998-04-22.

[14] HRREE. 55 75 A6 & W e TP AL S B2 9B FE [ D ] 31 3 K
2%,2011.

[15] BRHs BRI, 227 S5 BT AR BOIR 2 LB AR 2 I BT &
IREREVEAT [ 1] Ab2A271,2010,68(23) :2487-2492.

[16] Wram, Kz B, Bl b, 25 e W R 1h 28 19 0 TG g 1) - 1l 3
AELI] TRERRS,2013,31(11) ; 1870~ 1874.

[17] Pine S H.The eschweiler-clark methylation of amines: An organic
chemistry experiment[ J].Journal of Chemical Education, 1968,45
(2):118-118.

[ 18] Bensel N,Pevere V,Desmurs J R, et al.Straightforword synthesis of
N-protected benzylic amines by carbamoalkylation of aromatic com-
pounds| J].Tetrahedron Letters,1999,40(5) :879-882.

[19] Byron W Purse, Pablo Ballester, Julius Rebek Jr.Reactivity and mo-
lecular recognition ; Amine methylation by an introverted ester|[ J ].
Journal of Chemical Education,2003,125(48) :14682-14683.

[20] FEMRfE, 258, SR B, ORI M I E R [ M ] JE 5T
Hh R Tll s fit:, 2010:284-284. 1

AL BRI AR BE A, 2017,37(6) :50-53.

[13] M7, A0, R/ NAL R B A TOVE B AR A 7™ BIDIR B & e
HLT]TEHER T ,2015,47(1) - 1-4.

[ 147 2% > BCME 9 K 40 R 101 i) & B JC R < CN, 103881418A
[P].2014-06-25.

[15] [E¥RSS, e | B2 B A o A e A TR A P BRI AL [ ]3]
dbtkT1,2013,36(3) :56-57.

[16] % IRBEPE 0 2=, 5. M S R o (R T 50 e P K v 38 i
P2 L PERE[ )] BRSO/, 2015,25(5) :45-49.

(177 %, e, 10 i B8 pek e A O 50 07 FH AR B 4 T 2% T AL 383 i
F[T].ZE AR 2001, (3) :48-51.

[ 18] X4E, Whoan RELMIBGR MK T 208 [ T]. b BER AE AR,
2014,20(4) :60-63.

[19] VFEGE o~ B AESERE LAY 4 K MG 1 R 7 = R AL R AR
JEe BRI DB < LR K%, 2017.

(207 XA, )8 I 500 % 4 K AR BRI R ThT A ek PR A5 [ ]. H A
fe2 Tk, 2015,45(2) :85-89. M



