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Highly efficient synthesis of monodisper se polyethylene glycols

YANG Huiyu, WANG Wenli, LI Changgeng”
( School of Pharmacy and Bioengineering, Chongqing University of Technology, Chongging 400054, China )

Abstract: A novel method for the synthesis of monodisperse polyethylene glycols by single chain
extension strategy based on macrocyclic sulfates was developed using cheap dipolyethylene glycol,
tripolyethylene glycol and tetracthylene glycol as raw materials. Using benzyl as protecting group, the
hydroxyl end of monobenzylated polyethylene glycols was repeatedly extended by nucleophilic ring
opening and hydrolysis reaction of macrocyclic sulfate and subsequent hydrolysis reaction, and the
monobenzylated monodisperse polyethylene glycol derivatives with polymerization degree of 6 to 16 were
obtained with yields of 55%~86%. Finally, monodisperse polyethylene glycols with polymerization degree
of 6 to 16 were obtained with yields of 95%~99% through debenzylation by catalytic hydrogenation. The
structure of the intermediates and final products obtained were confirmed by NMR and MS. This method
showed advantages of easy reaction process monitoring, high reaction efficiency, no polyethylene glycol
impurities with degree of polymerization close to that of the target products, as well as easy separation and
purification of the intermediates and the final products.
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Fig. 1 Synthetic methods of polyethylene glycols
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W (THF )., =W (TEA), HER. 46 (Pd/C,
Pd Bt 7400 10% ), s34i4l, & (MeCN),
gl bR R A 0 R AT BR S F] 5 NalOy, 2 #rétdi,
i TR AR B B BR A F) ;AR (PE,
B 60~90 °C ). LR TE(EA ) A Hi( DCM ),
F % MeOH ) . NaHCO; \NaCl, ¥ )2 HriE 52 200~300
H), ¥Aabra, ifgZRmphH B A RN A ;
H,. @47k, Hifil; RuCLe3H,0, Ztral, JLIn305E
HEYEZIEARAF]; iR (H,SO,), 43Hrdd, &
ABTIREA A5 A BR S 7] 5 HSGF254 B2 2 bk
WA, MBI AR JeIRfLuERE,
0.2 um, J&[E Whatman A #l . AR RS —2
alifk, B

Bruker AVANCE NEO 400 MHz #% i 4/ ) i
%, 7% ¥ Bruker 2\ 7] ; EYELA N1300 igh4 75 %1%, H
AAR AL ARk U234t FA2204C B K7, |
HWRIER AL A RT3 Agilent 6410 LC/MS ¥

JRIE A . i AT g AE (C18, 250 mmx2.1 mm,
2.6 um ), 3 E Agilent B/ A ; Merk Millipore Elix
5 UV K4k 2%, fEE Merk 247l ; SPH-500 %5
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JEORE, PR ER . SR BON AR B AR N A BT R IS S A
g (Ma, Mb Klllc), “FEEAERIE ST M
BEgh AR N 2R AR, X IR RR S M e T PR A3 R L
HE A, ZRRK AR RN IR 2 8 (V).
AV LB A T IR a, IF A AR
XPPGRIRER Ma JF3, PR K AT BN HEAL N 3R
LM (Va), FARIEERC — R S5 ERGIRNE la =
SMTTRR, K “—8E” ROV, RIS HAl R &
JER BRI & B (VIb~f), d5e) il i fiE Al S
PEME 7R3, 13 6~16 R AR £ —BE( a~f ).
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1.2.1  ZRAai s Ma o9 4%

KRBT (1a)5 g (47 mmol) IIAZ]
TEA 34 mL( 226 mmol ), DMAP 0.287 g( 2.3 mmol ),
DCM (1 L) MIRGHW T, K THfEo0s5h)E,
ZE1EIE N SOCL, 11.21 g (94.2 mmol ), T4/N5e UG
FUKIE FARLEN 1 h, SR M0 AR AN S AL 7K I T

(400 mL ) WRKIN . 43, WEADLAHE, KAHM
DCM (100 mLx3) ML, &IFAHA, oK IR
T, WEZETIER, 520 IR IR AR 2R A7 R
fig Il a #7290

IR BRIRES 11 a HL= )% #4E DCM (80 mL ).
MeCN (80 mL ), H,O (120 mL) HIIR G,
K T AR R A NalO, 12.09 g ( 56 mmol ).,
RuCl3+3H,0 61.6 mg ( 0.3 mmol ), T¥KiA FHE+E 2 h
JE RO, 43, KA DCM (100 mLx3) #
B, BIFANUN, JoKBLRREN T4, WEZE TR,

ZRE)Eralifk (V (PE) : V(EA) =1:1), Wk
T, SRR IATa 6.90 g, P ™3
87%., 'HNMR (400 MHz, CDCl3), 6: 3.96 (m, 4H),
4.50 (m, 4H); "CNMR (100 MHz, CDCls), J: 70.98,
74.49,

1.2.2  zraREEs b 494 %

H=RL " (Ib)5 g (33 mmol) MAZ
TEA 2221 mL ( 159.8 mmol ). DMAP 0.203 g
(1.6mmol), DCM (1 L) WIRAHERF, Kkig
PE 0.5 h J5, 213N SOCL, 7.92 g (66 mmol ),
TMSE G F oK FAkSE RN 1 h, SRJE A AT
AN K (400 mL ) KN o 5, WEEA AL
A, JKAH DCM (100 mLx3 ) Z£H, &IFA A,
ToKBRIREN T, WORZE TR, ML kE AR
AR ERNE 1 b =9,

PR AR R TR [ b ML P13 ff#E DCM (80 mL ),
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MeCN (80 mL ), H,O (120 mL) FIREEHRIF,
K R i A NalOg 8.55 g (40 mmol ).
RuCl;*3H,0 43.5 mg ( 0.17 mmol ), T ¥kis FHgdE 2
h eIk, 43, /KAHA DCM (100 mLx3 ) #E
B, GIFAVLAR, JoKBREREN T8, WIEZE T3,
INAGE & TR G BRI R, PRI A 12 A Y ik
HATEL A, JIEMAERKTL 532, iR
75%., '"HNMR (400 MHz, CDCl5), J: 3.68 (s, 4H), 3.88
(m, 4H), 4.46 (m, 4H); *CNMR (100 MHz, CDCl,), d:
68.47, 70.80, 72.31,

1.2.3  RAaER B e 894 %

FINERL W (Tc) S5 g (26 mmol) JiNAZ

TEA 17 mL( 123 mmol ), DMAP 0.157 g( 1.3 mmol ),
DCM (1 L) MIRGHW T, KB THtEo0s5h)E,
LRI N SOCI, 11.28 g (95 mmol ), N5 UG T
K FARSER N 1 h, SRJE I S A AR K TR
(400 mL ) KN o 43, WEEA DL, KM
DCM (100 mLx3 ) #£HL, & HAHH, oK
T, VEZETIER], A0 G R IR A BRI R
fig I c ¥17=% .

P BRRRER 11 ¢ #H™=)i#/E DCM (80 mL ).
MeCN (80 mL ), H,0 (120 mL) FIREEHRIF,
K T A NalOg 6.61 g (31 mmol ).
RuCl;+3H,0 33.65 mg (0.13 mmol ), T vkia i+
2 h JetE Ik N, 43, 7KAHF DCM (100 mLx3)
W, FIFEHM, JoKBRRREN T4, W2 T
), ZRZHraife (V(PE) : V(EA) =1:1),
WEZETHR, HAaEENc 534 g, WA=
81%, 'HNMR (400 MHz, CDCls), 6: 3.68 (m, 8H),
3.85(m, 4H), 4.48(m, 4H); "CNMR (100 MHz,
CDCls), 8: 68.45, 70.67, 70.72, 72.18.

124 #2FXANwBL=8 (V) 85K

¥ BnOH 2 g( 18.5 mmol ) {&fi#7£ THF ( 60 mL )
i, UK FIA NaH 887 mg ( JRE/H 60%,
22.2 mmol) #EHE 10 min J5, BERWKE, TEET
PRLEPFE 20 min, SRJEIMAFGIREE e 7.11 g

(27.7 mmol ), T 50 °CF{R¥g+E N 12 h, TLC
(V(PE) : V(EA)=1: 1) W ERHELELET,
MAIK (20 mL ) #KJN, FINAGLEE 2 mL (37
mmol ) [FIRHEFE 3 ho AR FIRR FR 64 7 W H AL
N, FDCM (60 mLx3) Z5Ht, UEANLA, T
IKBRBREN T8, WRZE TR, &tk Zraife (v
(PE) : V(EA) =1:1), WEZETHEN, HIE
WARBIRV 518 g, =% 98%, 'HNMR (400 MHz,
CDCly), d: 3.57~3.71 (m, 16H), 4.58 (s, 2H), 7.24~

7.34 (m, 5H); CNMR (100 MHz, CDCly), J: 61.72,
69.39, 70.31, 70.57, 70.60, 70.63, 72.59, 73.25, 127.64,

127.80, 128.38, 138.17, LC-ESI-MS [C;5sH,,0s+H]",

m/Z, JSME (TH5(E ): 285.4 (285.2),
125 #FAENASRT=8 (Va) #946 %

¥V 4g (14 mmol) #M#1E THF (30 mL) H7,
VK T NaH 675 mg ( Jii #5048 60%, 17 mmol )
4 10 min J5, BERVKE, TR 42t 20
min, REIMAMFBEREE Ma 3.55 g (21 mmol ), F
50 °C IR IEPER Y 12 h, TLC( V(PE) : V(EA)
=1 1) W ERE i e 45, ImAZK (10 mL) ¥
KN, FIMAREE 1.5mL (28 mmol ) [AIjF$EHE 3
ho AR FERFREAES W H AR W, H DCM (20
mLx3) ZH, WEFVA, TR T4, W
T, Skt Epraifk (S v (PE) 7 (EA) =1 :
1, JF 7V (DCM) : ¥V (MeOH) =20 : 1), J/EZET
R, A5 R VIa 4.51 g, 723 86%. 'HNMR
(400 MHz, CDCly), &: 3.57~3.71 (m, 24H), 4.58 (s,
2H), 7.24~7.34 (m, 5H); *CNMR (100 MHz, CDCl3),
5. 61.72, 69.41, 70.31, 70.53, 70.56, 70.59, 70.61,
70.65, 72.58, 73.23, 127.60, 127.77, 128.35, 138.36.

LC-ESI-MS [C1oH3,0,+H]", m/Z, SeIHE (5548 ):
373.4 (373.2),
12,6 #FEUART=F (VIb) 894 %

¥ Va2 g(5.4 mmol ) % M#7E THF (15 mL) 1,
VK R I NaH 258 mg( Jii 4340 60%, 6.44 mmol )
ikt 10 min 5, BERUKIA, TR NARZHHE 20
min, 2RJG AR EREE Ma 1.35 g (8.05 mmol ), T
50 °C FARIEBEFE S 12 h, TLC( V(PE) : V(EA)
=1 1) W RERibEefs, ImAK (5 mL) ¥
KN, FEIMAREER 0.6 mL ( 10.7 mmol ) [A137% 4
3 ho PR ANER R GV AW, H] DCM (10
mLx3) ZEHL, WAER LA, JoOKGRRR T4, Wk
ATWHN, K42 0raifk (Sl VvV (PE) : V(EA)
=1:1, JiFH V(DCM) : ¥V (MeOH) =20 : 1), I
JEZE T, AR TC AR A VIb 1.83 g, 7% 74%,
'"HNMR (400 MHz, CDCl3), d: 3.57~3.71 (m, 32H),
4.58 (s, 2H), 7.24~7.34 (m, 5H); *CNMR (100 MHz,

CDCly), d: 61.69, 69.41, 70.28, 70.51, 70.53, 70.56,
70.58, 70.60, 70.63, 72.61, 73.23, 127.60, 127.77,

128.35, 138.3, LC-ESI-MS [Ca3H4O0+H]", m/Z, 5
DA (TH3BMH ). 461.6 (461.3)
127 2¥F+R =8 (Vic) 894

4 VIb 2 g (4.3 mmol ) #f#7E THF (15 mL ) H7,
VK R I NaH 208 mg (it 3%k 60%., 5.2 mmol )
4 10 min J5, BERVKE, TR 42t 20
min, SRGIMAREERRE Ta 1.10 g (6.5 mmol ), F
50 °C NRIESERER N 12 h, TLC [V (DCM) : V
(MeOH ) =20 : 1] W sopHE b e 2 f5, AIK
(5 mL) KN, FMABE 0.5 mL( 8.69 mmol )
MR 3 ho IR RIS R SR 95 V8 Rl R NV,
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DCM (10 mLx3) #H, WEEAPUAHE, ToKERRRE
T, WEZR TR, M Zraife JeH V(PE) :
V(EA)=1:1, J5FH V(DCM) : ¥(MeOH ) =20 :
1), WEZRTEN, SRk vic1.74 g, 7™~
% 73%, '"HNMR (400 MHz, CDCl3), d: 3.57~3.71 (m,

40H), 4.58 (s, 2H), 7.24~7.34 (m, 5H); "CNMR (100
MHz, CDCly), 6: 61.70, 69.41, 70.27, 70.51, 70.53,
70.56, 70.59, 70.64, 72.64, 73.24, 127.60, 127.77,

128.35, 138.36, LC-ESI-MS [CyH,s0,+H]", m/Z, 5
WA CPHRE ): 549.7 (549.3),
128 #¥ A+ =8 (VId) 694 &

$# Vlic 2 g (3.6 mmol ) A f#7E THF (15 mL ) 1,
UK T NaH 175 mg( Jii i 734 60% , 4.4 mmol )
FEdE 10 min J5, BERIKEG, TEET LM
20 min, ZRE ARG R EE T2 919 mg( 5.47 mmol ),
T 50 °CFARIRMFER N 12h, TLC(V (DCM) :
V (MeOH ) =20 : 1) M sopHE AL 5 2205, InAIK
(5 mL)PEKRN, FINAFR 0.4 mL(7.29 mmol )
MU IERE 3 ho AT IR PR A W rh S NE VR,
DCM (10 mLx3) #H, WAV, JoKEREHN
T, WEZE TR, gk 20raifk( S8 V(PE) «
V(EA)=1:1, JFHH V(DCM) : ¥(MeOH ) =20 :
1), WERZETEN, A amiiiivid177g, ™
# 76%., '"HNMR (400 MHz, CDCl3), 6: 3.58~3.70 (m,
48H), 4.55 (s, 2H), 7.25~7.33 (m, 5H); >CNMR (100
MHz, CDCly), 6: 61.70, 69.41, 70.27, 70.51, 70.53,
70.56, 70.59, 70.64, 72.64, 73.24, 127.60, 127.77,
128.35, 138.36., LC-ESI-MS [C3HscOs+H]", m/Z,
SEMHE (HHEAE ): 637.7 (637.4)
129 #2XE+wRT =8 (Vie) #4R

¥ VId 2 g (3.1 mmol ) ###7E THF (15 mL ) H7,
7KV T AN NaH 151 mg( it 4344 60%, 3.8 mmol )
PiFk 10 min J5, BERUKIE, TEIR NARLLHE 20
min, SXEIMARFRERE Ma 792 mg (4.7 mmol ), F
50 °C FARIEAEFER Y 12 h, TLC (¥ (DCM) : V
(MeOH ) =20 : 1) Ml Jspt e fse a5, K (5
mL ) ER N, FEINAGLER 0.343 mL (6.28 mmol )
MU ERE 3 ho AT IR PR A W rh RS NE W,
DCM (10 mLx3 ) #H, WEEAVIAE, JoKEREHN
T, WEZETIEF, gk Z2Hraifb( SeH V(PE) ¢
V(EA)=1:1, JiHH V(DCM) : V(MeOH ) =20 :
1), WA TR, MIeamikiiivie126 g, ™
% 55%, "HNMR (400 MHz, CDCl5), §: 3.58~3.70 (m,

56H), 4.55 (s, 2H), 7.25~7.33 (m, 5H); *CNMR (100
MHz, CDCly), 6: 61.70, 69.41, 70.27, 70.51, 70.53,
70.56, 70.59, 70.64, 72.64, 73.24, 127.60, 127.77,

128.35, 138.36, LC-ESI-MS [C3sHeOys+H]™, m/Z, 52
WA (TH3EMH ). 725.8 (725.4)

1.2.10 E¥ AL+ SR8 (VIf) 8946 m%
¥ Vle 2 g (2.76 mmol ) #f#+E THF (15 mL )

Hr, KB RN NaH 132 mg (JER3%060%, 3.3
mmol ) $iE$f 10 min J5, BERVKE, TEE F4h2
F£ 20 min, KSEMARGELEETa 696 mg (695.9
mmol ), F 50 °CFEREMBEFERN 12 h, TLC [V
(DCM) : ¥ (MeOH) =20 : 1] Wil 5l 44 1k 5¢
SJa, MAK (S mL) PR N, FNABLER 0.3 mL
(5.5 mmol ) BIFEIEFE 3 ho I AN AR 58 4075 Wk
MR, I DCM (10 mLx3 ) ZHC, YA HLH,
TR BRRREA T8, WEZE TR, St 204tk (5
I V(PE) : V(EA)=1:1, FHV(DCM) :V
(MeOH ) =20 : 1], JEZETHH, 5ICEMRE
A VIf1.38 g, 7% 61.5%, 'HNMR (400 MHz, CDCl3),
5: 3.58~3.70 (m, 64H), 4.55 (s, 2H), 7.25~7.33 (m,

5H): *CNMR (100 MHz, CDCl;), o: 61.88, 69.64,
70.53, 70.76, 70.80, 72.76, 73.43, 127.77, 127.92,

128.54, 138.47, LC-ESI-MS [C3oH7,0,7+H]", m/Z,
SEME CTFSAE ): 813.8 (813.5),
1211 #5#B =8 (a~f) 895K

TE W TR PA/CT 748 10%, 50 mg) A Z
MM I 7 W ((V]a~f, 1g) i) THF (10 mL)
B, BRI SON Hy, EIR PR 3 h, i
UE, WUEZE TN, 2 aifk (V(DCM) = ¥
(MeOH ) =20 : 1~10 : 1), JWEZETHH, M550
B 2 i Vla~f,

AN (Vla): 723 99%, JotiHpRisiak .
'HNMR (400 MHz, CDCl,), 6: 3.21 (s, 2H), 3.60~3.74
(m, 24H)., LC-ESI-MS [C,HO0;+H]", m/Z, SZill{E
(P51 ): 283.5(283.2),

NIRRT (Vb ): 7738 98%, Jota iRl i4 .
'HNMR (400 MHz, CDCl;), 6: 3.24 (s, 2H), 3.60~3.73
(m, 32H), LC-ESI-MS [C¢H;3,00+H]", m/Z, SZIE
(5818 ). 371.5 (371.2),

TROZEE (Ve): 73 98%, TR,
'HNMR (400 MHz, CDCls), §: 2.81 (s, 2H), 3.59~3.72
(m, 40H), LC-ESI-MS [CyH4,0+H]", m/Z, SZIE
(518 ): 459.5 (459.3),

TR (VI ): 775 99%, ToEMIRIE A
"HNMR (400 MHz, CDCl;), 6: 2.91 (s, 2H), 3.57~3.71
(m, 48H), LC-ESI-MS [C,4Hs5003+H]", m/Z, SZi{E
(B ): 547.3 (547.3),

TR ZEE(VMe): 772 98%, ToE R IAR .
"HNMR (400 MHz, CDCls), 6: 2.79 (s, 2H), 3.58~3.72
(m, 56H), LC-ESI-MS [C,sHs505+H]", m/Z, Sl
(518 ): 635.6 (635.4),

TARRE VI 773 95%, ToEamRIg ik,
'HNMR (400 MHz, CDCl;), 6: 2.69 (s, 2H), 3.59~3.72
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(m, 64H), LC-ESI-MS [C3,H¢c0,+H]", m/Z, SZIHE
(318 ): 723.6 (723.4),
1.2.12 LC-MS @4

LC-MS W45 . (o FHW B AN (S e
THERESIRINES (DAD) Y Agilent 1260 HPLC .
H Bl ke S E £ LB 25 B 1 (EST) B2 HE(E =
HPUNAT 6410B SEEHe ) 4TI, 7 IE B i
TTAE, BiEadr @i 2 e C18 (250 mmx
2.1 mmx2.6 um ), HEFEERFE 2uL, WH K
0.3 mL/min, BEBIEFI LM (A) FiK (B), Ltk
BRREVERL: vV (ZH5) =V (JK) =10 : 90~95 : 5,
PEBEE ] A 20 mino £ & FIZK 23 5 i A PR B 43 %
0. 1% R, IR FTE T 0.2 pm JE e L g i
T B IREE N 30 °C, LB IE TRR AUAR T
350 °C, S A& &4 10 L/min, 2546285 118 50 psi,
EAEHRER 4000 V, RTHEBIZSHE, T MS2-
Scan BT HEATREI

2 HRSE

PIBEMT Y 2~4 BV Z B R JERE, ZHFR
FALTH A T, LA 75%~87% 4 2k 77 38 45 A5 5 4 1
P FRIRES & e (Ma, Mo K llc), Hr, (A
IR IVE B 7 ) B S0 TR T R A S e ] 5 A AR
B, Rt —Ealifb BT 5 22 AL R R, ¥
R R b A 38 a3 45 Stk 5 4hifk

R 2 NaH A FIE B EEEH , 5 & A% OR i
FRfg Mc, JFARFFRERREL PRIk, LMK ME, LA
98% MY 7= A AT B LR IR (V ), Ik
TR . KM@ C— TR OB SEEE

HE] R V 28 NaH Ab RSP SR, Jo Rt g
WERERES Ma, FFERSREARER TPk, LfKis,
PL 86% 1 7= A i A5 2 SR FAL N R & i ( VIa ),
HREAR C RS AR EE a EE IR, K
fift “—ERIET RN, MRS ) H A B A B Y R S
R ZFEVIb~f, HIL3 55%~86%, MERL
TR R, PR TR I KR —
Bk RO, BTSSR AR £ P R A TE
LHNET B9, Himid TLC Wiy sife; W
TR, RVBCRE, BAWER S B e R
AEREIR AR 2 R R A, I,
Yy 5 18 1 7 BB AR E AT R AT 4 s iAo

e SR N, Sl AR A2
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Table 1  Solvent optimization for debenzylation reaction
B Sl 7Y%
1 MeOH 62
2 EtOH 53
3 THF 99

W W RS RIS 2 /% (V) 100 mg, Pd/C (Pd
Wit 40 10%, Smg), Hy, %5 1 mL, #EMFERI 3 he,

BeAh, AR ARER M b 0 SE BN FeA 2R
L BRI ORI, T A ) R G B D A R B
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BB B BUR & B
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