& F F IR

ACTA CHIMICA SINICA DOI: 10.6023/A12030010

L FHEFEZEHRERGS I AFHNERREEIZIEEREEREH
7Y 1z
F it fRaEE* mAlx 4T

GRS 2 2 5. FRBTRUF A 5 N A I CR A M 00 S I 411105)

WE AT (9)-2,2-(RFIE)-1,1-BZE, (9)-2-HF I 2- IR FIE- 115028, a-BARK SIREATIE, N-#ifE-o- IR &
P A - YRR SRR IS BERERE 5 i b 6 i SR AR R I8 A 374wk R 5 DO 05 R - 1- 4R 5k 2R O 30 R I T
(PDBSMA) 1 JR 48 H IR & (ATRP) TSI R A, A TARX ST 5 R A5 R — DA oI A Ak 2k
Wheth, SURFF TP OEABEES IRRFHE. XS FFERARLE MG &7 5] & PDBSMA [¥] ATRP Jif3 R4
Im] o3 )l VU IR (THF) A ¥ 340 AL THE ANy, THF w0 R BRI EL e . X THF 8o 1 FHE a2
ﬁ)ﬁﬁﬁﬁu&H:%Zﬁlléj\%/a%%ufH#%l?;z%ﬁﬁﬂ%mE@Wﬁ%@é%ﬁ%%ﬁ%uﬁtbrﬁ L, BAMFHEEY KM
e e R 2 R AW TR el s R R M 4R, BIETFES IR PDBSMA 1) ATRP 346 — € FIR ek FE,
P (8)-2,2- (R IE)-1,1-BEZE L (S)-2'- FHFE-2-9R Fﬁﬁt L1U-BEZ IR e e Btk e 7. 5 R R T 15 5 e ) IR R G IR
H’J/mr“ﬁﬁﬁjw%% TEAIRE FBRY 70 °C, E 0~70 “CZ[8], B IITE S5 | 500 A BB i B 1k g v 1 i
KR JRPER IR G, TR, SRR, IR EY

Synthesis of Several Chiral Atom Transfer Radical Polymerization Initiators
and Its Helix—sense—selective Initiating Function for ATRP
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Xiangtan University, Xiangtan, Hunan 411105, China)

Abstract Five optically active alkyl bromides were synthesized and were used as chiral atom transfer radical polymeriza-
tion (ATRP) initiators for the helically selective polymerization of 1-phenyldibenzosuberyl methacrylate (PDBSMA). In
order to avoid the racemization of the primary free radical formed in initiating step, the optically active alkyl bromide initia-
tors were designed as such a structure in which the bromine atom did not connect to the chiral center. The chiral ATRP ini-
tiators tested here are (S)-2,2'-di(bromomethyl)-1,1'-binaphthyl, (S)-2-bromomethyl-2-methyl-1,1'-binaphthyl, menthyl
a-bromophenylacetate, N-menthyl a-bromophenylacetamide and (3f,5a)-cholestan-3-yl a-bromo phenylacetate. (S)-2,2'-
Di(bromomethyl)-1,1'-binaphthyl, (S)-2-bromomethyl-2-methyl-1,1'-binaphthyl and menthyl a-bromophenylacetate were
synthesized following the method reported by literatures. N-menthyl a-bromophenylacetamide was synthesized by adding
dropwise the solution of a-bromophenylacetyl chloride in tetrahydrofuran (THF) into the mixture of menthylamine, triethyl-
amine and THF with stirring at room temperature within 3 h and stirring at room temperature for another 8 h after the addi-
tion. (3f,5a)-Cholestan-3-yl a-bromo phenylacetate was synthesized using the method for the synthesis of menthyl
a-bromophenylacetate except using (3f,5a)-cholestanol instead of menthol. The poly-PDBSMA obtained from the ATRP
initiated by the optically active alkyl bromides was fractionated into THF-soluble part and THF-insoluble part. THF-soluble
part was optically active. By studying the chiroptical properties of the THF-soluble part of the poly-PDBSMA and by com-
paring the optical rotation of the THF-soluble part of the poly-PDBSMA with that of the poly(methyl methacrylate)
(poly-MMA) obtained under the same polymerization condition, we concluded that the ATRP initiated by the optically active
alkyl bromides was helix-sense selective. The NMR study of poly-MMA derived from the THF-insoluble part showed that
the polymer produced from the polymerization initiated by (S)-2,2'-di(bromomethyl)-1,1'-binaphthyl was isotactic, which
proved further that the ATRP initiated by the optically alkyl bromines was helix-sense selective. Among the five optically
active alkyl bromides, (S)-2,2'-di(bromomethyl)-1,1'-binaphthyl and (S)-2-bromomethyl-2-methyl-1,1'-binaphthyl had the
best helical selectivity. The helix-sense selectivity depended on the polymerization temperature. The ceiling temperature is 70
°C. In the range of 0—70 °C, the helix-sense selectivity increased with the increase of the polymerization temperature.
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Figure 1 The structures of the synthetic initiators A~E
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Figure 2 'H NMR spectra (400 MHz, Acetone-ds, TMS): (a) PMMA
derived from poly(PDBSMA) initiated by initiator A; (b) poly(PDBSMA);
(c) PDBSMA; (d) initiator A ((S)-2,2'-di(bromomethyl)-1,1'-binaphthyl)
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Table 1 Atom transfer radical polymerization of PDBSMA using chiral alkyl bromide as initiators”
Run Initiator [ 7°C Yield*/% THE-soluble part

Yield/% M(X10%) PDI* [oed

1 A —924 70 21.1 1.0 4.6 1.43 +355
2 A —924 65 30.6 1.3 4.7 1.28 +340
3 A —924 60 97.2 1.2 6.0 1.13 +339
4 A —924 30 50.8 1.6 5.6 1.21 +205
5 A —924 0 8.0 8.0 5.3 1.29 —9
6 B —1281 70 28.1 1.2 5.0 1.36 +280
7 B —1281 65 432 1.8 5.2 1.28 +220
8 B —1281 60 74.0 2.0 6.6 1.12 +212
9 C +85 60 42.8 32 6.2 1.12 —173
10 D —269 60 10.0 0.8 5.6 1.16 +17
11 E +51 60 40.0 0.8 6.7 1.14 +15

“ Conditions: monomer, 500 mg (1.4 mmol); toluene, 4 mL; initiator, (0.028 mmol); CuBr, 8.2 mg (0.056 mmol). 2,2'-Bipyridyl, 28 mg (0.17 mmol); b specific rota-

tion of the inititors, measured in THF, c=10 mg/mL; ¢ MeOH-insoluble part of the products; ? washed with a benzene/hexane (1/1, V/V) mixture to remove oli-

gomeric impurities;  determined by GPC of poly(PDBSMA), PDI=M,/M,;” specific rotation of polymers, measured in THF, ¢=1 mg/mL.
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Table 2 Atom transfer radical polymerization of MMA using chiral
initiators”

Run Initiator [olis  Yield/% ()2 10 PDI¥ [0
1 A —924 400 3.1 1.20 —4
2 B —1281 37.1 2.8 1.18 -5
3 C +85 28.6 2.5 1.21 +2

© 2012 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“ Conditions: monomer, 200 mg (1.4 mmol); toluene, 4 mL; Initiator, 0.18
mmol; CuBr, 8.2 mg (0.056 mmol). 2,2"-Bipyridyl, 28 mg (0.17 mmol);
bspeciﬁc rotation of the inititors, measured in THF, c=10 mg/mL; ‘ MeOH-
insoluble part of the products; ¢ determined by GPC of poly(PDBSMA), PDI=
M, /M,; ¢ specific rotation of polymers, measured in THF, ¢=10 mg/mL.
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Figure 4 The CD spectra of initiator A and poly-PDBSMA initiated by
initiator A. (a) The CD of initiator A (measured in acetonitrile at 25 C);
(b) The CD of the THF-soluble part in Table 1 Run 3 (measured in THF
at 25 C)
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Figure 5 400 MHz 'H NMR spectra of poly(MMA)s derlved from
THF-insoluble poly(PDBSMA)s initiated by initiator A. (a) the polymer
of Run 1 in Table 1; (b) the polymer of Run 2 in Table 1; (c) the polymer
of Run 3 in Table 1.
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YEFRZRF, INEN 22 [R] 0 2 o S 0 s 28 A A 3L
BRI A T 23 B 2 7).

et LIRS RS ] CDCL 1R FILL TMS A
Froy 548 400 MHz A1 100 MHz [¥4%4F Bruker
ARX-400 BURZHARASCIAS; LesE/E PerkinElmer
341 LC MG b1 25 ‘Cllts; HAWHIARN T

Je ooy A BB IE Ak G fS, 1/ Waters 1515 22
LR 3 O R OR S0 N BRFERR 2 1) Waters Styragel
HT3-+HT4+HTS ik, MeidEXl 38 C, UL THF
JPWRPER], WE 1.0 mL/min; [# " 4%3%(CD)H Jasco
Jsmﬂl EERECAY; gL Agilent 1100 )5

TGN AR, SR HLE 55 B B YR (EST ), i ok XT(200
W, VAT L) B A ).

4.2 BAEZE ATRP 3| % FRYA RFIRAE

(8)-2,2'- (I H 3E)-1,1'- B 25 (initiator  A)4% i SCHk
[22]4 . [a]ss=—924 (in THF, c=1 mg/mL). '"H NMR
(400 MHz, CDCLs) 6: 8.02 (d, J=8.5 Hz, 1H), 7.93 (d, J=
8.0 Hz, 1H), 7.75 (d, J=8.5 Hz, 1H), 7.49 (t, J=7.4 Hz,
1H), 7.07 (d, J=8.3 Hz, 1H), 4.26 (s, 2H); *C NMR
(CDCLy) &: 134.15, 134.05, 133.29, 132.54, 129.34,
128.01, 127.73, 126.97, 126.80, 126.66, 32.50.

(8)-2'- F - 2- YR FFJE- 1, 1'- 156 Z5 (initiator  B)#% HE STk
[23]4 k. [als=—1281 (in THF, c=1 mg/mL). "H NMR
(400 MHz, CDCly) d: 7.98 (d, J=8.6 Hz, 1H), 7.91 (t, J=
7.1 Hz, 3H), 7.74 (d, J=8.5 Hz, 1H), 7.52 (d, J=8.4 Hz,
1H), 7.47 (t, J=7.4 Hz, 1H), 7.40 (t, J=7.4 Hz, 1H),

| X
N

" CuBlr/bpy—> CH2 + Cu®'Brbpy  bpy=
CH3 e

oo o
o9

BR 3 51%5 B 51k () PDBSMA [J ATRP X%
Scheme 3  The polymerization of PDBSMA initiated by initiator B
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7.24~7.18 (m, 2H), 7.08 (d, J=8.4 Hz, 1H), 7.01 (d, J=
8.5 Hz, 1H), 4.30 (d, J=10.0 Hz, 1H), 4.18 (d, J=10.0,
1H), 2.09 (s, 1H); *C NMR (CDCl;) d: 135.25, 133.49,
133.42, 132.48, 128.75, 128.69, 128.61, 128.17, 128.08,
127.99, 127.75, 126.75, 126.75, 126.68, 126.48, 126.38,
126.27, 126.17, 125.68, 125.11, 32.39, 20.56.

43 o-RRKEZEBE(RR)E ATRP 31 EFIME IR
fE

o-WRAR K 2% T af K (initiator )42 18 SCHR[24, 25]
A k. [o]s=184.5 (in THF, ¢c=10 mg/mL); '"H NMR o:
7.55 (d, J=17.8 Hz, 2H), 7.35 (d, J=6.7 Hz, 3H), 5.33 (s,
1H), 4.73 (td, J=10.9, 4.3 Hz, 1H), 1.93 (d, J=11.9 Hz,
1H), 1.88~1.81 (m, 1H), 1.67 (d, J=11.6 Hz, 3H), 1.55
(s, 1H), 1.47~1.36 (m, 2H), 1.12~1.01 (m, 1H), 0.99~
0.91 (m, 1H), 0.88 (d, J=6.2 Hz, 6H), 0.74 (d, J=7.0 Hz,
3H); *C NMR (CDCly) 0: 167.88, 135.91, 129.08, 128.66,
127.85, 59.30, 47.02, 40.28, 40.17, 34.14, 31.35, 26.10,
23.40, 21.88, 20.65, 16.16.

o-TRARE LB A Y B 2.15 ¢ (0.01 mol) a-
BRARK S I 50 mL B DR, 2 JFInA S0
11 mL (0.15 mol), %% FvABEE . I AR RSk &
(10% NaOH ¥#¥0). I#AMmIs, itk 2.5 he oBle s
h RN A R AN, T4 e s A,
4R 134~138 C (2666 Pa)if sy, fHEITCEMMA 2.11 g,
B2 90%.

N-HE 5 oS 2 (initiator D) &R 1i
BEAT 1.56 g #iATH£(0.01 mol)ff) 50 mL = i b3 EHL
PR S, AE S O SRRV A MR R
T HASRY. HES 28T 15 mL Jo/K THF 1 1.8
mL TR 251 = Z8#(0.012 mol), T M s =}
TN a-iRANIK LI (2.34 g, 0.01 mol)fJ THF(10
mL)#, 293 hi58. Mo a 4R e =i PR RV 8 h.
B NIR AR S 100 mL S, T e AL
AR KR Ar %R THF, EFREEGY A LHEE(10
mL), AT LBR T KYE =10 mLX3)J5, HTEK
DRI T G, 2800, Tk R g 45
mn T R N-imr 5 a-IRACR SBER% 3.07 g, 0%
87%, JaZeid oy B a3 B b — M2 m K 0.83 g,
IYETEHR 23.5%. mp. 193~197 C, [alis=—268.6 (in
THF, ¢=10 mg/mL); '"H NMR 6: 7.43 (d, J=7.0 Hz, 2H),
7.35 (dd, J=15.2, 7.5 Hz, 3H), 6.36 (d, J=7.7 Hz, 1H),
5.45 (s, 1H), 3.78 (d, J=9.8 Hz, 1H), 2.00 (d, J=12.3 Hz,
2H), 1.93~1.83 (m, 1H), 1.72 (t, J=11.2 Hz, 3H), 1.57 (s,
2H), 1.48 (s, 1H), 1.13 (dd, J=20.2, 11.9 Hz, 2H), 1.00~
0.78 (m, 10H); *C NMR (CDCl;) d: 165.91, 137.79,
128.88, 128.19, 127.67, 61.93, 51.20, 47.98, 42.68, 34.47,
31.83, 26.98, 23.92, 22.03, 21.04, 16.19. Anal. calcd for
CsHBrNO: C 61.97, H 7.44, N 3.98; found C 61.36, H
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7.58, N 4.00.

o-TRAR 2R 1M 5 J¢ I 6 (initiator E) & %: H
3.89 g (0.01mol) B-NH S FEFEARKE a-IRARIR LR WA I
ST A PR A I o S L B B i B 65 CHEAT S
RIS 3] o-IRACR LR S WERS 4.71 g, WO 79%, Ja4nk
B o — Rl = AR 153 g, AR
25.6%. m.p. 103~108 °C, [a]is=+51.2 (in THF, ¢=10
mg/mL); 'H NMR §: 7.48 (d, J=5.4 Hz, 2H), 7.37 (d, J=
5.7 Hz, 3H), 5.30 (s, 1H), 4.75 (s, 1H), 1.87 (dd, J=61.5,
13.1 Hz, 3H), 1.60~1.29 (m, 8H), 1.13~0.38 (m, 16H);
3C NMR (CDCls) 6: 167.85, 136.08, 129.10, 128.75,
127.89, 76.18, 59.34, 56.34, 54.18, 44.62, 42.58, 39.96,
39.51, 36.63, 36.16, 35.77, 35.44, 33.59, 31.94, 28.55,
28.20, 27.99, 27.13, 24.18, 23.82, 22.77, 22.53, 21.19,
18.65, 12.13. Anal. calcd for C;5Hs;BrO,: C 71.77, H 9.12;
found C 72.06, H 9.64.
4.4 ZlEFBEIEZBERN

HARI R A (— BOP IR B4 BB T I Ak
(PDBSMA). #RARKES KA 2,2- Hknb e . IR A6 4
MBETF MANBEREE T, BREEERLHET- AR
UGG, AR N HES 2SN — =R AL
FEFE S eI, RGBT It soe i i ER
W, RARN 24 hE, FIRRE. BRAEEAYEAN
B R AT 0. WERDTIEY), DU st
&3 WLARR 2R I N I SRR B R . BT R et
FLE TR A RIS B T B RR AW, Kz a5
NI YA 2R S, kel s, A, idaE.
PEWEL P ALO; A, BREH P AL FR A
. I RE S S A THF S8 280 2w, 8 43 il
W2 A5 RIS BT T DU AR I 2R A4, 08
R 20 FLE TG BV BT DU SN (1) 56 A 4.

SR SCHRCA 718, B AN T DO I 1A 2R 4 Mk
fil e YE G, FREeRt B Ak S W A5 3128 (FF K T 46 1R R ).
fEET THF ANEPREW T RS, ¥R &
A5 B S I R F R R AR R T B 2 T R R R
& SETE ERIR A IR R A W b ) = R R ROK AR T
K, (EREWAL R R IIRIR, SR G T4 A8 il R F
PR G e R R (P RN IR BRI H
NMR KAl 52 S 2 G IR AL
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