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Polystyrene Supported N-Acyl-N-alkylsulfonamide Resin Beads: an
Effective Acyl Transfer Reagent

LI, Shu-Feng YANG, Xin-Lin HUANG, Wen-Qiang*
(Key Laboratory of Functional Polymer Materials for Adsorption and Separation, Institute of Polymer Chemistry,
Nankai University, Tianjin 300071)

Abstract Polystyrene supported N-alkyl-N-acyl sulfonamide resins (5) were prepared through a two-step
modification reaction on polymer beads and developed as an effective type of recyclable solid-phase re-
agents. Polystyrene sulfonyl chloride (1) reacted with primary amines (2) to afford supported N-alkyl sul-
fonamide resins (3), and the resin 3 was acylated using either acyl chloride 4 or acidic anhydride in pyridine
to afford the resins 5. Reaction of the acylated sulfonamide resins 5 as acyl transfer reagents with nucleo-
philic amines yielded the secondary amides. It was found that the substituents of N-alkyl(R")-N-acyl(R’°CO)
sulfonamide resins had significant influences on the acyl transfer reaction. According to the acyl transfer
reactivity of N-alkyl-N-acyl sulfonamide resins (5), alkyl group R' was ordered as follows: phenyl > benzy|
> methyl > n-butyl>>H, and R?CO: p-nitrobenzoyl > benzoyl > acetyl. The nucleophilic ability of the
amines had effect on the yields of the amides as well. The N-phenyl-N-benzoyl sulfonamide resin (5hb) was
found to be regenerated three times without 1oss of their activity.

Keywords polystyryl N-alkyl sulfonamide resin; polystyrene-supported N-alkyl-N-acyl sulfonamide resin;
polymeric acyl transfer reagent; synthesis of secondary amide
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RFR oy Es sk, Ik AR )28 2ok ] 5 i A 3 n] LA A
FRAH. ARG SOEHILCk, E&IFRT
VFZ AR o R, o PR e
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1.1 NE5IRHT

Bio-Rad FTS 135 {7 H-2LAMGIRAY; 8 Kt
SR PN ' B UG 4 0 SR AR R, A s SO S
Foss Heraeus JG% 73 #11%; Mercury-300BB #% i 34k 1%;
HAZ i I4E AT MP-500 X 25 425 R0 (il B T AR R UE);
HP-G 1800A “CAH (A% st 56 A P A7 R A8 F i

AT PRAE T4, IR IR IEREIE S R (2.50 mmol
SO,Cl/g, 1%DV B AZ k) th R HE e TF AR 2 ] S ik

1.2 BECHE N-IcE#EEAERAE 3 BHl&

121 RRTH I N-FHAamiesmt g (3b) a9 4) &

71 250 mL [, A 10 g (25.0 mmol) sk
SURAE 1, 200 mL 25% (800 mmol ) () FF i /K ¥ (31 i ik
i), 5mL (61 mmol) mtnE, 60 CK&MN 24 h 5, JEH
PERR, HUCH IR . AR LR BIVER
=R BAETR)E, HITE T RS BRI R 3b 1)
hfed S E o4 2.39 mmol/g.

122 FRTH A N AR B AT RS (30) 49 %) &

7 250 mL [RJEHEIR T, A 6 g (15.0 mmol) fik it
SUMHE 1, 13.5 mL (148 mmol) ZRfZ¥%, 100 mL mEmE,
Tl PN 24 h 5, BEHRIR, AU R
e ZEMEE. SEEVER =k, ARG, Hoo
FOM A S EEWAAMAR 3h ThRe st &l 216
mmol/g.

FH IEIRE 1R 753 L AH R [ A1 1 5 3R 2R &0 0k B Rk Tk
P SNl N-IE T A It fie B I (3c), N-" S It fi
PR (3d), N-20 50 R IR 0 I (3e), N-xf F L A
T FEc AR i (3F), N-SXoF F ARG SRR AR TG e AR i (3g), N-4B%C
IR SERE IR Jre A8 5 (3, N-O0) SR T I Je Y i (3j), N-46
FE 2R 5L i 9 fie B9 0 (3K, IN-418 P 4 i 2 i ik T fie 9 i
(31). FHI TG ZE J3 b 55tk v 0T i o4 1 B B e Y i 11 3
REZE S ST T A,

1.3 BHEZHE N-BE-N-BLEBEE LR S (5) R H &
131 BR UK N-F 3-N- LB AR BB A AS (Sba) #d
#) &

76 10 mL B, A 0.1 g (0.24 mmol) N- Ff L fif
k4 i (3b), 3 mL EEE, 0.31 mL (2.4 mmol) ZERHT,
T 60 CI i 24 h Jm, JEHBIR, MO — FFE R |
TR B RIEGR IR BE TS, &S
FTRCS EVE A i Sba (1 EE 75 5k 2.26 mmol/g.
132 FRTH A N-F A -N-K F Bt L s B e A s (Sbb)
a4 &

#£ 250 mL = Ui, I 10 g (24.0 mmol) N- 3
Tk P95 1% i (3b), 80 miL MiLHE, 30 mL (240 mmol) % FH
A, BN 24 h g, SR, KO- =R R
e ZSMEE. SEEVER =k, A TEG, Hoo
FOONT A G LA M IE Bbb [ L 5 o 2.06
mmol/g.

133 BRTH L N-F A -N-xT a4 A K F fb L s B e A
Big (5cb) 44 ) &
££ 100 mL [BJEEHH, A 2.3 g (5.5 mmol) N-H
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mL fERE, FHERZ 60 CI N 24 h 5, JEHMIE, MIH
TG, &R, LB RINER =R HAET
WG, MICE T A S BRI M Beb L & 5tk
1.70 mmol/g.
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R'=a: H, b: CHs, ¢: n-C4Hg, d: PhCH,, e: 0-CICgH,4CH,,
f: p-CH3CsH4CH,, @: p-MeOCgH4CHs, h: Ph, i: 0-CICgH,,
j: p-CICgH4, k: 0-CHsCgHy, I: 0-MeOCgH,4

R? = a: CHj, b: Ph, ¢: p-NO,CgH,

R® = a: n-C4Hg, b: CgH4CH,, c: Ph

Scheme 1

21 BERCHE N-REREIRMAEQ)MEI&

SRR LI -N-Joe SE RN B IR (3) H 171 2 (2) 15 Bt 9t S
PR (1) B I i 5. LA 2R 2R £ 0 ik -N- 7 25 ik I 2 4 )T
(3d) Iyl 2 A B, HTZLAI 1 BR R S N A EAT, 393k
Hntwe . S EEE R, WS AT L. S5 R

RIL, TGP REVE T ene N AR AR, &N 24 h
JE A G20 AN I b, 1375 om b AT IR SR HE I
WWEATIRAEAE. K ML IE VR 1 320 SN 24 h S, B
WG HI LT A0 IR AE 1375 o A il Pk S £ 3 I W A e 374
K, £ 1330, 3286 cm *Ab H I T g AR A R i,
WO e SO i LR s A e A R N TR A T e 4 i
(3c). DRI, ik I S04 IR 5 e 1) e I 346 B MLE e 4 ¥ 7).
gELR N, RIS IR S ok A R e e P OB, T
REJL A I B AL R IA 3 96%~100%, 15 31 K dhs M 45 1
1.
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N- FF - IN- o i ik 5 e 4 T ().

B 30 5 LW AEAERLSE B, SR A S
B, N JE B B AR i, LA A i K AE 3293
em b N—H RIS AR B A7, B LR AL S B AR 58
4. EH RIS QI LRI S5 s 0k Ml bt i 1) R
JREEA 10 0 1, fERERET 60 C R MW 24 h R IEIZL
AR B AE 1700 em ™ Ak HYEIL T I Sk 0 B R i v,
3293 cm tAb N—H FEAERRICIGE R Ok, BB R £k
e W BT84, LEEFER 13 2.26 mmol/g.

N- FF L f I e A I (3) 5 24 R Ik S e L e v =5 4 T
IV 24 h i, BEIRILE MGG R 3293 cm  4b N—H 4
AEWR AT UAE T 2%, 1685 cm ™ Ab H B T 5 (O Bl AL AC e, 3t
W 2 AL S R AT s 4. B b 2 RS 1) S 2
X% 2.06 mmol/g.

FHET A1 BRI 3 5 6] i 56 28 Y S0 S BV,
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(R, 1526 om b A H BILAS S (R AE W e, 3293
om Ak N—H WO 2. AR AR X A3 2 3 47 2%
=4 1.70 mmol/g.
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U N-HE 5 (75 35)-N- BRIk fre 48 11 (B) 1) N 55 122 (%) S AH
IV Ty e Gk WLk 1.
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Tablel The structures of N-substituted polystyrene sulfonamide resins and the loading of the functional groups on the resins

Resin3 R N/% Loading/(mmoleg®) | Resins R R Njgo A0V loading/
(mmoleg )
3a H 3.40 243 5ab  H Ph 290 207
3 CH, 335 239 Sba  CHs CH, 317 226
Bob  CH, Ph 288 206
Bbc  CHs 0-NOCH, 474 170
3 nCHe 3.27 231 5cb  n-CiHo Ph 281 200
3d  PhCH, 3.09 221 5da  PhCH, CH, 297 210
5db  PhCH, Ph 236 167
5dc  PhCH, 0-NOCoH, 406 145
3¢ 0-CICeH.CH, 274 195 Sea  0CICHCH,  CHa 266 190
5b  oCICHCH,  Ph 226 161
3 p-CHsCeHCH, 325 230 5b  pCH.CHCH,  Ph 255 182
3y  pCHOCH.CH,  3.00 201 b p-CHeCeHiCH,  Ph 255 182
3 Ph 3.06 216 Sha  Ph CH, 267 101
Shb Ph Ph 228 170
Shc  Ph o-NOCH, 397 142
3 0CICH, 3.16 225 5b  0-CICeH, Ph 237 169
Sic  0-CICeH, p-NOCH, 363 130
3 pCICeH. 328 234 b p-ClCeHs Ph 218 153
5c  p-ClCaHa ;-NOCH, 376 134
3 0-CHyCeHq 283 202 kb 0-CHsCeHq Ph 256 183
3 0-CHsOCsH, 286 204 5b  0CHOCH,  Ph 275 196
Sic 0-CHOCeHs  p-NOCoH, 425 152

T3 Ay 25 R I3 oG] Al 6 RS R 464, #F 8 RY
(2l R TR SE AL T PR R s, B 45 T3 2. ik
TR A A Balo A2 AT 1 ¥ 4% FR IR AL Ak e R B i, FHIE T
He b BRAS 2] N-1E T R I R HA 14%. X —
SEHEI] T BRI Kenner 415640455 N-FRJEAL 5 A4
BB A S AZ R g JBE 1) S B, X B 3B Kenner B 1
A2 [ A AL A b AR e P T I AN P R OE S A
FH Sk il 26 97 TR IR SE 4 B R RO AR Bl . N- PR -IN- 24 R i
TR I i 4 1 (Sbb) (Entry 2) FOMEIEHE R TEMEAR BT &, 1k
IETREISERZAER R, BB N 64%. 1X—45
R, EBLREBER R IR N BT i s N HFIE S, w]
0t v O T T e At IR T R A % S N k. R 2
(10 B0 3 3k A IN- - N- 5 P G At 2 M (Sbib)
(Entry 2), N-1E T JE-N-2K FH BRI I i i (Beb) (Entry
3), N- - N2 LR e 4t I (5db) (Entry 4), 15 N-
HE-N-Z I BEIE A I IR (Bhb) (Entry 5)40 55 1E T
JE (P IEA S N AT 2 (R R 23 il A 53%, 64%, 64%,
88%. T L, Mg Bhb FIMEIEEERS S Mg PE s s, LKk
ok 5db, 5cb, A4 E Sbb (TETERSS. 24 R [ & Ay xt

R 2 RYNEHIXTIR 5 BRI ERS SN (1 5%
Table 2 Effect of the structure of R* of the resin 5 on the acyl
transfer reaction

Entry Resin5 R R? R®  Yied¥%
1 5 H Ph n-CHy 14
2 5bb CHj3 Ph n-C4Hg 64
3 5cb n-C4Ho Ph n-C4Hg 53
4 5db  CgHsCH, Ph n-CHy 64
5 5hb Ph Ph n-C4Hy 82
6 5bc  CHj p-NO,CgHs PhCH, 71
7 5dc CeH4CH; p-NO,CsH;  PhCH, 80
8 5hc Ph p-NO,CgH;  PhCH, 91

# |solated yield by silica column-chromatography with ethyl acetate/petroleum
ether (1/1, VIV) as eluant.

BHBERBEIT, 599 Jh (1 ok A S IV A 281 P I e i e 1)
R A (Entries 6~8). R, 76 N-HUA3E-N-1E L fifh
B e (B) HEAT WERE 648 S W R At v, RY B 66 A I
BRI NS P KM IR O R >R > > 1E T
FH>>H.
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MR A HAREE IR, SRR E I HARHERT

T RIS B N I A A AR L SR, SR & 2R
F3PiR. M RUONNIE, A4 5db BEAL AT 210 9k
W% Ty 53% (Entry 1). BRI EIUARIEAURPSE, &
PG INHUARIE (55 W% HL 12k CI 545 12 CH3 8¢ CHZ0,
Entries 2~4) S BEACI 2 7 DLW . 4R FR AR AL
AR Sy 55 W v, 7 [ S B g Seb A6 et 28 I i
(RIS ok 49% (Entry 2). 174 HUACEE Ay 9k v -1 1) AR
BEINF, B4 Sgb B4 AT BIAH N BRI 1B R B R 26%
(Entry 5). 3X—£5 KU, R R I ZRIR 14547 (159
W IARIE CL X IR R T ML ) S MR LAIR, oy
THUARHE CHALO 23 i 2 IR e RE S 72 1R TG

R 3 R EMZEIRBUCHAS T3 B 5 W Fe B 5 10 5% )
Table 3 Effect of the substituent of the benzene ring of R® of
resin 5 on the acyl transfer reaction

Entry Resin5 R! R? R®  Yied¥%
1 5db  PhCH, Ph  PhCH, 53
2 5¢b  0-CICgH,CH, Ph  PhCH, 49
3 5fb  p-CHsCH.CH, Ph  PhCH, 32
4 5gb  p-CH;OCgH,CH, Ph  PhCH, 26
5 5hb  Ph Ph nCHy 82
6 5ib  0-CICgH, Ph nCHy 60
7 5ib p-CICgH, Ph  n-C;Hg 62
8 5lb  0-CH3OCgH, Ph nCH, 64

#|solated yield by silica column-chromatography with ethyl acetate/petroleum
ether (1/1, VIV) as eluant.

MR FIEN, EESEIR FEARIER RN, hE A
AR (Entries 5~8). 2R FR L& B S A L AR
I TR R A% S, RSO3 FRAIC. IR F 1 b 3R AR ARSI
QAL BT, X e 28 Wk I (RO 52 W AN K (Entries 6, 7),
HA2E, HUARIE 45 7~ sl F 1T I B v

DAL W D). I — S SR, RY ORI
75 S R ISR IR e A0 IR EL A S i R S R v 2k
232 R'EZH K R BLALASE R

R* ) 45 4 (BEHE AU 2) X T Nk (95 3 )-N- i 3
TR TOE e B8 5 (B) HEAT RS 8 I N s Wil 1) 45 2R 91 T 4
T B N8 58 (5 358)-IN- PO il e A 5 (5) e AS [+ 1 7 5 «
LATBRHE 2% HE I 5 R A 35 2 HR 58 o 5 e A T IR S
7, N0 NSRRI, &5 SR I 5 0 A AR R I 1)
WHE Sbc, 5dc FI She Mk B 45 21 (1 Bl 1 26 e v
(Entries 3, 6, 9), X it B 0] AF 3 F RS IR0y 1k de . 3K
A e 5 B R SR LN A O, AT R R Y A
B — AR R 2R . O AR B R S A i
BEAL S B i Mk 2 (Entries 2, 4, 7). & SHFE M S
(RIS B RS TR A A B (Entries 1, 3, 5), SARAH N
B r= R i i, BN, XU AR e A i

P, AR FH e — A i B L3R 1, O R
HEIE, CMEIETEPEARXTALSS. (H2, 4 R 2R3,
T Hs b2 4Bk (Bha) . 2K FT 9 3E (Bhib) it /& X fiF 5
IR PRI L (Bhe), S - e 110 19 ik e A% 3 P A7 I b 1) 22
il XS5 R, A5 A I A AL 0 1 ) e
PERZE S R RS, XU T — /N
B LG8 N-ZR - N- T RE AR5 2 0 e e v RO It i e B
.
R4 BN LHIXANTE 5 BB SR IK 50

Table 4 Effect of structure of R? on the acyl groups of resin 5
on the acyl transfer reaction

Entry Resin5 R! R? R®  Yield/% Purity®/%
1 5ba CH; CHs CeH,CH, 81° 26

2 5bb CH; Ph CeH,CH, 43

3 5bc CH;  p-NOCeH, CeH.CH, 712

4 5da PhCH, CHg CeH,CH, 81° 63

5 5db PhCH, Ph CeH,CH, 53

6 5dc PhCH, p-NO,CeH, CgH.CH, 80

7 5ha Ph CH, CeH,CH, 89° 95

8 5hb Ph Ph CeH,CH, 88

9 s5hc Ph p-NO,CeHs CeH,CH, 917

2 |solated yield by silica column-chromatography with ethyl acetate/petroleum
ether (U1, V/V) as eluant. > The yield and purity was determined by the
GC-MS andysis.
2.3.3 FAZRAA G F8

e 1 R IR A ) 1 O A A2 0 P kT
I ik 141 fR e (7 55 ML ) 454, (R R A%l
R 5 KR T W W Ay — 2 iR, it 45 147
T2 5. N- RN P SRR 15k B T (Bbb) 7353 AL 1T
T HE(Entry 1)« R (Entry 2). A H(Entry 3)753 216 Wk
AR I 64%, 43%, 8%. HHAHIE N-"FHE-N-JK HIEHE
ISR IEc AR 1 (5db) (Entries 3~ 6) A1 N- 3-N- 2 FH S i
Tk % B4 I (Bhb) (Entries 7~ Q) AN ] (f el AT A At )
THHARBLR Z 3, XS RULH, 2Rl I T s 1
B, WHERTEERE B, RIS TERUR. X TR A
SR RE A G IR rh ek C sy 2 sp®ay
e, A HER I SRR N R RO L 5 D5
IR — IR, (HAIR L C TR s A4k,
HAT 2 R i 72808, miosieh N Js 7 2R A7 4
p-m SEHERON, AR R A BRI A AT RN, ISR
PER/NIBUY - BRI > "RFEG > T5 . IR
9, AR T A AR IR TR A R IR RS SN, A
A 28] 1 A PR VA e
24 BEZHE N-BUKE-N BEEBEMEG)RE
SfERERE

MCHTH IS AT A Y, AR L0 FE-N- 83 -N- It
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Table5 The effect of amines (R®NH,) on the acy! transfer reac-
tion 1 (8 Kirschning, A.; Monenschein, H.; Wittenberg, R.
Entry Resin5 R! R? R3 Yield¥/% Angew. Chem,, Int. Ed. 2001, 40, 650.
1 5bb CHs Ph n-CiHo 64 (b) Tzschucke, C. C.; Markert, C.; Bannwarth, W.; Roller,
S.; Hebdl, A.; Haag, R. Angew. Chem,, Int. Ed. 2002, 41,
2 5bb CHs; Ph C¢H4CH, 43 3964
3 Sbb CHs Ph Ph 8 2 (a) Morawetz, H. J. Polym. i., Polym. Symp. 1978, 62,
4 5db CeH4CH, Ph n-C4Hg 64 271.
5 5db CgH4CH, Ph CgH4CH, 53 (b) Morawetz, H. J. Polym. Sci., Polym. Symp. 1988, 72, 9.
6 5db CeH.CH, Ph Ph 10 3 (a) George, B.K.; P|I.Ia|,.V. N. R. Polymer 1989, 30, 179. _
(b) Devaky, K. S,; Pillai, V. N. R. Proc. Indiana Acad. <ci.
7 Shb Ph Ph n-CiHo 82 (Chem. <ci.) 1990, 102, 521.
8 5hb  Ph Ph  CgH4CH> 88 4 (@) Sherrington, D. C.; Hodge, P. Polymer Supported Reac-
9 5hb Ph Ph Ph 14 tionsin Organic Synthesis, Wiley, London, 1980.
# |solated yield by silica column-chromatography with ethyl acetate/petroleum (b) Hodge, P; Sherrington, D. C. Syntheses and Separations
ether (1/1, VIV) as eluant. Using Functional Polymers, Wiley, New York, 1989.
i . N 5 () Fridkin, M.; Patchornik, A.; Katchalski, E. J. Am. Chem.
FR it TR e R I A T R e RS U MR e L 1 ) TR R R Soc. 1966, 88, 3164.
F. O T WEFCIE MR A BN AT RE M, LR K O (b) Fridkin, M.; Patchornik, A.; Katchalski, E. J. Am. Chem.
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