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Photoinduced Single Electron Transfer Cyclization Reaction of
N-(Amidosilane terminated polybenzylglycine peptide
chain)-2,3-naphthalimide
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Abstract Benzylglycine was used as starting material for the synthesis of novel intramolecular electron donor-accepter sys-
tem N-(amidosilane terminated polybenzylglycine peptide chain)-2,3-naphthalimide (1). 1 could undergo a photoinduced sin-
gle electron transfer cyclization reaction in MeOH-30% H,O solvent to provide novel cyclopolyglypeptides 2 in high
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regioselectivity. The structures of all the new compounds were characterized by MS and NMR techniques.
Keywords photoinduced; single electron transfer; 2,3-naphthalimide; benzylglycine peptide chain; cyclopeptide
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Scheme 1

AW FTAE AT FT 0 JE RS 1) et 138 B A
2,3-25 ZFBEY e Ry HE - s2 A, DU i = PG A R
AR THRM D THNE-ZETHRR 1, 176K
A7 MeOH-30% H,O (V/V)H T8 s W AS 21 T 8 i
ZENLE 25 e PR H =R K 2 (Eq. 2).

0 SiMe;

Q r hv
NoPh — ™
N\)l‘N/\n% > CH40H-30% H,0
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Ph
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1a~1d(n=0,1,2,3)

PhO

i
HO /N N/

O
2a~2d(n=0,1,2,3)

1 KEEH
1.1 EI{LIFFNIRT

Varian-300 A% i A= {(CDCL; h# 7, TMS R
#%); Hitachi VG-7070 BT, 450 W 1 ok (T (&
ACE GLASS A7), Pyrex I 845 (32 5 ACE GLASS 2
). 2- 248 K- 1- AR M- 1,2- —ZAUMEK(EEDQ). T
iR, FEHERIW HEE Aldrich A 7], (LAY 3a~3d
Fo SCHR[1ST 780 2%, e il AR e [ A 1 [ 2
GEFDSER AT, BT IR SRS R AT
1.2 N-Boc-N-(ZREHBE)FTE-TEHSERMKE
(4a~4d)89% &

15 mmol N-( = H it F ) N SN 5E H & IR ik
(3)F1 15 mmol N-Boc “FFHEHZMRH T 50 mL & Hl
o1, I 18 mmol EEDQ, FiLfitHE 72 h. MV 455,
B 30 mL KA1 30 mL S HGE, A HUZ, T8
WA, BRARVHRERATJZ AT B e V(218 LB8)
VOEC%8)=4 : 317 5132 4a~4d.

N-Boc-N'"-(— F ek F L) A L I H 2 Bk % (4a):
TAOKEFR, 77% 88%. 'H NMR (CDCl;, 300 MHz) o:
0.03 (s, 9H, SiMe,), 1.41 (s, 9H, Bu), 2.89 (s, 2H,
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CH,SiMes), 3.91 (s, 2H, CH,CO), 4.83 (s, 2H, CH,Ph),
5.51 (s, 1H, NH), 7.15~7.38 (m, 5H, ArH); *C NMR
(CDCls, 75 MHz) 6: —1.3, 28.3, 38.8, 49.1, 51.3, 80.3,
126.3, 127.4, 128.4, 136.8, 156.5, 168.2; MS (FAB) m/z
(%): 351.3 (M +1).

N-Boc-N'-( = FRE# A ) 1 =R T 2 R Ik
(4b): WIEOREFR, 7% 92%. 'TH NMR (CDCls, 300
MHz) 6: 0.03 (s, 9H, SiMes), 1.42 (s, 9H, #-Bu), 2.87 (s,
2H, CH,SiMe;), 3.83~4.04 (m, 4H, NCH,CO), 4.67~
4.84 (m, 4H, CH,Ph), 5.51 (s, 1H, NH), 6.85~7.41 (m,
10H, ArH); °C NMR (CDCl;, 75 MHz) 6: —1.3, 28.3,
38.9, 46.8, 47.2, 51.0, 52.8, 80.2, 126.4, 127.2, 127.7,
128.4, 128.5, 128.9, 136.2, 137.9; 155.9, 167.0, 168.9; MS
(FAB) m/z (%): 498.4 M " +1).

N-Boc-N'"-( = I JE fik FH 3 AR JE - S H & R — Ik
(4c): HHOKEBPIR, 77% 86%. 'H NMR (CDCl;, 300
MHz) 6: 0.03 (s, 9H, SiMes), 1.42 (s, 9H, #-Bu), 2.86 (s,
2H, CH,SiMes), 3.66~4.21 (m, 6H, NCH,CO), 4.35~
4.73 (m, 6H, CH,Ph), 5.53 (s, 1H, NH), 6.91~7.39 (m,
15H, ArH); °C NMR (CDCl;, 75 MHz) 6: —1.3, 28.3,
38.5, 38.6, 45.8, 47.3, 51.3, 51.8, 52.2, 80.2, 123.4, 125.9,
126.3, 126.4, 126.5, 127.1, 127.3, 128.5, 128.7, 128.9,
135.7, 136.7, 155.9, 167.0, 169.1, 169.6; MS (FAB) m/z
(%): 646 (M"+2).

N-Boc-N'-( = ' JE fitk FF 3 ) % 2 - 3 H &R DY Jik
(4d): RIEEREFPIR, F2% 73%. '"H NMR (CDCl;, 300
MHz) 6: 0.05 (s, 9H, SiMes), 1.47 (s, 2H, #-Bu), 2.86 (s,
2H, CH,SiMe;), 3.67~4.32 (m, 8H, NCH,CO), 4.33~
4.76 (m, 8H, CH,Ph), 5.52 (s, 1H, NH), 6.95~7.40 (m,
20H, ArH); *C NMR (CDCls;, 75 MHz) 6: —1.3, 28.3,
38.6, 38.8, 40.2, 45.9, 47.3, 51.3, 51.8, 52.2, 52.4, 80.2,
1252, 125.6, 125.9, 126.3, 126.5, 126.9, 127.0, 127.1,
127.3, 128.1, 128.5, 128.9, 135.7, 135.8, 136.3, 136.7,
155.8, 167.0, 169.1, 169.3, 169.6; MS (FAB) m/z (%):
7932 (M +1).

1.3 N-(ZREERE)TE-FTEHERMKE(5a~5d)8
il &

10 mmol N-Boc-N'-(— et FH L) W IR 3 1
RAIRIKEE@) /T 10 mL S HF ke, BT UKk
W0 S mL I S IR, SRR 12 h, R
FRENVAI S pH=8, MIA 10 mL /KF1 30 mL 50 ke,
SSHAERNUE, 15 mL MR G ROEES 1 Ik, T
AHUZ, IR 73 MAFR I ORI AR I N-(= H
Tk F G - H ki (Sa) (773 93%), N-(— i3
fik )R H AR JIK(Sb) (7% 85%), N-(—H
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FEAE H L) RN H AR =K (5e) (772 68%), N-(—
PR Ak F ) N R R VUK (5d) (7% 60%). A
Haitb 5T~ —
1.4 N-(Rih =R EEFTEHRBRAHE)-2,3-F _Fft
T R&z(1a~1d)RYy# &

A — FILREAREE 5 (10.0 mmol)i T T4 —
KMk, IAN=2M1.56 mL, 30.0 mmol), iA$tHEil
O 2,3-25 - FRKF(1.98 g, 10.0 mmol), =JLHFE S h,
B2 R, BRARYHREEATZ TR M(ZR &
fig) © VOE ) =2 © 115 215401 1a~1d.

N-CR 3 = I B R B H 2 e 1%)-2,3-2% — T IBEE Jiz
(la): HICEREHIIR, 7% 80%. 'H NMR (CDCls, 300
MHz) 6: —0.03 (s, 9H, SiMe;), 2.91 (s, 2H, CH,SiMes),
4.45 (s, 2H, NCH,CO), 4.60 (s, 2H, CH,Ph), 7.12~8.04
(m, 11H, ArH); *C NMR (CDCl;, 75 MHz) J: 38.9, 39.5,
52.6, 122.5, 123.3, 123.8, 126.4, 127.4, 127.8, 128.3,
128.5, 129.0, 129.1, 129.3, 132.2, 133.8, 135.5, 164.5,
167.8; MS (FAB) m/z (%): 431.2 (M"+1).

N-(A iy = B 9 R T 2R —JiK)-2,3-2% — WY R
f(1b): B EREFIR, 7% 63%. 'H NMR (CDC13, 300
MHz) 6: —0.02 (s, 9H, SiMe;), 2.82 (s, 2H, CH,SiMes),
4.17 (s, 2H, CH,CO), 4.43 (s, 2H, CH,CO), 4.62 (s, 2H,
CH,Ph), 4.81 (s, 2H, CH,Ph), 7.04~8.04 (m, 16H, ArH);
C NMR (DMSO) d: —1.6, 39.1, 46.2, 50.5, 51.3, 52.9,
123.5, 123.7, 126.4, 127.4, 127.6, 128.0, 128.6, 128.7,
129.1, 129.3, 132.1, 133.8, 134.7, 166.4, 167.8, 175.5; MS
(FAB) m/z (%): 579 M " +1).

N-CAR 3 = F B R H 2088 = J16)-2,3-2% — ALY
Jie(Le): RFLERHIR, 73 59%. 'H NMR (CDC13, 300
MHz) §: —0.02 (s, 9H, SiMe;), 2.82 (s, 2H, CH,SiMe;),
391 [s, 2H, CH,CON(Bn)CH,SiMe;], 4.03~4.83 (m,
10H, 5CH,), 7.08 ~7.87 (m, 21H, ArH); “C NMR
(DMSO-dg) 6: —1.6, 39.1, 45.8, 46.2, 50.7, 51.4, 51.7,
53.1, 123.1, 123.2, 124.1, 126.2, 126.7, 127.3, 127.6,
128.0, 128.1, 128.7, 129.1, 129.2, 129.7, 132.1, 133.9,
134.3, 135.6, 166.4, 166.6, 168.9, 175.4; MS (FAB) m/z
(%): 748 (M +Na), 725 (M ).

N-CAR 3 = F B R AL H 2R DU JTK)-2,3-25 — AR Y
JEe(1d): RFERFR, =% 45%. "H NMR (CDC13, 300
MHz) §: —0.02 (s, 9H, SiMe;), 2.82 (s, 2H, CH,SiMe;),
391 [s, 2H, CH,CON(Bn)CH,SiMe;], 4.03~4.83 (m,
14H, 7CH,), 7.08 ~7.87 (m, 26H, ArH); “C NMR
(DMSO-dg) 0: —1.6, 37.3, 38.9, 391, 45.8, 46.1, 50.6,
51.6, 51.8, 53.1, 123.1, 123.2, 124.1, 124.2, 126.2, 126.5,
126.7, 127.3, 127.6, 128.0, 128.1, 128.6, 128.7, 129.1,
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129.2, 129.7, 132.1, 133.3, 133.9, 134.3, 135.6, 166.5,
166.8, 168.9, 169.1, 175.3; MS (FAB) m/z (%): 895.4
(M"+Na), 872.6 (M ").
1.5 N-(Rim=BREFFTEHIERMKE)-2,3-F Bk
T AZ(1a~1d)B9 ¢ K M2

A& Y 1la~1ad #%& 1 iamE s T
MeOH-30% H,O 1, il AU 30 min PARR £
7R, FEPRFF RV A N v R AT JRS,
JENTIBER RN, FF RN 90%5E Bk A I 28 11 [, id
SN]SR AR, BRI =4 4 2
(eI V(ZI8 LBE) - VOE Cke)=2 1 115 545 21250k
g ] HE R I T 2R IK 24, 2D, 2¢, 2d.

ZR JF IR g W A IR T =R TR (2a): TG EREHAR,
P& 46%. '"H NMR (CDCls, 300 MHz) d: 3.22 [d, J=12.5
Hz, 1H, C(OH)CH,], 3.78 [d, J=12.5 Hz, 1H, C(OH)-
CH,], 3.80 (d, J=18.3 Hz, 1H, NCH,CO), 4.53 (d, J=
18.3 Hz, 1H, NCH,CO), 4.61 (d, J=15.0, 1H, CH,Ph),
4.72 (d, J=15.0, 1H, CH,Ph), 7.19~8.02 (m, 11H, ArH);
C NMR (CDCl;, 75 MHz) J: 40.8, 50.3, 54.2, 83.5,
121.8, 122.2, 123.6, 126.1, 127.6, 127.7, 128.3, 128.4,
130.7, 131.6, 132.5, 134.1, 136.3, 145.2, 164.0, 165.2; MS
(FAB) m/z (%): 358.2 (M"). HRMS (FAB) calcd for
C2,H sN,05 358.1317, found 358.1324

ZEIFIE % i IR TR = Ik (2b): To R ARIR,
7% 63%. '"H NMR (CDCls, 300 MHz) §: 2.53 [d, J=5.8
Hz, 1H, C(OH)CH,], 3.21 [d, J=6.5 Hz, 1H, N(Bn)-
CH,CO], 3.66 (d, J=6.2 Hz, 1H, CH,Ph), 3.81 [d, /=6.3
Hz, 2H, PhCH,NCH,C(OH)], 4.30 (d, J=6.0 Hz, 1H,
NCH,CO), 4.40 [d, J=5.8 Hz, 1H, C(OH)CH,], 4.41 (d,
J=6.3 Hz, 1H, CH,Ph), 4.76 (d, J=6.2 Hz, 1H, CH,Ph),
4.82 [d, J=6.5 Hz, 1H, N(Bn)CH,CO], 5.15 (d, J=6.0
Hz, 1H, NCH,CO), 6.68~7.81 (m, 16H, ArH); *C NMR
(DMSO-dy) J: 43.1, 47.7, 50.4, 89.5, 121.8, 122.8, 122.9,
1232, 126.5, 127.1, 127.3, 127.7, 127.8, 127.9, 128.3,
128.4, 130.3, 130.7, 135.1, 137.2, 137.3, 147.3, 168.8,
169.7, 170.9; MS (FAB) m/z (%): 529 (M +Na), 505.6
(M"). HRMS (FAB) calcd for C3;H»;N;04Na (M +Na)
528.1899, found 528.1881.

ZR IF IR W I AR AR 2R Uik (20): TG EREHAR,
P 3 49%. '"H NMR (CDCls, 300 MHz) §: 2.98 [d, J=17.6
Hz, 1H, C(OH)CH,], 3.12 [d, J=16.5 Hz, 1H, CH,CON-
(Bn)], 3.13 [d, J=17.6 Hz, 1H, C(OH)CH,], 3.37 [d, J=
14.3 Hz, 1H, C(OH)CH,NCH,Ph], 3.98 (d, /=18.0 Hz,
1H, CH,Ph), 4.05 (d, J=16.5 Hz, 1H, CH,CONBn), 4.37
(d, J=17.6 Hz, 2H, CH,Ph), 4.75 (d, J=18.0 Hz, 1H,
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CH,Ph), 4.76 (s, 1H, OH), 5.20 (d, J=20.0 Hz, 1H,
NCH,CO), 5.28 (d, J=20.0 Hz, 1H, NCH,CO), 6.40 (d,
J=5.4 Hz, 2H, ArH), 6.96~7.63 (m, 17H, ArH), 7.83,
7.91 (2d, J=7.6 Hz, 2H, ArH), 7.90 (s, 1H, ArH), 8.24 (s,
1H, ArH); °C NMR (CDCl;, 75 MHz) J: 39.9, 45.8, 48.1,
48.1, 48.5, 49.9, 51.0, 89.8, 120.7, 122.4, 123.6, 123.9,
125.9, 126.4, 126.6, 127.7, 127.9, 128.3, 128.6, 128.9,
129.1, 129.3, 129.4, 133.1, 133.3, 135.1, 135.5, 136.0,
141.4, 147.2, 166.2, 167.0, 169.1, 169.7; MS (FAB) m/z
(%): 660.2 (M +Li). HRMS (FAB) calcd for C4H3sN,Os5
652.2686, found 652.2674

ZRIEIL I e I PRI 2R Tk (2d): o EORiARIR,
P 57%. "H NMR (CDCls, 300 MHz) d: 3.32 (d, J=5.4
Hz, 1H, CH,CO), 3.45 (d, J=5.4 Hz, 1H, CH,CO), 3.63
(d, J=5.8 Hz, 1H, CH,CO), 3.70 (d, J=5.8 Hz, 1H,
CH,CO), 3.72 (d, J=5.8 Hz, 1H, CH,CO), 3.80 (d, J=5.8
Hz, 1H, CH,CO), 4.02 (d, J=7.2 Hz, 1H, CH,Ph), 4.27 (d,
J=7.2 Hz, 2H, CH,Ph), 4.53 (d, J=6.0 Hz, 1H, CH,Ph),
4.74 (d, J=5.0 Hz, 1H, CH,Ph), 4.77 (d, J=5.0 Hz, 1H,
CH,Ph), 4.81 (d, J=5.0 Hz, 1H, CH,Ph), 5.27 (s, 1H,
OH), 5.31 (d, J=5.6 Hz, 1H, CH,Ph), 5.36 (d, J=6.5 Hz,
1H, PhH), 5.37 (d, J=6.5 Hz, 1H, CH,Ph), 5.37 (d, J=5.6
Hz, 1H, NCH,CO), 6.98~7.75 (m, 22H, ArH), 7.83, 7.91
(2d, J=7.6 Hz, 2H, ArH), 7.90 (s, 1H, ArH), 8.24 (s, 1H,
ArH); *C NMR (INOVA-500, CDCl3) d: 41.9, 47.3, 47.5,
49.2,49.6,50.1,51.2,52.2,52.8,89.8,120.7, 121.8, 122.1,
123.4, 123.8, 123.9, 123.9, 125.8, 126.6, 127.6, 127.7,
127.8, 128.3, 128.8, 129.1, 129.5, 129.6, 129.3, 129.9,
133.3, 133.9, 134.5, 135.1, 136.5, 141.4, 147.0, 167.5,
167.2, 168.4, 169.9, 171.3; MS (FAB) m/z: 932.2 (M +
Cs). HRMS (FAB) calcd for C4H4sNsO¢Cs (M*+Cs)
932.2424, found 932.2431.

2 #R5ie
21 XRNMYIBIEN

FSCHR[1STM 778, AR IE H &R N R G A R
g = PR Ae R H 2R IABE (3a~3d). 3a~3d 73)l
5 N-Boc- H& R4 5135 N-Boc-N'-(— FIEHE L)
R R I B (4a~4d). da~4d A E T
o =9 SRR A AS B A N-( = F Ak F ) e 6
FHE MR (5a~5d). 5a~5d Zr5l Y 2,3-25  HIER T
N AF B RN N-CR ity — F AR S A R K
B5)-2,3-28 " HIEE T (1a~1d).
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Ph
EEDQ

o}
R +”vaSiMe3 + BOC*HN\)J\OH
0

3
Ph
|/

Ho R TFA
Boch\)Lt N._SiMe; ,
ll\l/\l‘ﬁ;
o

1a: n=0, R = CHyPh; 1b: n =1, R = CH,Ph;
1c: n =2, R = CH,Ph; 1d: n =3, R = CH,Ph

Scheme 1

22 EW 1a~1d B/

WY i GBSO S E I 524k, S SRk E
SRR, W S N R A E 4T, FR O Norrish 11
T2 )% (Sheme 2)!'%. iy 555 AICHL 746 (1 4% S L 45
A A B TR RS O (SET)! ) SET [ b & AR A8
TS, AR RO B ARIE IR 7 7 E RN R E
THBE R IER T A BN, a-fk B e
JFEH(H, SiMes, COOH) IF HLfuf 25 L TE R, o~k 1125 T,
XA A B 5 A% 5T IE B - B B R L A 2
T A A H B3 A R4 (Scheme 2). Norrishi 1T 5 )W Al
SET &@%ﬂiﬁ%fif WFFT W, N-(BRBE « BBk |
LR BE IR ) A1 2 — P I P e 5 5 ok 1k WV i 55 1) o'
R A KA SET &Fﬁlﬁ@@ﬁ?aﬁﬂxﬁﬁﬁ
JEEUOL DUAR o A4 X 3 32k 2 B 3 P U AV 1]l
PO N R, EMIEEFII AR, 8. KPRk
Az SET NI, T A RON A BIAE ), A 25
T A S 2 P (S R T R
R, F0eh T 1565 s W FR A, I I3 T X
selag B RE— D iR T,

I N 1 4E MeOH-30% H,0 gl FE&cts, 1y H.
HH MeOH-30% H,0 X — FF SRk e (1) 28 L5l Bh /E
Bl A B PR IR AT MeOH-30% H,0 At %
MVEFAT G . FEFE 20 min TLC WM&, 2 h J5
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H

Q T o “CH, QH *CHg
Norrishi Il reaction
(0] o-
| Nwp-cHL D | Neeb-CHy—L
2 (2) SET 2
(0] (0]
SET reaction
oL
1) -L* X «
%SET» | NwD—CH,
(e}

Sheme 2

KL 90%I10 S N AL 2 b S . IR 4 S N, Tl 4
V) IR AT AT [ (SR £B88) © V(IE Cde)=2 :
1150 B 3eal, 73 2800 i JF AR 3 H 2RIk 2a~2d(GR
1).

1 EW1a~1d LR

Table 1 Photoreactions of compounds 1a~1d

Compd. Product (yield/%)
1a 2a (46)
1b 2b (63)
1c 2¢ (49)
1d 2d (57)

2 'HNMR, C NMR, MS 25515 2a~2d ()45
U Eq. 2 s, 4659 1 6N i F2 40 Scheme 3 JiT
N, PR IR PIE R A ES, TR S
REOFEHFIEELETIR P2 HESEZENT 1 nm. K
I, 73 W SET L SEAE &t BRI (1) 25 W -4 2 [R)
AU Ay R T A R 6, EIREE LU
FHR LA SET) UGS + H AP A 6~8 I
PRIB AR, AT A G R R o] B R AR 14
BN, W n] BE A AR = IR SN, T 1a~1d Y6 Y.
G R, AR T = IR 2, IR A
BB B T A R N ) 11 X R R C—Sift RE (318
kJ/mol) bt C—H #fE(411 kI/mol)/MI22, N A4
B P I = F S I R BE R 5 R 2, T DA LA ZE X A3
DX P b AR 1 XU [ R 9, il 1 S
B4 53153 2a~2d, ). Scheme 5.

g BRTR, LL 2,3-25 U FBE ek HL T2 AR, BAK
Uity — FP A P S 3 H O IO Ay PR 4 A ) 2
T WS TR RTEIR A7 MeOH-30% H,0 15254
W, KA T WNOGIE S i P RER ORIV, DA
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