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Regioselective Bromination Reaction of 3-Hydroxy-Protected
Cholesterol Derivatives
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(1. School of Chemical Engineering and Technology, Tianjin University, Tianjin 300350, China;
2. Suzhou Entai New Materials Technology Co., Ltd., Suzhou 215000, China)

Abstract: The synthesis of 7-dehydrocholesterol uses cholesterol as the starting material with the bromination-
debromination method. Two brominated cholesterol derivatives, 7-bromo and 4-bromo, are generated in the allyl-
site bromination reaction. The 4-bromocholesterol derivatives produce 4, 6-dienyl isomers that are difficult to sepa-
rate in subsequent steps. Thus, the selectivity of the bromination reaction needs to be improved. Eleven 3-hydroxy-
protected cholesterol derivatives with different 3-hydroxy-protecting group structures were synthesized, and the bro-
mination reaction was initiated with N-bromosuccinimide as the bromination reagent and azobisisobutyronitrile as the
initiator under stirring for 1 h at 67 C. The effects of different protecting group structures on the bromination reaction
were investigated, and the optimal configurations of the 3-hydroxy-protected cholesterol derivatives were calculated
using Gaussian 09W. The results showed that protecting groups with high steric hindrance and electron-donating pro-
tecting groups were favorable for the reaction, and 3-hydroxy-protected cholesterol derivatives with benzoyl and tert-
butyldimethylsilyl as protecting groups were preferable for the bromination reaction with a high content of 7-
bromocholesterol derivatives and good position selectivity. Three typical 3-hydroxy-protected cholesterol derivatives
were selected to investigate the effects of different wavelengths of light on the bromination reaction with or without an

initiator. Notably, the bromination reaction using thermal initiation without an initiator had poor results. The
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photoinitiation not only could initiate radical reaction under mild temperature conditions, but also the content of 7-

bromocholesterol derivatives of the reaction, and the selectivity of the position were better than that in the thermal

initiation reaction. With zer#-butyldimethylsilyl ether as the protecting group, the bromination reaction could be com-

pleted quickly at 37 °C and 365 nm light without adding an initiator, and the content of 7-bromocholesterol deriva-

tives and position selectivity after the reaction were the best. The photoinitiated bromination reaction can reduce en-

ergy consumption, avoid the use of an initiator, and improve production safety in industrial production, which is

significant for the industrial production of 7-dehydrocholesterol.

Keywords : 3-hydroxycholesterol derivatives; allyl-site bromination reaction; 7-bromocholesterol derivatives ;

photoinitiation
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I 7- 2 AU BRI, A i R 60% A2 AT
I, PRI, S 7-PR A [ AT A W ) e
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ARSI REL TS A JEORS ST 11 Bl 3-8 B AH ]
Ay (L~ 1), BIFSE 13- LR AP LA AE AR X TR AL
B RN BRI, LA E A5 M T L 7-IR AU
[ AT A I DR AP L. IS 1651 k07 SRS 26 S
WAL P H N ALTRA RS B OS2I 5 oAt & 7
AR N= AN N 9 i R A = AN T U
NaBH, S8 J5] | %4 R 80, SAEGERIRAUBR
UL ASOR T RS IR L, BEAR T BB VR
FE, SRS | A5

1.1 RAFEE
RHEEE (97%) , Jb A REFHTARA A ; 2, 4,

6- — HIZENERE (98% ) , HEdk CRHD) BHE A PR ] 5 N-
TRARBEFAME R (99% ) , KAy ST B4R 1 A B
oyl EEAAREN (95% ) , g EG /R A bR A BR Y
Al ; ZFRHF (98.5% ) , i b2k 47 R A F 5 4-
TR SEMERE (99% ) |\ 5 T RS (98% ) L 2K kAR
(99% ) | &BH HER I BESL (99% ) .2, 4, 6- = FFLIKH
P (98% ) . Xt FH A LI FH IR S (98% ) | 4-Firf JE O I
Pt (98% ) = ARIEAH L (99% ) . 3, 4- & -2H-Mik
W (97% ) . % 2R R (99% ) . = Z. % (AR) | £ 1k
(60 ~90 °C, AR) , FVZRIBRMEA IRA A ; BE 5
THE (98%) . LA (98%) | A T %k — H SL G hkE b
(98%) , ‘ERFTHRHE M A FR A A5 PR e (Tl
) FH B (AR) L JoK LEE (AR) , M TG AR
FHUERIAFN A R A F] ; 28 (HPLC) , gl B /R4
ERHEABR S W) 5 Aok, T AL A BRA 7.

LC-2030 =R AH i, H A S 28 vl 5 Bruker
Advance 400 MHz R dLyRIFRE(Y , S5 [E Bruker 2
A) 3 WRS-2A SHLIE S, i i SRR AU R A R
i B
1.2 ZWHZE

AMFFE G RS AN 1 s,
1.2.1  3-F AN E BEAT A M 69 Bk,

L G % 30.00 g (77.59 mmol) AB [# E
A 500mL = ITESHUS , IA 270.00 g A kA,
B m A 20.00g(195.91 mmol) Z 2 B 1
0.60 g(4.91 mmol) 4-—H ZFEMLIE, 7£ 60 ~ 65 Cilid
JEN BN 2 he SRR A €3k (HPLC) A5l I iR
NS P S I O 0 | o) 2. W S A R | N
IR, 10% REALAE RN RN pH="7~8, B
B ROKIZ KA HLZ T 28080 e 4 I 25 A Tt )
A 90.00 g ZEEHTH, st 2h JEREEZE 0~
5CHEFE 1 h U8, VEDHE 40 CHIOTHE, 58I M6
AR A, R R 96.70% .

I, ~ Lo B9A 5 6 30.00 g (77.59 mmol) fiH
FIBEMA 500 mL — RS, ITA 150.00 g — & H
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BERE R, PRI 1.2 2458 B AF D 2540 A P Sl
RBEEF 0.60 g(4.91 mmol) 4-— FF 4 JLntkng, FfE
JET R - 22 2 13.35 g (131.90 mmol) = 2%,
K 1Th &Fn5e. E=HE TR 6 ~9h, HPLC K
I I L [ P 2, B I8 o 4 s oy VR T 7% ik s Ve 4

FRlF/mE RO
[ {4

3-FRAEM R A (T, ~ 1))

i AP BES, A 90.00 g Z AT, iR HE
2h JEREIRZE 0~ 5 CHiFE 1h U8, UEUHE 40 CHL
A, 1538 H AR A, T ~ Ly BCRS50 0
87.66% . 85.90% . 96.08% . 88.72% . 94.10% .92.32% .
97.24% . 88.08% . 87.41%.
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Fig.1 Synthesis route

Iy BE AT % 30.00 g (77.59 mmol) JIH [#] fiE
JA 500 mL = S, A 150.00 g — 5 FGei
i), A 7.83 g(93.15 mmol) 3, 4-—4%(-2H-
ML | 0.60 g (4.91 mmol) 4- — HI Z( LN iE R 1.20¢
(6.97 mmol) X H KPR, FEZ I T S 12 h, HPLC
RGN JC R[5 Pl A, T I8 R 5 S 1 R e 4
ETHEAWLT A 90.00g ZEHTH, iR 2h
JEFRIRZE 0~ 5 CHEPE 1 h. 13, JEYHE 40 CHEXT
i, A3 R AR A, R 49.61%.
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Fig.2 Structure schematic of I,—I;

P TH NMR 544 510 F.

JIH /2 2 6 E 1. "H NMR (400 MHz, CDCL3) 6
5.40 ~5.35(m, 1H) , 4.65 ~ 4.55(m, 1H) , 2.32(d, J =
6.9 Hz, 2H) , 2.03 (s, 5H) , 1.89 ~ 1.77(m, 3H) , 1.65 ~
1.41(m, 8H) , 1.37 ~ 1.04(m, 11H) , 1.02(s, 3H) ,
1.00 ~ 0.93(m, 2H) , 091(d, J = 6.5Hz, 3H) ,
0.86(dd, J= 6.6, 1.8Hz, 6H) , 0.67 (s, 3H) . ik .
114.0 ~ 114.5 C.

JIH [ B RS L. '"H NMR (400 MHz, CDCl3) 6
5.40 ~5.35(m, 1H) , 4.67 ~4.57(m, 1H) , 2.30(q, J =
7.5Hz, 4H) , 2.04 ~ 1.92(m, 2H) , 1.89 ~ 1.77(m,
3H), 1.65 ~ 1.43(m, 7H) , 1.30(dd, J = 32.3, 8.8 Hz,
4H) , 1.14(q,J = 7.6 Hz, 9H) , 1.02(d, J = 15.5Hz,
7H) , 091(d, J = 6.5Hz, 3H) , 0.86(dd, J = 6.6,
1.8 Hz, 6H) , 0.68 (s, 3H). #&/4:96.7~97.4 C.

JH [ 5 T HERS 15 '"H NMR (400 MHz, CDCL)
d:539 ~535(m, 1H) , 4.65 ~ 4.55(m, 1H) , 2.50
(hept, J = 7.0Hz, 1H) , 2.30(d, J = 7.8 Hz, 2H) ,
2.06 ~1.92(m, 2H) , 1.83(td, J = 15.3, 14.6, 6.5 Hz,
3H), 1.64 ~1.39(m, 8H), 1.37 ~1.19(m, 4H) , 1.18 ~
1.04(m, 13H) , 1.02(s, 3H) , 1.01 ~ 0.94(m, 2H) ,
091(d,J=65Hz, 3H) , 0.86(dd, J = 6.6, 1.8Hz,
6H) , 0.68 (s, 3H). . :129.1 ~129.5 C.

JIE [ s PR B 1, 'H NOMIR (400 MHz, CDCl5)
6:8.05(d,J=7.0Hz,2H),7.54(t,J=7.4Hz, IH),
7.43(t,J=7.7Hz,2H),5.46 ~5.40 (m, 1H) ,
4.86(dtd,J=12.0,8.5,4.5Hz, 1H) ,2.47(d,J=
7.2Hz,2H),2.05~1.89(m,4H), 1.87 ~ 1.68 (m,
2H), 1.63 ~1.39(m, 7H) , 1.38 ~ 1.28 (m, 3H) , 1.26 ~
1.08(m, 7H) , 1.07 (s, 3H) , 1.05~ 0.97 (m, 3H) ,
0.92(d,J=6.5Hz,3H),0.87(dd, J=6.6, 1.8 Hz,
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6H), 0.69 (s, 3H). ¥ ri:147.9~149.9 C.

IR i1 e 416 FF RS T BERE Ts. '"H NMIR (400 MHz,
CDCly) . 7.88(dd, J=8.1, 1.5Hz, IH) , 7.38(t, J =
6.7Hz, 1H) ,7.23(d,J=7.3Hz, 2H) , 5.46 ~ 5.40 (m,
1H) , 4.90 ~ 4.80(m, 1H) , 2.59(s, 3H) , 2.47(d, J =
7.0Hz, 2H) , 2.02(td, J = 8.7, 42Hz, 3H) , 1.92(dt,
J=13.5,3.6Hz, 1H), 1.87 ~ 1.67(m, 2H) , 1.64 ~
1.55(m, 2H) , 1.54(s, 3H) , 1.51 ~ 1.45(m, 2H) ,
1.37 ~ 1.09(m, 10H) , 1.06(s, 3H) , 1.04 ~ 0.95(m,
3H) , 0.93(d, J=6.5Hz, 3H) , 0.87(dd, J = 6.6,
1.8 Hz, 6H) , 0.69 (s, 3H) . #&.: 112.0 ~ 120.4 C.

BHE B 2,4, 6- = L EERE I, 'H
NMR (400 MHz, CDCl;)6: 6.84(s, 2H) , 5.43(d, J =
48Hz, 1H) ,4.95 ~4.85(m, 1H) ,2.45(d,J=7.1 Hz,
2H),2.28(d,J=10.5Hz,9H) , 2.01 (td, J=8.2, 7.4,
3.8Hz, 3H), 1.94 ~ 1.79(m, 2H) , 1.76 ~ 1.65(m

H), 1.63 ~143(m, 7H) , 1.42 ~ 1.04(m, 12H) ,
1.03(s, 3H), 1.02 ~ 0.95(m, 2H) , 0.92(d, J = 6.5 Hz,
3H), 0.87(dd, J= 6.6, 1.8Hz, 6H) , 0.69(s, 3H) .
JH: 1447~ 1458 C.

JE B B4 JE K B BERE 1. 'H NMR
(400MHz , CDCly)8 : 7.99(d , J = 89Hz, 2H) ,
6.91(d, J=8.9Hz, 2H) , 5.45 ~ 5.38(m, 1H) , 4.89 ~
4.77(m, 1H) , 3.86 (s, 3H) , 2.45(d, J = 7.8 Hz, 2H) ,
2.06 ~ 1.88(m, 4H) , 1.87 ~ 1.66(m, 2H) , 1.63 ~
1.41(m, 7H) , 1.34(dq, J =103, 5.3, 42Hz, 3H) ,
1.26 ~ 1.08(m, 7H) , 1.07(s, 3H) , 1.05 ~ 0.98 (m ,
3H) , 0.92(d, J = 6.5Hz, 3H) , 0.87(dd, J = 6.6,
1.8Hz, 6H), 0.69 (s, 3H). #45:176.9~177.7 C.

JOER TPt %o i i 5 BB . 'H NIMIR (400 MHz,
CDCl;)o : 828(d, J = 89Hz, 2H) , 820(d, J =
8.9Hz,2H), 5.44(d, J=4.3Hz, 1H) , 4.95 ~ 4.85(m,
1H) , 2.48(d, J=9.0Hz, 2H) , 2.06 ~ 1.90 (m, 4H) ,
1.89 ~ 1.71(m, 2H) , 1.70 ~ 1.41 (m, 7H) , 1.34(td, J =
10.1, 5.1 Hz, 3H) , 1.27 ~ 1.09(m, 7H) , 1.08 (s, 3H) ,
1.05 ~ 0.97(m , 3H) , 0.92(d, J = 6.5Hz, 3H) ,
0.87(dd, J= 6.6, 1.7Hz, 6H) , 0.69(s, 3H) . ¥ s :
190.0 ~ 195.4 C.

JIEL 1 P T T LR 1o, '"H NMR (400
MHz, CDCl3)d:5.34~5.29(m, 1H) , 3.48(tt, J =
10.5,4.7Hz,1H) ,2.32~2.13(m, 2H) , 2.04 ~
1.92(m, 2H), 1.81(dt,J=13.9,3.9Hz,2H), 1.71(d,
J=122Hz, 1H), 1.61 ~1.40(m, 8H) , 1.38 ~ 1.20 (m,
4H),1.19~1.03(m, 7H) , 1.00(s, 5SH) , 0.91(d, J =
6.5Hz,3H),0.89(s, 9H) , 0.86(dd, J= 6.6, 1.8 Hz,
6H),0.67(s,3H),0.06(s, 6H). %5 :158.5~

159.1 C.

JIH [ P = 46 JE TR 1. '"H NMR (400 MHz ,
CDCl3)6:7.52(d,J=7.1Hz, 6H) ,7.28(d, J=6.9Hz,
6H) ,7.21(t,J=7.2Hz, 3H) , 492 ~4.86(m, 1H) ,
3.35(tt, J=109, 42Hz, 1H) , 2.13(t, J= 11.6 Hz,
1H),1.95(d,J=12.5Hz, IH), 1.89 ~ 1.72(m, 2H) ,
1.63(d, J=13.3Hz, 1H) , 1.52(s, 2H) , 1.48(d, J =
6.1Hz, 1H) , 1.41 ~ 1.20(m, 10H) , 1.15 ~ 0.95(m,
7H) , 0.93(s, 3H) , 0.88(d, J=6.5Hz, 3H) , 0.85(dd,
J=6.6,1.8Hz,6H),0.78(ddd, J=13.8, 11.6, 3.6 Hz,
2H),0.63(s,3H). M i:111.4~115.1C.

I [ 2 DU L MR S B 1,,. 'H NMIR (400 MHz,
CDCly)§:5.34(t,J=5.7Hz, 1H) , 4.71 (t,J=3.7Hz,
1H) , 3.96 ~ 3.87(m, 1H) , 3.50(ddd, J = 18.8, 9.9,
5.5Hz,2H),2.37~2.19(m, 2H) , 1.98(t,J= 14.5Hz,
2H), 1.89 ~ 1.79(m, 4H) , 1.73(d, J= 12.5Hz, 1H) ,
1.58 ~ 1.43(m, 12H) , 1.40 ~ 1.20(m, 5H) , 1.20 ~
1.03 (m, 8H) , 1.01(s, 3H) , 0.91(d, J = 6.5 Hz, 3H) ,
0.86(dd, J=6.6, 1.8Hz, 6H) , 0.67(s, 3H) . A :
147.1 ~147.6 C.

1.2.2 3-F AN BEAT A 4 64 18 AX R L

DIE B 2, BE R (1) R Rk iR A S n Ry 451

P RN : # 20.00 g (46.65 mmol) JIH [ i
ZWERE (1) A 500 mL = B85, IA 200.00 g
RO RErA R, A 8.50 g (70.14 mmol) 2, 4, 6-
= HIJEREBE L 9.96 g (55.96 mmol) N-JBARBEFT IV Jiz |
IMAZEATIA 0.22 g(1.34 mmol) fBE — 7 T, ZEA
SRR INAZE 65 ~ 70 °C, 538 Z% 1 h, HPLC £
W T RH [ e 2, Tk e (1) 4%, B W45 0. K RO i A
SRS H RS, UE. K U8 VR Ve 45 2 TR AR TR
R ENRA 3R RET A IR A Y. L~
G| IR N 7785 Ead 2.

S5 R RACKN B 20.00 g (46.65 mmol) fIH [
ZERR (1) IMASER N ARE , A 200.00 g PR R
fift, FRUIA 8.50 g(70.14 mmol) 2, 4, 6-— F KL,
BEFD 9.96 g(55.96 mmol) N-7RABE FABE W e , 75 &<
%?FWEFHT [l ) LED 4T J6RE. M 37 CEHi T+

mZE 67 °C, fERART SR EE N AR 1 ~2h,
HPLC o JC AE [ B <L e TR (L) Fl 4, O Z5 R, %
VIR F AR HI R 2R, 8. R e R ke 46 2 0
ARG A5 2 EAC 3-8 35 0 [ BE AT A W B TR A
Y. L Lo B65 1 AR RN 7k IR,
1.3 MWK SR
1.3.1 HPLC ¥ 7 %

A58 InfinityLab Poroshell 120SB-C8 {f1ji%
(4.6 mm x 150 mm x 2.7 um) , JishtH Ak (A) fZ
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i (B) , BREEDE ULER 1, Wi 0.6 mL/min, UV A5l
A 210 nm, #EFE R 10 pl, #1340 °C.
#1 HPLCHERMEM
Tab.1 HPLC gradient elution conditions

WHELEE /min | WA AGK) 2% | sEiA B(ZI) %

0 15 85

3.0 15 85
23.0 0 100
28.0 0 100
28.1 15 85
35.0 15 85

1.3.2 'HNMR 447 %

B 6 mg FESAMT 0.6mL JRACEL (CDCLy)
H, DAV R REGE N M An , A Bruker Advance
400 MHz #1044k A T
133 #HHH %

FIF Gaussian 09W F{FFIZAL % 212 pRELIS

(DFT) J7i%, %M B3LYP %, 6-31G(d, p) K4, it
B KE RS BT A 95T B A A R 7.

2 #R5HL

ASCWFFE T BHEBEAS R S50 1) 3-FE 3L R L LA
Loz 5 05 s IS IRAR S, B S
2.1 PEEEE 3-BERPEINRK KRR

H 3 AH [ B AT AR 7R TRAR B fh B S i R 2
PR Cy AL Co ALPIAMGERE F B &R, RIASSCLA 3 A
g s T JEL [ B IS R A 5 0y e [ P P2 £
FPORELA R, 3 Tl [ P Pk SIS O A B 1 L o s A= M A
MR, LA N-BARBEFAE i i it A 5
THERGIUER, LE 67 CHAAFTHFE 1h #ArENAL
B RL. A Gaussian 09W X FIr & JFE 9 (1 B A1
MRS TIHR. SCRai R L 2.

x2 AR IRERPERKRMER

Tab.2 Results of bromination reactions of different 3-hydroxy-protecting groups

JEUEL R O—Cs—Cy Jefii/ () | CuiiiHan. | G #an. | 7-BRAA % | 4-RARM A i /% | EUIEA | BEAb /%
I CH:CO 110.16 ~0.249 ~0.207 37.96 15.44 246 | 97.70
L | CHiCH.CO 110.23 ~0.250 ~0.207 38.41 14.43 2.66 | 96.88
I, | (CHy),CHCO 110.19 ~0.250 ~0.207 41.02 14.36 2.86 | 97.10
I, CeHsCO 109.41 ~0.251 ~0.207 51.07 14.80 345 | 9430

(6]
Is @2& 112.60 ~0.252 ~0.206 53.03 1631 325 | 97.37
(@)
I /@i‘t 112.80 ~0.254 ~0.206 55.05 18.32 301 | 9775
(0]
Iy O)ﬁ‘ 110.21 ~0.250 ~0.207 52.85 17.01 312 | 96.66
~,
6]
(@]
Is Q)‘ﬂ 109.34 ~0.253 ~0.208 48.97 1435 341 | 94.96
O,N
Iy | (CH3)5CSi(CHs), 109.08 ~0.243 ~0.206 55.30 11.61 476 | 89.61
I (CeHs)5C 111.49 ~0.233 ~0.205 46.29 7.28 6.36 | 88.49
O
I U 111.70 ~0.229 ~0.204 37.74 8.27 456 | 91.63
TE: O—Cy—Cy Jeffy it AR R R AU BIINAS s LAY 7-IRAH) 5 4-4 HPLC &t L fE.
M T-IRA B R R, SR IR IR A AR T Cy AL A ARSI ROV RE ). TAh, 05

(Iy ~ Ie) B9 7-1RAXCH AR R T s TR I R 2E PR
(I ~ T3) , X 57 A R R S OR3P SR BN s e 1 2K
PRAPEE A == AL BEAR, 39 R 3P B A 2 18] (52 BH AT DL 2
AL A 7- IR AR A . R [ T
T HIERERE (1) PRI SRS RBUR, JE 7R AR
P R 2. A RGE T /E NBS 2 5k
PR R, SR UL A 2 Al BE R 2 A U
I AR A R XE.

MICAEART | BEZS PRI I A e PR It o T
ORI, XA RER T RESEAE Cy 1oL A i 2ETE PERE

FRER ISR S A e Bt & TR R B 2 R4 3, X
Pt VA SE SN LS Tl S ER SN S EE P ST U gHEZN
S OV VA= W A S Y 7/ < T Ra SO i 1 £ =10 @ VA £
B

ASGEMITESR T L~ 1y SRR EMs
A, HDIARH O—Cy—Cy AT LULEL: O—Cy—
Cy FAAMBEAKI 1 L. L, 38 SRR A N =
e TR R S EAL R, b T 4-IAR R AR
B Ly I B O—Cs—Ca MBI, AFIT 4-134 811
PR HEARS R, A BB S L B O—Cy—
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AR R AR EIAF R Co 5 G il
SR, M T C MR Cy M,
Kt 7-IRA R E LR ). JE AR L 1 1 —
HH Cy 1 Cy 77 HL B R/ NS A O A Bl
Z, 1L 15 [ 7-SCH A 4- 0 A i R A A
WELAE. BIUE AT DL B4 o 13 A R IR 1
Az, TR B LA (1) 23 [R) 57 B AT LA B /b 4-1
M7= Az, BT HOAE AR K, 35w BRAC S Y 2k
BYE L L L =&Y b1 C i Ak, Rt 7-
RRYAERERZ, (AR FH 0—C—C,y FfMfm/h
I HARP L B AR TR, % 4-34 08 A iU S A
H, BRI FAEAR K, 2 BE PRS-

g5 Ak, 7R R BT A A R 7-TRAR A ]

RILEPIIS , FL A0 2 (8] o7 B A2 2 F) S

BT SRRSO AR PIERT , 3B IH [ AT AR MY 7-
IR A e 2 BT BB k2SR L i 7
R 7-1RA ) A Bt A0 B PR 8, 1
HEAL RIS, A X5 | K X T oe.
22 HHEESLXARN -BREBEETEWRRR

oA

AR SCAERFFE A B 3-FI ARAP REA R OE R A3
filt b, S — 20X M AL SN 5 & 5 kA T 1 ot
FE. S B AR RS 2 WS (1) | JE [ R R RS (1) |
JIEL [ P T 3 — PR Rk (1) SR J50R}, BIFSR 5 | R 50 2
BIMA AN ) 6 BG4 % V5L A R0 1) 5 ). 3
HPLC Wil 1 , Rz i AR =X, B 7 R[]
WA ST 51 R IR N () AR B S g 45 R
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Tab.3 Results of bromination reactions with different initiation methods

75 | kL IR FWIHA | ROSHREE/C | BIER | 7 % A % | HIEA | B %
1 I #Ek 1.0 67 G 33.48 10.97 3.05 96.35
2 I #Ek 1.0 67 H 37.96 15.44 2.46 97.70
3 I, | LED(275nm) 2.0 67 G 38.57 7.24 427 69.64
4 | I, | LED(340 nm) 1.0 67 G 44.36 10.69 479 99.72
5 I, | LED(365nm) 1.0 37 G 37.97 11.78 3.22 95.88
6 L #Ek 1.0 67 G 48.17 14.32 3.36 94.73
7 L #Ek 1.0 67 H 51.07 14.80 3.45 94.30
8 I, | LED(275nm) 1.0 67 " 1.751 — — 8.56
9 | I, | LED(340 nm) 1.0 67 G 43.52 12.45 3.50 92.22
10 | I, | LED(365nm) 0.3 37 G 51.10 15.29 3.34 95.41
1| I #E1k 1.0 67 G 50.11 14.47 3.46 90.82
12 | L #E1k 1.0 67 H 55.30 11.61 476 89.61
13 | Iy | LED(275nm) 1.0 67 G 50.36 8.42 5.98 75.33
14 | Iy | LED(275nm) 2.0 67 G 52.22 12.66 4.13 84.50
15 | Iy | LED(340 nm) 1.0 57 G 55.14 9.57 5.76 82.90
16 | Iy | LED(365nm) 0.5 37 G 57.14 10.49 5.45 88.65
17 | Iy | LED(365nm) 1.0 37 G 57.74 10.91 5.29 91.93
18 | Iy | LED(365nm) 25 37 G 55.48 11.80 470 92.79

TERB R AT, i RS RS AR LA
BB, RIMAGI LR AT UG RIS R, 5 1 1y
lo 19 7-IRACHI AR LB B s b, B Ly Lo TR
I FEABA 725/, B B PR e AE 2%

f£ 275nm 9 LED ST, 76 67 CARES|
R, I HIFRHF AR, 302 iR T RO ik
FZH 2,4, 6- = HIEMEBESE 270 nm AR ISR A
K, 275 nm SEHRETRE S AT REB LR W, FEOCR
5% N-JRACBEHIEE e = Az H 3, (8R4 s 1o e
DL T.

f£ 340nm 9 LED ST, ANEFE 37 CF

51k BB IR, 7 57 CEZE 67 CARES
K AESIG LM, L 5 L 755 T
RSN ) 7-BAH A s . o T N-IRAEE
PSP e AR 5 7R R R Ao, oA 3 R
FH BERAI, 7E 340 nm SERRESAEAS BB 52 AR AL
SN & i SO Ui B BB AR HE N-VSLAC R FAE I e ™
ARV B S, FE SRR PR IR R 5 A s g A
i

1E 365nm [ LED YRR, 37 CutnlLi5]
KRN, BV G A 7-TRAH) A R A B
S5 E R RG] kR T L E R, 1
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365nm (% LED JERENAMUAT LA 51 & FI R T
TR REE RAA SN TR | 40 S B[R], 7 Tl A 7
REAZ I/ BB ISV AEIT BB N T & 4.

X L EE NG &I 67 'C 340 nm 1Y LED
JEIE, HUMEHA 246 $2THE 4.79, #2553 T 94.72% . X
ARER TS L.l M, I 2 T3k p 23 fal iz H
/N HA R TRE 2, SRR N 22,
W5 | 2 25 A A e A 6ok RS2 0 e R 1 P 8 ot
K. L Lo @B NG| % )k 37 °C .365nm [ LED
RS, BT R SRR A =S A B A K
HA—EHAETRES, iTLLRBLLL o NEEY 7-
TR ) A A o e FLASE B e PR SRl 7RSI A&
AUF T AR RE 3-FJL O SEAA 8500C 2 I 52 i It 475
NPT L LT 1.

28 F Rk, € 37 °C.365nm LED YGIEAETAY
TR, ] 1o R ORI RAR S iy 25 SR f . L
1 h BPAT Ak 3555 88.65% , AMU/L T AETEINAE
R T N R 2E 4. R GEA SN S]] DA T
(G AR AR TR 2 FAI S N BE PR, Ak mT i 3 el A8
RS e — 2P HRSE 1o M EURHIEA TYRAC SN
A S A 1 S N 25

ASCLIRBE RN RO, 18 3 ARG | AR 4514
PRI SE I, pJ N LIRS B HEA T TS, a2
SRR, 23 ()7 BH R R AT 45 A A DR i 23 Dl D
4- TR AR B0 A B, B v S L )7 B e R, R
PRSI T Ak — F i B2 fe RO PR L. WSS T
ANTF 51 A 5 2O N L IR AR B 5. 7ETE S|
FFNRIZEATT , REG | R T5 2] AEA T IRAR N,
B 7-1RA A i B RS Sn 1 k)7 i)
PASE e 7-TR Q) B0 AR e A7 B e B, 6 RETE
37 CHA T AT RN, RBLE 7-0R A A il A0 4o
BB G | R RO A R AF. R ARSI R T
A LA RRAR SN it B, 406 6 B ) I) el REFE , i B
ISR, M A = 2 e, AT TAEXT 7-255
R B R Tolk A A 7 B S5 .
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