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LA EA I 25 A “HERIRIRIRF= D" BE, NS Z RN TSR IR 1E% 5%,

KA AHYIRE G e AR RIRIIRIR =, 4-1 SLIEAHIE A EHENE; SRR 4-F2dk-0- s

Combinatorial Synthesis of Flavonoids and 4-Hydroxy-d-lactones by
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Abstract 4-Coumarate coenzyme A ligase (4CL) and chalcone synthase (CHS), the two pivotal enzymes involved in the
biosynthesis of flavonoids were applied to combinatorially synthesize varied unnatural natural products. As result, 25 unnatural

natural products including eight flavonoid analogues, 16 4-hydroxy-J-lactones and one benzalacetone were synthesized by
4CL and CHS. The synthetic methodology would be useful for the construction of library of structurally diverse of small mol-

ecules.
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# (candicidin) « [l % % 3 (azinomycin) « A £ B &
(chlorothricin)&& ) 4= 1 & B 7 T BRAS 1 28 HY et
i, HANZERNHHAEGERER, E£H%5 R
(antimycin) 7k [} P fis (benzenediol lactone)Z A4 1) &
BT T BUAS B, & A T — BB 45 R ) 2R AR
P T, BB R AR AR AR, R
55 URA A = ) A2 W) -6 BRORE 5% 1 TR 71T A o A O
SoE, HRARGE P AR, SEHRNTDIRENIOC R AR
W, BEFIER, 1R 2 B EARSN A SR 52 R ik
Bk, AMURT DA 2 AR 3R Y, T ik v] DLz — &
FIN A B HEA BRI A A A R 2 R ) “ HER IR
RARF=H)” (unnatural natural products)!'™'®). Ak, B
AL D RE 5 A5 M B AHOC, AN A A s e vt
(1) — N DU IR BR R B, BUA 1T Ae R B )
P, A sE RPN 0 Abe S PO TR
VIAEE AR S5 R F ), BRI G s T — R AIEE R
AR VR EY). |2 Rk A B B 25 R
MBI, ATT ARSI B ML A B AL T AR %
.

e — KA Co-Cy-Co BRI G, BA
ok, DL, DU PUREE. Prke. DU s fbt
K RERE A S 2 R AT R, eI RN, ZEE
R SR 1 2x 7K B A5 BB (Chalcone  synthases, CHS)E
DL 4-7F5 S A ARRIGIRY), 5 3 0TI A e
ABTHG, TERERIR Z R P B4R, SRJ54 Claisen 45 &
B B 4,2.46'- DU 2 Jk 75 /K B (naringenin chalcone),
4,2',4',6"- VYR B A /K LE VAR 45 2 S A i A
fii(5,7,4'-trihydroxyflavanone). CHS /& &MEAK B I B,
bR 7 REAE S HER AL, 8T LA A 4-F2 R -6- N R
FALEY) bis-noryangonin (BNY-type lactone)fl p-cou-

maryol-triacetic acid lactone (CTAL-type lactone)
OH sCoA OH
2 XY
O O
CoAs EnzS
o} O O

OH O

CTAL-type lactone

(Scheme 1M***#1 W FIUEW] CHS fEAASNEA AR 2
HIEYIERENE, MMUTUHER 4-F B A IR,
AT D2 R A AL KBRS A S AK
WUl A RREE R ZRE “AERRIIRIR=M” | X bR
FOAFIH CHS AT EM, G “AERRIIRIA™
VD RE(PE) PR 7RI RE M. SR, CHS AL IR SN & Y,
R LI CL R A B R )T A Re e R B2, 5] K EE
HISE K I R, IX 7R EERE S N R AT () G . & fE
W4 CHS Frisesz MY, M HE 2 | CHS 1E& gt
ZREM CAERIRIIRA=W” RN, B—H, &
ARIEEEDEN, - FOBHEHE A 8
(4-coumarate coenzyme A ligase, 4CL) g5 AL 4-7 SR
A R B FOE A BREREY. R, W AR TR RIS
HAET Z RGN 4CL K& CHS, fEARSNT R #
IR, PRI E R G 2 FE )« AERIRIIR IR =4
B RS HA AT

AR INTEREFRIE T WU TT Arabidopsis thaliana
B 4-75 S LIRS A EBF(AUCL) LK T 28 Huperzia
serrata F AL /R B A A (HSPKST), J PAIX AN BEAE
RTEE, WP T RN HEAETE SR “IERARM
FRARF=H)” BE(EE )R I RE . 7E 4CL AT CHS FI3E[FE
T, A 8 AME A VLIER A R T AFE 8 Nl A H K
A, 16 > 4-F2F-5-N e 1 ANRRENE RS 7E N
LTt 25 NAERIRBIRIR =W 7, ARG Z R
RIRBITRIRT=H” FE(FE )it 1 J77%%2 27 (Scheme 2).

1 HR5iHe

1.1 At4CL LIRS A BRI A S £E

4-F G A EHERACLEMY P EIER )
2, SCHRIRIEA R I ) 4CL R BN 2 R £

OH sCoA OH
@) SEnz OH
o O
0]
N\ OH
© OI N o o
AN
OH BNY-type lactone OH

OH
H* HO o
HO OH O
OH O | Spontaneous cyclization
OH O

B 1 CHS LA R E A 4-52 3 -0- N EE AW I R L
Scheme 1 Proposed mechanism for synthesis of flavonoid and 4-hydroxy-d-lactones by CHS
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1 N
R OH | N o
HO_~ R2 HO HOL_ = HO A"
0 0 0 o)
1~5 6 7 8
ATP
CoASH At4CL
R’I
OH | Ny oy
COAS. -~ R? CoAS COAS._~ = COAS. A
0 0 o) 0
9~13 14 15 16
P
nX CoAS OH HsPKS1
O O
n=2,3
1 OH N
R | o\
HO O 0 R2 HO O OH HO N HO o.
OH O OH O OH O OH O
9a ~ 13a 14a 15a* 16a
R? OH
o oI N R2 o) o|
N
OH OH
9b ~ 13b 14b
OH
0._0
N l (0]
OH
9c ~ 13¢ 14c* 15¢ 16¢c

1,9, 9a, 9b, 9¢c: R' = OH, R?=H; 2, 10, 10a, 10b, 10c: R'=R?=H; 3, 11, 11a, 11b, 11¢c: R' = R? = OH;

*New compound

4,12, 12a, 12b, 12¢: R' = OH, R?= OCHj; 5, 13, 13a, 13b, 13c: R' =F, R?=H

B 2 At4CL A1 HsPKS1 A & R A K 4-Fedk-0- A BERIL &
Scheme 2 Flavonoid analogues and 4-hydroxy-d-lactones synthesized by At4CL and HsPKS1

PE, AT RUMEA 2 P &0 R IG R 4546 Fr B A LR 5 %
il A 45 5T RREE™Y. FIF 4-7F 582 (p-coumaric acid)
(1)« WH:RE (cinnamic acid) (2). WIMEER (caffeic acid) (3)~
R 2R (ferulic acid) (4)F1 4-3 PIAERZ (4-Fluoro cinnamic
acid) (5)WEMIFE A4CL fEAL N BRI E 1 1 4 E A M
M4 A GRS, BEIARIE AMCLAN AT A2 & KN M
BREEM F BUEY), (A EERE, HUL 4- 2R
[3-(4-hydroxyphenyl)propionic acid] (6) /= z\-3-(3-MlLIE)
PGB [trans-3-(3-pyridyl)acrylic acid] (7)~ 2-MKIR P4 45 2
(2-furanacrylic acid) (8) NS, [FIFEHLAEEY: At4CL 2
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2 A A B 4R A GRS,
1.2 HsPKS1 R U ENS 4-BE-0-NEESL
HEMHERSEE

CLA RIS T 25 o 1 2 R B A B HsPKS T AJ LA
% A-FHE W A MKW, R BNY BN SR CTAL
P DA R A R ), 2 R R AR R P VA R 2 B R
PR — KBRS, Seab R DL 4-F HRRONERY), 7E At4CL
I HsPKS1 HEH T AT ML SN, FIH LCMS-
IT-TOF X g J N =it AT 53 #r, JBIEXE P29 MS.
MS/MS LK UV Edfi A SC ks g4 e 3R45 4
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B MWK (Rheum palmatum) ™ 50 [ H 5 38 Y R & Rl
Y% e N A HEH 9a, [AIHFEG &R BNY B iE 9b (Benzalacetone synthase, BAS)REMEHEAL -7 GERFN 1 4y
A1 CTAL BN g 9¢(H& 1a), A58 AR B 7R 40 9 — & T AR A AR 4-(4-FR 3 HE)-3- T Mi-2-
TR 14 5 S R T R B S REN I T 20% HC, 8291,

BRI A TR AR AR, S CAEERR . ik MR 4-FREOR TR AN S A B 1 R 3R-3-(3- ik
P AN BT ZRERAE A, AR F= 20 MS Bl S 2L WE ) PR 5 B 9 JEC A A B A, [0 RE AT LAAS W 1) 3% i (14,
B, FREES UV BB A1 HsPKS1 AL & B R AL & 15a). BNY (14b, 15b) & CTAL N fig(14c, 15¢)=Fh%
(R A, RSP ) o AR ] LSS S8 A ) Ry r= 4, HE0L BNY BN E 8 £, Hrd, DA
(10a, 11a, 12a). BNY % §fiE(10b, 11b, 12b)F1 CTAL 7 4-FFER RN YIRS, B =) 9 2 /K B (14a) (]
WHE(10c, 11c, 12¢)7=2E(H 1b, 1c, 1d). HEERLE, 4 le); LAEA B AIA N e 3X-3-(3-MEHE ) P4 I 6 R I A
6 FHB AR B AT OB, B T 2R B =i F2R T (1 = 2 BN A F R (15a), (H A FHEA CTAL A
A, BRI F] 4-(3-F AR R -4- R R OR AR -3- T 0 -2- e ) 7 et/ (B 16). HA b &9 14¢ 1 152 BARNFIL A,
A 1d), HE i@ R I UV MS ik 47T {EARYE HsPKS1 MIMEALTEMERS &, FF454 Stk &
A RIHRIE, HET A TE HsPKS1 REAE 287~ M i 4R a8 MS K& UV ##E, 14¢ WSS EAN 4-hydroxy-6-[4-(4-

00‘\ OH HO. o
> 0. [ ®
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B 1 RFEJEYTE ACL R HsPKST BfEAL T RS =4 HPLC (3%
Figure 1 HPLC chromatogram of enzymatic reaction products produced by At4CL and HsPKS1 from varied start substrates
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hydroxyphenyl)-2-oxobutyl]-2H-pyran-2-one, 15a 1454
Y€ N 5,7-dihydroxy-2-(pyridin-3-yl)chroman-4-one. 7£
b &%) 14c 1) HRESIMS Kb, 4 H[M—H] &
273.0769, XfM4or¥3 CisHOs(iHHAE: 273.0763), 1
H MS/MS EiEd, UK M—H—C;H,0] W& m/z
167.0439, [M—H—CoH;0,] V& m/z 125.0278, 5 At
EY) 9¢ (1) MS 45 LRI — & & I m/z=125 1
o, AFEIE 14e L 9e 5#H /b T — XU, 78 UV K
W, A EY) 14 RS IIAE 283 nm, AR
E Y0 9¢ FFETE 331 nm A BRI, HE—BIELED
14¢ S5 P LLAL G 9¢ 20 T — /XU, FELED) 15a (1)
HRESIMS Kirh, 45 H[M—H] 1§ m/z 256.0621, X5
43 F 30 C L H NOL(HH5H: 256.0615), 7E3H: MS/MS EiE
o, IR ERAL A RDA R [M—H—
C;H,N] & m/z 151.0070. 54 15a (1 UV ESEF A0
AW 9a, 10a, 1a FEREEIZALAWHERAHEL, 76 290
nm HILERI, LAY 15a Fil 9a, 10a, 11a HAT
KB

Ak, At4CL 5 HsPKS1 I8 0] U240 5 W
IR PRI 4-%-REERR, &8 oy 23 MA

BLBR U 2-WR W 2R P I R e, B FkH N 1Y) 34 1 (13,
16a). BNY A NfiE(13b, 16b) & CTAL A N iE(15¢, 16¢)
(Bl 1g, 1h). &2 UV, MS B LE 1. W 1 FIE
1 FRTLLE M, AFEEY), &R LLeIAE, 5
FICIL 155 190 14 B D] 5 Tl P 5 AP s 1 DR/ o 3 A s el Rl 2
BLRR IFR I S T B B IR AR I K
DL PN RGO, BT IS RS

2 i

X AMCL 5 HsPKS1 AL 1) 8 AN i B HLER T
R 25 N PEYIR T, At4CL F HsPKS1 ZE4AR SN A
AH T IZ RN, Reis 2 a5/ Z R R Y~ £
BEHAE “IERIRMPIRIRT” B A4CL AU
A AR IRIREE A A B E 15 1, 1 B 4-F2 2K T4
PRy 2-WRIR PR« S 20-3-(3-PHE I ) PR 470 PR S5 IR e ANy
RN IR G5 B sl & A AR R 7 R A vE
FLMEAAE B BH B A GRS tH REHE HSPKST #2352, A Al
NI, SR, ESR At4CL A HsPKS1 AERESZ AN [
JERAAE R H AT SR, A TR R = A
AHRLFE AL AR ], A4S =4 B B A BRAZ A AR AL,

R 1 R4 HPLC-MS 7 b Hdie
Table 1 HPLC-MS data of varied enzymatic products

JEW) =) R/min Area/% UV Jpa/nm  [M—H] m/z MS" m/z
9a 20.98 100.0 238, 289 271.0562 151.0037, 119.0513, 107.0146
9 9b 19.07 48.2 243,363 229.0460 185.0591, 143.0504
9¢ 15.90 61.2 244,331 271.0561 227.0684, 145.0322, 125.0295
10a 30.47 100.0 289 255.0660 213.0570, 151.0070, 185.0619
10 10b 27.15 59.6 256, 348 213.0578 169.0683, 141.0752
10¢ 20.12 85.6 298 255.0667  211.0770, 187.0786, 145.0687
11a 18.43 23.4 287 287.0577  151.0084, 107.0169
11 11b 16.40 91.8 250, 370 245.0452  201.0582, 159.0481
11c 13.39 100.0 255, 348 287.0557 243.0667, 161.0286, 125.0276, 133.0333
12a 20.89 30.9 288 301.0711 151.0067, 107.0169
12 12b 19.16 100.0 249, 369 259.0613 215.0715, 200.0599, 173.0627
12¢ 15.98 33.7 253, 345 301.0709 257.0832, 175.0433, 125.0282
13a 30.13 76.5 249, 289 273.0578 231.0477, 151.0081, 203.0540
13 13b 28.72 87.5 255, 348 231.0472 187.0580, 159.0653
13¢ 20.89 100.0 298 273.0578  205.0695, 163.0608
14a 21.15 43.8 285 273.0774  167.0381, 123.0486
14 14b 16.59 100.0 229,283 231.0666  125.0278
14c 14.28 12.9 283 273.0769 167.0439, 125.0278
15a 14.04 1.5 290 256.0621 214.0561, 151.0070, 186.0565
15 15b 9.65 100.0 210, 248, 346 214.0531 170.0646, 142.0747
15¢ 7.88 0.8 210, 290 256.0617 188.0661
16a 20.80 43.8 290 245.0429 203.0334, 177.0558, 159.0419, 135.0461
16 16b 20.06 100.0 258, 362 203.0331 159.0458, 131.0526
16¢ 16.75 524 330 245.0436 201.0550, 177.0568, 135.0467
1056 http://sioc-journal.cn/ © 2015 Chinese Chemical Society & SIOC, CAS Chin. J. Org. Chem. 2015, 35, 1052~1059
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BRI T a2 BEE. DRI, W RE R @ a5 2 B
() “AERIREIRIRF=0) " BE(E), BLALERGREIESZ A AT
RN, FRIRMERII 2 FE0E, I TR eSS,
DA P 7 AR S e R Bl B SE G AR . SAUILRSE. [
IS ) FH 5 3 PO P AR AR B AT IR PR ARG, X TS
AW RIU B A E R L

3 SEES

31 X5

LCMS-IT-TOF (Shimadzu, H#%), ZORBAX SB-C g
column (4.6 mm X250 mm) (Agilent, 3%[%), HPLC (Ag-
ilent, 35 [&), TSK gel column (ODS-100V 5 um, 4.6
mm X 250 mm) (Shimadzu, H 4<~)RNA 2 B 7 &
RNeasy Plant mini kit (Qiagen, 3E[&), &% 3EF M-MLV
(Promega, 3£[E), LA DNA Polymerase, PR /il P VI
BamH 1, Xho I, T, DNA ZE#E, PMDI19-T (Takara, H
), HEERIGRF & Gel/PCR extraction Kit (Biomiga,
R [E), Isopropyl - D-thiogalactopyranoside (IPTG), I
TR K 2L 1~8 (Sigma, 1 [E), HEJEE (M Centricon
Plus-80 (Millipore, Billerica, MA, EE), HA&XFA
77 43 B 46
3.2 ZWHE
3.2.1 At4CL 5 HsPKS1 £ %1%

SRMLEE ST A. thaliana FAT 218 H. serrata #riet
B R RIEUE RNA, HRFE SRR M-MLV % mRNA &
H132] cDNA, FfLUCABNGEAT PCR 735, At4CL
EH 5% R 5-ATGGCGCCACAAGAACAAGCAG-3";
A 514 4: 5-TCACAATCCATTTGCTAGTTTTGC-3'.
HsPKS1 IE [ 5| %) N : 5-ATGACAATCAAGGGATC-
AGGGTCAGC-3', R 5¥°H 5-TCAAATGTTGATA-
CTTCTCAGCAAAAGTG-3". PCR RRMNAKZRA: 2.0, 0.3
uL LA DNA Polymerase, 5 uL 10X LA buffer, il ddH,O
4N 50 uL. PCR R MAEF A 98 “CHIAZ M 1 min; 98 °C,
10s;48 °C,15s;72 C,2 min 10s; 35 MEH; 72 C %
& 6 min. PCR P24 0.9%35 IR HEEE I B kA s, &
A H R R 463 F Gel/PCR extraction Kit #5521 izt
A& E. 4ift. PCR P29 N FEE # /& PMDI19-T H,
P PH P v B BRI 7. P 25 ST R B, At4CL Al
HsPKS1 PCR 4K B 43 5l 1686 F11200 bp, FrfdH
MERMRER TS CHRIET HHEBE N
100.00%!%°-%,

W PET-28a HAREGVILT 5504, 75751 N-vifg Al
C-3i 43 3 51 N BR 1) 14 B D147 55 BamH T A1 Xho T (Rl 24k
REGYIALRT). AMCL IE M 597 518: 5'-CGCGGATCC-
ATGGCGCCACAAGAACAAGC-3"; [ I8 51 ¥ & 51 )9
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5'-CCGCTCGAGTCACAATCCATTTGCTAGTTTTG-3'.
HsPKS1 IE[[ 5 #)°A: 5-CGCGGATCCATGACAATC-
AAGGGATCAG-3', xI5%)7: 5-CCGCTCGAGTCA-
AATGTTGATACTTCTCAG-3'. PCR =¥ 4l PET-28a Jii
¥i, I T, DNA E#MIERS, ¥4 E. coli DH50 %52
S, F S0 pgemL ™ RAVE R LB [ M 77 34 5% PH
P B V& IS BRI AT XUl 17) 45 58 A .

3.2.2 At4CL #= HsPKSI1 % & & &

M E. coli DH50 31 B Hr Bkt FH 4 LI e IR )
PET28a-At4CL £l PET28a-HsPKS1 FH A JFi ki, 43 HI{E E.
coli BL21 (DE3)Hi% Sk, M PR _EHbES B 20 ok
(17 BL21 (DE3)*. 74 T LB AR R A (& RIEER 50
ugemL ™), 37 CHiFEE ODgp=0.6. A IPTG EZik
FEH 1.0 mmoleL ™', 4k4E53%, 23 CiEFHRIA 16 h A,
3.2.3 At4CL #= HsPKS1 & & 4.1k

B0%(10000 g, 4 °C, AR 10 min) & A5 =
BT T A I B R 52 vP (40 mmol-L™' K,HPO, ,
pH 7.9, 5 mmol-L "' Imidazole, 100 mmolsL ™' NaCl)¥k¥
EEAEBRE, 4 °C, 10000 g, B> 40 min, L5 0.45 um
JERLUERL, N B AW R AR Ak, HIEEOE
Centricon Plus-80 # 4 [% 2k, SDS-PAGE £ ill.

32.4 At4CL AL &I HEE A FLBS 69 A A%,

HRHE SCHR[3 13 E AT AR AL R Tris-HCL 22
(100 mmoleL™", pH 7.5), MgCl, (62.5 mmolsL™"), 17.25
mg ATP, 16.50 mg JEAIER 1~8 1 5.00 mg CoA, Jll 500
ug At4CL M, I ddH,0 #hE KRN 50 ml. A
it 5 SN UG, 30 C )M 2 h, #Ml 17.25 mg ATP, 5.00
mg CoA £ 100~200 ug At4CL, k%N 3 h JG I 4%
(IR B V2 b R . RS 0.45 pm PRI,
2 I8 SCRRPA 5 ik AT k.

A4-FF IS A (9): UV Apax 265, 330 nm; '"H NMR
(D,0, 500 MHz) 6: 0.68 (s, 3H), 0.82 (s, 3H), 1.83 (s, 1H),
2.36~2.41 (m, 2H), 3.03~3.07 (m, 2H), 3.33~3.37 (m,
2H), 3.38~3.41 (m, 2H), 3.48 (dd, J=10.0, 6.0 Hz, 1H),
3.65 (s, 1H), 3.76 (dd, J=10.0, 6.0 Hz, 1H), 3.95 (s, 1H),
4.15~4.19 (m, 2H), 4.47~4.49 (m, 1H), 5.97 (d, J=6.0
Hz, 1H), 6.52 (d, J=16.0 Hz, 1H), 6.78 (d, J=8.5 Hz,
2H), 7.33 (d, J=8.5 Hz, 2H), 7.36 (d, J=16.0 Hz, 1H),
8.02 (s, 1H), 8.37 (s, 1H).

PRERESHEE A (10): UV Apay: 260, 310 nm; 'H NMR
(D,0, 500 MHz) 6: 0.69 (s, 3H), 0.82 (s, 3H), 1.84 (s, 1H),
2.36~2.40 (m, 2H), 3.02~3.08 (m, 2H), 3.32~3.35 (m,
2H), 3.35~3.41 (m, 2H), 3.48 (dd, J=10.0, 5.0 Hz, 1H),
3.65 (s, 1H), 3.77 (dd, J=10.0, 5.0 Hz, 1H), 3.96 (s, 1H),
4.14~4.17 (m, 2H), 4.47~4.50 (m, 1H), 5.98 (d, J=5.0
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Hz, 1H), 6.68 (d, J=16.0 Hz), 7.30~7.36 (m, 3H), 7.41
(d, J=16.0 Hz, 1H), 7.43~7.46 (m, 2H, 1H), 7.99 (s, 1H),
8.33 (s, 1H).

IHERE SRS A (11): UV Agay: 257, 350 nm; '"H NMR
(D,0, 500 MHz) 8: 0.66 (s, 3H), 0.79 (s, 3H), 2.34~2.38
(m, 2H), 2.98~3.07 (m, 2H), 3.31~3.34 (m, 2H), 3.35~
3.39 (m, 2H), 3.46 (dd, J=10.0, 4.5 Hz, 1H), 3.74 (dd, J=
10.0, 4.5 Hz, 1H), 3.92 (s, 1H), 4.13~4.16 (m, 2H),
4.43~4.45 (m, 1H), 5.93 (d, J=5.5 Hz, 1H), 6.44 (d, J=
16.0 Hz, 1H), 6.73 (d, J=8.0 Hz, 1H), 6.82 (d, J=8.0 Hz,
1H), 6.91 (s, 1H), 7.20 (d, J=16.0 Hz, 1H), 8.02 (s, 1H),
8.37 (s, 1H).

PSR IE SRS A (12): UV Apae 260, 350 nm; "H NMR
(D,0, 500 MHz) &: 0.69 (s, 3H), 0.82 (s, 3H), 1.83 (s, 1H),
2.35~2.41 (m, 2H), 3.01~3.09 (m, 2H), 3.32~3.37 (m,
2H), 3.37~3.42 (m, 2H), 3.48 (dd, J=10.0, 5.0 Hz, 1H),
3.77 (s, 3H), 3.74 (dd, J=10.0, 5.0 Hz, 1H), 3.95 (s, 1H),
4.13~4.17 (m, 2H), 4.45~4.49 (m, 1H), 5.94 (d, J=6.5
Hz, 1H), 6.51 (d, J=15.5 Hz, 1H), 6.75 (d, J=8.0 Hz,
1H), 6.91 (d, J=8.0 Hz, 1H), 6.96 (s, 1H), 7.28 (d, J=
16.0 Hz, 1H), 7.99 (s, 1H), 8.34 (s, 1H).

FEARTE IS LA A (13): UV Jpac: 265, 310 nm; 'H
NMR (DO, 500 MHz) d: 0.69 (s, 3H), 0.82 (s, 3H),
2.34~2.38 (m, 2H), 3.00~3.35 (m, 2H), 3.30~3.34 (m,
2H), 3.35~3.40 (m, 2H), 3.47 (dd, J=9.5, 5.0 Hz, 1H),
3.63 (s, 1H), 3.75 (dd, J=9.5, 5.0 Hz, 1H), 3.94 (s, 1H),
4.13~4.16 (m, 2H), 4.45~4.48 (m, 1H), 5.95 (d, J=6.5
Hz, 1H), 6.58 (d, J=16.5 Hz, 1H), 6.98~7.03 (m, 2H),
734 (d, J=15.5 Hz, 1H), 7.40~7.44 (m, 2H), 7.99 (s,
1H), 8.36 (s, 1H).

4-$2FE R TAREF A (14): UV Apae 258; 'H NMR
(D,0, 500 MHz) &: 0.67 (s, 3H), 0.81 (s, 3H), 1.83 (s, 1H),
2.24~2.28 (m, 2H), 2.72~2.76 (m, 2H), 2.76~2.80 (m,
2H), 2.83~2.87 (m, 2H), 3.15~3.19 (m, 2H), 3.30~3.35
(m, 2H), 3.47 (dd, J=10.0, 5.5 Hz, 1H), 3.65 (s, 1H), 3.75
(dd, J=10.0, 5.0 Hz, 1H), 3.94 (s, 1H), 4.13~4.16 (m,
2H), 4.48~4.50 (m, 1H), 6.05 (d, J=6.5 Hz, 1H), 6.68 (d,
J=8.5 Hz, 2H), 6.96 (d, J=8.0 Hz, 2H), 8.13 (s, 1H), 8.44
(s, 1H).

I-3-G-MEHE ) A BEREEE A (15): UV Apay 262,
299 nm; '"H NMR (D,0, 500 MHz) d: 0.68 (s, 3H), 0.81 (s,
3H), 1.83 (s, 1H), 2.26 (s, 1H), 2.32~2.38 (m, 2H), 3.01~
3.06 (m, 2H), 3.26~3.33 (m, 2H), 3.34~3.38 (m, 2H),
3.47 (dd, J=9.5, 4.5 Hz, 1H), 3.75 (dd, J=9.5, 4.5 Hz,
1H), 3.95 (s, 1H), 4.10~4.16 (m, 2H), 4.43~4.48 (m,
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1H), 5.98 (d, J=5.5 Hz, 1H), 6.75 (d, J=16.0 Hz, 1H),
7.35 (s, 1H), 7.38 (d, J=16.0 Hz, 1H), 7.90 (d, J=8.0 Hz,
1H), 8.01 (s, 1H), 8.38 (s, 1H), 8.39 (d, J=8.0 Hz, 1H),
8.50 (s, 1H).

2-WRIE P TEARTE A (16): UV Apae: 260, 335 nm; 'H
NMR (D,0O, 500 MHz) d: 0.66 (s, 3H), 0.80 (s, 3H),
2.31~2.35 (m, 2H), 2.95~3.00 (m, 2H), 3.26~3.30 (m,
2H), 3.32~3.36 (m, 2H), 3.46 (dd, J=9.5, 5.0 Hz, 1H),
3.73 (dd, J=9.5, 5.0 Hz, 1H), 3.92 (s, 1H), 4.11~4.14 (m,
2H), 4.45~4.48 (m, 1H), 6.00 (d, J=6.0 Hz, 1H), 6.41 (d,
J=15.5 Hz, 1H), 6.46 (s, 1H), 6.71 (d, J=2.5 Hz, 1H),
7.18 (d, J=15.5 Hz, 1H), 7.52 (s, 1H), 8.06 (s, 1H), 8.40
(s, 1H).

3.2.5 HsPKSI1 #EfL ey % ER L &40 5 4- 72 K -5 N BE
F A A4 6 A AR,

SONAKZHIR: 100 umoleL ™" CoA Fifig 9~16, 20
ug HsPKS1, 100 umoleL ™" 7§ —EL4#EF A, 0.1 mol-L™"
FRAFZZ M (pH 7.0), HAELARFR 300 pL, 37 CM
R, 20 uL 20% HCl & 1E RN, LR OBeZEHL, B3R
45T )5 50 pL FEEIE AR, LCMS-IT-TOF 20 #r. it
4 : ZORBAX SB-C;3 HPLC i ifi#: (4.6 mmX250
mm); JANAH: FEEAK(E 0.1% BB BE, 0~5
min, 30% FE¥; 5~17 min, 30%~60% &, 17~25
min, 60% FEE; 25~27 min, 60%~70% FE; 27~35
min, 70% FFE%; 35~40 min, 70%~100% FHEE; iE: 1
mL/min; AP 280 nm.

4 BIi#1 kL (Supporting Information)  4#ifif A /K 9~16
(] "H NMR 3. X 2 b4 kL AT DL 4 9 A F1) 99 3
(http://sioc-journal.cn/) L. N #k.
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