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Fig. S1. EIMS spectra of enzymatic products 23-28
The GC and GC-MS traces were inseparable between 24a and 24b, between 26a and 26b,
and between 28a and 28b in a ZB-5ms capillary column (30m, Zebron); see Fig. 3 in the
text. However, a chiral GC column (CYCLOSILB GC capillary column) gave the
complete separation between their diastereomers (see Fig. 5 in the text).
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Products 25, 26a & 26b
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Products 27, 28a & 28b

[#~7}4] 572 - 2599 BP = 81[847766] TIC = 15122043 R.T = 07:22
100%7 7\1“?0

Products 28a & 28b

95

[37]

50%7 257

T T T
350 400 450 500

[2~°BMp] 1180 - 1525 BF = 81[765774] TIC = 12318680 R.T = 11:29
1005

| EF]
a1 Lo

Product 27

35 290

50390

e
' T T T T 1
mfz--> &l 100 150 200 250 a0n 350 400 450 s00

S4



Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2010

Fig. S2. NMR data of Product 23
copalol

__________________

Observed : 290.2601
Calculated : 290.2610

CaoH30

[a]p? +30.6
(c 0.12, CHCIy)

T\

”,

“,
K
18

400 MHz in C4Dg  referred to the solvent of CgDg : H ; 7.28ppm , 13C ; 128.0ppm
1H 13C lH 13C 1H 13C 1H 130

1 1.03(m);1.77(m) 39.20 6 1.38(m);1.73(m) 24.74 |11 1.60(m);1.72(m) 22.19 |16 1.65(3H,s) 16.30
2 1.53(2H, m);1.66(m) 19.74 7 2.07(m);2.50(m) 38A68a 12 1.97(m);2.35(m) 38.79a 17 5.07 (bs); 4.78 (bs) 106.7

3 1.24(m);1.48(m) 42.39 8 — 148.7 |13 — 139.0 |18 0.963 (3H,s) 33.71
4 — 33.64 9 1.69 (m) 56.53 |14 5.7 (bt, J=6.8Hz) 124.5 19 0.922 (3H,s) 21.89
5 110 ;c)id J=128, 559 | 10 — 39.87 | 15 4.13(2H, d, J=6.4Hz) 59.37 | 20 0.855(3H,s) 14.74

a: The assignments of C-7 and C-12 may be interchangeable due to the close chemical shifts.

Fig. S3. NMR data of Product 25

ent-copalol

HREIMS M*

C o H 30

[a]p?? -30.0
(c 0.11, CHCIy)

400 MHz in C¢Dg  relative to C¢Dg : *H ; 7.28ppm , 13C ; 128.0ppm

Observed : 290.2614
Calculated : 290.2610

lH 13C lH 13C lH 1SC lH 13C

1.10 (dd, J=12.4,

1 1.02 (m);1.76 (m) 39.19 6 1.37(m); 1.74 (m) 24.73 |11 1.62(m);1.73(m) 22.18 |16 1.65(3H,s) 16.29
2 152 (m);1.66(m) 19.74 7 2,07 (m); 251 (m) 38.67°[12  1.98 (m); 2.33 (m) 38.7|17 5.07 (bs); 4.78 (bs) 106.7
3 1.25(m); 1.48 (m) 42.38 8 — 1487 (13 — 139.0 (18 0.962 (3H,s) 33.71
4 — 33.64 9 1.68 (m) 5653 | 14 557 (bt, J=6.7Hz) 124519 0.921 (3H,s) 21.89
5 23H) 55.59 10 — 39.86 |15 4.12(2H,d,J=6.7Hz) 59.36 |20 0.854(3H,s) 14.73

a: The assignments of C-7 and C-12 may be interchangeable due to the close chemical shifts.
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Fig. S4. NMR data of Product 27

syn-copalol

HREIMS M*

Observed : 290.2617
Calculated : 290.2610

C20H30

[alp?* +16.2
(c0.17, CHCIy)

400 MHz in CgDg  referred to CgDg : 1H, 7.28ppm; $3C, 128.0ppm

1H 13C 1H 13c 1H 13C lH 13C
1 1.68(m);1.14 (m) 37.06 | 6 1.65(m);1.38(m) 23.98 [11 1.81(m);1.58 (m) 24.79 |16 1.631(3H,s) 16.39
2 1.72(m); 1.55(m) 19.52 | 7 2.24(m);2.14(m) 31.86 |12 2.09 (m); 1.91 (m) 38.52 |17 4.94 (bs); 4.76 (bs) 110.0
3 1.50 (m); 1.26 (m) 42.94 | 8 —_ 1493 |13 —_— 1389 |18 0.935(3H,s) 22.33
4 — 3332 | 9 1.66 (m) 58.11 |14 5.57 (bs) 1246 |19 0.990 (3H,s) 33,67
5 1.41 (m) 4614 | 10 — 3827 [15 4.15(2H,d,J=5.6) 59.38 [20 1.112(3H,s) 2263
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Fig. S5. GC trace of the enzymatic products for testing the substrate specificity of the
Rv 3378c enzyme. The incubation mixtures were extracted with hexane. An excess of
Triton X-100 included in the hexane-extracts was removed by passing a short SiO, column
(hexane:EtOACc=100:30). The incubation mixtures were not subjected to phosphatase
treatment. Thus, 23, 25 and 27 were the true enzymatic products, but not the chemical
artifacts (see Text).
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A: Incubation mixture of GGPP 1 with a mixture of terpentedienyl-PP (6) synthase
(CYC1) and the Rv3378c enzyme: no reaction

B: Incubation mixture of 1 with a mixture of (+)-copalyl-PP (7) synthase and the Rv3378c
enzyme

C: Incubation mixture of 1 with a mixture of (-)-ent-copalyl-PP (8) synthase and the
Rv3378c enzyme

D: Incubation mixture of 1 with a mixture of syn-copalyl-PP (9) synthase with the
Rv3378c enzyme.
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Fig, S6. NMR data of Product 24a (manool, 13R).

manool (13R) from CDP+Rv3378c

________________ [a] p?*=+26.9
(c=0.05,CHCIj)

v TH™ Lt

400 MHz in CgDg  relative to C¢Dg : 1H ; 7.28ppm , 13C ; 128.0ppm
lH 13C lH 13C lH 13C 1H 13C

1 184 (m)205(m) 39.22% | 6 175(my1ao(m) 2471 (11 17am)isem)  18.01%|16 1257 (3H,9)* 2853

* = *
2 1.65(m); 154 (m) 19.73 | 7 2oaConiondi 20 3870 (12 1.88 (m); 140 (m) 41.74"|17 508 (bs):4.83 (bs) 106.9°

3 148 (m); 1.26 (m) 4245 | 8 — 1488 |13 — 7324718 0973 (3H,5) 33.74

4 —_— 33.64 9 1.62 (m) 57.48 |14 594(dd, =17.2,10.8)°145.7%| 19 0.916 (3H,s) 21.88
*

5 110 (bd, J=124H) 5565% | 10— 40.08 |15 Ha534(d, =172.167 1) | 20 0857 (3H,5)* 14.68

Hb 5.10 (dd, J=10.8, 1.6)%

The symbol * indicates that the chemical shifts are separable between 13R and 13S-manool

The H and 3C chemical shifts listed here are derived from authentic 24a, purchased from Industrial
Research Limited (New Zealand).

Fig. S7. NMR data of Product 24b (13-epi-manool, 13S)

13-epi-manool (13S) from CDP+Rv3378c

HREIMS M*

Observed : 290.2605
.................. ' Calculated : 290.2610

e CH30

<’
i [oa]p? +315

*~ (c 0.08, CHCl3)

4

. _»’H‘___’_'

400 MHz in CgDg  referred to C¢Dg: *H, 7.28ppm; 13C, 128.0ppm

1H 13C 1H 13C lH 13C lH 13C

*|
1 184 (m);105(m) 39.23% [ 6 175(m)y140(m) 2471711  174m)159(m) 180716 1.264 (3H,5)* 28.22°
2 165(m); 1.54 () 10.75 * | 725404, 292842:208 3870 |12 1.90 (m); 1.38 (m) 4180°|17 5.0 (s); 4.88 (5 107.1*

*
3 1.48 (m); 1.26 (M) 42.45 8 —_ 1487 |13 —_— 73.14 |18 0.973(3H,s) 33.74
4 — 364 | 9  L62(m)  57.53%|14 593 (dd, I=17.2,108) 145.95[19 0.916 (3H,5) 21.88
*
5 1.10 (bd, J=12.4 Hz) 5568 | 10 — 40.09 (15 Ha532(d.=172.16) %9995 (20 0.857 (3H,s) 14.68

Hb 5.09 (dd, J=10.8, 1.6) *

The symbol * indicates that the chemical shifts are separable between 13R and 13S-manool.
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Fig. S8. NMR data of Product 26b

Product 25b (major product from ent-CDP + Rv3378c
13(S)-ent-manool

pTTTTTTmmneTTOT ' HREIMS M*

. —>» HMBC.

| COSY Observed : 290.2605
i <--> NOE ! Calculated : 290.2610

C o H 340

N
400 MHz in CgDg  referred to CqDg: *H, 7.28ppm; 13C, 128.0ppm

lH 13C lH 13C 1H 13C 1H 13C

1 1.84(m);1.03(m) 39.22 | 6 1.75(m);1.39(m)24.74 |11 1.73(m);1.55(m)  18.02 |16 1.256 (3H,s) 28.54

2 1.65(m); 156 (M) 1974 | 7 ZtO%Iadsniate 38.70 |12 1.85(m);1.40(m) 4174 |17 507 (bs); 4.83 (bs) 106.9

3 1.47 (m); 1.25 (m) 42.45 8 — 1488 |13 o 7325 (18 0971 (3H,s) 33.75
4 — 3365 | 9 1.62 (m) 57.49 |14 5.94(dd,J=17.2,10.8) 1458 [19 0.915(3H,s) 21.89
5 1.10 (bd, J=12.4Hz) 5566 | 10 — 40.08 |15 Ha534(dd,J=17.2,16)199 4 [ 20 0.857(3H,s) 14.68

Hb 5.10 (dd, J=10.8, 1.6)

Fig. S9. NMR data of Product 28b (major product; 13S-vitexifolin A), which was
produced from syn-CDP and the Rv3378c enzyme

13S-Vitexifolin A

HREIMS M*

Observed : 290.2619
Calculated : 290.2610

C 2 H20

[alp?® +151
(c 0.13, CHCIy)

400 MHz in C¢Dg  relative to CgDg : *H ; 7.28ppm , 13C ; 128.0ppm

lH 13C lH 13C lH 13C lH 13C
1 1.75(m);1.18 (m) 37.08 6 1.63(m);1.35(m) 24.02 |11  1.87(m); 1.61(m) 2041 |16 1.246 (3H,s) 28.73
2 175(m)L52am) 1954 | 7 226(2H,m) 3192 |12 1.60(m); 1.37 (m) 4135 |17 3:328}5:2'2); 100.7
3 1.46 (m); 1.23 (M) 42.82 8 — 1496 |13 — 7291 |18 0.927 (3H,s) 2236
4 — 33.30 9 1.62 (m) 58.76 |14 589(dd,J=17.2,10.8) 1458 [19 0.948(3H,s) 33.60

Ha 5.31(dd, J=17.2, 1.6,
5  145(m) 4610 | 10 — 3839 |15 HZSOG((M oot 1;) 1113 |20 1124(3H,5) 2270
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Fig. S10. NMR data of 13R-vitexifolin A 28a, gifted by Prof. Ono

13R-vitexifolin A

400 MHz in CgDg  relative to CgDg : *H ; 7.28ppm , 13C ; 128.0ppm
1H lBC 1H 13C lH lSC 1H 13C

1 1.75(m);1.17 (m) 37.09 6 1.65(m);1.42(m) 24.02 |11  1.83(m); 1.63(m) 2040 |16 1.241(3H,s) 28.36
2 175(m)154(m) 1954 | 7 225(2H.m) 3191 |12 163 (m); 1.34(m) 4134 [17 493t I=22: 00

4.74 (m)
3 147 (m); 1.24 (m) 4284 | 8 — 1496 |13 7282118 0.954(3H.9) 33.60
4 — 33.30 9 1.63 (m) 58.83 |14 591(dd,J=17.2,108) 1460 |19 0.928 (3H,s) 22.36

Ha 5.31(dd, J=17.2, 1.6)
Hb 5.07 (dd, J=10.8, 1.6)

5 1.46 (m) 4608 | 10 — 3841 |15 1112 |20 1.124(3H,s) 2270
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Fig. S11. *H NMR spectra of the three manools measured in C¢Dg (400 MHz).

Solid lines: 13R-configurartion; Dotted lines: 13S-configuration.
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A) manool (a mixture of 13R-24a and 13S-configuration 24b, ca 1:1.2), prepared in

this experiment.
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B) authentic 13R-manool (24a) purchased from Industrial Research Limited (New
Zealand).

C) ent-manool (a mixture of 13R- 26a and 13S-configuration 26b, ca 1:5), obtained by
this incubation experiment. The structures of 24a and 26b are in an enantiomeric
relationship; *H-NMR spectrum of 26b was be identical to that of authentic 24a (B).
Thus, the major product is assigned to be ent-13S-manool 26b.

Fig. S12. *H NMR spectrum (600 MHz, CDCls) of ent-manool (a mixture of 26a and 26b)
obtained by incubating ent-CDP 8 with the Rv3378c enzyme.

H-20 (26b)
40,671
H,-15 (26a)
5 5.055
H,-15 (26b .
54 5.067 :
Ha-15 (26a) |
(H5206 H-17 (26b) H-17 (26b)
o H,-15 (26b)a ' ‘ s
J=17.3 Hz #5.214 : : o 41:80? H ? H-20 (26a)
J=10.7Hz ' ! ! i |
: 5 0.676 | ;
H-17 (26a
f
~] | |
J=17.3Hz 4.815 | ‘ H-17 (26a) ﬂ[
4512 | ‘ .-
] f |
| . }
N _JU\ — H ——_ ]\ - . Ul
\ ) \ / L)
[ | [ [ | [ [ | - i
ppm . J. 3. 4.0 . ik
(ppm) 5.8 4 5.0 4.6 0.70 0.6
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Table S1. Differences of proton chemical shifts between the isolated ent-manool and
authentic ent-13-epi-manool measured in CDCls.

Sy (ppm) for the isolated product (a mixture of 26a&26b) Sy (ppm) for authentic ent-13-epi-manool (13R)

Me-20 0.6765 0.6766
0.6707

H-17 4512 4512
4.475

H-17 4.815 4.813
4.807

Hb-15 5.055 (J=10.7 Hz) 5.050 (J=10.7 Hz)
5.067(J=10.7 Hz)

Ha-15 5.206 (J=17.3 Hz) 5.201 (J=17.1 Hz)

5.214(J=17.3 Hz)

As shown in this table, the proton chemical shifts (plain letters) of the minor peaks (ca. 1/5
peak intensities of the major product) were identical to those of authentic
ent-13-epi-manool (13R), whose NMR data were kindly provided from Prof. Asakawa
(Tokushima Bunri Univ.), thus major peaks (bold letters) indicate ent-manool (13S). No
chemical shift difference of Me-16 was observed between 26a and 26b in the CDCl;
solution.
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Fig. S13. *H-NMR spectra of vitexifolin A in CgDs. (A), enzymatically synthesized
vitexifolin A; (B), natural vitexifolin A.

A: 'H NMR spectrum (400 MHz) of 28 (a mixture of 28a and 28b) in CsDs, Which was
obtained by incubating syn-CDP 9 with the Rv3378c enzyme. The ratio of 28a to 28b was
1:17.

B: 'H NMR spectrum (400 MHz) of 28 isolated from Vitex rotundifolia in C¢Ds. (M. Ono,
T. Yanaka, M. Yamamoto, Y. Ito and T. Nohara, J. Nat. Prod., 2002, 65, 537-541). The
C(13)-stereochemistry of this natural product has not been reported, but determined to be
13R by us (see Fig. 5in the text). However a negligible amount of 13S-viterxifolin A was
mixed as shown in the *H NMR spectrum (B).

. s Me-16(27
B H-14(27b) H,-15(27h) Hi1527b) 1614
H-14(27a) H,-15@27a) H,-15(27a)

|

=: J=17.2Hz J=172Hz ’ J

J=1.6Hz J=16Hz [

J=108Hz (32
f =108 Hz

Me-16(27b) ;
1
1

1,’ m

)' 1
1 H e s k\_
|
|
A L Jl__J
H-14{27b -
A ) H.-15(27h) Hy-15(27b)

H,-15627a) H,-15{27:
w13¢ wRET g H-17

J=172Hz o J=108Hz ] i
J=16Hz [3]E

27a: 13R-vitexifolin A 27b: 13S-vitexifolin A
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Fig. S14. Relationship between the logarithmic concentration of the tested compounds and
the phagocytic activity of macrophage-like U937 cells.. R*=0.96~0.98
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Fig. S15. Inhibition activities of 3+4a and 3+4b on the phagocytosis of FITC-OPZ by
macrophage-like U937 cells. The cells were treated with 20 uM of 3, 4a and 4b, 10 uM
each of 3 and 4a or 4b (3+4a, 3+4b) for 15 min and exposed to FITC-OPZ for 60 min at
37°C. The cells engulfing FITC-OPZ were counted by fluorescence microscopy. The data
are normalized using the value of untreated cells (control) as 100% and expressed as mean
+ SD (n=4). The synergistic inhibition was observed for 3+4b with significantly lower
percentage (32 = 2.4%) compared to 3 (57 + 3.2%), 4a (68 + 6.4%), 4b (53 £ 3.3%) and

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
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3+4a (54 + 2.1%) (P<0.01, Student’s t-test).
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