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13: Vitamin D3

Figure S1. Synthesis of vitamin Ds. (a) Ac20, pyridine, 45 °C, 15 h, 98%. (b) 1) N
bromosuccinimide (NBS), cyclohexane, reflux, 1 h, 2) 1.0 M BuNF/THF, room
temperature, 12 h, 39%. (c) 28% NaOMe in MeOH, CH2Clo/MeOH, room temp, 2 h,
62%. (d) 0.1% 3-tert-butyl-4-hydroxyanisole (BHA) in cyclohexane, 280 nm, 9.03
mW/cm2, room temp, 1 h, 25%. (e) 0.1% BHA in cyclohexane, reflux, 1 h, 41%.

The experimental details on the synthesis of vitamin Ds (13).
Cholesterol 12 (3.0 g, 7.76 mmol) was dissolved in pyridine (20 mL), acetic anhydride

(5.0 mL, 52.9 mmol) was added, and the mixture was stirred at 45 °C for 15 h. After ice
was added, the mixture was stirred for 1 h, extracted with chloroform, washed with 2N
aq. HCI, concentrated, and then the product was crystallized with ethanol to obtain
compound sl (3.25 g, 98%). Compound s1 (3.0 g, 7.00 mmol) was dissolved in
cyclohexane (80 mL) at 65 °C, N-bromosuccinimide (NBS; 1.868 g, 10.49 mmol) was
added and then stirred under reflux conditions (90 °C) for 1 h. After cooling the
reaction to room temperature, water (100 mL) was added and then stirred for 1 h. The
mixture was extracted with n-hexane, washed with water, concentrated and dried in
vacuo. To the resulting mixture, a 1.0 M solution of tetrabutylammonium fluoride in
THF (10.5 mL) was added and stirred at room temperature for 12 h. The reaction
product was extracted using n-hexane, washed with water, concentrated, and then the
main product was separated with silica-gel column chromatography (ethyl acetate/n-

hexane 1:10) to obtain compound s2 (1.17 g, 39%). Compound s2 (1.12 g, 2.62 mmol)
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was dissolved in dichloromethane (8 mL) and methanol (30 mL), 28% NaOMe in MeOH
was added until pH 10 and then stirred for 2 h. After the reaction mixture was
concentrated, the main product was separated with silica-gel column chromatography
(ethyl acetate/m-hexane 1:4) to obtain compound s3 (0.625 g, 62%). Compound s3 (20
mg, 0.052 mmol) was dissolved in 0.1% 3-tert-butyl-4-hydroxyanisole (BHA) in
cyclohexane (2 mL) and transferred to a petri dish. While stirring the mixture in a
petri dish covered with a polyvinylidene chloride food wrap, the mixture was irradiated
with UV at 280 nm (9.03 mW/cm?2) for 1 h. After the reaction mixture was concentrated,
the main product was separated using silica-gel column chromatography (ethyl
acetate/mhexane 1:4) to obtain compound s4 (5.02 mg, 25%). Compound s4 (5.02 mg,
0.013 mmol) was dissolved in 0.1% BHA in cyclohexane (2 mL) and the mixture was
stirred under reflux conditions (100 °C) for 1 h. After the reaction mixture was
concentrated, the main product was separated using silica-gel column chromatography
(ethyl acetate/mhexane 1:4) to obtain the vitamin Ds (138: 2.08 mg, 41%). Vitamin Ds
(13); tH-NMR (400 MHz, CDCls), 5= 0.54 (s, 3H, Me-18), 0.86 (d, 3H, J= 6.6 Hz, Me-26
or Me-27), 0.87 (d, 3H, J= 6.6 Hz, Me-26 or Me-27), 0.92 (d, 3H, J= 6.4 Hz, Me-21),
1.01 (m, 1H, H-22a), 1.08 — 1.18 (m, 3H, H-23a, H-24a, H-24b), 1.23 — 1.41 (m, 6H, H-
12a, H-16a, H-17, H-20, H-22b, H-23b), 1.43 — 1.58 (m, 4H, H-11a, H-15a, H-15b, H-25),
1.63 — 1.73 (m, 3H, H-2a, H-9a, H-11b), 1.81 — 2.03 (m, 4H, H-2b, H-12b, H-14, H-16b),
2.18 (m, 1H, H-1a), 2.28 (dd, 1H, J=12.9, 7.3 Hz, H-4a), 2.40 (m, 1H, H-1b), 2.57 (dd,
1H, J=12.9, 3.2 Hz, H-4b), 2.82 (m, 1H, H-9b), 3.95 (m, 1H, H-3), 4.82 (broad d, 1H, H-
19a), 5.05 (m, 1H, H-19b), 6.03 (d, 1H, J=11.2 Hz, H-7), 6.23 (d, 1H, J= 11.2 Hz, H-6);
13C-NMR (100 MHz, CDCls), 5= 12.0 (C-18), 18.8 (C-21), 22.3 (C-15), 22.5 (C-26 or C-
27), 22.8 (C-26 or C-27), 23.6 (C-11), 23.9 (C-23), 27.6 (C-16), 28.0 (C-25), 29.0 (C-9),
31.9 (C-1), 35.2 (C-2), 36.1 (C-20 and C-22), 39.5 (C-24), 40.5 (C-12), 45.86 (C-4 or C-13),
45.93 (C-4 or C-13), 56.4 (C-14), 56.6 (C-17), 69.2 (C-3), 112.4 (C-19), 117.5 (C-7), 122.5
(C-6), 135.0 (C-5), 142.4 (C-8), 145.1 (C-10).
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Figure S2. TH NMR spectrum of vitamin D2 (9).
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Figure S6. 1TH NMR spectrum of vitamin D3 (13).
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Figure S10. 'H NMR spectrum of vitamin D4 (10).
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Figure S14. 'H NMR spectrum of vitamin Ds (6).
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Figure S18. 'H NMR spectrum of vitamin Ds (8).



(8) °q utwreyIa Jo wnapoads YINN ASOD HiHr ‘618 2InsLyg

wdd gp s 0L S§L 02 S¢ 0¢ S¢€ Oy S¥ 0SS SS9 09 S9 0L S
D Y S A I

=

0 ae :
ZH 0 a 7
o HEE 1 - . L) ?
ANIE was 1 o
ZHH 00000ET 00% El h ““““““““““““““““““““““ )
a0 Zor
vZOT IE
sxojowered BUrsE=00Id - [
0F°T D¢
o as
ZH 0 a & | Aoy e e
o HEE
ANIB B
ZHH D0O0D00ET 00F ae
vZOT IE
sxogowered BUrsE=00Id - Z:
40 A O 4 H =
wid gge gt Bt e :
ZH OFFEEL TH BAHAL: 1 i i
ZHH FZEL" 00F TOdE
82T @
exagowered worjrernboy - T
2=En 000001 9T
% 00°0T TEZds

00T "dNIB [ TIwvRas
=——== TARRYHD LNATOVED —:

ZHH LSOFPZEL " 00% TOJdE
B EBBLZTIBZ 12 BT
€p 02 "E- 1T
DaEn 00T T . | i
D2=ET 00"ET (3 1 ; ; - e - R
HL jrelil] 4 i B ns DETEEEEEEERI. BERTEERRER

=——=——= TF TARNVHD =———=

S21

538 QZLBTO00 0 0R1 s o
23 0000Z000° 0 9Tc
23 00F00000° 0 £TC iz C ! z
228 gETE8Y8F " T T i i i
osE QDEODDOD” 0 oc ! RS T 75 | Y
¥ 0°00E EF B i :
asEn g5 9 A : H
o=En 003°E6 " = ; =
Zne o = m@ :
228 gZEITEL 0 o T
ZH 0FEB0B T STUAT: :
ZH 088 THES HME
8 P o ) T NN (3111 R TS £ S S
T EF
ETD@D LNAATDE
8%02 az ' } s .
sbdbAEoo sCaaTn 10 AT : i i i
-€g OHEdD W §  OHEoEE 1 4 H : : : :
qoads HIELEN] b H H ! i
ZT°6 _=swr) 1 H ! |
80£08T0Z aqec 1 i i W i L S S S
exejeweiug worjrsrmboy _ g H H
T ORDOH < z
it DRAX:

T-98-G9%E AHYF
EIoqowered e JUDLIIAND

W,

(<D

"



"(8) 9( UTUIB)IA JO WNI)ads YN et ‘0ZS 9NST

wdd OT 0c 0 Oy 05 09 0L 08 06 00T OTT OCT OET OPT OST 09T OLT 08T 06T

0%" T 2d
as
ZH 00°T an
gs¢
ket may
ZHW 069L2T9°00T as I
89LZ€ 1<
sasjswered buTrssso0ad - Z&
ZHW S009TET"00F [4eX:H
M 9%0T%98S5°0 METTE
M 9F0TF985°0 MZTTd
M vPPOLP6T 2T MzTIé
ap 00°¢T €114
ap 00°¢T 118
ap 087 €- z1e
o®sn 00°08 zaana
HT ZonN
9Tz3TeM z1994aadc [
======== J TENNVHD ========
ZHW 86¢8¢C9°00T TOd¢ | | |
M L08S6ZVZ 68 MTTe |
P 0€"b- 11 [ l |
o9sn 00°0T 1é
o€T To0N |
======== 13 THNNVHD ======== |
|
T 0al
23S 000000£0°0 T1C I
©9s 000000002 TC
M 0°00¢€ 1
o9sn 0081 jc(@
o9sn 068702 Mc
970918 o
098 9GZp99¢€° 1T Ov
ZH 81669€°0 SHIAIE
ZH 718°086€C HME
b SC
jddo)e SN
[Shgelete) INFATOS
9€669 aiz
0ebdbz 20¥d 10
-dd 0d€9dD ww G QHLO¥d
3oads WOILSNI
8Z°0T _auTg
80€£08T0C °3eC
sI9jaueaedq GOﬂUﬂmHZUUQ - 25
T ONDOO¥d
zt ONdXZ
T-98-593s HAWYN
sIi93jaweied eleg jusIang

<)
HAdIAMNANEA
(<)

I PRPRPRPRPRONONNNNNNNWWSSSS00a [N IS I e e sl
ONNUOORFRFNWUOWWRFE UITO O U U F OO O o 1 - = = N N w W FE
NN © (o ;g
CONMNWNOOWWUIWN OO & 130N WS = oo Ww . . . . .. .o
NOWAUTIIBENJOHOWLEUNWANB OO © woN w o g oo NOo
o =’ N OO s ®

S22



o i)
ZH 0 a1

[} ass

dANIS s
ZHA LTLLETST00T a5
a0 [ |
201 15
srejswered Burssesord — 14

0% T od

0 a9

zH 0 a1

] 55

ANIS nam
ZHA EEO000ET-00% as
¥EOT 15
eroiswered BuTEEsdorg — zd
an AOATI
wid gg0-ZEE n
ZH ZEZREEL PLT STAAII
ZHW §ZE£9° 00T 1035
8ET aL
ersjsmered moTiTeTnbow — 14
a3Em 00-000T s1d
& 017 0% £2as
% 0070% £zas
% 00705 TZd9
00T -3NIS [E]lwenan

00T -3NHIS [Z]wenan

001 -dRIS [T]aeRas

—=—= TAHRYH) LNIIO¥dD ———

ZHW BET8EZES 00T 704s

M LOBGGEEFE 68 METd
HP 0E"¥— £Td
a=sn 00°0T £a
281 =it
=——=—= 73 TANNVE) —————
ZHA LCOFPZET"00% 1045
A E69LEZTEE IE nTd
ap 09" E— Td
a3En 00" zd
a3EM 007 E1 1a
HL 100K
=—=—=—= 13 TANNVE) ——=———

d=E CEZE00000
=6 000E000°0
=36 0005E30°0 aa
a3E 000000057 T
a=E Q0E0ODODDO

000000078 ETISHD

3 6766F aL
a3En (5-9 aa
aSEN (09°E6 [
THED?E s

a9E GLEEERE"0 o
zZH QLTPOE"T SAaTa
ZH 088 TFES HES
91T sa

8 SN
£T202 INAATOS
960% aL
3bpud Baquy eaIna
-6 0HEHdD W L (HE0Hd
3aads WIRISNI
L¥70T _=wTL
B0E08TOE S18q
ETsjsmeTeg uoTiTETnboY — ga
T CHOOUd

¥ CRAXA
1-98-59%E AT

ETD]SmmIRg wlu( 1OSIIND

W,

<D

wdd o0 s0 0L SIL 0Z SZ 0¢ S€ OV S¥ 0S 66 09 69 OL &L

oriL

0clL

00l

"(8) 90 urwrejia Jo winayoeds YINN DIINH ‘TES 2ansig

v

O 2 : : : : m : —
§ Gl ) @ o —
0y . = —
, @ 8 @ ) —
i Lo e " i o @ S
© a b @ —

S23



0o 9]
@ o DD O o N ]
o NND w0 O [ - T B -
9 mIme SS5x0 1 osT=E 4 =
NNO- QRO I OVNOUNOVFNNOOOOH [EOOMO Do o
SO ECNOMMMA— SHAT®MODn O | HO©n = Q0o H S
0w SO - 0mOwY s~ S 0O i - o ECO
Do SO~ 0 NwA Lom 0o o NS dNO —
o1 GO 00 ©O oN® o ™o o4 A lANN HMO
£ W [ m ~HD O o w ™M @ ™
@ o o @ o S o Qo
] cq o ®o - S e - N
@ 0 o O ™ - 5| ‘o o o
~ = — z —~o & o
o £ Z I 5}
© il E =y 0 ==}
2 @ = @
@ =] 0 o ] coco
a S o
o 1l o
e 9 = 0 o= I S
5 o < 500 = ] il [y
0 OZ | Em& o =1 i
SEZ0 T oosmMA > I I =0
HEko LDEVNCA 4 = a o 1L <=0 =m
SEHXE NGAZEDAOONNEHQUEMEME-A IDAdddh GOHEOWMMO
OZEHM mOHHALMBENZONKRAKOAHAR TZMAMn LONEOAO&

0Z1°0- - [ E—~_
ISL'LIZ\ L — - % 607'T
762" 782 t O
00€°L0€ t
z98°€1¢ t

€97 °8T¢E L Vrap~e—ro—
90£°6z¢ - s vor'e
0L8"LEE H —¥8¥°0
: X , [ —/GeC’L

. —.2S8°¢

I \GS9°€
L —\681'¢
r 14448
[ —
86¢'8
—_—

r 608°€
T~

[ G881
I i a—
/8%7'T

H CET'T
/6T'T

—

H 8YT'T

0.5

1.0

2.0 15

2.5

—~
[ 90T
T

3.0

x
3.5

N
[ 1¢T'T
ﬁ

4.0

4.5

[ —
L LEO'T

R e —
I o 080T
8 _—
[0
e}
o
o 0001
L T~
G9G°¥ZTT [ ﬁ
600" LETT [ 0
ZTT 9LST [ ©
€GL 6LST A [
PTE €8GT [
L0OE"826T [
LOS0€6T _ 1 Le
LLETTZ0T [~
€8L°80%C = L ~—_
990°02¥¢ = t €EL'T
679 6872 o~
£€6°0052 N B Bt
799" 7062 L~

S24

Figure S22. 1H NMR spectrum of vitamin D7 (7).
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