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Vitamin D - A Pluripotent Steroid Hormone

* Hormonally active metabolite of
vitamin D

» Responsible for increasing

intestinal absorption of calcium, Liver Kidney
magnesium, and phosphate, zm CYP27B1
modulating body defenses against

microbial invaders by stimulating

the innate immune system

*Application/ potential application: HO™ HO

rickets, renal osteodystrophy,
osteoporosis, psoriasis, leukemia,
breastcancer, prostate cancer,
AIDS , CVD and Alzheimer’s
disease

25-Hydroxyvitamin D3

rickets-symptom: absence of provisional
calcification zone; cupping; rosary bead

Interaction network of VDR - Nuclear hormone
receptor. Transcription factor

R B R

Vitamin D3
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Method A: Photochemical Ring Opening
photochemical conversion of 7-DHC derivatives to previtamin D

MeR

OH
Me,,, Me 1) mCPBA = Me
2) AcOH
Me o 3)LiAH,
1) 254 nm, 0 °C ;
2)350nm, 0 °§ }\ Kaneko, Tetrahedron. 1974, 2701

o Whalley, J. Chem. Soc., Perkin Trans. 1977, 820
Williams, J. Chem. Soc., Perkin Trans. 1979, 1695

‘TBSO % ~N

' : P(O)Ph,
R R |
Me Yey | 1) n-BuLi
' —_—
N Me H20,, NaOH, 9/, Me ; * 2) deprotection
70% ( . K
. TBSO' OTBS
o 5 HO™
E Lythgoe, Tetrahedron Lett. 1975, 3863
R 1) Ac,O eR Lythgoe, Tetrahedron Lett. 1977, 3685
Me 2) DBDMH Y JTeTTenemmme e STt LTttt T
. H OAc * The most practical approach to CD fragments is still the partial synthesis
Li/NH3, NH,CI o _3) (MeO)P_ = Me g y
# : Me A E through D5 degradation. Chemical Reviews, 1995, 1877
° For synthesis of CD fragments, see appendix
HO : Diels-Alder Approach
Barton, J. Am. Chem. Soc. 1973, 2748 OMPM OMPM
Barton, J. Chem. Soc., Chem. Commun. 1974, 203 MPMOH,C COOMe
T T LT e H o == 1) Et,0 | HSmlp
introduction of the A>’-diene P H H _>2) Mo WCOOMe - —7" ~ > 2) CH,COMH WCOOMe
y ' TMSO 53%_ 56%
R e R .
Me | Me !
1) AcOC=CH2 1) TBSCI ; OMPM OMPM
Me p-TsOH Me 2) PTAD :
—_— —_— '
2) Ca(BH,), : 1) AlHg | LAH | —
| ————  —
78% ' 2) TBSOTY wCOOMe . SNoH
(o) HO T T1%
: TBSO™ OTBS TBSO" oTBS TBSO™ OTBS

De Clercq, Tetrahedron Lett. 1993,4369
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Binaphthol-Titanium promoted Diels-Alder Cycloaddtion » Michael addition-triflation
. ; 1) LDA, TMSCI
o o (R)-(+)-Binol- v Me_ Me Me NMe(OMe
OTBS TiCL,(OiPr),  O_ (/| €O:Me  H,c=CHCH,OLi N 2) CH,CHCHO, 1 MeONHMe-HCI (OMe)
+ . 3 TFA Me,AICI
o) OCH, W — > ) orBs —————> i 070 3JTFA _MeAICI
9 90% d 74% 2
o) Me 50 % 77 %
_089 '
CO,CH,CH=CH ek e POPh,
ci) Mo 1) PdfOAC)z co,Me 5 NMe(OMe) NMe(OMe)
HCOOH ‘ — | }  Me,NBH(OA); TBSCI MQB'
Ho“ otBs 2) TBSOTf tpso"™ OTBS ; . .
81% - . 88 % o' 87 % TBSO' OTBS 98 %
TBSO OoTBS !
Posner, Tetrahedron Letters, 1994, 7541 | P(O)Ph,
----------------------------------------------------------------------------- . z 1) Ph,P(O)Li
Palladium-catalyzed cycloaddition ‘ then Comin's reagent |
, O >
O o O O OH : 2; Pd(OAc),Ph3P
H 1) Zn, NH,CI . TBSO™ oTBS 3)hv N
o)LNJ\/C' . Br OJ\NJ\/\( 2) LIOOH ; TBSO" OTBS
— —_— '

: 80 %
\’y )\CHO 71% \’yc' Br 78% Hatakeyama, Org. Lett., 2001, 473
: Other Synthesis

EJ. Org. Chem. 2010, 6820: Furan approach, Freidel-Craft hydroxyalkylation

Crich, Tetrahedron Lett. 1992, 1945
Crich, Tetrahedron. 1993, 7943

O OH 1) OC(imidazole), fo) o) OH 1) Me,;NBH(OAG); J. Org. Chem. 2002, 1580: Chiral pool, starting from (S)-carvone
W 2) CH,(CO,Et), )]\/U\/‘—\% 2) TBSOTf EOrg. Lett. 2011, 86: Chiral pool, starting from (R)-carvone
HO — > Et0 il
Br 82% Br 70% . Method C: Seco-A-Ring Tandem Palladium-Catalyzed Cyclization
: =z 1) (dba)3Pdy*CHCl3, PhsP
O OTBSOTBS 1)DIBAL-H OTBSOTBS : . a Et3N, toluene, reflux .
: 2) PhsPCHCOEt . Eto.C H : R o
EtO > A : TBSO" otBs 2 TBAF
Br 88% Br :
E : me R
(PhsP),Pd  EtO,C : ; PhsP=CHBr
K,COs | ! : -
—_— : '
92% : :
TBSO" oTBS E : Br

Trost, J. Am. Chem. Soc. 1992, 9836
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Kinetic resolution of the racemic allylic alcohol

1)///\Br

: Catalytic enantioselective aldol reaction

1) LDA, TMSCI
OCH, Mg H,CO  OTBDPS 1) CF3CO.H N\ 2)CH,CHCHO, 1 N OnBu
—_— _
)\/C”O 2) TBDPSCI 2 ) CH,CHMgB 0”0 3)TFA 0”0 (¢ nBuOH
H,CO ) H;CO ) CH,CHMgBr > ——— > O =
0,
78% 61% N 50% PN on . N
1) DEAD
PhCO,H OnBu OnBu

3) Sharpless
resolutipn
33%

OH OTBDPS PPh OH OTBDPS  TBDMSCI :
PS iy *>  JBDMSCI_ | MeNHB(OAC) MEMCI DIBAL-H
Z \/k/\// ! z
SANCZ Zoeach T N 90% :
5 HoY MEMO™ OMEM

! tBu
TBSO OTBDPS ; OO y
W\/// : N\

Trost, J. Am. Chem. Soc. 1992, 9836 H = ' Ti
------------------------------------------------------------------------------ - (MeO),P(O)CHN 7z 071 SO Br
Noyori asymmetric hydrogenation ) s T VT g2 ' OO o 0

{ MEMO™ OMEM MEMO™ OMEM;
o H, (1500 psi) OH AlMes : :
> —_— '
Cl\)J\/COzEt [RUCIo((R)-BINAP)],*Et3N Cl\/'\/COzEt(MeO)MeNH-Hm; : tBu tBu
96% 94% 5 Vandewalle, Synlett, 1999,1435 1
oOH o Other similar disconnection strategies
c|\/'\)l\ _OMe _vinylMgBr__ €17 > Me,NHB(OAC); S
N BF5°Et,0 OH 89% XTf0 1) [PACIy(Ph3P),], K3PO,
Me 54% +
TIPSO oTips  2)nBusNF

Y NaOH é}/\(\ LICECTMS

OH OH 85% OH BF5+Et,0

73% Bpin,, R
™S _ : PhsP=CHBr [Eg?Jz(dFE’gf)]' (hi

' S . C, 3

/// 1) TBSOTf // ' improved —
—_— '
. ' work up
HO™ OH 2) KoCOs TBSO" OTBS ' 92% 92%
76% : Br Br

Trost, Tetrahedron Lett. 1994, 8119 Mourino, Chem. Eur. J. 2010, 1432




Synthesis of Vitamin D (Calciferol) .
Baran Group Meeting

Jieyu Gu 10/13/18

"Classic" carvone approach

R ;
Me ; a 0 1) =—Li \ OAc
X : Me 1,0,, NaOH Me 2) Ac,0 X _Me
Me | | = ' 3 (o} 3 (o)
. Pd®, EtsN Lindlar : \"\ 89% \[\\\ 87% \[\
—_— S '
; e I : |
T M : \
v e :
TBSO" OTBS ' 1) O3, MeOH N gOA"M N\ OAc Sml,
. : . e S
X =H or SnBu, TBSO" OTBS ; 2)p-NO2CeH,COCI " 0% Me Pd(PPhs)s
< : 75% Me0>Q\\\ .
4 1 AcO"
e : O,R
I I i
A "d* It It
' | NaOMe
' 0,
Mourino E ﬂ» Me M’ Me
Tetrahedron Lett. 1988, 1203 ; Me 83%
OH Tetrahedron Lett. 1986, 1523 . (6} AcO™ OH TBSo™ OTBS
_______________________________________________________ Tetrahedron. 1991, 3485 ; | AcO™

Okamura, Tetrahedron Lett. 1987 4947

Quinic acid approach
Okamura, J. Org. Chem. 1989, 4072

CO,Me :
Hozc OH CO,Me ST
1) TBSCI CHAN . Alternative carvone approach
2) PhOC(S)Ql . 2 :
__>> . TBSO" OTBS 4 ! Me Me // Me _
HO™ o OH 62% 3 oph : 0 0 Z
, =1Li
OH \g/ : ) OH PCC LAH
N=N CO,Me 1) DIBAL-H :
MeO,C 2 Me  2)BusSnH CHO : 1) 04/0,,MeOH
A 3) MnO, Me | Me _  PhoP, Il NaHCO; l
. . —>450/ ' HO,, Z PhCOOH, 2) Ac,0, Et;N
TBSO" oTBS TBSO" oTBS o - : ’ DEAD Me DMAP Me
' —_— —_—
o\n/ oPh o\n/oph TBSO OTBS 5 _ ~
s s DAL Phoco "l/ PhOCO “'0Ac

Desmaele, Tetrahedron Lett. 1985, 4941 Srikrishna, Tetrahedron Lett. 2000, 3177
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Method E: Mazur’s Cvclovitamin D Solvolysis Approach ! Wilson’s New Approach
Fukumoto-Kametani 50% HO LAH
Method : —_— N
' Y 89%
Wilson’s Initial . H OTBS
Approach E .
' H
1) TsOH ;
2) hv :
or .
. cat. TsOH
: —_—
Wilson’s New | ' 64%
Approach ;
; HOY
e eeeeeeeeeeeeeeeaeaeaeno... Wilson, Tetrahedron Lett. 1991, 2339
E 1) NB
' COzMe DMAP CO,NB o O%B
: 2) TsNy o0 Rh(IIHTPPC 1) TMSCH,Li
' " —_—
5 84% %, 2)H°
; H 87%-92%
5 1) LAIH,
I O ONB 1) SeO, 2)PCC If
(o} OH OR : _2)TBSCI 3) PH;P=CHBr
' "y —_— we
LAH, AICl3 EtyZn, CHyl, by T eon ),, 4) nBuLi 2,
Br won B oan . Br = H oTBS H oTBS
(] o H : 84%
O _N_H i
OH R=H 3: CH3 NB
Br— N\, 1)PCC Br— B 5 Q
Y, 2) PhsP=CH, Y, i Q
H 84% H Wilson, Tetrahedron Lett. 1984, 3151 ! OH

Wilson, Tetrahedron Lett. 1991, 2339
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Alternative procedure for the intramolecular cyclopropanation Me R
ONB :
CO,NB : -
COMe  1)NB Pho [ 2 fo) 1) CuSO, on silica gel
0 2)Phl(OAc), _ ' o _culiel , : 2) HF/MeOH/THF
: > +
80% H ; 90% N
Moriarty, Tetrahedron Lett. 1993, 4129 .
Moriarty, J. Am. Chem. Soc. 1989, 6443 ' “ -
'''''''''''''''''''''''''''''''''''''''''''''''''''' HO' HO' OH

Additional synthetic approaches

Takano, J. Org. Chem. 1991, 461

Julia olefination

In innate immune responses, activation of Toll-like receptors (TLRs) triggers direct antimicrobial
activity against intracellular bacteria. It is reported that TLR activation of human macrophages up-
regulated expression of the vitamin D receptor and the vitamin D-1-hydroxylase genes, leading
to induction of the antimicrobial peptide cathelicidin and killing of intracellular Mycobacterium
tuberculosis. - Science, 2006, 1770

Me R Why vitamin D synthesis
e CO,Me 1) EtMgBr ' still worth studying?
. Me 2)1 : vit:nin 03
Q H Osteoporosis
Z 76% : . @ & @
i TBSO OTBS : E— °‘ ‘\ w / )
1 TBSO™ ' C'— cm.mul _.
’ igh Potency Vitamin D3 (5000iu)
< : P oem // J \/\«
Me R Me : e
, $157 ($0.04/Count) $29.95
NaH - Q 1 * Calcitriol regulates numerous cellular pathways that could have a role in determining cancer risk
(EtO),P(O)CI 9 |f| Na(Hg) H + and prognosis. It inhibits the proliferation and stimulates the differentiation of normal as well as
—— > (OEt),PO__— T _— | | : malignant cells. - Front. Physiol.,2014, 122; Nature reviews cancer,2014, 342
60% s ;
Me M E * [1,25(0OH),D3] induces DCs. Researchers have found that a short treatment with 1,25(0OH),D3
e ' induces tolerance to fully mismatched mouse islet allografts. - Journal of cellular biochemistry,
- ' 2003, 227

Lythgoe, J. Chem. Soc., Perkin Trans. 1980, 1405

C(\ ' crel,
+ —_—
TBSO" OTBS

It has been shown that diminished levels of vitamin D induce immune-mediated symptoms in
animal models of autoimmune diseases and is a risk factor for various brain diseases. -
Psychoneuroendocrinology, 2009, S265

Clinical studies have generally demonstrated an independent association between vitamin D
deficiency and various manifestations of degenerative cardiovascular disease including vascular
calcification.- Circulation research, 2014, 379

Analogues: find molecules with clear dissociation between the beneficial effect and adverse
calcemic side effects(e.g. hypercalcemia and hypercalciuria)
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Svnthesis of CD fragment Me,,, Me Me,,, Me
Synthesis of Inhoffen-Lythgoe Diol Derivatives Me Me NaOAc, Ac,0 Me "
e —— L3 e
65%
HOOC”™ O 0~ 0
Me,, Me
1) CH3MgBr Mo
2) NaOH Me
—_
75%
o

Me Me,, Me’,,
Q . CH4CH,CO,H Me O 1) NaOCH;
—_— -
Bz0” ° 56% 2) H,C=CN(CHa)
OH EtO OEt BzO 0 OCH,
Me, 72%

(3

Me] 0O 1)KOH

then CH,N, Fujimoto. J. Am. Chem. Soc. 1951, 1856
° 2) 1BUOK 1) nBuLi, CulPnBu3
then TsOH i TBSO Me H 2; EaUO(I‘,:H:%u b
0~ "NMe, 43% I + 0 + %\?KYMe 3) HOl _
................................. Lythgos. J. Chem. Soc., Perkin Trans_ 1977,1211 o Cu OH Me 58% g

TES
I ve Me 1) H,C=CHOEt RaX\ Me
I Me|| OH Me Hg(OAc), Me Me
TiCl, Lindlar DA >
82% < 89% o o
0" o H S
OAc Takahashi, Tsuji. J. Am. Chem. Soc. 1981, 5261
Me" Me Takahashi, Tsuji. J. Org. Chem. 1984, 948

1) (CH,0),, BF3°Et,0
2) H,, PtO,
3) KOH

Me
% T™MS 1)LDA
Ve VT\ 2) BF5»Et,0
—_
Nl 3) LiAH,

Y

Johnson. J. Am. Chem. Soc. 1984, 1138

Synthesis of Grundmann’s Ketone Derivatives

o Me,, 5
Me S . Me
=z BuLi
\/\r N Mo —2ut s .
S /\/Br | >
(o)

46%

Wilson, J. Org. Chem. 1982, 5411
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Eldecalcitol

Endocrine
Effect

Macrophage Dendritic Cell

Approved Vitamin D derived drugas » Genomic mechanism of calcitriol action through the VDR
4 ! 4 220
'
R= ' a S P b T 3
> - > Proliferation:
OH Me ! (Liver synthesis) (Renal synthesi®d) CYP2781
vl ' (Liver synthesis) (Renal synthesis) 1 « Increase in p21 and p27 expression
H ' CDT/).{ — LSS i @ | «Decrease in CDKs, cyclins, MYC and
N N Me ! (@sonp)  @calsynthess @25(0H,0,) _ RBexpression
' — : N = -
! \Qs(on)l)\,) ovparnr . 200y Apoptosis:
Me : = « Increase in BAX
' TR « Decrease in BCL-2
Calcipotrio| Doxercalciferol ' * Increased sensitivity to radiation and
' . chemotherapy
! 1.25(0H),0,) \
' Differentiation:
' Niclaus @ * Myeloid leukaemia cells differentiate into
Me OH ' Heterodimerization T, monocytes
- ! y :‘( 15{0!')601‘_. « Increased expression of differentiation
= 1750M0.0) \(ealcitriol) ) factors such as caesin, adhesion proteins,
MMG N Me ! C( ):0,) e lipids, PSA, prostate differentiation factor
' 4@; VDR and E-cadherin
OH OH ' -
inding and nflammation:
Me Me H DNA binding and Transcriptional Infl
' v(-(mn:;ul‘m of regulation of « Inhibition of expression of COX2, PG
. . . ' co-modulators  (RRA icane receptors, stress kinase and NF-kB signalling
Paricalcitol Tacalcitol ' oLl  torgetgenes « Increased 15-PGDH and MAPKPS expression
.
'
Me/, ' Invasion and metastasis:
g ' « Decreased expression of MMP9, plasminogen
Me ! activator, ab integrin and P4 integrin
= ' DNA- VDRE « Increased TIMP1 and E-cadherin expression
! ¢ 2
Me Me }{’O Me ' e ——
giogenesis:
OH ' . o N\ || Decreased HIF1a, VEGEF, IL-8, tenascin C
Me OH Me Me ' arget ce and PGE, levels
! 2
'
. - [ 2t
Alfacalcidol Maxacalcitol '
'
'
'
'
'
'
'
'
'
'
'
'
.
.
'

25(0H)D
«—CYP27B1

1,25(0H);D

1,25(0H)5D 1,25(0H);D
\

Local
1,25(0H),D

TCell

Autocrine Effect Paracrine Effect

} TNFa/IL-1/IL-6/1L-23
| TLRs 2/4/9
} PGE2

4 IL-12/1L-23/TLRs + T,,1 Proliferation
ti-10 t Ty2 or Tge Phenotypes
{ Maturation/Proliferation ¥ INFy/IL-2/1L-17

} Antigen Presentation + IL-4/L-5/L-10/TGF-B

1t CYP24A1

Modulation of
Inflammatory and
Innate Immune Response

Tolerogenic Adaptive
Immune Response




