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Abstract Tetrahydropyran units having multiple stereogenic centers
serve as excellent building blocks for various active pharmaceutical in-
gredients (APIs). In particular, the presence of the unique molecular ar-
chitecture of the trisubstituted tetrahydropyran (THP) unit in dio-
spongins enhances their biological activity due to multiple stereogenic
centers and has attracted attention from the synthetic community over
the last two decades. In this review, we discuss synthetic approaches to
chiral and racemic forms of diospongins during the period 2006-2020
in chronological order.

Key words diospongins, diarylheptanoids, tetrahydropyran, cross-
metathesis, hetero-Diels—Alder reaction, asymmetric allylation, enzyme
resolution, oxa-Michael addition, Prins cyclization

Introduction

Oxygen-containing heterocyclic compounds, especially
tetrahydrofurans and tetrahydropyrans, are important scaf-
folds in many biologically active compounds.”# Dio-
spongins belong to a family of cyclic 1,7-diarylheptanoids
isolated from rhizomes of Dioscorea spongiosa in 2004 by
Kadota et al. Diospongins have 2,6-cis- and 2,6-trans-tetra-
hydro-2H-pyran rings, as a core, constructed by intramolec-
ular cyclization of 5,7-dihydroxy-1,7-diphenyl-2-hepten-1-
one, in their biosynthesis. Moreover, these compounds pos-
sess a trisubstituted tetrahydropyran unit with different
stereochemistries at C-3.

Diospongins A and B exhibit inhibitory activity against
bone resorption induced by parathyroid hormone in a bone
organ culture, with diospongin B showing more potent
anti-osteoporotic activity than diospongin A, presumably
due to the different configurations of their tetrahydropyran
rings.>-8
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Figure 1 Various structures of diospongins

In a continuation of our efforts towards the synthesis of
various biologically active molecules,3%%10 we present the
synthetic efforts that have been made toward the synthesis
of various diospongins from 2006 to date in the form of a
review in chronological order (Figure 1). Moreover, this re-
view should help the synthetic community to explore fur-
ther the synthesis of various trisubstituted tetrahydropy-
ran-containing natural products (Figure 2). Most of the syn-
thetic approaches reported so far have been asymmetric
syntheses, but enantioselective approaches involving chiral
auxiliaries, chiral pool precursors, or resolution have also
been reported. In summary, the key steps involved in the
racemic and chiral synthetic approaches, including the total
number of steps and overall yields, are collected and com-
pared in Table 1.
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Figure 2 Natural products containing a trisubstituted tetrahydropyran
(THP) as a core unit

Synthesis of Chiral Diospongins
Chandrasekhar’s Approach (2005)

In 2005, Chandrasekhar et al. reported the synthesis of
(-)-diospongin A (1) using a Keck asymmetric allylation, a
base-catalysed conjugate addition of an a,3-unsaturated es-
ter, and an intramolecular oxy-Michael reaction as the key
steps.!! Initially, the optically pure allyl phenyl carbinol 9,
was subjected to one-pot ozonolysis followed by Wittig ole-
fination to provide the o,B-unsaturated ester 10 in 79%
yield. Next, the protected syn-1,3-diol derivative 11 was ob-
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tained by base-catalysed intramolecular conjugate addition
of PhCHO with 10 in the presence of ‘BuOK in 61% yield. The
ester group in 11 was then reduced with LiAlH, to furnish
compound 12 in 77% yield. The (E)-enone 13 was obtained
from 12 by one-pot IBX-mediated oxidation followed by
Wittig olefination in 77% yield over two steps. Finally, (-)-
diospongin A (1) was obtained from 13 by hydrolysis of the
benzylidene acetal group and intramolecular oxy-Michael
addition in 69% overall yield (Scheme 1).

Cossy’s Approach (2006)

In 2006, Bressy and Cossy reported the synthesis of (-)-
diospongin A (1) using two enantioselective allyl titana-
tions, cross-metathesis, and an intramolecular oxy-Michael
reaction as key steps.!? Initially, optically pure allylic alco-
hol 9 (ee > 98%) was prepared from benzaldehyde 14 by re-
action with allyl titanium complex (R,R)-Ti. The hydroxyl
group was protected as its TBS ether 15 in 75% yield. Next,
the terminal olefin in 15 was subjected to oxidative cleav-
age to obtain the corresponding aldehyde, which was then
treated in situ with the highly face-selective complex (R,R)-
Ti to obtain the 1,3-syn-diol 16 (dr 95:5, 87% yield for two
steps). Next, 1,3-diol 16 was subjected to cross-metathesis
with phenyl vinyl ketone using Grubbs’ catalyst (G-II) to af-
ford the 1,7-diarylheptenone 17 (75%, E/Z95:5). Finally, (-)-
diospongin A (1) was obtained in 60% yield from 17 by in-
tramolecular oxy-Michael addition using TBAF (Scheme 2).

sailles  Saint-Quentin-en-Yve- be University), Bangalore, India.

lines University, France (with
Prof. Gwilherm Evano). He has
held positions as Senior Scien-
tist at AstraZeneca, Bangalore,
and Senior Manager at Dr. Red-
dy’s Laboratory, Hyderabad.
Currently, he is an Assistant Pro-
fessor in the department of
chemistry, CHRIST (Deemed to

pursuing his M.Sc. (Organic
Chemistry)  from  CHRIST
(Deemed to be University), Ban-
galore and is carrying out re-
search on the development of

His research interests are in the
areas of organic synthesis, in-
cluding the development of
novel synthetic transformations
and total synthesis of biological-
ly active molecules using bio-
catalytic principles.

novel synthetic transformations
in the group of Dr. Krishnaji
Tadiparthi.

SynOpen 2022, 6, 141-157



143

SynOpen K. Tadiparthi, S. Chatterjee

THIEME

OH i. O3, CHoCly, 78 °C OH . Fh
Py 30 min, then PPhy 1 _«_Goyet POHO, BUOK, THF o0 LAH, THF
bT ii. PhP=CHCO,Et, CH,Cl, U T 0°C, 30 min, 61% -~ _J_COEt 0°Ctont
9 1t, 2 h, 79% (over two steps) % 10 ( J 4h,77%
o 1
Ph th (')H
o o i. IBX, THF, DMSO, t, 2 h o o O  50% TFA/CH,Cl, - o
I U — Yy Wl L
N0 i l?hCOCHzPPhaBr (\T S~ /\) Ph 0°Ctort, 8 h, 69% ( O TN
U BUOK, THF,0°Ctort | ) (I
~F 12 6 h, 77% over two steps ~F 13 o i
(-)-Diospongin A (1)
Scheme 1 Synthesis of (-)-diospongin A (1) by Chandrasekhar’s approach
oTBS .
i. OsOy4, NalO4
‘ N (RAFT,ELO_ O/'\A TBSCI, imidazole M 2,6-lutidine, dioxane—H,0
= ~78°C, > 98% sty i (RATi, E4O
o 2 Step 15 78 °C (87%, 2 Steps)
OH
o)
_ G N TBAF, THF
CH,Cly = 17 | o, 60% ©
reflux, 75%
(-)-Diospongin A (1)
N~
Mes
*c ;: ><
crri N
PCy;Ph
G-Il (RA)-Ti

Scheme 2 Synthesis of (-)-diospongin A (1) by Cossy’s approach
Jennings’ Approach (2006)

In 2006, Sawant and Jennings demonstrated the synthe-
sis of (-)-diospongins A 1 and B 2 using stereoselective re-
duction of an oxocarbenium cation as a key step.!? Initially,
alcohol 9 was subjected to esterification to furnish the di-
enic ester 18 in 68% yield. Next, compound 18, upon ring-
closing olefin metathesis using Grubbs’ catalyst (G-II), pro-
vided the unsaturated lactone 19 in 90% yield. Subsequent-
ly, 19, upon epoxidation in the presence of hydroperoxide,

afforded the epoxy lactone 20 stereoselectively in 85% yield.
The oxirane was converted into TES ether 22 by regioselec-
tive reduction followed by hydroxyl group protection in
89% overall yield. Next, the lactone 22 was reduced to the
corresponding lactol using DIBAL-H, followed by acetylation
with Ac,0 to provide 23. Finally, (-)-diospongin B (2) was
obtained by reaction of 23 with BF;-OEt, to form the corre-
sponding oxocarbenium cation, followed by concomitant
removal of the TES group in 81% yield (Scheme 3).
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DMAP, EtsN G-I, CHoClp || then PPTS Ke)
_— N————————
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9 68% 18 19 0.5h, 85% 20
o o) OAc
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HOAc o Et,SiCl o) -78°C, 2.5 h, 99% [¢)
SRR A 1 A “OH  THF, 1,6 h S “OTES  ii. Ac,0, pyridine “OTES
,1.5h,81% L~ 89% P DMAP,CH,Cl,
21 ~2 0°Ctort, 5h,91% 23
BF3'OEt, | CH,Cly, -78 °C

Scheme 3 Synthesis of (-)-diospongin B (2) by Jennings’ approach

Trimethylsiloxyethylene | 2 h, 81%
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Scheme 4 Synthesis of (-)-diospongin A (1) by Jennings’ approach

This approach was also modified to allow the prepara-
tion of diospongin A.'* Lactone 21 was reacted with allyl
magnesium bromide to obtain the corresponding lactol,
which was treated with TFA in situ to afford the oxocarbeni-
um species followed by reduction with Et;SiH to furnish
TES ether 22."> Subsequently, compound 22 was trans-
formed into aldehyde 23 by reductive ozonolysis in 95%
yield. Next, Grignard addition to the aldehyde provided the
secondary alcohol, followed by Dess-Martin periodinane
oxidation to give ketone 24 in 91% yield for two steps. Final-
ly, (-)-diospongin A (1) was obtained in 85% yield by depro-
tection of the TES ether 24 with 5% HCI (Scheme 4).

Uenishi’s Approach (2007)

In 2011, Uenishi’s group executed the synthesis of (-)-
diospongins A (1) and B (2) using CBS reduction, Brown al-
lylation, and Wacker oxidation as key steps.'* The synthesis
started from compound 25, which was subjected to Brown
allylation using (+)-Ipc,B-allyl, to furnish 26a in 62% yield
along with diastereoisomer 26b in 14% yield. Next, com-
pound 26a was converted into 27 by ozonolysis, followed by

(-)-Diospongin A (1)

Wittig olefination in 80% yield over two steps. Subsequent-
ly, the hydroxyl group in 27 was protected as a TBS ether 28
in 86% yield. The reduction of the keto-group in 28 with
(R)-CBS (98%, 85% de), followed by deprotection of the silyl
ether, provided triol 29a in 94% yield. Next, compound 29a
was subjected to cyclization using PdCl,(CH;CN),, to furnish
cis-(E)-tetrahydropyran 30 in 92% yield. Finally, (-)-dio-
spongin B (2) was obtained from 30 by MOM protection,
Wacker oxidation, followed by removal of the MOM group
with aq. HCl in 91% yield. Similarly, (-)-diospongin A (1)
was obtained from 28 by reduction of the keto-group with
(5)-CBS, TBS deprotection followed by cyclization and
Wacker oxidation in moderate overall yield (Scheme 5).

Yadav’s Approach (2007)

In 2007, our group reported the synthesis of (-)-dio-
spongin A (1) by using Prins cyclization and enzymatic ki-
netic resolution as key steps.!® Initially, the homoallylic al-
cohol 9 was subjected to Prins cyclization with cinnamalde-
hyde 31 to form 32 in 78% yield as a single diastereomer.
Next, 32 was subjected to enzymatic resolution using por-

i. O3, CH,Cly, -78 °C

TBDMSO (+)- IpczBaIIyI TBDMSO OH 10 min, then PPhg, rt TBOMSQ  OH 0
Etp0, - 78 °C T =
on cHo —22 8%, oh ~ il Ph Ph
3h, 62% 4 26a F’haF\)kPh 27
25 TBDMSO OH THF, 60 °C, overnight
R 80% in 2 steps
Ph =
260 i. (R)-CBS, BHg-THF
TBDMSOTY, 2,6-Lutidine 3
. TBDMSO  OTBDMS O THF, -40 °C, 1 h PdCI(CHiCN)
CHClp, 0 °C, 30 min PH o _ 98%,85%de THF 06,20
86% 28 ii. TBAF, THF se/o min
i, 3h, 94%
o i. MOMCI, THF, ProNEt, Nal OMOM HCl aq/ THF
_55°C,10h,86% m r, overmght m
o ii. PdClp, CuCl, Oy
Ph” O Ph DMF > a0 91%
30 50°C, 3d, 55% -)-Diospongin B (2)

TBDMSO  OTBDMS O

28 1, 3 h, 90% 29b Ho»

Scheme 5 Synthesis of (=)-diospongin A (1) and B (2) by Uenishi’s approach

OH OH
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Scheme 6 Synthesis of (-)-diospongin A (1) by Yadav’s approach

cine pancreatic lipase (PPL) to produce acetate 33 and alco-
hol 32a. Next, acetate 33 was hydrolysed using K,CO; to
provide alcohol 32b in 92% yield (94% ee). Inversion of the
alcohol 32b was achieved under Mitsunobu conditions to
lead to 34 in 90% yield. Finally, (-)-diospongin A (1) was ob-
tained by Wacker oxidation followed by hydrolysis of 34 in
90% overall yield (Scheme 6).

Bates’ Approach (2007)

In 2007, Bates and Song executed the synthesis of (-)-
diospongin A (1) using cross-metathesis, and intramolecu-
lar Michael addition as key steps.” Initially, (S)-phenylbute-
nol 9 was converted into tert-butyl carbonate 35. Next,
compound 35 was converted into epoxy alcohol 37 by iodo-
cyclization, followed by methanolysis using potassium car-
bonate. The hydroxyl group in 37 was protected as its TBS
ether 38 and subsequent ring-opening of the epoxide with
vinyl magnesium bromide and CuBr to provide homoallylic
alcohol 39. Finally, (-)-diospongin A (1) was obtained by
cross-metathesis of 39 with phenyl vinyl ketone in the
presence of Grubbs’ catalyst (G-II), followed by one-pot TBS
deprotection and cyclization using Amberlyst 15 in 83%
yield (Scheme 7).

Sabitha’s approach (2008)
In 2008, our group demonstrated the synthesis of (-)-

diospongins A 1 and B 2 using Keck allylation, stereoselec-
tive reduction, Horner-Wadsworth-Emmons olefination,

~F cyclohexane OH

ii. K,CO3, MeOH
t, 15 min, 90%

©*©

(-)-Diospongin A (1)

o]
OH OBoc )k
Boc,0, DMAP Io, CHsCN o ™o MeOH
Ph = o, Ph = —
0 CH3CN, 92% a5 -20°C,70% Ph s KoCO3, 91%
OH TBSCI TBSO TBSO OH
Ph Ph CuBr 98%  Ph =
37 THF, 84% 38 THF 39

OH
(o]
TBSO OH (0]
S T
G-Il 94% Ph

CHyCly, 3h 17
Reflux

o [ 9
o_ ’ PR 07 "’)kPh

MeOH, 83% (-)-Diosopongin A (1)

Scheme 7 Synthesis of (-)-diospongin A (1) by Bates’ approach

and intramolecular oxy-Michael reaction as key steps.!8 The
synthesis commenced with the chiral 1-phenyl but-3-en-1-
ol 9, prepared from benzaldehyde by Keck allylation with
allyl tributyltin in the presence of (S)-BINOL and Ti(OPr),
(73%, 97% ee). Oxidative cleavage of the terminal olefin
moiety of 9 produced the corresponding aldehyde, which,
without isolation, was treated with ethyl diazoacetate in
the presence of a catalytic amount of tin(II) chloride to af-
ford the pB-keto ester 40 in 80% yield. The syn-selective re-
duction of d-hydroxy-p-keto ester 40 was performed with
catecholborane to afford the syn-1,3-diol 41 in 75% yield.
Cyclization of ester 41 was accomplished with p-TsOH to af-
ford 8-lactone 42 in 68% yield. Next, reduction of lactone 42
with DIBAL-H followed by Horner-Wittig olefination pro-
vided (-)-diospongin A (1) and (-)-diospongin B (2) (4:6 ra-
tio) in 60% yield over two steps (Scheme 8).

SynOpen 2022, 6, 141-157
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Scheme 8 Synthesis of (-)-diospongins A and B by Sabitha’s approach

Xian’s approach (2008)

In 2008, Xian et al. demonstrated syntheses of dio-
spongin A and B by using Linchpin coupling, Luchi reduc-
tion, and Mitsunobu inversion as key steps.!® Initially, the
Linchpin coupling of TBS dithiane 43 with epoxides (+)-44
and (+)-45 provided the alcohol (-)-46 in 74% yield. Next,
compound (+)-46was subjected to dithiane deprotection,
Dess-Martin oxidation, and acidic cyclization to furnish the
dihydropyranone (+)-47a. Subsequently, compound (+)-
47awas subjected to Luche reduction followed by hydroge-
nation, and benzyl group deprotection to afford the diol
(-)-48a, either in one pot or stepwise. Next, the primary hy-
droxyl group in (-)-48a was oxidized with TEMPO/NaClO,,
followed by reaction with PhMgBr to give 49a. Then, selec-
tive oxidation of the benzylic hydroxyl of 49a using Dess-
Martin periodinane followed by Mitsunobu inversion com-
pleted the synthesis of (-)-diospongin A (1) (Scheme 9).

Synthesis of (-)-diospongin B (2) was initiated by
switching the order of epoxide addition with 43 under the
same protocol to afford (-)-50 in a similar yield to that of
the earlier approach. Next, Luche reduction of (+)-47b pro-
vided alcohol (+)-50 in high yield. Hydroxyl group-directed
hydrogenation of (+)-50 was performed in the presence of

{4

(™ i 'Buli, EGO,-40°C  TBSO S's OH
S_S :

OH O O

i. HgCl,, CaCOj, Ho0-MeCN, 60 °C
ii. DMP, CHCly, r.t.

Catecholborane
dry THF, -10°C

OEt  5ph 75%  Ph OEt
40 a1

OH OH O

R= —H Diospongin A (1)
R = ""H Diospongin B (2)

chlorotris(triphenylphosphine)rhodium [(Ph;P);RhCl] to
give (+)-51a in modest yield along with stereoisomer (+)-
51b as by-product. Finally, the synthesis of (-)-diospongin
B (2) was completed in four steps from (+)-51a (Scheme
10).

Kumaraswamy’s Approach (2009)

In 2009, Kumaraswamy et al. demonstrated the enanti-
oselective synthesis of (-)-diospongin A (1) and ent-dio-
spongin A (3) from achiral starting materials.!® The synthe-
sis commenced with the asymmetric hetero-Diels-Alder
reaction between Danishefsky’s diene 50 and furfuralde-
hyde 51 in the presence of (S)-BINOL/Ti(O'Pr), to furnish di-
hydropyranone 52 (60%, 99.9% ee). Next, compound 52 was
treated with phenylboronic acid in the presence of
Rh(cod),BF, to obtain the 1,4-addition product 53 in a 95%
yield. Reduction of the ketone in 53 was performed with
Noyori’s catalyst, (R,R-diamine-Ru catalyst A) to afford alco-
hol 54 (96%, >99.9% de). The hydroxyl group in 54 was pro-
tected as its PMB ether 55 in 98% yield. Next, the furyl
group of 55 was subjected to oxidative cleavage followed by
esterification and DIBAL-H reduction to provide 56 in 88%
yield over three steps. Aldehyde 56 was subjected to Horner-

(o} Ph OBn
TBS Ph/<1 75% jii. TFA, CHoCly, 1.
. (+)-44 (+)-46 73% (for 3 steps) s
43 OBn
i”-(a'/f—(/;‘s (+)-47a
4)- .
i.TEMPO, NaCIO, N
i. NaBHj, CeCls, MeOH KBr, r.t. |
78°C, 96% O OH A0
- ii. PhMgBr, THF, -78 °C
il. Ha, PA(OH)z, 72% 90% (for 2 steps) OH
OH 102 OH
(-)-48a i. DMP, CH,Cly, r.t., 82%
ii. DEAD, PhgP
4-Bromobenzoic acid
jii. K2CO3, MeOH

Scheme 9 Synthesis of (-)-diospongin A (1) by Xian’s approach

99%
©\r07/\”/©
~ O
OH

(-)-Diospongin A (1)
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74%

NaBH,

0Bn CeCls OBn

99%

(+)-47b
i. TEMPO
51 Pd/C NaClO,
+)-51a —
Ho OHii. PhmgBr
95% éH 64%
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Scheme 10 Synthesis of (-)-diospongin B (2) by Xian’s approach

Emmons olefination and subsequent hydrolysis of the in-
termediate enol ether to provide 57 in 75% yield. Finally, 57
was converted into (-)-diospongin B (2) using DDQ in 92%
yield. Furthermore, the C-5 hydroxyl group of (-)-dio-
spongin B (2) was protected as its TBDPS ether to furnish
58. Unexpectedly, deprotection of the TBDPS group of 58

(PhgP)RhCI

Ha
200 psi

70% (for 3 steps)

(+)-49b

(-)-Diospongin B (2)

with excess TBAF furnished (-)-diospongin A (1) in 86%
yield (Scheme 11). Similarly, ent-diospongin A (3) was
obtained from the hetero-Diels-Alder reaction between
Danishefsky’s diene 50 and furfuraldehyde 51 in the pres-
ence of (R)-BINOL/Ti(O'Pr), followed by a similar sequence
of reactions (Scheme 12).

(o}
-Binol/Ti(O'Pr)4 )(cod),BF,4, KOH
Me3Sio (S ( PhB OH),

)\(_7 CH,Cl, L SR o)
O Dioxane/H,0O ‘ - | /

-78°C,42h ) 100°C,2h 53

60%, >99% ee 95% (de >99.9%)
i. Og, 15 min
OPMB DCM:MeOH (1:1)
A ENHCOH (52)  NaH, PMBCI ii. CHN5, Eto0
O°Ctor, 1h
EtOAc 50°C,3h

96% © Tthogg%o " © iii. DIBAL-H
toluene, -78 °C, 1 h
(de >99 9%) 88% (over 3 steps)

OPMB OMe oPMB
Ph”” ~PO(OMe),
o o
©\ TS "o DCM:HZ0 (9:1)
56 -78°Ctort,3h °Ct02rt1h
Cl3CCOH/acetone 57 N
t, 6 h, 75% 92% (=) Dlospongln B(2)
OTBDPS OH
Bu _ BuPn);SicI o) TBAF o
EtsN, DCM Xy THF, it g )

SRAR®

o
0°Ctor, 6h 86%

92%

(-)-Diospongin A (1)

Scheme 11 Synthesis of (-)-diospongin A (1) by Kumaraswamy’s approach

MeSSiO\f H
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Scheme 12 Synthesis of ent-(-)-diospongin A (3) by Kumaraswamy’s approach
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Hashimoto’s Approach (2010)

In 2010, Hashimoto et al. demonstrated the preparation
of (-)-diospongin A 1 and B 2 using sequential enantio-
selective hetero-Diels-Alder and TMSOTf-catalysed Mukaiyama-
Michael reactions as a key steps.?? Initially the HDA reaction
between Danishefsky’s diene (53) and benzaldehyde (14)
was performed in the presence of [Rh,(S-BPTPI),] and sub-
sequently the reaction mixture was treated with TMSOTf at
-78 °C to obtain the dihydropyranone 56. Next, the reaction
mixture was treated with silyl enol ether X to provide 54
(85%, 95% ee). Finally, (-)-diospongin B (2) was obtained by
chemo- and stereoselective reduction of 54 with K-Selec-
tride as a single diastereomer in 86% yield. Furthermore,
(-)-diospongin A (1) was obtained from (-)-diospongin B
(2) in 89% yield by using 30% hydrochloric acid (Scheme
13).

Meshram’s Approach (2011)

In 2011, Kumar and Meshram executed the synthesis of
(-)-diospongin A (1) using the enantioselective Mukaiyama
aldol reaction, diastereoselective reduction of 8-hydroxy-[3-
keto ester, and intramolecular oxa-Michael reaction as key
steps.?! The synthesis started with stereoselective Mukaiyama
aldol reaction between Chan’s diene 58 and PhCHO 14 in

i. Rhy(S-BPTPI),
OSiEts CH4Clp, 23°C, 15 h
ii. TMSOTf
+ ‘ _ .78°C05h
Ph [¢] ii. X,1h
53 OMe iv. TFA,-78°C,1h
14 one-pot 85%
Rhy(S-BPTPI),
CH,Cl
OSiEts TMSOTH (o)
MesSiO
X ~ I
. ) o RaSIOTF
PR 0" “OMe LA

R3SiOMe
~ =S
RaSi = Me3Si or EtsSi

Scheme 13 Synthesis of (-)-diospongins A and B by Hashimoto’s approa

[e]
thoi/m
54

A
X N 1)
PR 0 Ph

ch

i. Ti(IV)/(S)-BINOL

the presence of Ti(O'Pr),/(S)-BINOL (1:1) to obtain the aldol
product 59 (81%, >95% ee). Next, d-hydroxy-p-keto ester 59
was reduced selectively using Zn(BH,), to obtain the syn-
1,3-diol 60 (87%, syn/anti 10:1). Subsequently, 1,3-syn-diol
60 was protected as its acetonide followed by DIBAL-H re-
duction and ortho-iodoxybenzoic acid (IBX) oxidation to
provide aldehyde 62 in 79% yield over two steps. Finally,
(-)-diospongin A (1) was obtained from aldehyde 62 by
Wittig olefination and one-pot deprotection-cyclization in
the presence of CSA in good overall yield (Scheme 14).

Piva’s Approach (2011)

In 2011, Piva’s group demonstrated the synthesis of dio-
spongin A homologues using Prins cyclization, Mitsunobu
inversion, cross-metathesis, and Wacker oxidation as key
steps.?? Initially, hepta-1,6-dien-4-ol (64), was subjected to
Prins cyclization with benzaldehyde in the presence of tri-
fluoroacetic acid, followed by methanolysis to furnish the
syn,syn-diastereomer 65 in high yield. Next, cross-metathe-
sis was performed with 65 and styrene in the presence of
Grubbs’ catalyst (G-II) to prepare 66 in 68% yield, and 66
was subjected to Wacker oxidation to produce 67a and 68a
(Scheme 15). Similarly, diospongin A homologues were pre-
pared from 70 by Mitsunobu reaction to prepare 71 in 88%
yield. A similar set of reactions was performed on unsatu-

K-Selectride

Qu,

(-)-Diospongin B (2)

Ph THF 78°C Ph"

|: 95% ee
>99% ee

recryst.

30% Aq. HCI, THF (1:4)
85%

23°C, 6 h, 89%

OH
0.8
PR O "’)I\Ph

(-)-Diospongin A (1)

OSiR;

57

OH O O

O MeSIO  OSiMes " Tiir rmeetor. 16 h Zn(BHy),
+ = Ph OMe
PR H OMe i GF4COOH, -78 °C L
“ o 81% o6 5 05% 59 -10°C, 1 h, 87%, dr 10:1
i. DIBAL-H, THF

OH OH O 2,2-DMP, CSA (cat) w 0°C,1h

Ph OMe  CHxClh,0°Ctort PP OMe . 18X, CH,Cly/DMSO
60 2h, 92% 61 0°Ctort,4h
79% (two steps)
0
%o op h)K?PPhS o><o

Ph

62 2h, 89%

Scheme 14 Synthesis of (-)-diospongin A (1) by Meshram’s approach
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(-)-Diospongin A (1)
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rated tetrahydropyranol 71 with styrene cross-metathesis,
followed by Wacker oxidation to provide both homologues
67a and 67b (Scheme 16).

OH OH
_ i. PhACHO AN Gl
TFA, CHxCly, 0 °C J - -

HO "NikeCos PR 07 TS OHCb, 407G, 80 pp o7 e AT

64 MeOH, 67% 65 68% 66

PdC, oH OH

= O Q8
- . +
DMF-H,O  ph O "'A[TA PR N0 w,)K/Af
55°C, 72 h

67a,24% © 68a, 18%

Scheme 15 Synthesis of THP homologues by Piva’s approach

Reddy’s Approach (2011)

In 2011, Reddy et al. synthesized ent-diospongin A (3)
by intramolecular oxa-Michael addition, Mitsunobu reac-
tion, and hydrogenation as key steps.?? The synthesis com-
menced with the hydroxy-Weinreb amide 74, which could
be prepared from L-malic acid in three steps.?* Weinreb am-
ide 74 was then treated with phenylacetylene in the pres-
ence of n-Buli to form B-hydroxyalkynone 75. Next, com-
pound 75 was converted into dihydropyranone 76 in 85%
yield by treating with AgOTf. Compound 76 was subjected
to hydrogenation in the presence of palladium on charcoal
to form cis-tetrahydropyranol 77, which was subjected to
Mitsunobu esterification followed by TBDPS deprotection
to give benzoate 79 in 80% yield. Oxidation of the alcohol
group in 79 with Dess-Martin periodinane gave the corre-
sponding aldehyde, followed by Wittig reaction to provide

OH

: i. 4-0,NCgH,4CO,H
A

DEAD, PhgP, THF, it
,.-LOJ 1 il KOH, H:0,A,88%  Ph"
70

Ph'

OH
PdCl,
Oy, CuCl
DMF-H,O  pp ™o
55°C,72h

67a, 26% o

Scheme 16 Synthesis of diospongin A homologues by Piva’s approach

OH

Q)
1
OH
o}
Ar+ \(H/.,)I\/Ar
N e o

tetrahydropyranol 30b (1:9 E/Z). However, hydrolysis of the
benzoate ester also occurred during Wittig reaction under
the basic conditions. Finally, ent-diospongin A (3) was ob-
tained by Wacker oxidation of 30b in 52% yield (Scheme
17).

Taylor’s Approach (2013)

In 2013, Taylor’s group demonstrated the synthesis of
(-)-diospongins A (1) and B (2) by using second-generation
activation conditions for ether transfer as a key step.?> Ac-
cordingly, 2-bromoethoxymethyl ether 80 was converted
into syn-1,3-diol mono ether 81 by activating with NIS/1-
phenyl-1H-tetrazole-5-thiol, followed by oxidative cleavage
with m-CPBA. Next, conjugate addition of 81 to phenyl ke-
tone afforded the vinylogous ester 82 in 85% yield. Finally,
(-)-diospongin A (1) was obtained by reductive deprotec-
tion of the 2-bromoethyl ether in 75% yield. For the synthe-
sis of (-)-diospongin B (2), compound 83 was prepared
from 81 through alkylation with diazomethylsulfonyltolu-
ene in a 66% yield. Next, the sulfonyl pyran was treated with
lithium bis(trimethylsilyl)Jamide followed by treatment
with aluminum chloride, in the presence of TBS-enol ether,
and zinc-mediated deprotection to obtain (-)-diospongin B
(2; Scheme 18).

Meruva’s Approach (2014)
In 2014, Meruva et al. accomplished the synthesis of

ent-diospongin A (3) and epi-diospongin B (6) with Julia-
Kocienski olefination, Weinreb amide formation, and

AT Gl

, A CHzClz, 40 °C ppy
8 h, 55%

67b, 24%

O OH

g oM Ref. 24 o OH
Y of. H
H
HOM(O = meo, L _~_oTeops
o) |
L-Malic acid 73 74

10% Pd—C, EtsN OH

(o}
AgOTf, CHyCly EtO, Hy

sl
Ph™ "0

76
OCOPh-4-NO, i. DMP, CH,Clp

0°Ctor, 8h
F’h/[oj\/OH

1t, 30 min, 85% oTeDPs ™ 8h,70%

OH
TBAF -
ii. PhCHPPh3*Br-

THF n-BuLi, THF
0°Ctort 79 -78°Ctort, 4h 30b

1h, 82% 60% (over two steps)

Scheme 17 Synthesis of ent-diospongin A (3) by Reddy’s approach
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SH
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N
070 GHNO,, 65%, 6:1 dr OH O 25 902PChs 0" o
Ph S ph)\)\/' HBF,-Et,0, 66% ph/k/k/l

ii. m-CPBA, 65%
80

N

i. AIBN, n-BugSnH,
90%, >20:1 dr

@ )kPh ii. Zn, NH4Cl, 75%

(- ) Dlospongln A1)

Scheme 18 Synthesis of (-)-diospongin A (1) and B (2) by Taylor’s approach

Wacker oxidation as key steps.?6 The synthesis commenced
from sulfone 84 with Julia-Kocienski olefination with benz-
aldehyde 14 to obtain olefin ester 85 as a 92:8 mixture of
E/Zdiastereomers. This diastereomeric mixture 85 was sub-
jected to ester hydrolysis, followed by formation of Weinreb
amide 87. Next, compound 87 was treated with phenyl Gri-
gnard reagent to obtain benzoyl derivative 88 in an 85%
yield. Reduction of 88 was performed under Luche condi-
tions to provide alcohol 89, followed by acetonide deprotec-
tion to give triol 90, which was treated with FeCl; to furnish
cyclized products 30c (40%) and 30d (26%), which were
separated by column chromatography. Finally, ent-dio-
spongin A (3) and epi-diospongin B (4) were obtained from
30c and 30d, respectively, by Wacker oxidation (Scheme
19).

Ph
PBus, DCM, 85%

o)
|Hkph

o O/\/Br

i. LIHMDS, HMPA, 82%
ii. AICI3, 83% OTBS

Ph
iii. Zn, NH4Cl, 76%

fj\i
PR O Ph

| (-)-Diospongin B (2)

Fall’s Approach (2015)

The synthesis of (-)-diospogin A (1) and ent-diospongin
A (3) was demonstrated by Fall et al. from tri-O-acetyl-D-
glucal, by using copper-catalysed Michael addition of
phenyllitium.?’” Initially, compound 92 was synthesized
from 91 in two steps. Next, 92 was subjected to PDC-medi-
ated oxidation to form a,B-unsaturated ketone 93 followed
by copper-catalysed Michael addition of PhLi, to give dias-
tereomeric ketones 94a and 94b. The ketone group of 94a
was reduced selectively using L-Selectride to give alcohol
95a followed by subsequent protection to give MOM ether
96 in 90% yield. Next, compound 96 was converted into
101a by protection and deprotection steps. Alcohol 101a
was converted into nitrile 102a by tosylation followed by
tosylate displacement with sodium cyanide in quantitative
yield. Nitrile 102a was reduced with DIBAL-H followed by

Mo Me Me._M
o 0 00 o - . o> e
)J\ + O\\é/ 22% LiIHMDS in THF O o (o] NaOH, MeOH, H,O
N \ THF, -70 °C, 85% Ph/\ O'Bu reflux, 82%
14 o 84 o5
DCM Me.__Me Me._Me
ngge o Methoxy methyl amine HCI O><O o) PhMgBr O><O o
/\/k/k/K Diisopropyl carbodiimide PhMN/OMe THF phwph
Ph™ % OH Imidazole Me 85%
86 70% 87 88
Me.__Me
> Oxalic acid
MeOH, NaBH, O O OH  tetonitrile QH QH OH
e
CeClg 7H0, 91% Ph™ Ph 11,0, 05% 1 o Ph
89
oA PACly, CuCl, O, OH
)\/j\/\ T /(j\ i
3d, 45%
: o APh
OH OH OH FeCly 40%, 30c ent—dicspcngin A@3)
PRTS Ph o CH,Cly, RLT.
90 30min. OH
: PdCl,, CuCl, O, oH
O\A DMF+H,0, 50 °C w
Ph™ ~O 7 Ph 3d, 38% PR N0 Ph

26%, 30d

epi-diospongin B (6)

Scheme 19 Synthesis of ent-diospongin A (3) and epi-diospongin B (6) by Meruva’s approach
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PhLi addition to furnish alcohol 103a in 67% yield over the
two steps. Finally, ent-diospongin A (3) was obtained from
alcohol 103a by PDC-mediated oxidation followed by MOM
deprotection (Scheme 20). Similarly, (-)-diospongin A (1)
was also prepared by using a similar sequence of reactions
from ketone 94b (Scheme 21).

THIEME
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Review

Hall’s Approach (2015)

In 2015, Hall’s group demonstrated the synthesis of (-)-
diospongin B using Suzuki-Miyaura cross-coupling and in-
verse-electron demand oxa [4+2] cycloaddition as key
steps.?® The synthesis started with the preparation of 107
using inverse-electron demand oxa [4+2] cycloaddition in
77% yield (96% ee). Next, selective epoxidation of 108 was
performed in the presence of m-CPBA, to form 109 in a 70%
yield (13:1). The epoxide ring was opened with DIBAL-H

Qe i. KoCO3, MeOH " 9
i , Me
‘ OAc 23, i ‘\O\Si‘:B“ PDC ‘ O. SI By
W ; i Bu 'Bu
OA ii. t-BuoSi(OTf), 0 DMF, rt O
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Scheme 20 Synthesis of ent-diospongin A (3) by Fall’s approach
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Scheme 21 Synthesis of (-)-diospongin A (1) by Fall’s approach
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followed by hydroxyl group protection as its TES ether 111
in 72% yield for two steps. Finally, synthesis of (-)-dio-
spongin B (2) was completed by Mukaiyama-type addition
of 112 with 111 followed by TES group removal in 66% yield
over two steps (Scheme 22).

Clarke’s Approach (2016)

In 2016, Clarke et al. demonstrated the synthesis of (-)-
diospongin B (2) using the Maitland-Japp reaction as a key
step.2? Accordingly, the synthesis commenced with dihy-
dropyran formation 114 using the Maitland-Japp reaction
in the presence of the dimethylacetal of N,N-dimethyl for-
mamide (97%), followed by conjugate addition of Ph,CuLi to
give 115 in 91% yield. Next, decarboxylation was performed
under microwave conditions to provide the required
tetrahydropyran-4-one, which was further reduced with
L-Selectride to form THP 30c as the major diastereomer
(9:1). Finally, (-)-diospongin B (2) was obtained from 116
by MOM protection and Wacker oxidation followed by
MOM deprotection (Scheme 23).

Prasad’s Approach (2020)

In 2020, Vaithegi and Prasad executed the synthesis of
(-)-diospongin A isomers using vinylogous a Mukaiyama
aldol reaction and oxa-Michael addition reaction as key
steps.3? The synthetic sequence commenced with the Nagao

Bpin Bpin

acetate aldol reaction of benzaldehyde with 117 to give al-
dol products (118a and 118b). Next the (3-alkoxy aldehyde
120 was prepared from the aldol product 118a by hydroxyl
protection followed by DIBAL-H reduction. Subsequently,
Mukaiyama aldol reaction of the aldehyde 120 with the silyl
enol ether of allyl phenyl ketone afforded the mono silyloxy
protected diol 121 in 71% yield, as an inseparable mixture
of diastereomers (77:23) and the diol 122 in 14% yield
(79:21). Reaction of the alcohol 121 with camphor sulfonic
acid resulted in smooth deprotection of the TES group and
this was followed by oxa-Michael reaction, affording (-)-di-
ospongin A (ent-3) in 18% yield and 5-epi-diospongin A (5-
epi-ent-5) in 66% yield. Similarly, the same products were
obtained from 122 in the presence of TFA. Furthermore,
Mitsunobu inversion of 5-epi-ent-5 afforded ent-diospongin
A (ent-3) in 67% yield (Scheme 24).

Synthesis of Racemic Diospongins

Piva’s Approach (2007)

In 2007, the Piva group demonstrated the synthesis of
(¢)-diospongin A (7) using a Prins cyclization and Mitsunobu
reaction as key steps.3! The key intermediate homoallylic
alcohol 125 was prepared from benzaldehyde 14 using two
allylation reactions, followed by selective oxidation of the
benzylic alcohol 124. Next, the homoallylic alcohol 125 was

m-CPBA
J \, _BNea,18°C /('j (ally)PdCly, SPhoS O\ cricl, o9
EEC Gl e e
or 969
EtO o/J 77%.96% 80 L (AN KsPOy, THF, 40°C, 12h E107 07 TPh 0°Clont por g~ ~pn
93% 108 70%
105 106 107 109
oH _/\_Ph
: TESCI OTES oTMs A{
DIBAL-H 2,6-lutidine A 112 H H
o o L sy
THF EtO” "0” “Ph  CHXClo  E0” 0" “Ph ScCls, CHyClo
0°Ctort 87% 0°C
83% 110 111
Ph
OoH
HF.Py
B —— 0
THF, 0°C _
66% for 2 steps Ph" O Ph

(-)-Diospongin B (2)

Scheme 22 Synthesis of (-)-diospongin B (2) by Hall’s approach
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Scheme 23 Synthesis of (-)-diospongin B (2) by Clarke’s approach
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Scheme 24 Synthesis of diospongin isomers by Prasad’s approach

subjected to Prins reaction with benzaldehyde in the pres-
ence of TFA to give the tetrahydropyran, which was subject-
ed to hydrolysis to furnish alcohol 126, an epimer of dio-
spongin A, in 83% yield over the two steps. Next, (+)-dio-
spongin A (7) was obtained from 126 using a Mitsunobu
inversion in 71% yield over two steps (Scheme 25).

0Og, CHyCly
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(x)-Diospongin A (7)

Scheme 25 Synthesis of (+)-diospongin A (7) by Piva’s approach

Hong’s Approach (2009)

In 2009, Hong's group explored a tandem cross-metath-
esis and thermal Sy2' approach to prepare (-)-diospongin A
(7) without using protecting groups in the synthetic se-
quence.? Initially allyl Grignard reagent was added to benz-
aldehyde to give the corresponding homoallylic alcohol 125
in 86% yield. Next, alkene 125 was subjected to oxidative

cleavage to give the aldehyde and subsequent treatment
with allyltrimethylsilane provided 1,3-diols 127 (syn/anti
5:1) that were separated by column chromatography. The
tandem cross-metathesis and Sy2' sequence was performed
with 1,3-syn-diol 127 and allylbromide using Grubbs’ cata-
lyst (G-II) to afford the 4-hydroxy-2,6-cis-tetrahydropyran
128 (5:1 dr, 83%). Finally, (+)-diospongin A (7) was obtained
by a cross-metathesis reaction of 128 with styrene followed
by carbonyl group introduction by a Wacker reaction
(Scheme 26).

H i. 0sQy4, NalOy, 2,6-litudine OH

A~ B Gl

MgBr 1,4-dioxane/H,0 (3:1)
Yo o 25°C,3h -
o - - X CHoCly, reflux, 2 h
THE, '87‘;30/0 Ph* “OH i, Allyltrimethylsilane Ph™ “OH hen toluene
14 » 070 125 SnCly, CHClp, -78 °C  (syn:anti5:1)  reflux, 3 h, 83%
1.5 h, 48% for 2 steps 127
OH OH
@ Styrene, G-Il 02 PdCl,, CuCl
CH,Cly, reflux . DMF/H o 7 1)
PR Y07 7 gh68%  Ph 7 DYFHO ( )k
128 (cis:trans 5:1) 30 (Eonly) 32% (*) Dlopongln A(7)

Scheme 26 Synthesis of (+)-diospongin A (7) by Hong’s approach
More’s Approach (2010)

In 2010, More demonstrated the synthesis of (+)-dio-
spongin A (7) using hetero-Diels-Alder reaction and an an-
chimeric assistance-controlled C-glycosylation as key
steps.3® Accordingly, the [4+2] cycloaddition of diene 129
and benzaldehyde 14 was performed in the presence of
achiral chromium catalyst D to provide 130 in 79% yield.
Next, 130 was subjected to Luche reduction to furnish alco-
hol 131 as a single isomer. The C-5 hydroxyl group was pro-
tected as its TBS ether 132, followed by acetoxylation gave
133 as a mixture of anomers (13:1). The TBS group in 133
was removed, followed by esterification under Mitsunobu
conditions to give the epimeric benzoate 135. Finally, (+)-
diospongin A (7) was obtained from 135 by treating with
enol silane C and BF;-OEt, followed by deacylation in 47%
yield over two steps (Scheme 27).

Gracza’s Approach (2011)

In 2011, Gracza and co-workers explored an approach
using palladium (II)-catalysed intramolecular hydroxycar-
bonylation and Stille coupling as key steps.3* The key syn-
diol 136 was prepared from the homoallylic alcohol 16 by a
series of simple protection and deprotection steps. Next,
the allylic alcohol was protected as its TBDPS ether, fol-
lowed by selective cleavage of the TBDMS group with acidic
Dowex to afford 137 in 76% yield over two steps. Compound
137 was subjected to hydroxycarbonylation using carbon
monoxide in acetic acid, providing exclusively the 2,6-cis-
diastereomer 138 in 40% yield. Subsequently, carboxylic
acid 138 was converted into (+)-diospongin A (7) in a three-
step sequence (Scheme 28).
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Scheme 27 Synthesis of (+)-diospongin A (7) by More’s approach
OH Steps TBDMSO  OH ;rrﬁg‘:zso% TBDMSO  OTBDPS Dowex
Ph R Ph ™ DMF, nt, 6h Ph ™ MeOH
A
9 (#)-16 7% (+)-136 1,10 h, 78%
PdCly, CuCl, OTBDPS . (COCl),, toluene OTBDPS
O OTBDPS  AcONa, AcOH_ @ _s0°C2h *h R
Ph o 12h o )K i. Pd(dba)e, BugPhSn [ o "")kph
(x)-137 40% toluene, 80 °C,40 h
(*) -138 88% (+)-139
OH
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THF ph" \O//"’APh
40°C, 36 h

83% (x)-Diospongin A (7)

Scheme 28 Synthesis of (+)-diospongin A (7) by Gracza’s approach

Ho’s approach (2012)

In 2012, the group of Ho synthesized (+)-diospongin A
(7) by desymmetric cyclization and reduction of a meso-
1,7-diarylheptanoid as key steps.?® Initially, ditosylate 141
was prepared from 140 in 36% yield. Next, the two hydroxyl
groups were protected as the benzaldehyde dimethyl acetal
to give 142 in a 77% yield. After this, compound 142 was
treated with 2-lithio-2-phenyl-1,3-dithiane to give 143 in
78% yield. Finally, (+)-diospongin A (7) was obtained from
143 by debenzylidenation, desulfurization, and cyclization
(Scheme 29).

OH OH TsCl, Py, DMAP
HO OH ———————— TsO
0°C, 36%

140 14

LDA, DMPU m (\‘ 80% HOAc
. . SW 60 °C, 74%
40°C100°C oh

78%
143

OH OH

Tong’s Approach (2013)

In 2013, Tong’s group demonstrated the synthesis of
(2)-diospongin A (7) using an efficient 4-step [3+2+1] strat-
egy.’¢ Initially allylic alcohol 146 was converted into o,-
unsaturated isoxazoline 147 through a three-step sequence
of Dess-Martin oxidation, oxime formation, and [3+2]-cyclo-
addition with styrene. Next, isoxazoline 147 was subjected
to chemoselective ring-opening with Sml,, followed by in-
tramolecular 6-endo-trig-oxa-Michael cyclization to obtain
tetrahydropyran-4-one 148. Finally, (+)-diospongin A (7)
was obtained from 148 by desilylation, Dess-Martin oxida-
tion and chemoselective reduction with K-selectride in 20%
overall yield (Scheme 30).

Ph

[ONe)
TSO\/'\/'\/OTS

142

PhCH(OMe),
s ——m——

CHCly, r.t.
77%

P
K\ [ ] MeCN/sat.NaHCO
s OH OHS S 3

ph Ph 12 0°C, 64%

144

OH
O OH OH O Et3SiH 1)
MegSIOTE o s,
Ph Ph e iy, PO Ao

145

Scheme 29 Synthesis of (+)-diospongin A (7) by Ho’s approach

(x)-Diospongin A (7)
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Scheme 30 Synthesis of (+)-diospongin A (7) by Tong's approach

Gharpure’s Approach (2015)

In 2015, the Gharpure group executed the synthesis of
(2)-diospongin B using a stereoselective intramolecular cy-
clopropanation of a vinylogous carbonate with carbene us-
ing a copper catalyst as the key step.3” The approach com-
menced with selective protection of the primary alcohol of
butane-1,3-diol (149), as its TBS ether, followed by addition
of the secondary alcohol to ethyl propiolate using N-methyl
morpholine (NMM), to provide the vinylogous carbonate
150. Next 150 was converted into acid 151 using Jones’ re-
agent by simultaneous protodesilylation, followed by oxida-

i. TBSCI, imidazole

tion, in 68% overall yield. Subsequently, acid 151 was con-
verted into diazo ketone 152 by reaction with oxalyl chlo-
ride, followed by reaction with diazomethane, in 41% yield
over two steps. Compound 152 was then converted into do-
nor-acceptor cyclopropane 153, the regioselective ring-
opening reaction of which was performed in the presence
of n-Bu;SnH and AIBN to give pyranone 154. The keto group
in 154 was selectively reduced with L-Selectride to obtain
the alcohol 155 (d.r. 19:1), followed by TBS protection to af-
ford ester 156. Finally, (+)-diospongin B (8) was obtained by
converting the ester into the Weinreb amide, phenyl
Grignard addition, and deprotection of TBS (Scheme 31).

COzH

OH " CH,Cly, 0 °C-rt, 92% 0TBS Acetons, 0°C
o e R £
Me” “OH i Etnyl propiolate, NMM Me™ 0~ ~C02 e T
CH.Cl,, 0 °C-rt, 82% 2M Jones reagent, 68%
149 2Ll2, y 150 151
i. (COCI), (o} 0] n-BugSnH o}

CHyCl,, cat. DMF _N, Cul/Cu
ii. CHaN,, Et,0 £t CH:Cl
091t 41%Ph” Y07 SO g St

H AIBN, CgHs
CO-Et reflux, 60%
Ph” N0y Ph

/dj .., -COEt

152 153 154
i. (MeO)NHMe.HCI
OH TBSQ MegAl, CgHg, reflux HO
L-Selectride % TBSCI A 75% -
p imidazole /L | S — O o
e C prr o C0E CHCL PR 07 - COREL I FUOBr THE 0°C o ‘v)kPh
155 96% 156 iii. TBAF, THF ()-Diospongin B (8)
0°C-r.t,, 68%
Scheme 31 Synthesis of (+)-diospongin B (8) by Gharpure’s approach
Table 1 Comparison of the Total Syntheses of Diospongin
Year Molecule Research Group Key steps No of steps Overall Yield (%)
Chiral Approaches
2005 (-)-Diospongin B Chandrasekhar  Keck asymmetric allylation, 7 20
intramolecular oxy-Michael reaction
2006 (-)-Diospongin A Cossy enantioselective allyltitanation, 6 29
cross-metathesis, intramolecular oxy-Michael reaction
2006 (-)-Diospongin A Jennings stereoselective reduction of the oxocarbenium cation 8 49
(-)-Diospongin B 8 27
2007 (-)-Diospongin A Uenishi CBS reduction, 12 13
(-)-Diospongin B Brown allylation, 13 1
Wacker oxidation
2007 (-)-Diospongin A Yadav Prins cyclization, 7 22

enzymatic kinetic resolution
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Year Molecule Research Group Key steps No of steps Overall Yield (%)
2007 (-)-Diospongin A Bates cross-metathesis, 8 34
intramolecular Michael addition
2008 (-)-Diospongin A Sabitha Keck allylation, 7 26
(-)-Diospongin B stereoselective reduction, intramolecular oxy-Michael reaction, 7 26
Wittig olefination
2008 (-)-Diospongin A Xian Linchpin coupling, 12 29
(-)-Diospongin B Luchi reduction, 10 10
Mitsunobu inversion
2009 (-)-Diospongin A Kumaraswamy  hetero-Diels-Alder reaction, 11 26
ent-Diospongin A asymmetric reduction 11 26
2010 (-)-Diospongin A Hashimoto hetero-Diels-Alder and Mukaiyama-Michael reaction 6 65
(-)-Diospongin B 5 73
2011 (-)-Diospongin A Meshram Mukaiyama aldol reaction, 8 43
intramolecular oxa-Michael reaction
2011 Diospongin A analogues  Piva Prins cyclization, 4 16
cross-metathesis, 6 8
Wacker oxidation
2011 ent-Diospongin A Reddy intramolecular oxa-Michael addition, 12 4
Mitsunobu reaction,
hydrogenation
2013 (-)-Diospongin A Taylor second-generation activation conditions for ether transfer 8 18
(-)-Diospongin B 8 12
2014 ent-Diospongin A Meruva Julia-Kocienski olefination, 8 7
epi-Diospongin B Weinreb amide formation, 8 4
Wacker oxidation
2015 ent-Diospogin A Fall copper-catalyzed Michael addition of phenyllitium 17 12
Diospongin A 17 5
2015 (-)-Diospongin B Hall Suzuki-Miyaura cross-coupling, 7 24
inverse-electron demand oxa[4+2] cycloaddition
2016 (-)-Diospongin B Clarke Maitland-Japp reaction 8 13
2020 (+)-Diospongin A Prasad vinylogous Mukaiyama aldol reaction, 6 20
5-epi-Diospongin A oxa-Michael addition 7 14
Racemic Approaches
2007 (+)-Diospongin A Piva Prins cyclization, 10 23
Mitsunobu reaction
2009 (£)-Diospongin A Hong cross-metathesis, 6 7.4
thermal Sy2' reaction
2010 (+)-Diospongin A More hetero-Diels-Alder reaction, 9 1
anchimeric assistance-controlled C-glycosylation
2011 (+)-Diospongin A Gracza intramolecular hydroxycarbonylation, 7 20
Stille coupling
2012 (+)-Diospongin A Ho desymmetric cyclization, 6 4
reduction of a meso-1,7-diarylheptanoid
2012 (+)-Diospongin A Tong oxa-Michael cyclization, 8 20
chemoselective reduction
2015 (+)-Diospongin B Gharpure intramolecular stereoselective cyclopropanation of vinylogous 12 2

carbonates with carbenes using copper catalyst

Conclusions and Outlook

In conclusion, we have compiled and presented all the

cient in terms of yields and number of steps to furnish chi-
ral diospongin derivatives. However, Piva’s approach

synthetic approaches to optically active and racemic dio-

spongins from 2006 to date. All the 26 synthetic approaches
have been described in chronological order. Having com-
pared the synthetic routes, we conclude that the routes of
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