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1. Introduction which canin situ undergo thexa-Michael addition yielding the

. o . . product diospongin A in a single step process (Scheme 1).
Substituted pyrans are ubiquitous structural ymiesent in a

number of natural products displaying various bitvéties. OH OH
Diospongin A and B (figure 1) are two simple 2,4,6-tri : ?ﬁf
substituted pyran natural products isolated froenrtizhomes of o f
Dioscorea spongiosa possessing potent anti-oesteoporotic Ph” N0 Ph — PH  OH Y

P .
activity.” Number of groups reported the total synthesis @ bo
diospongins majority relying omxa-Michael addition for the Diospongin A (ent-1) 5 O~ "Ph

construction of the pyran ring while Prins cylizaticand

intramolecular carbonylative arylation were alsolizeéd to “
construct the pyran framewof®" While this manuscript was
under preparation Mohapatra’s group reported thehggis of o] Me
diospongin A using a Mukaiyama reaction on a fumalzed &
lactol 2 benzaldehyde <—— H +
Ph” "OTBS O~ "Ph
4 5
OH OH Scheme 1. Retrosynthesis fat-diospongin A ént-1).
). i
© o )J\© © o 2. Results and Discussion
With this proposal, the synthetic sequence commndgth the
Diospongin A 1 Diospongin B 2 preparation of the required3-alkoxy aldehyde 4 from

benzaldehyde involving the Nagao acetate aldol i@#cand
subsequent conversion of the aldol prodiito the aldehydd.
Mukaiyama aldol reaction of the aldehydlevith silylenol ether

9 (obtained from the unsaturated ketds)eafforded the mono
silyloxy protected diollO in 71% yield, as an inseparable mixture
of diastereomers (77:23) and the dtin 14% yield (79:21) as
an inseparable diastereomeric mixture, ttg®s diol being the

. " major diastereomer in both cases. Formation ofntlagor 1,3-
aldehyde and subsequemxa-Michael addition was never trans diastereomer in the addition 6fto 4 can be rationalized

investigated. We reasoned that such stereocordraodlieect b o .

> ased on the model proposed by Evaios similar reactions.
addltlo_n of unsaturateq ketorgeto th_e aldehydd, leads to the Reaction of the alcohdlO with either camphorsulphonic acid or
formation of the 1,3-diol3 possessing the unsaturated ketone

Figure 1: Structure of)-diospongin Al and B2.

Interestingly, most of the syntheses either reled the oxa-
Michael addition reaction or on Wacker type oxidatio install
the required carbonyl group in the natural produttile a direct
addition of the vinylogous aryl methyl ketone toe tkchiral
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Wi
followed by oxa-Michael reactiofi*™ affording diospongin A
(ent-1) in 18% vyield and @pi-diospongin A ént-1a) in 66%
yield. Mitsunobu inversion oént-1a affordedent-diospongin A
(ent-1) in 67% yield (Scheme 2).

OH

S O
N I) TiClg, 'PI'2NEt »NJI\/LPh

"CH,Clp, 0 °C,05h
\/H/ i) PACHO, CH,Cl,
-78°C,0.5h

S O OH
%NJ\/\Ph

B

%U)

+

7 77% 7a 6%
OSiEt,
O OSiEt:
TESOTY N)J\/L _ DIBALH _ JJ\/L °
Pr,NEt, CH,Cl, T CHCl,
0°C, 0.5 h, 73% -78°C, 10 min 4
8 75%
OSiMe3
XX o) OH OSiEt, o OH OH
susea M AN :
BF5-OEt, CH,Cl, PN 7 Ph = P ™7 Ph
-78°C, 10 min 10 71% (dr 77 : 23) 314% (dr79:21)
major diastereomer is shown
OH OH
10 CSA.MeOH m + m
(dr77:23) 0°Ctlort, 1Th o ANy Ph Ph” 0O Ph
5-epi-diospongin A Diospongin A
(5-epi-ent-1a) 66% (ent1) 18%
3 TFA CHCl_ (5.epi-ent-12)69% +  (ent1)19%

(dr79:21) 0°Ctort,1h |

CSA = camphorsulphonic acid M/tsunoggof version

TFA = Trifluoroacetic acid

Scheme 2. Total synthesis of (+)-diospongineft{L).

Formation of the 2,8is-tetrahydropyransefit-la andent-1) can

be explained on the basis of the proposal of Fetveh’ and also
by the recent theoretical and experimental obsemnstof oxa-

Michael addition reactions on structurally similaubstrates
containing unsaturated thioesters (instead of urst#d ketones)
using trifluoroacetic acid reported by Clarke’s gpG"

In an effort to improve the diastereomeric ratiotioé product

I able 1. Reaction conditionstor vinylogous M ukalyama aldol
reaction of siloxy aldehyeds (4a-4c) with silyloxydienes (9a-
9c).2

Entry R R’ Time | (la:1)° la 1
yield® | yield®
1 -TMS | -TMS9 | 0.5h| 90:10 61% 3%
4a
2 -TBS | -TMS9 1lh 87:13 48% 6%
4b
3 -TES4 | -TMS9 | 2h 76:24 36% 8%
4 -TIPS | -TMS9 | 12h 64:36 27% 14%
4c
5 -TBS -TBS 2h 84:16 36% 6%
4b 9a
6 -TES 4 -TES 1h 76:24 40% 8%
9b
7 -TIPS -TIPS | 12h | 57:43 26% 13%
4c 9c

®Condition: reaction was performed at —78 °C for 1 mnd
then slowly warmed to room temperature and stirredoam
temperature for the time specified in table.

PRatio of the productéa:1 (was determined by crudél NMR
spectroscopyfisolated yield.

As evident from table-1, reaction of the trimethigisy aldehyde
4a with the trimethylsilyl enol ethe® afforded the productent-

la and ent-1 in 90:10 ratio and the major produett-la was
isolated in 61% yield. No improvement in the ratiovards the
formation of requirednt-diospongin ént-1) was observed when
the trimethylsilyl group i was replaced with other bulky silyl
groups such agert-butyldimethylsilyl or triethylsilyl groups
(entries 2-4). It is observed that the less buliethylsiloxy
aldehydeda offered better diastereoselectivity in the reacfior
the formation ofent-la. The reaction oB with TIPS protected
aldehyde4c afforded the product in 3:2 diastereomeric ratio,
while the reaction of the triisopropylsilyloxy aldgte 4c with
the triisopropylsilyloxy dienedc furnished the productent-la
andent-1 in 57:43ratio. These experimental observations (table
1) suggest that the steric bulk in fhsubstituent of the aldehyde
plays a crucial role in the outcome of the diasisedectivity of
the vinylogous Mukaiyama aldol reaction.

diospongins 1a andl) as well as to decrease the number of step§ Conclusions

in the synthesis, structurally diverse silyl entiezs9a-c were
treated with the siloxy aldehyde with varied silylbstitutions
(4a-c). The intermediate productf) and 3 were treated with
CSA in one pot to afford directly (+)-diospongin é(-1) and its
5-epimer ént-1a) (Scheme 3).

OR2
Ph
(9a-90)
O OR!
J\/'\ i) BF3+OEt,, CH,Cl,
H Ph -78 °C, 10 min
4a-4c i) CSA, Methanol

ent- 1a ent—1

Scheme 3. One pot vinylogous Mukaiyama aldol reafgityl
deprotectiorgxa Michael addition.

In conclusion, synthesis of (+)-diospongin Anttl) is
accomplished frong-siloxy aldehydeda involving a single pot
operation of vinylogous Mukaiyama aldol reaction,
silyldeprotection andxa-Michael addition reactions. The total
synthesis involves 5 linear steps, starting fronmercially
available benzaldehyde with 25% overall yield.

4, Experimental section

General Procedures. Column chromatography was performed
on silica gel, Acme grade 100-200 mesh. TLC platesewe
visualized either with UV, in an iodine chamber, or hwit
phosphomolybdic acid spray, unless noted otherwisgess
stated otherwise, all reagents were purchased frammeocial
sources and used without additional purification. FTkvas
freshly distilled over Na-benzophenone ketyl. Mgjtipoints
were uncorrected. Unless stated otherwise,NMR and C
NMR spectra were recorded on 400 MHz machine in G2€I
solvent with TMS as reference unless otherwise itditaUnless
stated otherwise, all the reactions were performedeutnert
atmosphere. All the specific rotations were deterohiae24 °C.



Pre
thioxothiazolidin-3-yl)-3-phenylpropan-1-one (/): 10 a pre-
cooled (-15 °C) solution @& (0.4 g, 2 mmol) in freshly distilled

dry CH,CI, (8 mL) was added diisopropylethylamine (0.45 mL,

2.6 mmol) under inert atmosphere. Ti@@.24 mL, 2.2 mmol)
was introduced into the reaction mixture and theiltiegy dark
brown solution was stirred for 30 min at —15 °C. Tieaction
mixture was cooled to —78 °C and a solution of laghehyde
(0.2 mL, 2.1 mmol) in CECI, (4 mL) was added dropwise and
was stirred at —78 °C. After completion of the react(~30
min), it was quenched by addition of saturated,GlHsolution
(10 mL). The reaction mixture was extracted with,CH (2 x 10
mL). The combined organic layers were washed witheb(irO
mL) and dried over anhydrous jD,. Evaporation of the
solvent followed by silica gel column chromatograpbfy the
resultant residue with petroleum ether/EtOAc (8:2) easent
furnished7 (0.47 g, 77%) as yellow colour oil arra (0.036 g,
6%) as yellow colour solidMajor diastereomer 7: [0]*)
+353.5 ¢ 1.1, CHC}), [lit® [a]*; +386.7 ¢ 1.0, CHCY)]; IR
(neat) 3419, 2921, 1694, 1514, 1161'¢iH NMR (400 MHz,
CDCL) 6 7.43-7.25 (m, 5H), 5.27 (dd,= 9.2, 2.8 Hz, 1H), 5.13
(t, J=7.2 Hz, 1H), 3.79 (dd] = 17.2, 2.4 Hz, 1H), 3.59 (dd,=
17.2, 9.2 Hz, 1H), 3.48 (dd,= 11.6, 8 Hz, 1H), 3.02 (d,= 11.6
Hz, 1H), 2.37 ¢ext, J = 6.8 Hz, 1H), 1.06 (dJ = 6.8 Hz, 3H),
0.99 (d,J = 7.2 Hz, 3H):*C NMR (100 MHz, CDCJ) 6 203.0,
172.6, 142.4, 128.5 (2C), 127.7, 125.8 (2C), 71®2, 46.8,
30.8, 30.7, 19.1, 17.8; HRMS for 14E;NO,S,+Na calcd
332.0755; found 332.0765.

Minor diastereomer 7a: (S)-3-hydroxy-1-((S)-4-isopropyl-2-
thioxothiazolidin-3-yl)-3-phenylpropan-1-one: M.P: 86-90 °C,
[lit.*> M.P: 88-95 °C]; §]*> +271.7 € 1.1, CHCY), [lit® [a]*}
+279.2 € 1.0, CHC})].; IR (KBr) 3423, 2962, 1689, 1493, 1159
cm™; 'H NMR (400 MHz, CDCJ) 6 7.45-7.20 (m, 5H), 5.21-5.11
(m, 2H), 3.83 (ddJ = 17.2, 9.6 Hz, 1H), 3.59 (dd,= 17.2, 3.2
Hz, 1H), 3.48 (ddJ = 11.6, 8.0 Hz, 1H), 3.02 (d,= 11.2 Hz,
1H), 2.36 (sext) = 6.8 Hz, 1H), 1.06 (d] = 6.8 Hz, 3H), 0.98
(d, J = 7.2 Hz, 3H);*C NMR (100 MHz, CDCJ) ¢ 203.0, 172.9,
142.4,128.5 (2C), 127.7, 125.9 (2C), 71.4, 7067 430.7, 30.6,
19.0, 17.7; HRMS for GH;dNO,S,+Na calcd 332.0755; found
332.0757.

Procedure A: Preparation of (R)-1-((S)-4-isopropyl-2-
thioxothiazolidin-3-yl)-3-phenyl-3-((triethylsilyl)oxy)propan-
1-one (8): To a pre-cooled (-20 °C) solution @f(0.35 g, 1.1
mmol) in CHCI, (10 mL) were added diisopropylamine (0.3 mL,
1.7 mmol) and triethylsilyltriflate (0.28 mL, 1.2 mol). The
reaction mixture was allowed to stir at —20 °C fdb 0. After
completion of the reaction (TLC) it was quenchedabdition of
water (10 mL) and the reaction mixture was extracteth
EtOAc (2 x 10 mL). The organic layer was washed witméori
(20 mL) dried over anhydrous B&0O, and the solvent was
evaporated under reduced pressure to give a cesittue, which
on purification by silica gel column chromatograpbgtroleum
ether/EtOAc (9:1) as eluent furnished the compo8r(@.35 g,
73%) as a yellow oil; ]*)s +280.9 ¢ 1.1, CHC}): IR (neat)
2959, 2854, 1697, 1252, 1151 ¢mH NMR (400 MHz, CDC))

5 7.38-7.21 (m, 5H), 5.31 (dd,= 8.8, 3.6 Hz, 1H), 5.02 (f =
6.8 Hz, 1H), 3.96 (ddj = 16.4, 8.8 Hz, 1H), 3.47 (dd,= 11.6,
8.0 Hz, 1H), 3.21 (dd] = 16.4, 3.6 Hz, 1H), 3.02 (d,= 11.6 Hz,
1H), 2.34 (sextet) = 13.6, 6.8 Hz, 1H), 1.02 (d,= 6.8 Hz, 3H),
0.94 (d,J = 7.2 Hz, 3H), 0.84 (&) = 8.0 Hz, 9H), 0.56-0.44 (m,
6H); °C NMR (100 MHz, CDCJ) 6 202.8, 171.2, 144.1, 128.2
(2C), 127.5, 126.1 (2C), 71.8, 71.7, 48.5, 30.983M09.1, 17.8,
6.7 (3C), 4.7 (3C). HRMS for fH3NO,SiS;+Na calcd
446.1620; found 446.1620.

3
-3-

((triethylsilyl)oxy)propanal (4): 10 a solution of the compound
8(0.28 g, 0.6 mmol) in CKCl, (7 mL) was added DIBAL-H (1.3
mL, 1.3 mmol) at-78 °C and was stirred at the same temperature
for 10 min. After the reaction was complete (TLC), as
quenched by addition of aqueous saturated soluifosodium
potassium tartrate (10 mL) and allowed to stir abnmo
temperature for 1 h. The reaction mixture was theraeted with
EtOAc (2 x 20 mL) and the combined organic extracts wa
washed with brine (10 mL), dried over anhydrous,S\.
Evaporation of the solvent gave the crude residuétwion
purification using silica gel column chromatograpipgtroleum
ether/EtOAc (9:1) as eluent afforded the aldehydé).13 g,
75%) as a colourless oilg]fy +74.4 € 2.2, CHCY); IR (neat)
2954, 2877, 2724, 1721, 1666 &mMH NMR (400 MHz, CDC))
8 9.78 (t,J = 2.4 Hz, 1H), 7.37-7.22 (m, 5H), 5.22 (dds 8.0,
4.4 Hz, 1H), 2.87 (ddd] = 15.6, 8.0, 2.4 Hz, 1H), 2.64 (ddb=
15.6, 4.0, 2.0 Hz, 1H), 0.86 @,= 8.0 Hz, 9H), 0.53 (ddd] =
15.2, 7.6, 2.0 Hz, 6H)**C NMR (100 MHz, CDGJ) 201.4,
143.8, 128.4 (2C), 127.6, 125.6 (2C), 70.5, 53.8, 8C), 4.7
(3C); HRMS for G:zH,.0.,Si+Na calcd 287.1443; found
287.1445.

Preparation of (R)-1-((S)-4-isopropyl-2-thioxothiazolidin-3-
yl)-3-phenyl-3-((trimethylsilyl)oxy)propan-1-one (8a): TMS-
ether8a was prepared from the alcohsl(0.09 g, 0.32 mmol)
with diisopropylethylamine (0.08 mL, 0.5 mmol) inegence of
trimethylsilyltriflate (0.06 mL, 0.36 mmol) usingé procedure A
described above in (0.09 g, 81%) as a yellow a]f'f, +350.7 ¢
1.0, CHCY); IR (neat) 2960, 2736, 1697, 1598, 1460 'crH
NMR (400 MHz, CDCJ) 6 7.39-7.21 (m, 5H), 5.32 (dd,= 9.2,
3.2 Hz, 1H), 5.04 (t) = 7.2 Hz, 1H), 3.86 (ddl = 16.4, 9.2 Hz,
1H), 3.49 (ddJ = 11.6, 8.0 Hz, 1H), 3.30 (dd,= 16.4, 3.2 Hz,
1H), 3.02 (dJ = 11.2 Hz, 1H), 2.35 (sexi,= 6.8 Hz, 1H), 1.03
(d, J = 6.8 Hz, 3H), 0.96 (dJ = 7.2 Hz, 3H), 0.02 (s, 9HJ’C
NMR (100 MHz, CDC}) ¢ 202.7, 171.1, 143.9, 128.3 (2C),
127.4, 126.0 (2C), 71.7 (2C), 48.4, 30.9, 30.81197.7, 0.1
(3C); HRMS for GgH,NO,SiS;+Na calcd 404.1150; found
404.1151.

Preparation of (R)-3-phenyl-3-((trimethylsilyl)oxy)propanal
4a: aldehyded4a was prepared from silyl ethea (0.09 g,
0.24mmol) in presence of DIBAL-H (0.5 mL, 0.49 mmo8§ing
the procedure B described above in (0.051 g, 9896) eolorless
oil. [0]*5 +88.4 € 0.45, CHC)); IR (neat) 2960, 2872, 2723,
1724, 1494 ci; 'H NMR (400 MHz, CDCJ) § 9.78 (t,J = 2.0
Hz, 1H), 7.37-7.24 (m, 5H), 5.22 (ddi~ 8.4, 4.0 Hz, 1H), 2.88
(ddd,J =16.0, 8.8, 2.8 Hz, 1H), 2.63 (ddil= 16.0, 4.0, 1.6 Hz,
1H), 0.04 (s, 9H)**C NMR (100 MHz, CDGJ) 6 201.3, 143.6,
128.5 (2C), 127.6, 125.6 (2C), 70.3, 53:8,01 (3C). HRMS for
C12H150,Si+Na calcd 245.0974; found 245.0977.

Preparation of (R)-3-((tert-butyldimethylsilyl)oxy)-1-((S)-4-
isopropyl-2-thioxothiazolidin-3-yl)-3-phenylpropan-1-one

(8b): TBS-ether8b was prepared from the alcohpl(0.106 g,
0.25 mmol) with diisopropylethylamine (0.08 mL, GrBnol) in
presence of tertiarybutyldimethylsilyltriflate (@0mL, 0.35
mmol) using the procedure A described above in @4,077%)
as a yellow oil. §]*s +318.3 ¢ 2.3, CHC)); IR (neat) 2927,
2855, 2314, 1695, 1582 ¢n'H NMR (400 MHz, CDC)) §
7.38-7.20 (m, 5H), 5.29 (dd,= 9.2, 3.6 Hz, 1H), 5.01 (§,= 6.8
Hz, 1H), 3.99 (dd) = 16.4, 9.2 Hz, 1H), 3.47 (dd,= 11.2, 8.0
Hz, 1H), 3.16 (ddJ = 16.4, 3.6 Hz, 1H), 3.02 (d,= 11.2 Hz,
1H), 2.35 (sext,) = 6.8 Hz, 1H), 1.03 (d] = 6.4 Hz, 3H), 0.95
(d,J = 7.2 Hz, 3H), 0.83 (s, 9H), 0.03 (s, 3HN.18 (s, 3H);*°C
NMR (100 MHz, CDCJ) 6 202.8, 171.3, 144.0, 128.2 (2C),
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18.0, 17.8,-4.7, -5.1; HRMS for G;Hy,NO,SiS;+Na calcd
446.1620; found 446.1625.

Preparation of (R)-3-((tert-butyldimethylsilyl)oxy)-3-
phenylpropanal (4b): aldehydetb was prepared from silyl ether
8b (0.106 g, 0.25 mmol) in presence of DIBAL-H (0.5%,m
0.53 mmol) using the procedure B described al#vim (0.06 g,
91%) as a colourless ofla]24p +70.9 € 1.0, CHCY), [lit. " [a]?*p
+70.0 € 1.0, CHC})]; IR (neat) 3432, 2856, 2718, 1727, 1644
cm’; '"H NMR (400 MHz, CDCJ) ¢ 9.79 (t,J = 2.4 Hz, 1H),
7.34-7.22 (m, 5H), 5.21 (dd,= 8.0, 4.0 Hz, 1H), 2.85 (ddd,=
15.6, 8.0, 2.4 Hz, 1H), 2.63 (dddi= 16.0, 4.0, 2.0 Hz, 1H), 0.87
(s, 9H), 0.04 (s, 3H)0.14 (s, 3H);*C NMR (100 MHz, CDG))

d 201.3, 143.7, 128.4 (2C), 127.6, 125.7 (2C), 7640, 25.7
(3C), 18.1, -4.7, -5.2; HRMS for GsH,40,Si+Na calcd
287.1443; found 287.1443

Preparation of (R)-1-((S)-4-isopropyl-2-thioxothiazolidin-3-
yl)-3-phenyl-3-((triisopropylsilyl)oxy)pr opan-1-one (8c):
TIPS-ether8c was prepared from the alcohdl (0.11 g, 0.37
mmol) with diisopropylethylamine (0.08 mL, 0.5 mmai)
presence of triisopropylsilyltriflate (0.11 mL, @.4nmol) using
the procedure A described above in (0.14 g, 819%)yadlow oil.
[a]*', +216.3 € 1.08, CHCY); IR (neat) 2937, 2864, 1696, 1587,
1461cm™; 'H NMR (400 MHz, CDCJ) 6 7.39 ( = 7.2 Hz, 2H),
7.30 (t,J = 7.2 Hz, 2H), 7.27-7.19 (m, 1H), 5.40 (dds 7.2, 5.2
Hz, 1H), 4.98 (tJ = 7.2 Hz, 1H), 4.03 (dd] = 16.8, 7.6 Hz,
1H), 3.46 — 3.35 (m, 2H), 2.98 (8= 11.2 Hz, 1H), 2.23 (sexl,
= 6.8 Hz, 1H), 1.05 — 0.85 (m, 27H}*C NMR (100 MHz,

Tetrahedron

was
used to next step without purification.

(2)-triethyl((1-phenylbuta-1,3-dien-1-yl)oxy)silane (9b): TES

enol ethe®b was synthesised from enob€0.05 g, 0.34 mmol)
with diisopropylethylamine (0.15 mL, 0.86 mmol), ithe

presence of TESOTf (0.1 mL, 0.38 mmol) following gedure C
above in 0.09 g (crude) and the crude product gas to next
step without purification.

(2)-triisopropyl((1-phenylbuta-1,3-dien-1-yl)oxy)silane (9c):
TIPS enol etheBc was synthesised from enoBg0.05 g, 0.34
mmol) with diisopropylethylamine (0.15 mL, 0.86 mmai the
presence of TIPSOTf (0.1 mL, 0.38 mmol) followingpeedure
C above 0.11 g (crude) and the crude product wes tesnext
step without purification.

Preparation of (7R,E)-5-hydroxy-1,7-diphenyl-7-
((triethylsilyl)oxy)hept-2-en-1-one (10): To a stirred solution of
the aldehydet (0.105 g, 0.4 mmol) and silyl enol eth&(0.104
g, 0.48 mmol) in CKCI, (8 mL) at —78 °C, was added BPEb
(0.04 mL, 0,4 mmol) dropwise. After stirring at =78 for 10
min. the reaction was quenched by the addition oém@t0 mL)
and extracted with C}€l, (2 x 5 mL). The combined organic
layers were washed with brine (5 mL) and dried ovéwydrous
N&SQ,. Silica gel column chromatography of the residue
obtained after evaporation of the solvent, usindrgbeum
ether:EtOAc (9:1) as eluent gave the diastereomayicatcohol
10 (0.166 g, 71%) as a colourless oil and @i¢lLO mg, 14%) as

CDCl) § 202.7, 171.3, 144.2, 128.1 (2C), 127.5, 126.5 (2C)a colourless oil. Alcoholl0: [0]*; +44.0 ¢ 0.55, CHCJ); IR

72.1,71.7, 48.9, 30.7, 30.6, 19.0, 18.0 (3C), 13®), 17.6, 12.4
(3C); HRMS for GH3NO,SiS+Na calcd 488.2089; found
488.2083.

Preparation of (R)-3-phenyl-3-
((triisopropylsilyl)oxy)propanal  (4c): Aldehyde 4c was
prepared from silyl ethe8c (0.14 g, 0.3 mmol) in presence of
DIBAL-H (0.6 mL, 0.6 mmol) using the procedure Bsdegbed
above in (0.08 g, 88%) as a colourless ai]*}, +59.8 € 2.35,
CHCL); IR (neat) 2957, 2893, 2721, 1722, 1500"¢cid NMR
(400 MHz, CDC}) 6 9.77 (t,J = 2.4 Hz, 1H), 7.40-7.21 (m 5 H),
5.31 (t,J = 6.0 Hz, 1H), 2.86 (ddd] = 15.6, 6.0, 2.4 Hz, 1H),
2.76 (ddd,J = 15.6, 5.6, 2.4 Hz, 1H), 1.11 — 0.93 (m, 21Hg
NMR (100 MHz, CDC}) ¢ 201.3, 143.9, 128.4 (2C), 127.6,
125.8 (2C), 71.0, 54.2, 17.9 (3C), 17.8 (3C), 13@); HRMS
for CigH300,Si+Na calcd 329.1913; found 329.1913.

Procedure C: (Z2)-trimethyl((1-phenylbuta-1,3-dien-1-
yl)oxy)silane (9): To a pre-cooled solution of (E)-1-phenylbut-2-
en-1-one5 (0.1 g, 0.67 mmol) in C}Cl, (7 mL), were added
diisopropylethylamine (0.3 mL, 1.7 mmol) followed by
trimethylsilyltriflate (0.14 mL, 0.75 mmol) dropwisat —10 °C.
The reaction mixture was stirred at —10 °C for 0.5Affter
completion of the reaction (TLC) it was quenchedabdition of
water (10 mL) and the mixture was extracted with petnm
ether (2 x 10 mL). The combined organic layer washedswith
brine (20 mL) dried over anhydrous J$8, and the solvent was
evaporated under reduced pressure to give a crrmbiugt 9,
which was used to next step without any purificati@ame
procedure was utilised to synthesize other silyll extbers with
the corresponding triflates.

(2)-tert-butyldimethyl((1-phenylbuta-1,3-dien-1-yl)oxy)silane
(9a): TBS enol etheBa was synthesised from enobeg(0.05g,
0.34 mmol) with diisopropylethylamine (0.15 mL, 0.8énol),
in the presence of TBSOTf (0.1 mL, 0.38 mmol) faliog

(neat) 3440, 2954, 2876, 1669, 158" 'H NMR (400 MHz,
CDCl,) 6 7.93-7.85 (m, 2H), 7.53 (§,= 7.6 Hz, 1H), 7.44 () =
7.6 Hz, 2H), 7.37-7.22 (m, 5H), 7.10-6.83 (m, 2H), 5da,J =
5.2, 4.0 Hz, 0.75H), 4.91 (dd= 10.0, 4.0 Hz, 0.22H), 4.10-4.03
(m, 0.24H), 4.02-3.95 (m, 0.75H), 3.90 (s, 0.21H),73(,
0.72H), 2.55-2.32 (m, 2H), 1.99-1.72 (m, 2H), 0.9610(&, 9H),
0.65-0.42 (m, 6H);"*C NMR (100 MHz, CDCJ)) 6 190.6,
190.4yn, 1457, 145.44,, 144.30, 1437w 137 Jmajrminy
132.6%n, 132.56,; 128.5 (2Chgjsminy 128.43 (2C), 128.41
(2C)map 128.3 (2C)in, 128.2 (2C)aj 128.Quin 127.9 127. i,
127205 125.9 (2C)in, 125.6 (2C)ap 76.4nin 73.3us 70.4uin,
67.0mp 45.-4majrminy 40.Quajeminy 6.7 (3Chay 6.5 (3Chin, 4.7
(3Chnin, 4.6 (3C)yj HRMS for GsH3404Si+Na calcd 433.2175;
found 433.2178.

Dial: (7R,E)-5,7-dihydroxy-1,7-diphenylhept-2-en-1-one (3):
[0]*, +10.5 € 0.25, CHCY); IR (neat) 3409, 2923, 1665, 1618
cm®; 'H NMR (400 MHz, CDC)) 6 7.96 (d,J = 7.2 Hz, 0.4H),
7.90 (d,J = 7.2 Hz, 1.6H), 7.55 (] = 7.2 Hz, 1H), 7.45 (&) =
7.6 Hz, 1H), 7.38-7.20 (m, 5.3H), 7.09-6.90 (m, 1.74)2-5.03
(m, 0.74H), 4.94 (ddJ = 10.0, 2.8 Hz, 0.2H), 4.22-3.98 (m, 1H),
3.46 (dd,J = 16.0, 5.6 Hz, 0.2 H), 3.25-3.13 (m, 1.2H), 2.582.4
(m, 1.6H), 2.25-2.17 (m, 0.4H), 1.96-1.90 (m, 1.6HE NMR
(100 MHz, CDC}) & 190.Tmajrminy 145 4majeminy 144 Zmajrminy
137-Qmaj+min)n 132-9maj+min), 128.59 (ZCI)Iaj+min, 128.57 (ZCr)\inv
12854 (2Chajrmiy 12850 (2C)ap 128.3majeminy 1275
1259, 125.6 (2C)n 1255 (2C)s 74.64n, 71.54;
67-7(maj+min)a 44-5maj+min)x 40-amaj+min); HRMS for Q9H2003+Na
calcd 319.1310; found 319.1315.

Preparation of 2-((2S,4S,6R)-4-hydroxy-6-phenyltetrahydro-
2H-pyran-2-yl)-1-phenylethan-1-one  (5-epi-diospongin A
(1a): A solution of the enonel0 (0.085 g, 0.21 mmol) in
methanol (4 mL) was cooled to 0 °C, and camphortsuije acid
(48 mg, 0.21 mmol) was added at the same temperafine
reaction mixture was then slowly warmed to room terfpee



and

solvent was removed under reduced pressure, totiges€rude
residue, which was diluted with saturated NaH&06lution and
extracted with EtOAc (2 x 20 mL) and the combined niga
extracts was washed with brine (10 mL), dried overydrdus
NaSQ,. Evaporation of the solvent gave the crude residoieh
on purification through silica gel column chromatmghy,
petroleum ether/EtOAc (7:3) as eluent gave thepisdiospongin
(ent-1a) (40 mg, 66%) as a colourless oit]{ +14.7 € 1.1,
CHCly), [lit.?® enantiomer [a]*, —-11.6 € 0.54, CHC)); IR
(neat) 3415, 2922, 2856, 1679, 1588'¢riH NMR (400 MHz,
CDCly) 6 7.98 (d,J = 7.6 Hz, 2H), 7.56 () = 7.2 Hz, 1H), 7.46
(t, J = 8.0 Hz, 2H), 7.35-7.21 (m, 5H), 4.44 (W= 10.4 Hz, 1H),
4.25-4.15 (m, 1H), 4.05sépt, J = 10.0 Hz 1H), 3.48 (ddl =
16.4, 6.0 Hz, 1H), 3.10 (dd,= 16.4, 6.4 Hz, 1H), 2.23 (dd,=
12.8, 3.6 Hz, 2H), 1.64 (brs, 1H), 1.54, § = 11.6 Hz, 1H), 1.37
(g, J = 11.6 Hz, 1H°C NMR (100 MHz, CDGCJ) 6 198.0, 141.7,
137.2, 133.2, 128.6 (2C), 128.3 (2C), 128.3 (2Q@); .18, 125.7
(2C), 77.5, 72.5, 68.2, 44.8, 42.5, 40.9; HRMS feyHz,04+Na
calcd 319.1310; found 319.1312.

(+)-diospongin A: 2-((2S4R,6R)-4-hydr oxy-6-
phenyltetrahydro-2H-pyran-2-yl)-1-phenylethan-1-one  (ent-
1): (11 mg, 18%) as a white solid. M.P: 97-101 °C,7lit\1.P:
98-100 °CJ; f]*, +20.8 € 1.6, CHC)), [lit.”*" [a]*;, +19.2 ¢
1.0, CHCY)]; IR (neat) 3411, 2917, 2884, 1678, 1593,1054cm
'"H NMR (400 MHz, CDCJ) ¢ 7.98 (d,J = 8.0 Hz, 2H), 7.56 (1)
= 7.2 Hz, 1H), 7.45 () = 7.6 Hz, 2H), 7.32-7.20 (m, 5H), 4.93
(d,J = 10.8 Hz, 1H), 4.70-4.60 (m, 1H), 4.39-4.33 (m, 1842
(dd,J = 16.0, 5.6 Hz, 1H), 3.07 (dd,= 16.0, 7.2 Hz, 1H), 1.96
(d, J = 13.2 Hz, 2H), 1.80-1.63 (m, 3H))C NMR (100 MHz,

5

le-
1).

Preparation of 5-epi-diospongin A and diospongin A from 4a:
Using a general procedure D aldehyie(25 mg, 0.11 mmol),
silyl enol ethe® (37 mg, 0.17 mmol), BFOEt, (0.012 mL, 0.1
mmol) and CSA (52 mg, 0.22 mmol) afforded 5-epidaggn A
(ent-1a) (20 mg, 61%) and diospongin Anf-1) (1 mg, 3%).

Preparation of 5-epi-diospongin A and diospongin A from 4b:
Using a general procedure D aldehyte (30 mg, 0.1 mmol),
silyl enol etherd (37 mg, 0.17 mmol), BFOEt, (0.012 mL, 0.1
mmol) and CSA (52 mg, 0.22 mmol) afforded 5-epidaggn A
(ent-1a) (16 mg, 48%) and diospongin Anf-1) (2 mg, 6%).

Preparation of 5-epi-diospongin A and diospongin A from 4:
Using a general procedure D aldehyd@0 mg, 0.1 mmol), silyl
enol ethe® (37 mg, 0.17 mmol), BFOEL, (0.012 mL, 0.1 mmol)
and CSA (52 mg, 0.22 mmol) afforded 5-epidiospondifent-
1a) (12 mg, 36%) and diospongin An¢-1) (3 mg, 6%).

Preparation of 5-epi-diospongin A and diospongin A from 4c:
Using a general procedure D aldehye(38 mg, 0.12 mmol),
silyl enol ether9 (34 mg, 0.15 mmol), BFOEt, (0.012 mL, 0.1
mmol) and CSA (58 mg, 0.22 mmol) afforded 5-epid@sgn A
(ent-1a) (10 mg, 27%) and diospongin An¢-1) (5 mg, 14%).

Preparation of 5-epi-diospongin A and diospongin A from 4b:

Using a general procedure D aldehytte(30 mg, 0.11 mmol),
silyl enol ethea (44 mg, 0.17 mmol), BFOEt (0.012 mL, 0.1
mmol) and CSA (53 mg, 0.22 mmol) afforded 5-epidasgn A

CDCly) 6 198.3, 142.7, 137.3, 133.1, 128.5 (2C), 128.3 (2C)(ent-1a) (12 mg, 36%) and diospongin Ant-1) (2 mg, 6%).

128.2 (2C), 127.2, 125.8 (2C), 73.8, 69.0, 64.71480.0, 38.5;
HRMS for GgH,05+Na caled 319.1310; found 319.1310.

Preparation of 2-((2S,4S,6R)-4-hydroxy-6-phenyltetrahydro-
2H-pyran-2-yl)-1-phenylethan-1-one (ent-1a) and diospongin

A (ent-1) from 3: To a pre-cooled (0 °C) solution of the dil
(0.016 g, 0.05 mmol) in dichloromethane (2 mL), TEA04 mL,
0.54 mmol) was added at the same temperature. Aiiténg at O
°C for 10 min. the reaction mixture was quenchedheyaddition
of saturated NaHCQ solution (10 mL) and extracted with

Preparation of 5-epi-diospongin A and diospongin A from 4:
Using a general procedure D aldehyti¢20 mg, 0.08 mmol),
silyl enol ether9b (35 mg, 0.11 mmol), BFOEt (0.008 mL,
0.08 mmol) and CSA (35 mg, 0.15 mmol) afforded 5-
epidiospongin Aént-1a) (10 mg, 40%) and diospongin Anf-1)

(2 mg, 8%).

Preparation of 5-epi-diospongin A and diospongin A from 4c:
Using a general procedure D aldehye(40 mg, 0.13 mmol),

CH,Cl, (2 x 5 mL). The combined organic layer was washedsilyl enol ethec (59 mg, 0.19 mmol), BFOEt, (0.01 mL, 0.13

with brine (5 mL) and dried over anhydrous,8@&,. Silica gel
column chromatography of the residue obtained aftaporation
of the solvent, using petroleum ether:EtOAc (7:3) edisent
furnished 4epi-diospongin ént-1a) (11 mg, 69%) as a colourless
oil and diospongin Adht-1) (3 mg, 19%) as a white solid. Both
physical and spectral properties (dnt-1a) and ént-1) were
identical with that obtained fromiO with the previous step
synthesis.

General procedure for Mukaiyama aldol reaction and
subsequent oxa Michael addition (procedure D): To a pre-
cooled solution of aldehyd@la-4c) (1 eq) and silyl enol ether
(9a-9c) (1.3 eg-1.5 eq) in C)LIl, (8 mL) at —-78 °C, was added
BF;-OEt (1 eq) dropwise. After stirring at =78 °C for 10 min
was added camphor sulphonicacid (2 eq in 1 mL of Me@®@H)
dropwise and then slowly warmed to at room temperastirefor

1 h to 12 h. After completion of the reaction (icatied by TLC),
the mixture was quenched with saturated NaklG@Qution (10
mL) and extracted with Ci€l, (2 x 5 mL). The combined
organic layers were washed with brine (5 mL) and doedr
anhydrous Nz50O,. Silica gel column chromatography of the
residue obtained after evaporation of the solvesihg petroleum
ether:EtOAc (7:3) as eluent gave (+)-diospongin A #&sds-

mmol) and CSA (61 mg, 0.26 mmol) afforded 5-epidaggn A
(ent-1a) (10 mg, 26%) and diospongin An¢-1) (5 mg, 13%).

Preparation of 2-((2S,4R,6R)-4-hydroxy-6-phenyltetrahydro-
2H-pyran-2-yl)-1-phenylethan-1-one (diospongin A, ent-1):
To a pre cooled (0 °C) solution of triphenylphosghi{138 mg,
0.53 mmol), DIAD (0.1 mL, 0.53 mmol) in toluene (4 nuas
added a solution @nt-1a (52 mg, 0.18 mmol) in toluene (2 mL)
was added and stirred for 10 min at the same tenypera-
Nitrobenzoic acid (88 mg, 0.53 mmol) was added atdncthe
reaction mixture and it was stirred at room tempgeafor 1 h.
After completion of the reaction (monitored by TL@pst of the
solvent was evaporated under vacuum and the redioue
obtained was purified by silica gel column chromaapépy using
petroleum ether: EtOAc (9:1) as eluent furnish theesponding
p-Nitro benzoate (80 mg) as colourless oil, which peasceeded
to next step without further purification.

To a stirred solution of thp-Nitrobenzoate (obtained above) in
ethanol was added,RO; (74 mg, 0.53 mmol) and was stirred
for 2 h at room temperature. After completion of tileaction
(monitored by TLC) the solvent was evaporated offidar
vacuum and the residue thus obtained was dilutdd watter (10
mL) and extracted with EtOAc (2 x 10 mL). The comkbine
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anhydrous Ng5Q,. Evaporation of solvent gave the crude residue

which was purified by silica gel column chromatognrapltsing

petroleum ether: EtOAc (6:4) as eluent furnished-{) (35 mg,

67%) as a white solid.
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Highlights

e Short one-pot reaction conditions for the synthesis of diospongin A

¢ Involves the vinylogous Mukaiyama Aldol reaction, Silyl deprotection and Oxa-Michael
reaction in one-pot.

*  25% overall yield from benzaldehyde
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