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An efficient stereodivergent total synthesis ofi-#izheimer agentRR)-(-) and §)-(+)-arundic
acid has been achieved from both chiral and noacimraterials. This strategy features
efficient approach to separable diastereomeric cigal 4-pentenol intermediatesmploying
proline catalysed asymmetricaminooxylation and [3,3]igmatropic Claisen rearrangement
the highlights of present synthesis.

2009 Elsevier Ltd. All rights reserved

1. Introduction

other neurodegenerative diseases including Alzh&niisease,
amyotrophic lateral sclerosis (Lou Gehrig's diseasajd

Alzheimer's disease (AD) is chronic neurodegenerativesgryinson's disease are recently compl&t&dArundic acid

process, which causes a progressive dysfunction eoiftrad
nervous system. It affects parts of brain charasdrby control
of thought, memory and language. It reduces appeiit the
ability to recognize and also associated with desdgtion, mood
swings, loss of motivation and behavioral issueschvibecomes
major concern for human healtilthough, a great efforts has
been devoted to study of its origin, fight and rmion, only
palliative treatments have been developed so faew F
medications are currently used to treat the cogniproblems of
AD, which includes use of acetylcholinsterase inhilsit@acrine,

clinically identified as useful drug which attenuateetinal
ganglion cell death by increasing glutamate/asgattansporter
expressior”

The interesting biological activities oR)-(-)-arundic acid
prompted many synthetic efforts, which resulted Bvesal
racemic and asymmetric total syntheses. The stestegsed for
syntheses relied on recemates resolution,asymmetric
alkylation,6 use of chiral auxiliaries, photochemical
diastereoselective deconjugatibnrotylation using metdl[3,3]

rivastigmine, galanthamine donepezil) and NMDA recepto Sigmatropic Johnson—Claisen rearrangefiemtd recently used
antagonist (memantirfebut unfortunately in most of the cases Pd/Cu catalyzed cross-coupling reactibrlthough, a range of
benefit from their use is very smalResearch into fighting this different approaches has been developed, a cosyighesis of
ever-growing disease is towards development of nevapestic ~ arundic acid from commercially available materiathwbetter
drugs and synthesis of analogues of this class. overall yield remains a worthy objective.
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Figure. 1 Arundic acids
) o ) . Figure. 2 General scheme for Wittig olefination-Claisen
(R)-(-)-arundic acid Fig. 1) was discovered as a novel emerging rearrangement protocol
compound as neuroprotective agent as well amigégssary for
the treatment of spinal cord injury (SCI) in comdtion with
other drugs?® The phase Il clinical trials of arundic acid ftvet
treatment of acute ischemic stroke and clinicalettgsment in

As part of our on-going research programs on thal tot
synthesis of bioactive natural products and hetetes*** we

were encouraged to pursue the total synthesis oh bot
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enantiomers of arundic acid. Herein, we describerise and ' cyclohexedene protection ob-mannitol and C-C bond
scalable stereodivergent synthesis of both enaeti®mf arundic  scissoring using silica supported Nal@see experimental
acid by employing proline catalysed asymmetria- section).
aminooxylation and Wittig olefination-Claisen remrgement

protocol as key step&ig. 2).

i) D-proline (25 mol %),

. . PhNO,CH3CN, -20 °C, OH i (¢]
Our retrosynthetic strategy towards thetsgsis of R)-(-)-  eo_~_,, _ thenWeor NagH, _ 1o ) DI Teh WSOz SN
arundic acid andg)-(+)-arundic acid is outlined in Scheme 1. i) CuSO4 (30 mol ), Opn 1 Ha, PO, MeOH u
The carboxylic acidsl and ent-1 could be accessible via : 6% (over 2 steps); 3 91% (over 2 steps) 4
hydrogenation of alkenes following oxidative cleawanf diol. ) DMSO (3.0 equiv.), i) cyclohexanone,
COCl), (1.5 equiv.) et oH OoH
While alkenes1l and 9 would be the product of a Wittig  Geciscin | P oA A,
olefination reaction on aldehyde, which in turns agined to then EtN @5 equiv), | Oy i silica supported OH OH
- - e - - - -78°C,0.5h, NalOy4 (1:4), DCM, D-Mannitol
derive by performing Wittig olefination-Claisen reengement o Chroatograptic . 2h
protocol on aldehyd&. Intermediate R)-2,3-O-cyclohexylidene purification

D-glyceraldehyde5 could be obtained either by performing
proline catalysed asymmetria-aminooxylation of nonchiral Scheme 2Synthesis of Wittig precursor glyceraldehysle

aldehyde2 or from D-mannitol>*
Wittig olefination of crude RK)-2,3-O-cyclohexylidene D-
glyceraldehyde5 with allyoxy methylene triphenyl phosphine

dC\N )/\ using t-BuOK as base provided the allyl vinyl eth@ras an
G100C HoOCT inseparable mixture df/Z isomers in 1:1.96 ratio. The thermal
(S)-(+)-arundic acid ent-1 (R)-(-)-arundic acid 1 and microwave induced [3,3] sigmatropic Claisenregagement
reaction of allyl vinyl etheb was investigated in detail to obtain
%\ gjgg%,tfgtsgaffggedu %L better diastereoselectivity and yield (Scheme 3).
(9]

O, _ O\)\/\/ /\
“CIPhg*P<_ O o o o
QN Wittig \J‘H\/\ +-BuOK, dry THF, O, NaBHj, aq.MeOH, O, O,
,,,,,,,,, olefination === "> t,2h, Xy tablet o} 45min, 0 °C -
- e wes-J Rl B _fomnotc )Y
( o ‘ OH OH
CHO

85% starting from 4)

(83% starting from
protected p-Maniitol) Entry-1 (used for ent-(S)(+)1 8a43%  8b 46%
o 0 6 (E72;1:1.96) 7 EntryS (used for (R4 8a19%  8bTT%
0 OM
\ < Scheme Synthesis of alcohoBa and8b

OH “OH
8a 8b
Claisen rearrangement Table 1. Diastereoselective Claisen rearrangement 6
;\o — -
o Entry Conditions drof7 | Yield %°8a+8b
Wittig \),@ 6
olefination -
1 neat, 180 °C, 10 min 1:1.05 89% (43+46)
ﬂ 2 neat, mw, 150 °C, 10 min 1:1.40 91% (36+55)
3 xylene, 140-140 °C, 8 h 1:2.27 94% (29+65)
Proline catalyzed 4 | xylene, mw, 120 °C, 25 mif  1:1.65 92% (35+57)
CHO a-aminooxylation 0 !
Bno” N o\ == D-Mannitol 5 | toluene 110-115 °C, 18 h 1:3.05 94 % (22+72)
followed by reduction CHO
5 6 benzene, 80-85C, 24 h 1:4.16 96% (19+77)
Scheme 1Retrosynthesis oR)-(-) and §-(+)-arundic acid 7 | benzene/mw, 85°C,1h 1:3.51 92% (20+72)
8 neat/mw, 80-85C, 48 h No reaction
2. Result and discussion 9 CH,Cl,, 40-45 °C, 48 h No reaction
10 | CH,CICH,CI, 2 equiv., MADS rt, 48 h No reaction

Scheme 2 summarizes synthetic sequence for the
enantioselective synthesis dR){5 from chiral and nonchiral °dr ratio of the7 was determined biH NMR.
materials. Our synthesis commenced with aminooxylaid byfiteldslo_f proglflct arcej Leferrgzd ttp isolated yielflaloohol8a and8b obtained
aldehyde2™ using nitroso benzene as oxygen source and D2'e' claisen toflowed by reduction.
proline as a catalyst furnished crugaminooxy aldehyde, which MAD = methyl aluminium bis(2.6-diert-butyl-4-methylphenolate).
on subsequent reduction with NaBprovided crude aminooxy
alcohol. Treatment of the crude aminooxy alcohohv@® mol %
CuSQ.5H,0 in methanol furnishedRj-3-(benzyloxy) propane-
1,2-diol 3 in 66% vyield over two steps with 95%e.'* The
absolute and relative configuration of di®lis based on L/D-
proline used in the reaction and analogous to thsseported in
our earlier studie¥” Later on, cyclohexedene protection of the
diol 3 followed by deprotetion of benzyl ether over,(Hd/C,
MeOH) afforded §)-(1,4-dioxaspiro [4.5] decan-2-yl) methanol
4 in 91% vyield over two steps. Oxidation of alcoRblunder
Swern oxidation condition afforded crude R){,3-O-
cyclohexylidene  D-glyceraldehyde 5. R)-2,30-
cyclohexylidened-glyceraldehyde 5 also obtained via

The allyl vinyl ethel6 on heating at 180 °C provided aldehyde
7 as inseparable mixture of diastereomers in 1:1afi6, which
on subsequent reduction provided chromatograplisaibarable
diastereomeric alcohoBa and8b in 43% and 46%, respectively
(Table 1, entryl). The absolute configuration ofvretereogenic
centres of8a and 8b were analogous with earlier studies as
reported by our group. The same transformation could also be
induced through microwave irradiation in a much &rotime,
with improved diastereoselectivity fd8a and 8b (Table 1;
entries 2, 4 and 7). The diastereoselectivity inaig&n
rearrangement gradually increased with lower boilsodvents
(entries 3-6). When reaction performed in benzetdghyde?



obtained as diastereomeric mixture in 1:4.16 ratjch on
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The synthesis ofg)-(+)-arundicent-1 is outlined in scheme 5.

reduction providedb as major diastereomer exclusively in 77% Synthetic commenced with the preparation of alc@®lsing
and 8a in 19% vyield, respectively. The neat and microwaveconditions in entry 1 (Table 1).

induced Claisen rearrangement reaction at 80-8&s’@ell as in

CH,CI, at 40-45 °C was failed to delivered desired product
(Table 1; entries 8 and 9). The Lewis acid catalyseol

rearrangement also attempted, but to our disappeint we
could not get desired results.

The probable explanation for increase in diasteslecsivity
of Claisen rearrangement is provided in figure 8n€ider the s-
cis chair like transition states of allyl vinyl eth6, transition
states | and Il would be derived frof1(2S2) and 6-(2SE),
respectively. The transition state Il is more stadohd favourable
as compared to transition state I, as it encouniss steric
hindrance due to minimum number of bonding intéoast The
diastereoselective Claisen rearrangement in benzénewer
temperature might be proceeding through kineticédlyoured
transition state Il, which delivers aldehyd#h as a major
diastereomer, shown in figure 2. The increase istdiaomeric
excess in benzene is might be attributed to agbastabilization
of dipolar transition state of Claisen rearrangenérallyl vinyl
ether in the benzene at 80-85C.
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Figure 3 Probable mechanistiexplanation for observed
diastereoselectivity in Claisen rearrangement

With stereo chemically assigned alcoh®sand8b in hand,
we proceeded for completion of the synthesis of ahé
Alzheimer therapeutic agenR):(-)-arundic acidl and ent-
1. The synthesis of R)-(-)-arundic acidl is shown in
Scheme 4. Accordingly, the synthetic sequence cametk
with the synthesis of alcoh8b using conditions in Table 1;
entry 6. Further, oxidation of alcohdb under swern
oxidation condition gave aldehyde, which withoutyan
further chromatographic purification subjected foext
reaction. Wittig olefination of crude aldehyde wipentyl-
triphenyl-phosphonium bromide salt at -15 °C usiwguLi
as base gave dialkereas an inseparable mixture BfZ
isomers in 86% yield over two steps. FrithNMR spectra
of 9, ratio of theE/Z isomers found to be 1:1.10.

i) DMSO, (COCl),, ﬁ
CH,Clp, -78°C, 1h, Q
, EaN.=78°C.05h, O N _~_>  HaPdC, MeOH, 6hthen
= R S
: Conc. HCI,MeOH, 1t, 6h o =

€] €] B
ii) CH3(CH,),-PPhg]Br, X
n-BuLi, THF, Ny, -15°C, B then NH,OH, 90%; 10
3, 86% (over 2 steps)

1-Me-AZADO (10 mol %)
NaOCI (10 mol %),
NaCIO;
ACN, buffer pH 6.8,
, 3h, 92%

OH
(RI-()-1

Scheme 4Synthesis of§)-(-)-arundic acidl

The palladium catalysed hydrogenation ®ffollowed by acid
catalyzed deketalization of the spiroketal providazl 10 in 90%
yield. The organocatalytic one-pot oxidative cleg&a of
terminal 1,2-diol10 by combination of 1-Me-AZADO dat.),
NaOCI (at.), and NaClQ under mild conditions gave one-
carbon-unit-shorterR)-(-)-arundic acidl in 92% vyield.[a]%’= -
5.8 £ =2.00, EtOH); lif[a]%’ = -6.1 €=2.00, EtOH).

i) DMSO, (COCl),, % 1-Me-AZADO (10 mol %)
CH,Cl, ~78 °C, 1 h, Q

J o P, MeOM 61 oH NaoCl (10 mol %),

oy , PdiC, MeOH,

EtN, -78 gos h, =z 2 - _ NaCl0y o (s)()-entd
N — o Conc. HCI, MeOH, 1t, 6h o ACN, buffer pH 6.8,
But, THE Ny, devC, " then NH,OH, 90%; rt, 3h, 92%
3h, 87% (over 2 steps) 12

Scheme 5Synthesis of §)-(+)-arundic acidnt-1

Swern oxidation of alcohoBa gave aldehyde, which on
subsequent Wittig olefination with pentyl-triphenyl
phosphonium bromide salt gave dialkedé as 1:1.65
mixtures ofE/Z isomers in 87% vyield over two steps. The
Palladium catalysed hydrogenation of dialkedd in
methanol and subsequent acid catalyzed deketalizati
provided diol12 in 90% vyield. The treatment of didl2
with 1-Me-AZADO (cat.), NaOClI¢at.), and NaCl@ caused
smooth one-pot oxidative cleavage provided ondarar
unit shorter §-(+)-arundic acident-1 in 92% vyield, [a]3°=
+6.3 (€ =0.50, EtOH); lit°[a]¥°= +6.6 € =0.54, EtOH).

After confirming possibility of chromatography segton of
diastereomeric diolsl0 and 12, we developed a more facile
enantioselective route to anti-Alzheimer agehtin which
reduction/oxidation sequence is avoided (SchemeF6}. the
synthesis ofl, the Claisen rearrangement of allyl vinyl etler
was carried out in benzene to give aldehydafter evaporation
of solvent7 was subsequently subjected to Wittig olefination
with pentyl-triphenyl-phosphonium bromide salt galralkene9

as an inseparable mixture of diastereomers in 9% gver two

steps.
:/ o *o
I O, = Ha, PAIC, MeOH, 6h
2 T T .
M X Conc. HCI, MeOH, rt, 6 h
CHO then NH4OH
7 (+)9
oH oH

10 46% by condition-1 44% by condition-1
73% by condition-6 18% by condition-6

condition-1
for synthesis

@ €]
CH3(CHa)4-PPh3]Br,
of ent-1

n-Buli, THF, N, -15 °C,3h
—_— T
88% by condition-1
92% by condition-6

(E/2)-6
condition-6
for synthesis of 1

1-Me-AZADO (10 mol %)
NaOCI (10 mol %), NaCIO,

(S)-(+)-arundic acid

ACN, buffer pH 6.8, rt, 3h, 92% ent-1

1-Me-AZADO (10 mol %)
NaOCI (10 mol %), NaCIO,
ACN, buffer pH 6.8, tt, 3h, 92%

(R)-(-)-arundic acid 1
Scheme 6Synthesis ofR)-(-)-arundic acidl

Further, palladium catalysed hydrogenation followsgd acid
catalyzed deketalization afforded separable diesteeric diols
10 and 12 in 73% and 18% yields, respectively. The
organocatalytic one-pot oxidative cleavdgéterminal 1,2-diols
in 10 afforded R)-(-)-1in 92% yield.

The synthesis ofg)-(+)-arundicent-1 commenced from aldehyde
7 obtained by employing condition in entry-1(Tablg The
olefination of crude aldehyde7 with pentyl-triphenyl-
phosphonium bromide salt at -15 °C usm@ulLi as base gave
dialkene ()9 as an inseparable mixture BfZ isomers in 88%
yield. Later on, palladium catalysed hydrogenatioifowed by
acid catalyzed deketalization provided separabdestdieomeric
diols 10 and12 in 46% and 44% yields, respectively. Oxidative
cleavagd’ of terminal 1,2-diol ofL2 under previously employed
condition afforded$)-(+)-ent-1 in 92% yield.

3. Conclusion



In conclusion,
Alzheimer agentK)-(-)-arundicl as well as 9-(-)-arundic

4

short and efficient synthesis of i-ant stirred for 10 h. The reaction mixture was quenchéth

saturated aqueous NEI and extracted with ethyl acetate (3 x 50

acid ent-1 has been developed using proline catalysednlL), washed with brine, dried over anhydrous,®3, and

asymmetric a-aminooxylation and Wittig olefination-

Claisen rearrangement protocol.
highlighted features of the synthesis strategy, stiprter
route for the synthesis of thBR)¢(-)-arundicl (4 steps, 51%)
and ©-(+)-arundic ent-1 (4 steps, 28%) from chirab-
glyceraldehydés starting material (ii) synthesis of thR){(-
)-arundicl in 32% and $)-(+)-arundicent-1 in 17% overall
yield from nonchiral starting aldehy@in 9 steps. (iii) The
key intermediate 4-pentenal obtained through pariiog
[3,3] Claisen rearrangement can be useful for fhehesis
of other related analogues by changing the Wittiggent.
Further study towards the improvement of
diastereoselectivity in the [3,3] sigmatropic Céais
rearrangement of allyl vinyl eth& and application of this
strategy for the synthesis of bioactive moleculesumder
progress

4. Experimental section
General Experimental Details

All reagents were obtained from commercial supplientess
otherwise stated and solvents were used as receiviéd the
following exceptions. Tetrahydrofuran (THF) was dlistl from
benzophenone and sodium immediately prior to udemaisture
sensitive reactions were carried out under a nitraenosphere
with dry solvents under anhydrous conditions, unigberwise
noted. Reactions were magnetically stirred and rocetdt by
analytical thin-layer chromatography (TLC) E. Mer@R5 mm

concentrated under reduced pressure. The residupusified by

Following are somsilica gel chromatography using ethyl acetate/hexéhb5) to

give diol3 (0.727 g, 66%) as a viscous liquid.

[Spectral data a8]: R; = 0.3 (EtOAc/ hexane, 1:5);

[a]3°= +5.56 € 1.0, CHCL);

IR: 3417, 2920, 2880, 1085 €m

'H NMR (400 MHz, CDCJ) § 7.47 — 7.23 (5H, m), 4.55 (2H, s),
3.93 - 3.86 (1H, m), 3.68 (1H, ddi~ 3.6, 11.2 Hz,), 3.63 — 3.49
(3H, m), 3.25 (2H, s);

¥C NMR (101 MHz, CDCJ)  137.7, 128.5, 127.9, 127.8, 73.5,
71.6, 70.8, 64.0;

theHRMS (ESNH[M+Na]": found 205.0837. GH..NaO; requires

205.0841.

4.2 (9-(1,4 Dioxaspiro [ 4.5] decan-2-yl)methanol (4)

[Spectral data of]: R; = 0.5 (EtOAc/ hexane, 1:4);

[a]3°=-4.2 £ 1.0, CHC);

IR (neat): 3520, 1450, 1090, 937 ¢m

'H NMR (400 MHz, CDCJ) & 4.29 — 4.15 (1H, m), 4.15 — 3.90
(2H, m), 3.83 — 3.64 (2H, m), 3.67 — 3.51 (1H, m, OH§51-
1.37 (10H, m);

®C NMR (101 MHz, CDG) & 109.9, 75.7, 65.3, 63.1, 34.7,
34.7,25.1, 24.0, 23.7;

HRMS (ESN[M+ Na]": found 199.0995. GH,NaQ; requires
199.0997.

4.3(9)-2-(2-(Allyloxy)-vinyl)-1,4-dioxospir o 4.5] -decane(6)
Oxalyl chloride (2.24 mL, 0.0261 mol, 1.5 equiv.) waadually
added to a solution of DMSO (3.71 mL, 0.052 mol, 8ieg in

silica gel 60 B, TLC plates were visualized by exposure to CH.Cl, (50 mL) at -78 °C over a period of 5 min. After stig

ultraviolet light (UV, 254 nm) and/or exposure to agueous
solution of potassium permanganate (KMj@n acidic solution
of anisaldehyde or a solution of PMA followed by lhegtwith a
heat gun. Chromatography was performed using sjiéa(100-
200 mesh) with solvents distilled prior to use. Yéelefer to
chromatographically and spectroscopicalti (and **C NMR)

pure material. All spectra were recorded at 25 4€.NMR

for 10 min, a solution of alcohdl (3 g, 0.0174 mol) in C§ClI, (5

mL) was added, and the mixture was stirred for 1HenTNE}

(20.9 mL, 0.078 mol, 4.5 equiv.) was added, andhiheure was
stirred for 30 min. The mixture was gradually warntedoom
temperature, and then it was diluted with CH (20 mL). Water
(20 mL) was added, and then the phases were sepasatéthe
aqueous phase was extracted with,Chl (3 x 25 mL). The

spectra were recorded on 500 MHz and 400 MHz spectessne Combined organic extracts were washed with water aive,br
and™C NMR spectra were obtained at 500 NMR (126 MHz) anddried (NaSQ,), and concentrated to give the crude ketone (0.187

400 (101 MHz) spectrometer using CDRClas solvent.
Tetramethylsilane (0.00 ppm) served as an intestzaidard iftH
NMR and CDC} (77.0 ppm) in**C NMR. Chemical shifts were
recorded in ppm, and coupling constany (ere in Hz.
HRESIMS were taken on Bruker Impact HD quadrupole jgos
trap at CIF Savitribai Phule Pune University. Iné@rspectra
were recorded on a Nicolet Nexus 470 FT-IR spectramétes
following abbreviations are used for the multiplieit s: singlet,
d: doublet, t: triplet, m: multiplet, bs: broad glet dd: doublet of

g), which was used directly in the next reaction.alTseuspension
of crude 2,39-Cyclohexylidenep-glyceraldehydé and allyloxy
methylene triphenyl-phosphonium chloride (9.61 §261 mol,
1.5 equiv) in dry THF (150 mL), potassiunbutoxide (2.92 g,
0.0261 mol, 1.5 equiv) was added portion wise overpiriod of
10 min. The reaction was stirred for 1 h at the stemgperature.
After completion of reaction (TLC check), THF was mmad
under reduced pressure. Residue was suspended in avate
extracted with ethyl acetate (3 x 50 mL). The coretimrganic

doublet for proton spectr@ptical rotations were measured on alayers were washed with water, dried over anhydroyS®zand

digital polarimeter
Experimental section:

4.1 (R)-3-(Benzyloxy) propane-1,2-diol (3)

To a stirred solution of aldehyd2 (2 g, 12.2 mmol) and
nitrosobenzene (1 g, 9.34 mmol) in &HN (25 mL) was added
D-proline (0.270 g, 2.43 mmol) at -20 °C. The reactmixture
was stirred for 24 h at the same temperature, tlilated with
MeOH (15 mL) and to this solution was added NaBHO6 g,
28 mmol). After 30 min, the reaction mixture was &alfg
guenched with saturated aqueous NakGQitracted with ethyl

concentrated under reduced pressure. The crudeugiradas
purified by silica gel column chromatography usipgtroleum
ether as eluent, gave pure allyl vinyl etias colourless thick
liquid. The product in hand was the inseparable unixbfE- and
Z- isomers (1:1.96) 3.32 g (85%) over two steps.

From protected b-mannitol- To a magnetically stirred solution
of cyclohexedene protected diol (3 g, 0.0087 mnICH,Cl,
(20 mL) silica supported Nal(d4:1) was added and stirring was
continued for 2 h at rt. The mixture was then fétbithrough a
cotton plug, and the residue was washed with@H3 x 25
mL). The filtrate was concentrated to give the cratteehydeb

acetate (3 x 50 mL), dried over 60, and concentrated under Which without any purification subjected to Wittige€ihation
reduced pressure. The CuSEMH,0 (0.7 g, 2.8 mmol) was added With allyoxy methylene triphenyl phosphine using sam

at 0 °C to the solution of crude product in MeOH (20) and

procedure above to give allyl-vinyl eth&(1.63 g, 83%) yield.



#Preparation of silica gel supported NalQ (4:1): 1 g, 4.69
mmol) of sodium periodate are suspended in 2 mlwafer.
Under magnetic stirring the mixture is heated to&70f a 50 mL
flask. To this slightly cloudy solution is addedicsi (4 g 230—
400 mesh) in one go (at 70 °C). The flask is rerdofvem the
heating bath fitted with a stopper and swirled umtilfine
homogenous powder has developed.

[Spectral data of]: R; = 0.6 (EtOAc/ hexane, 1:4);

IR (neat): 2940, 1690, 1105, 930 ¢m

'"H NMR (500 MHz, CDCJ) & 6.19 (1H, d,J = 12.9 Hz,E-
isomer), 5.97 (1H, dJ = 7.0 Hz,Z-isomer), 5.95 — 5.85 (1H, m),
5.31 (1H, m), 5.27 — 5.19 (2H, m), 4.45 — 4.39 (1H, 4099 (1H,
d,J = 5.4 Hz), 4.23 — 4.17 (2H, m), 4.05 (1H, dds 8.0, 6.6
Hz), 3.96 (1H, dd)J = 8.1, 6.5 Hz), 3.70 (1H, f = 8.0 Hz,E-
isomer), 3.63 (1H, tJ = 8.0 Hz,Z-isomer), 1.70 — 1.62 (8H, m),
1.41 -1.32 (2H, m);

*C NMR (126 MHz, CDGJ) § 144.1, 143.2, 133.8, 133.7, 117.5,
117.5, 110.9, 109.2, 101.8, 101.5, 72.8, 72.7,,78740, 66.5,
35.9, 35.1, 30.3, 25.3, 23.9;

HRMS (ESIH[M+ Na]": found 247.1312. GH,NaO, requires
247.1310.

4.4 (9)/(R)-2-(1,4-Dioxaspiro[ 4.5] -decan-2-yl)-pent-4-enal (7)

The isomeric mixture of allyl vinyl ethé (0.5g, 2.46 mmol) was
dissolved in benzene (5 mL) (Entry 6) and the swmutwvas
refluxed for 24 h. After completion of the reactiffLC check),
the benzene was removed under reduced pressurfotd péire
4-pentenal as colourless oil. The product in hans thra mixture
of two inseparable diastereoisomers in a ratio 4f10.

[Spectral data of]: R; = 0.7 (EtOAc/ hexane, 1:4);

IR (neat): 2930, 1725, 1650, 1101, 915'tm

'H NMR (400 MHz, CDC)) 8 9.79 (1H, d,J = 2.7 Hz, minor
isomer), 9.77 (1H, dJ) = 1.3 Hz, major isomer), 5.89 — 5.71 (m,
1H), 5.13 (2H, tdtJ = 17.5, 6.3, 1.4 Hz), 4.35 — 4.29 (1H, m),
(1H, m), 4.17 — 4.11 (1H, m), 3.75 (1H, dH,= 7.9, 6.2 Hz,
minor isomer), 3.67 (1H, dd,= 8.5, 6.6 Hz, major isomer), 2.72
— 2.64 (1H, m), 2.63 — 2.44 (2H, m), 1.70 — 1.52 (81, 1.42
(2H, bs);

¥C NMR: (75 MHz, CDCJ): 5 203.0, 202.9, 134.4, 134.2, 117.6,
109.9, 109.4, 74.7, 73.6, 67.2, 67.1, 54.4, 36610,334.7, 34.5,
30.5, 30.0, 25.0, 23.9, 23.8 and 23.6;

HRMS (ESN[M+ Na]": found 247.1312. GH,NaQ; requires
247.1310.

4.5(9-2-((9)-1,4-Dioxaspiro[ 4.5] decan-2-yl)pent-4-en-1-ol
(88)/(R)-2-((9-1,4-dioxaspiro[ 4.5] decan-2-yl)pent-4-en-1-ol

(8b)

To the solution of crude mixture of aldehyden 5% aqueous
methanol (5 mL), sodium borohydride (1.5 equiv.) vealed
portion wise over a period of 10 min at 0 °C. Thact®n
mixture was stirred at same temperature for 30-36. rAfter
completion of reaction (TLC check), the methanol wemoved
under reduced pressure, residue was diluted with weatelr
extracted with ethyl acetate (3 x 5 mL). The combioeganic
phases were washed with water, dried over anhydroySQya
and concentrated under reduced pressure. The pradact was
purified by silica gel column chromatography usipgtroleum
ether: ethyl acetate (97: 3) to give the alcaBen(0.095 g, 19%)
and8b (0.388 g, 77%) as colourless liquids.

[Spectral data o8a]: R; = 0.3 (EtOAc/ hexane, 1:4);

[a]3°=-0.5 £ =2.00, CHC));

IR (neat): 3463, 2930, 1623, 1454, 1098, 937cm

'"H NMR (500 MHz, CDC)) § 5.75 (1H, ddt]) = 17.2, 10.0, 7.2
Hz), 5.10 — 5.02 (2H, m), 4.11 (1H, ddl= 7.9, 6.2 Hz), 4.05
(1H, dd,J = 8.2.1, 6.5 Hz), 3.76 (1H, dd,=8.3, 6.4 Hz), 3.72 —

5
3.65 (2H, m), 2.05 — 1.99 (2H, m), 1.82 — 1.76 (1B, Tr62 —
1.56 (8H, m), 1.40 (2H, bs);
¥c NMR (126 MHz, CDGJ) 6 135.5, 117.0, 109.7, 79.0, 68.4,
64.6, 43.82, 36.2, 35.0, 32.9, 25.0, 24.0, 23.8;
HRMS (ESN[M+ Na]": found 249.1467. GH,,NaQ; requires
249.1462.

[Spectral data dBb]: R; = 0.3 (EtOAc/ hexane, 1:4);

[a]3°= +0.7 €£=3.00, CHC);

IR (neat): 3467, 2943, 1637, 1447, 1109, 925;cm

'H NMR (500 MHz, CDC)) § 5.82 (1H, ddtJ = 17.3, 10.0, 7.1
Hz), 5.11 — 5.02 (2H, m), 4.23 (1H, ddi= 8.4, 6.2 Hz), 4.02
(1H, dd,J = 8.1, 6.4 Hz), 3.75 (1H, § = 8.0 Hz), 3.72 — 3.62
(2H, m), 2.18 — 2.10 (2H, m), 1.99 — 1.93 (1H, m)51-61.57
(8H, m), 1.40 (2H, bs);

*C NMR (126 MHz, CDCJ) 6 136.3, 116.7, 109.2, 79.9, 66.2,
63.0, 42.4, 36.1, 34.7, 31.8, 25.1, 24.0, 23.8;

HRMS (ESH[M+ Na]": found 249.1467. GH,,NaQ; requires
249.1462.

4.6(9)-2-((R)-Deca-1,5-dien-4-yl)-1,4-di oxaspir o[ 4.5] decane (9)
Oxalyl chloride (0.28 mL, 3.33 mmol, 1.5 equiv.) wgradually
added to a solution of DMSO (0.47 mL, 6.66 mmol, 8ied in
CH,CI, (25 mL) at =78 °C over a period of 5 min. Afterrstig
for 10 min, a solution 08b (0.500 g, 2.22 mmol) in Ci&l, (5
mL) was added, and the mixture was stirred for 1BtiN (1.42
mL, 9.99 mmol, 4.5 equiv.) was added, and the méxtwas
stirred for 30 min. The mixture was gradually warnmedoom
temperature, and then it was diluted with, CH (20 mL). Water
(20 mL) was added, and then the phases were sepaaatéthe
aqueous phase was extracted with,Chl (3 x 25 mL). The
combined organic extracts were washed with water ame,br
dried (NaSQ,), and concentrated to give the crude aldehyde
(0.488 g), which was used directly in the next rescth-BulLi
(1.6 m in hexane; 1.63 mL, 2.61 mmol, 1.2 equiv.j\w&dded to
a suspension of pentyltriphenylphosphonium bromd®8 g,
2.61 mmol, 1.2 equiv.) in dry THF (15 mL) at -18.°After
stirring at -15 °C for 30 min, a solution of thaiude aldehyde in
dry THF (5 mL) was added, and the resulting mixtves stirred
at 0°C for 3 h. The reaction was then quenched wfdwadrops
of water, and the organic phase was filtered throagtotton
plug. The residue was washed with@&{5 mL). The filtrate was
concentrated and extracted with@&t3 x 15 mL). Organic layer
was washed with water and brine, dried &), and
concentrated. The residue was purified by silica gdumn
chromatography to afford title compour@d(0.535 g) in 87%
yield over two steps.

[Spectral data d]: R; = 0.6 (EtOAc/ hexane, 1:5);

[a]3’= +12.10 ¢ =0.42, MeOH);

IR (neat): 1680, 1665, 1109, 925¢m

'H NMR (500 MHz, CDC}) § 5.81 — 5.71 (1H, m), 5.50 (1H,
dtd,J=11.1, 7.3, 0.6 Hz,), 5.08 — 5.01 (2H, dblt 5.6, 2.7, 1.7
Hz,), 5.01 — 4.95 (1H, m), 3.95 — 3.88 (2H, m), 3.BA,(t,J =
6.6 Hz,), 2.62 — 2.55 (1H, m), 2.54 — 2.46 (1H, mp92- 2.00
(3H, m), 1.69 — 1.56 (10H, m), 1.43 — 1.32 (6H, my1Q3H, t,J
=7.1 Hz);

*C NMR (126 MHz, CDGJ) § 136.5, 132.7, 128.2, 115.9, 109.5,
78.2, 67.8, 41.9, 36.7, 36.6, 35.2, 31.8, 27.72,284.0, 23.9,
22.4,14.0;

HRMS (EST[M+Na]": found 301.2141. GH3NaO, requires
301.2143.

4.7(2S3R)-3-Propylnonane-1,2-diol (10):

To a solution o (0.500 g, 10 mmol) in MeOH (20 mL), 10%
palladium on charcoal (0.190 g, 10 mol %) was adaled the
mixture was kept under hydrogen (1 atm). The renatiixture



was stirred at room temperature for 1 h and thersttspension
was filtered through a pad of Celite, washed with ledicgtate (2
x 50 mL) and the solvent was evaporated to yield chele
product, which without any chromatographic purifioatidirectly
subjected in the next reaction. Solution of thevaborude 1,4-
dioxaspiro compound in methanol add 0.5 mL of cé#€l was
stirred at rt for 6 h. After completion of reactjoihe reaction
mixture was diluted with ethyl acetate (50 mL) and heak
repeatedly with saturated aqueous,8H solution (3 x 15 mL)
till it was alkaline. The organic layer was dried amwhcentrated.
Column chromatography of the residual mass
acetate/petroleum ether (1:1)] afforded the coordmg diol10
(0.328 g) in 90% yield over two steps.

[Spectral data of(): R; = 0.2 (EtOAc/ hexane, 4:6);

[a]3= +7.54 €=0.21, MeOH);

IR (neat): 3567, 3540, 925 &m

'H NMR (500 MHz, CDCJ) 6 3.74 — 3.65 (4H, m), 3.56 (2H, dd,
J=10.8, 8.6 Hz), 2.40 (3H, s), 1.47 — 1.18 (15H, 091 (3H, t,
J=7.3Hz),0.87 (3H, t] = 7.0 Hz,);

¥C NMR (126 MHz, CDGJ) §, 74.3, 65.0, 40.7, 31.8, 31.6, 29.8,
29.7,27.1, 22.6, 20.2, 145, 14.1;

HRMS (ESI[M+ Na]": found 255.1832. GH,NaO, requires
255.1830.

4.8(R)-(-)-Arundic acid (1):

To A mixture of 4-phenyl-1,2-butanedi®8 (80 mg, 0.395
mmol) and 1-Me-AZADO (5.90 mg, 0.0395 mmol) in MeCN
(1.5 mL) and Phosphate buffer (0.7 mL, pH = 6.8) st#rsed at
room temperature. Then NaGI(®6.3 mg, 80%, 1.186 mmol in

4.10 (2539)-3-Propylnonane-1,2-dial) (12):

The title compound was prepared frdh(0.200 g, 0.718 mmol)
according to a procedure similar to that descrifed the
conversion9 to 10 to give 12(0.131 g 90%) as colourless thick
oil.

[Spectral data of2: R; = 0.2 (EtOAc/ hexane, 4:6);

[a]3= +5.14 (c= 0.21, MeOH);

IR (neat): 3570, 3554 cfn

"H NMR (500 MHz, CDC}) 6 3.72 — 3.66 (2H, m), 3.55 (1H, dd,

[ethyld = 10.8, 8.6 Hz,), 2.42 (2H, bs, exchangeable wit®)D1.46 —

1.16 (15H, m), 0.91 (3H, §,= 7.1 Hz,), 0.87 (3H, ] = 7.4 Hz,);
¥C NMR (126 MHz, CDCJ) § 74.2, 65.0, 40.7, 32.1, 31.8, 29.7,
29.3,27.1, 22.6, 20.3, 14.4, 14.1;

HRMS (ESIH[M+ Na]": found 255.1832. GH,cNaO, requires
255.1830.

4.11 (9-(-)-Arundic acid (1)

The title compound was prepared fraa(0.040 g, 0.198 mmol)
according to a procedure similar to that descrifed the
conversion ofl0to 1 to giveent-1 (0.034 g, 84%) as colourless
oil.

[Spectral data of)-(-)-arundic acident-1]: [«]2°= +6.3 € =0.50,
EtOH); lit*’[«]2°= +6.6 € =0.54, EtOH);

IR (neat): 1700 cify

'H NMR (400 MHz, CDCJ) 11.27 (1H, s), 2.29-2.20 (1H, m),
1.56-1.19 (14H, m), 0.92 (3H,X~= 7.4 Hz), 0.90 (3H, ) =7.6
Hz);

*C NMR (101 MHz, CDG)) & 184.8, 45.7, 34.5, 32.4, 31.6,

0.3 mL HO) and dilute bleach (0.247 mL, 0.0395 mmol) were29.3, 27.0, 22.5, 20.3, 14.3, 14.1;

added simultaneously over 30 seconds. The mixtuse stiered
at room temperature for 3 h. It was quenched withsphate
buffer (3 mL, pH = 2.3), added NaCl and extracted W@t#Cl,.
The organic layer was dried over Mg&&hd concentrated under
reduced pressure. The crude materials was purifiedlash
column chromatography to givR)-(-)-Arundic acid 27 (67.7
mg, 92%).

[Spectral data of R)-(-)-arundic acidl]-[«]?°= -5.8 € =2.00,
EtOH); lit"[a]2°= -6.1 € =2.00, EtOH);

IR: 1700 cn;

'H NMR (500 MHz, CDCJ) § 11.46 (1H, s), 2.29-2.21 (1H, m),
1.57-1.33 (14H, m), 1.01 (3H,X=7.2 Hz), 0.99 (3H, ) =7.5
Hz);

®¥C NMR (126 MHz, CDG)) & 184.4, 45.7, 34.8, 32.4, 31.53,
29.7,27.8, 23.0, 20.4, 14.1, 14.0;

HRMS (ESH[M+ H]": found 187.1696. GH,sNaO, requires
187.1698.

4.9(R)-2-((R)-Deca-1,5-dien-4-yl)-1,4dioxaspir o[ 4.5] decane(11):
The title compound was prepared fr@a (0.250 g, 1.11 mmol)
according to a procedure similar to that descrifed the
conversior8b to 9to give11(0.268 g 87%) as colourless oil.
[Spectral data of1]: R; = 0.6 (EtOAc/ hexane, 1:5);

[a]3’= +17.06 ¢ =0.58, MeOH);

IR (neat):1680, 1665, 1109, 925 ¢m

'H NMR (500 MHz, CDCJ) & 5.81 — 5.72 (1H, m), 5.56 (1H,
dtd,J = 11.3, 7.5, 0.8 Hz), 5.28 — 5.18 (1H, m), 5.079742H,
m), 4.08 (1H, ddJ=7.7, 6.3 Hz), 3.99 (1H, dd,= 7.9, 6.3 Hz),
3.64 (1H, t,J = 7.7 Hz) 2.64 — 2.58 (1H, m), 2.32 — 2.22 (1H,
m), 2.10 — 2.02 (3H, m), 1.66 — 1.58 (10H, m), 1.3B.31 (6H,
m), 0.94 (3H, tJ = 7.5);

¥C NMR (126 MHz, CDCJ)) 5 136.6, 132.4, 128.6, 115.9,
109.1, 77.6, 66.8, 40.0, 36.1, 35.9, 35.0, 31.85,245.23, 23.9,
23.8,22.4, 14.0;

HRMS (ESN[M+ Na]": found 301.2141. GH3NaO, requires
301.2143.

HRMS (ESH[M+ H]": found 187.1696. GH,NaO, requires
187.1698.
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