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ABSTRACT

This research work consists of two independentistud he first study is the
development of a synthetic route to plakortether& Along with possible derivatives.
The second study focuses on the synthetic apgmtsinf rhodium-catalyzed
intramolecular C—H insertion on diazosulfonates.

Plakortethers (A—G) represent a set of marine abfuoducts, which contain of a
characteristic tetrasubstituted tetrahydrofuragrrant. This group of compounds was
isolated from the Caribbean sporfgjakortis simplexTheir selective cytotoxic activity
against the RAW 264/ cell lines (murine macrophage) makes them promwisi
candidates for biological studies and, along whiartunusual structure, warrants the
synthesis of these natural products. In the appréaplakortethers AE, the key efforts
were directed at the assembly of the importancairal element: the tetrasubstituted
tetrahydrofuran ring with three stereocenters. dlieve this goal, initially, it was
intended to use trans-annular iodocyclization taiolbthe embedded tetrasubstituted
tetrahydrofuran backbone in plakortethers. Dudgosynthetic difficulties encountered
in preparation of the necessary intermediatesgdinstruction of the tetrahydrofuran ring
was proposed to be achiewad an acyclic intermediate using cyclization of an
episulfonium ion onto an alcohol to control stefe@mistry. Construction of the key

precursor to the episulfonium ion with desiredesdehemistry was envisioned from a
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six-membered lactone (valerolactone) intermediBte. requisite lactones were prepared
via enolate alkylation for the future studies of tipgsalfonium ion cyclization step.

The second study focuses on the use of rhodiuntyzathintramolecular C—H
insertion on diazosulfonates as a tool for thelsgsis of organic molecules. Dirhodium-
induced intramolecular C—H insertion on diazo cagth@ompounds is a relatively well-
studied reaction. In a wide variety of cases itlleathe preferential formation of five-
membered cycles. In the earlier work in our lalbvas found that sulfone and sulfonate
diazocompounds undergo intramoleculaiHdnsertion to form predominantly six-
membered cyclic sulfones and sulfonat&sifltones) over their five-membered
counterpartso-Sultones can serve as viable synthetic intermesli&reliminary work on
the transformations of these compounds done imesgarch group has identified that,
upon treatment with THBP aneBuOK, o-sultones undergo oxidative desulfonation to
form five-membered lactoneg-butyrolactones). Butyrolactones are a common feagm
in natural compounds and are valuable as syntimtéomediates. In the current study,
the conditions for this oxidative desulfonatiorvedultones tg-butyrolactones were
optimized, along with testing of the scope of thasformation. Optimization studies
resulted in satisfactory yields gfbutyrolactones from-sultones with 5 eq of THBP and
6 eq oft-BuOK in THF or DME as a solvent at room temperatdihese conditions have
been utilized to synthesizeydutyrolactone key intermediate that was usedén th

previously reported total synthesis of natural picid-)-eburnamonine.

XX



CHAPTER |
POLYKETIDES FROM SPONGES OF GENUS PLAKORTIS
1.1 Introduction and background of the chemistry inoceans

Nature provides us with a considerable number ghllgifunctionalized natural
products with great structural divergence. Oceans;h cover almost 75% of the Earth’s
surface, contain a variety of fauna and flora ggeaivhich have no terrestrial
counterpart$. These marine species, unexploited prior to 198@ an endless source of
compounds with interesting pharmacological acti¢iarine organisms have attracted
enormous interest from scientists in recent decadeslarge numbers of structurally
diverse compounds that were obtained from marigarosms have been populating the
ever-expanding library of natural produtts.

Among marine organisms, the chance of finding Hisaccompounds is
remarkably higher in slow moving or sessile invierétes such as sponges, coelenterates
(e.g., soft corals), ascidians (e.g., sea squire)lusks (e.g., sea hares) and bryozdans.
Many of the organisms in these phyla are brightlipied, lacking a spine or protective
shell and often lacking any physical defense fraadators. Therefore, many of the
bioactive compounds are involved in their defensieechanisms as a chemical weapon.

About one third of all marine natural products haeen isolated from sponges.
Sponges are among the most studied marine orgafi$mmaking them currently the

most popular source of novel compourAiniong the different classes of



bioactive natural products isolated from spongegpap of compounds known as

polyketides plays an essential role in terms afcstiral diversity and biological activity.

1.2 Polyketides from oceans

Polyketides have been isolated from bacteria, fisgpnges, plants, and animals.
These isolates are usually biosynthesized througli¢carboxylation condensation of
acetyl-CoA-derived starter units and malonyl-CoAiged extender unit.” Although
they are also known to be produced by bacterigfamgi, marine sponges are the major
source of polyketides. This group of compounds leixha bewildering structural
diversity and a broad array of biological actiwstiencluding antibiotic (e.qg.,
erythromycin), antitumor (e.g., bryostatins) ananomosuppressant (e.g., rapamycin)
actions® These numerous polyketides isolated from mario@ages can occur as simple
small molecules and also as complex large moleduesne examples of polyketides are
shown in Figure 1, ranging from such simple compisurke 6-methylsalicylic acid
(F1.2)° and butenolid€&1.2'° to elaborate amphothericin B1.4)** and brevetoxin A
(F1.6).% The biological activity of these compounds alsoges widely as antibiotics
(F1.1), insecticidesK1.2), potential drugs towards polio and hepatifis.@),*?

fungicides F1.4), and antimalarial drug$(.5* and neurotoxinsH(l.6).
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6-methylsalicyclic acid (F1.1) butenolide (F1.2) thysonone (F1.3)

o)
amphothericin B (F1.4) HOmH

brevetoxin A (F1.6)

Figure 1. Examples of polyketides isolated fromiaas marine sources*

1.3 Polyketides isolated from genuBlakortis

Marine sponges of the genB&akortis (family Plakinidae, class Demospongiae,
order Homosclerophorida) are known to be rich sesiaf structurally unique and
biologically active isolate¥’ They are well known for their prolific productiarf
bioactive polyketides, such as a large number oficperoxides £2.1-F2.7),*® -,
pyrones F2.8-F2.12), butenolidesk2.13-F2.15), cyclic furan esterd@.16-F2.18),
and bicyclic lactones@.19-F2.21).1"*° Thousands of compounds isolated from this
vastly diverse group (gen&Xakortis) have been found to exhibit a range of biological

activities. Examples encompass anti-tunf.2—F2.5, F2.8-F2.21)** #*3% antj-fungal



(F2.20,%° anti-malarial £2.1, F2.6),%® *!anti-bacterial £2.14 F2.15,'" *" *2anti-
leishmanial £2.15 F2.18 F2.19% and other important pharmacological activities,
including promotion of C& uptake in the cardiac sarcoplasmic reticulti®.{,
F2.19.33°

F2.1: R = CH,CH(Et)(CH),CH,CHj

O F2.2: R = CH,CH(Et)(CH;),CH3

9 F2.3: R = CH,CH(Me)CH,CH(Et)(CH,)3CH3

F2.4: R'=H; R?= CH,COOMe; R® = H; R*= H; R® = C;3H,,CH=CHCH=CHCH3; R® = OMe

4
RS R
6" "1/R3 F2.5: R'= CH,COOH; R?= H; R® = Me; R*= H; R® = OMe; R® = (CH,)7(CH),CH3
O, _+=R?
O R F2.6: Rt = CH,COOMe; R2 = H; R®= Me; R* = H; R® = OMe; R® = (CH,)3(CH),=(CH),CH,CHs

F2.7: R'= CH,COOMe; R? = H; R® = Et; R* = H; R® = (CH,)3CH(Et)(CH),CH,CHs; R® =Et

] F2.8: R7 = CH,CH=C(Me)(CH,),CH=C(Me)CH,C(Me)=CHCH,Ph
Me OMe F2.9: R7 = CH,CH=C(Me)(CH,)gSC(=O)H

o}
RE O. _O F2.10: R8 = CH,CH=C(Me)(CH,)¢Ph
— F2.11: R® = CH,CH=C(Me)(CH,)gPh
Mej;;/[OMe 2 (Me)(CHy)g
OMe F2.12: R®=(CH,)1oSCH3

F2.13: R%= O; R1% = (CH,)3CH(Et)CH »(CH),CHg
F2.14: R® = CHCOOMe; R0 = CH,CH(Et)(CH,)3CHs

. = e; = t)=
F2.15 R® = CHCOOMe; R1 = CH,C(Et)=CHCH(OH)CH,CHj

HO, F2.16: R = CH=C(Et)CH ,CH(Et)(CH»)3CH3

/ﬂo F2.17: RM = CH,CH(Et)CH,CH(Me)(CHy)sCHs

F2.18: R! = CH,CH(Et)CH ,CH(Et)(CH,)3CH3
oo F2.19: R = (CH,)3CH(Et)(CH),CH,CHs
W\
\/,,, ./\4 F2.20: R? = CH=C(Me)CH,CH(Et)CH ,CH(Et)(CH),CH,CHs
R12 (@)
F2.21: R = CH,CH(Et)(CH),CH,CHg

Figure 2. Selected bioactive polyketides isolatedfgenudllakortis
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In addition to the aforementioned polyketides, plééthers A—G isolated from
the Caribbean sponddakortis simplexexhibit unusual structure bearing a
polysubstituted tetrahydrofuran ring. Biologicaldies on plakortethers4&5 have
concluded that the plakortethers A, B, D, and Ecgtetoxic against the RAW 26%

cell line with 1Gvalues of 7.9, 10.0, 8.4 and 11.§/mL, respectively.

F3.1 A R'=H, R?= CH=CHCHyg (trans)
F3.2 B R'=H, R?=CH,CH,CH;
RL =~ F3.3 C R'=H, R%= CHCICH,CH5(R)
o o< F3.4 D R'=H, R?=C(=0)CH,CHj
R F3.5 E R!=H, R?= CHOHCH,CHj (S)
OH © F3.6 F R'=OMe, R2=H

F3.7 GR'=H, R?=0OMe

Figure 3. Plakortethers-AG from Plakortis simplexX
1.4 Synthetic progress towards the construction gdolysubstituted tetrahydrofuran
rings of polyketides from genusPlakortis

Even when showing promising and potent pharmaccébgictivities, natural
compounds isolated from marine organisms rareBertiie interest of pharmaceutical
companies, because they are difficult to acquiruiificient amounts for clinical use.
Obtaining such compounds from natural resourcesimesrcessive harvesting of the
marine organisms and destruction of the naturenbalalhe problem is to conciliate
expansion requirements for human beings and proteof the marine environment and
biodiversity. Oceans are showing increasing sigr/erexploitation and degradation,
ensuing in loss of both productivity and biodiversin this circumstance, an enormous
collection of marine organisms producing compourfdadustrial concern appears
impractical, and total synthesis is one of the pessible ways to address this problem.

This chapter presents a review of reported syrdlaetvances made towards the

total synthesis of selected polyketides, which lzepolysubstituted tetrahydrofuran ring,
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along with the reported syntheses of plakortetReaad G F9.1-F9.7). Further
elaboration of different approaches towards thestrantion of polysubstituted

tetrahydrofuran ring will be highlighted.

1.4.1 Total synthesis of plakortone D

Hayeset al® were the first to report the total synthesis @ikplrtone D £2.19.
The authors clarified the uncertain structural steleochemical features of this
compound and also enabled the acquisition of gilaortones and analogues of the
correct stereochemical series. The key disconnediat C7-C8 thus providing lactone
S1.2along with the side chain uritl.1, which require control at C10 and eventually an
E-double bond (C11-C12). The main focus of the teyalthesis of plakortone D is to
incorporate quaternary centers at C-4 and C-6dr2{B-dioxabicyclo[3.3.0]octan-3-one

moiety of the plakortone co®l1.2(Scheme 1).

~ o
i G Ho Ny ©
Z ot 6. o H = X 6
12 8 | e— + A
0" ~o
S1.2

F2.19 S1.1

Scheme 1. Retrosynthetic analysis of plakortori& D.

The total synthesis is initiated by protection dfil8yn-1-olS2.1and conversion
of the resulted alkyne to alke82.2(Scheme 2). Asymmetric dihydroxylation of
compoundS2.2by AD mix- g followed by deprotection, oxidation, and additgiaps
provided the sensitive tri@2.4as a mixture of diastereomers. The isomers isestdy

to the Pd(Il)-mediated lactone forming reactionceal® (hydroxycyclization,



carbonylation and lactonizatiomyhich resulted in the desired key intermed@fe5a

along withS2.5bin a separable mixtur&.®

// OH Z
i, i, i iv, v, vi, vil, Vi O vii, ix, x 1O
L iv, v, Vi, Vii, viii >< 1%,
OH
(@]
OPMP HO
2.3

HO
S2.4

lxi, i

HO— ., _o H

S2.1 S2.2 S2.

S2.5a S2.5b

i) DEAD, PPh 3, PMP; ii) 9-BBN; iii) EtMgBr, Fe(acac) s; iv) AD Mix-b; v)Me ,C(OMe),, PTSA; vi) CAN;
vii) TPAP/NMO; viii) EtMgBr; ix) CH ,=CHMgBr; x) Dowex 50; xi) PdCI ,, CuCl,, NaOAc, AcOH, CO; xii) K ,CO3

Scheme 2. Synthesis of the bicyclic lactoB&s5aand S2.5b°

SulfoneS3.2is constructedia five steps starting from thes-unsaturated ester
S3.1(Scheme 3). The previously prepared hydroxymetigtioneS2.5a(Scheme 3) is
oxidized to the corresponding aldehyde, which imadiately coupled with the anion of
sulfoneS3.2affording lactones3.3 The key diolS3.4is obtained by removal of
acetonide, followed by hydrogenation. GeneratiothefC11-C1Z-double bond is
achieved by the stereospecifgnremoval of the 1,2-diol using triethyl orthoforreat
This afforded an orthoester, which provided platoet DF2.19, after heating at

180°C for 1 h%®



0 WL WLO
S o T 0P .0
E X OFt i, i, i, iv, v ~ ~s N Vi vii -, Zu, 0O
> — 3

\'\ll/ N rQl

ph” N S
NERe) e

S3.2 \

S3.3

iviii, ix
OH
= e HO/,, 11 O
R T
\‘: 0] 5
N7 0
S3.4

F2.19

S3.1

0]
i) AD mix- B, MsNH,; ii)LAH; iii) Me ,C(OMe),,PTSA, iv) 1phenyl-1 H-tetrazole-5-thiol, DEAD, PPh 3;
V) (NH4)gM0,0,,4.4H,0, H,0,; vi) KHMDS; vii) aldehyde of S2.5a; viii) MeOH, PT  SA; ix) H »,/Pd-C; x) HC(OEt) 3

Scheme 3. Synthesis and structural confirmatigiakortone D°

1.4.2 Total synthesis of Plakortone E

Although plakortone ES2.2) has a bicyclic lactone moiety similar to plakowo
D (F2.19, Akiyamaet al followed a different approach to construct thetdae rings for
total synthesis of plakortone?£The authors initiated the synthesis with Evans
asymmetric alkylation of the chiral imid&4.1with crotyl bromide to get compour&#.2
(Scheme 4). The chiral auxiliary in alkeBé.2is removed by hydrolytic cleavage with
lithium hydroperoxide followed by iodolactonizatiofthe resultant carboxylic acid to
produce iodolactoneS4.3aandS4.3bin a 2:1 ratio. lodolacton®4.3ais separated from
the mixture and reduced to the corresponding la;tahich is then treated with LiAIH
to furnish the diob4.4 The resulted didb4.4is transferred to alcoh&4.5via five
steps.

Compounds4.5is then oxidized with IBX to the corresponding ketowhich on
reaction with lithiotrimethylsilyldiazomethane irHF afforded dihydrofuramia C—H

insertion reaction of the alkylidene carbene. Adlyixidation of the dihydrofuran with
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CrO; and 3, 5-dimethylpyrazole constructed lact&de6with proper stereochemistry.
Reduction ofS4.6with DIBAL-H followed by treatment of the resultanémiacetal with
methyl (triphenylphosphoranylidene)acetate is poedudiastereomeric methyl esters
S4.7aandS4.7bas a 1:1 mixture. The undesired eS§ér7bis converted int®&4.7a
throughepimerization process. Finally, esg&#t.7ais converted to the target plakortone E

F2.21through four steps as shown in Scheme 4.

0 o 0 o / /
/\)J\N\)_I\/o i /WLN&/O i v o A - O/A’/'_)% |

B - B © |/

S4.1 S4.2 S4.3b S4.3a

Jv, vi
OH

oTr OH
5 st OH
xil, iii, xiv K(\(O\)\/ S5eps
- -
S4.5

S4.4

TrO

Tro i
/ <
xviii, iv, Xix, Xx "
- 0 (0]
Xvii N-N gz ’/&o

I \>/ \/\

N~ S2.21
|
Ph

TrO

S4.8

S4.7a

i) LDA, crotyl bromide; ii) H ,0,, LIOH, THF-H ,0; iii) PivCl, Et 3N and then Me ,NH-HCI, Et3N; iv) | ,, NaHCO3;

V) Bu 3SnH, AIBN; vi) LiAIH; vii) TrCl, Et  3N; viii) allyl bromide, NaH; ix) OsO 4, NMO; x) NalO4; xi) EtMgBr;

xii) IBX, Py, DMSO; xiii) TMSCHN ,, BulLi; xiv) CrO 3, 3,5-dimethyl pyrazole; xv) DIBALH; xvi) Ph  3PCHCO,CHjg;
xvii) DBU; xviii) LIOH, EtOH-H ,0; xix) Bu 3SnH, AIBN; xx) S4.8, KHMDS

Scheme 4. Asymmetric synthesis of plakortorfé E.



1.4.3 Total synthesis of Plakortone G
Kowashiet al. have reported the successful total synthesisakfoptone G
(F2.13.%° The authors used intramolecular aldol reactioroiustruct any, f-unsaturated-
y-lactone moiety as indicated in Scheme 5. Seleé&ekefination is approacheda a
Julia olefination. Introduction of the C-4 and @f8ral centers is performed before
construction 055.1by the Julia coupling reaction between the sulfomé&S5.2and the

aldehyde uni5.3(Scheme 5).

Julia olefination

Julia couplin
Intramolecular aldol A TBDPSO SOR
L{ ‘ (0] S5.2
=% — 8 ""L. ><:> — +
/\,/ 4 /1y, g 9 ROZS/)/\/ 4'/0 o
oresf X
g
S2.21 S5.1
S5.3

Scheme 5. Retrosynthetic analysis of plakortorfé G.

The synthesis of pakortone G required two majecprsors, sulfon86.2and
aldehydeS5.3(Scheme 6). The authors prepared sulf88in six steps, starting with
the acyl oxazolidinone derivativ&6.1 Interlocution of the first chiral cente$.9 is
performed by exposing alkei®6.3to the asymmetric dihydroxylation conditions. The

resulted diolS6.4is converted to thtarget aldehyd&5.3in five steps.
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% Ny
O=
=S I
b Sl
i, v, v, vi
Al O N)j/\/ ——— " »  TBDPSO
561 S6.2

X
[B] TBDPSO/\H/\ TBDPSO 7 OH VI, 1X, X, XI, X, X > OHC /O
OH
6.4

S6.3

S6.3 S

i) LiBH 4; ii) TBDSCI, ImH, MS 4 A iii) OsO 4, NMO, NalOy; iv) NaBH 4;

v) 1-phenyl-1 H-tetrazole-5-thiol, DIAD, n-BuzP; vi) (NH 4)¢M07054¢4H,0, H,0,; vii) AD mix- a;
viii) cyclohexanone dimethylacetal, CSA; ix) TBAF; x) PNBCI, Py; xi) recrystallization;

xii) K ,COg; xiii) SO #Py, DMSO, Et3N

Scheme 6. [A] Preparation of precur§#.2 [B] Preparation of precurs&5.3%

The modified Julia coupling reaction of sulfoBé.2with the aldehyde un$5.3
produced alken8&7.1as a mixture of the geometric isomers (Scheme ). £¥.2is
prepared in seven steps from compo8idl. Oxidation of the primary alcohol 7.2
and successive acylation afford®d.3 a precursor of the intramolecular aldol reaction.

Cyclization of compoun&7.3with LIHMDS followed by dehydration with MsCI/gI

gave desired plakortone 62.13.%°

56'2 / O ..... OH
H 1-VIII
., —'= TBDPSO g - > = oy
OH
S5.3
s7.1

S7.2
l iX
_0
LIS WO\H/\/
0
S7.3

i) LIHMDS; i) H 5 Pd(OH),-C; iii) TBAF; iv) TsCI, Et 3N; v) 1-phenyl-1 H-tetrazole-5-thiol, t-BuOK;
vi) LIHMDS, propanal, DME; vii) 2M HCI; viii) SO 3.Py, DMSO, Et3N; ix) n-PrCOCI, DMAP; x) MsCl, Et 3N

Scheme 7. Total synthesis of plakorton&G.
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1.4.4 Total synthesis of plakortethers F and G
A retrosynthetic plan for the syntheses of plagthrers F£3.6) and G F3.6) is
designed in Dr. Novikov's group by recognizing gyenmetry of intermediat88.1'2
The disconnection of the 3-hydroxyeste acetate aldol condensation and the
tetrahydrofuran ringia iodocyclization lead to the £&symmetric intermediat€8.1 This
intermediate is assemblea a bis-alkylation of allylic dihalide by a chiral atiary-

modified butyrate (Scheme 8).

{ Aldol 0 o
RL / N i C:( Et \)J\ Et F/O
/, o -
7 X N N
R?" N0 /\COOMG |:> N \n/\ J\H/ \ﬁ
OH Ph— o o Ph
lodocyclization
s8.1 Alkylation
F3.6 R'=OMe, R?=H C, Symmetric

F3.7 RY=H, R? = OMe

Scheme 8. Retrosynthetic analysis of plakortetReaad G

The total synthesis is initiated with bis-alkytatiof 3-iodo-2-(iodomethyl)prop-
1-eneS9.2with the enolate of oxazolidinor#9.1(Scheme 9). Peroxide-assisted
hydrolysis followed by cyclization with trifluoroatic acid at room temperature resulted
in diastereomeric lactonic aci®®.4aandS9.4bas a separable mixture in a ratio of
1.5:1. The conversion of the lactone acg®4aandS9.4bto the corresponding alcohols
S9.5a(minor) andS9.5b(major)is accomplished in two steps.

As shown in Scheme 9, the major diasterec®®ebbis converted to the desired
key intermediate§$9.9aandS9.9h Oxidation 0fS9.5bfollowed by the treatment with
para-toluenesulfonic acid in methanol afforded a 1:Aasable mixture of diastereomers

S9.8aandS9.8h The resulted aceta9.8aandS9.8bare then reduced to their
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corresponding alcohoB9.9aandS9.9h Reduction of the minor diastereon®&9.5a
followed by treatment witlpara-toluenesulfonic acid in methanol yielded in alclsho
S9.9aandS9.9bas a 1:1 mixture. Diastereomé&9.9aandS9.9bare isolated as pure

compounds after separatith.

Ph ONa Ph o o :/Ph o o
}N)\k + I\)k/l 1. }NWN” A, HOJ\(\H/\.)J\OH
O/'go 0/&0 Et Et o)\o Et Et
s9.1 $9.2 sa1 93

liii
4 (. / /
/ Z Vi P OH iv, v “.
o@/, — /A/;)/H /Q E— . OH
59.6 o o)

S9.5b
1.5:1 Separable mixture

. +
Vii
‘ 4 S9.4a, b
/ OH
' L(OMe 9o
o o S9.5a
o OMe
S9.7
‘ ‘ iX, X
[\ L OMe WOQ/(/OH
MeO™ N 5 —— MeO™ g
1:1 Mixture .
Separable on column 1:1 Mixture

Separable on column

S9.8a,b S9.9a,b

i) -55 °C, 24 h; ii) LIOH-H ,0,, THF-H,O; iii) TFA, 8 h; iv) BUOCOCI, Et 3N; v) NaBH 4; vi) Swern oxidation;
vii) MeOH, TsOH, 24 h; viii) LAH; ix) DIBAL; x) Py«TsOH, MeOH

Scheme 9. Preparation of the key intermedia&9aandS9.9h™®

The separated diastereom8&9aandS9.9bare independently converted to
plakortether FE3.6) and plakortether G=3.7). AlcoholsS9.9aandS9.9bare
independently subjected to the Swern oxidatiorofeid by Smy-iodide mediated

Reformatsky reaction, hydrolysis, and esterifiaatibhis reaction sequence is provided
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methyl ester$3.6andS3.7(Scheme 10). Successful synthesis of plakortéther

confirmed by matching the synthesized plakorteEhesith reported physical data of the

8
compound'
OYO
an N\?
z Ox_O
/ TN )Y !
R* 0 i R* o by 0 R? o coome
OH
F3.6
S9.9a R!=H; R?=0OMe S10.2a R!=H; R?= OMe $3.6 R1= H: R2= OMe
S9.9b R'=OMe; R?=H S10.2b R'=0OMe; RZ=H $3.7 R'= OMe; R2=H

i) Swern oxidation; i) compound S10.1, Sml 5 THF, -78 °C; iii) LIOH-H ,05; iv) TMSCHN ,
Scheme 10. Completion of the synthesis of plakioereF G3.9 and plakortether G
(S3.9.18
1.4.5 Progress towards the synthesis of plakortetBehrough a zinc-mediated
homologation

In the synthesis of plakortethers$3(§ and G §3.7) by Johret al, the resulted
cyclized key product9.4from acid-mediated cyclization step is poorly
diastereoselectiv¥. Zercher and co-workers intended to address thigiby utilizing
the tandem homologation-aldol reaction as the ke&ly ®© construct the plakortether core
during the approach towards plakortetheiSB.@. Although the synthetic trials
performed to establish proper stereocenters dethehydrofuran ring using such
homologation method were not successful, the meskemting with L-proline is
synthetically interesting and hence, it is wortfliscuss’’

As shown in Scheme 11, the methyl ester of comiar@available L-proline
(S11.2 is obtainedria an acid-catalyzed esterification of the amino &4d.1in

methanol. The resulting cyclic ami®d 1.2is added to the diketene acetone adduct and
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refluxed in toluene for three days. The expectedipcts-keto amideS11.3is isolated
only in low yields after purification. Thg&keto amide is subjected to tandem
homologation-aldol reaction conditions. The reswjtcrystal structure of the major
isomerS11.4revealed that the homologation-aldol reactiofi-kEto amides isyn
selective. Even though L-proline-induced stereombmirovided the incorrect absolute
configuration for the formation of naturally ocamg plakortether B, the authors decided

to perform subsequent model studies using the egr#éd intermediate.

®H2 O /[M)O( )J\/U\
& o> 1) SOCly, MeOH & o 0 YD

2)NazCO, EtsN, PhMe, 110 °C. 3 d

/
S11.1 S11.2 S11.3

2) Butyraldehyde
3) NH4CI

“, O NS
HO o
O
N
~ O)KQ

S11.4

ll) Et,Zn, CH2C|2

Scheme 11. Synthesis of chifaketo amideS11.4%

As shown in Scheme 12, the advanced interme8id2e2is synthesized by
reductive allylation of the previously prepared min@pure hemiketab11.4exploiting

the substituted allylsilan&(2.9 and BR-EtO.
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//", o N )K/KH/\ NV>//I" 0o N
HO o s12.1 _ o
o o 0
Dry SnBr 4, BF3.Et,0
N 4, BF3.Elp N
\O)KQ \O)K<_7

S11.4 S12.2

Scheme 12. Reductive allylation of compoBil.4%

The authors concluded the synthesis by providawgal important suggestions
as follows. The amide moiety 8f12.2can be reduced chemoselectively using Wittig
reaction followed by a selective reduction of teerinal alkene, which would afford the
ethyl moiety embedded in plakortether B. The awghave also suggested that it would
be possible to obtain the enantiomer of plakortehby performing a diastereoselective
hydroboration-oxidation of the trisubstituted alkefinally, the authors pointed out the
importance and possibility of utilizing D-prolinestead of L-proline, to obtain the
plakortether core with correct stereochemistrymiyithe tandem homologation-aldol
reaction®®

1.4.6 Diastereoselective Pd-catalyzed carboethetion reaction to establish
polysubstituted tetrahydrofuran in simplakidine A

Even though there are developed synthetic methgasldo construct
polysubstituted tetrahydrofuran rings, this reskeam®a is still challenging, due to low
efficiency of the available methods. Watlal*® were trying to discourse this issue by
consuming a Pd-catalyzed carboetherification reaaleveloped in their research group

to establish polysubstituted tetrahydrofuran ringse authors demonstrated high
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efficiency of the developed method in construciodysubstituted tetrahydrofuran ring
of Simplakidine A £13.9.%°

Simplakidine A §13.] is a unique 4-alkyl substituted pyridinium alkialo
isolated from the Caribbean sporfgjakortis simplexand also an unique example of a
trigonelline nucleus substituted at position C-#4wa complex polyketide-derived
moiety. Although Simplakidine A exhibits weak cyagicity due to its high polarity, this
molecule is synthetically important since it shatedasic backbone and the
polysubstituted tetrahydrofuran ring with that ¢dkortethers AG.** 42

As shown in Scheme 13, the authors envisionedetinesynthetic analysis by
generating tetrahydrofuran core through a Pd-ca¢alyarboetherification between a
tertiary alcohol bearing a penddfialkeneS13.2and a suitably substituted 4-

bromopyridine derivative13.3. The construction of the desired stereocente@aand

C10 is intended to be accomplished a ring-closing reactiof?

Br
< OH 1
— \
R + |
. N/
N
| S131 F13.2 F13.3

Scheme 13. Strategy for the synthesis of Simplakidi (513.7.*

Wardet al assumed that the two substituents on C6 of Skigree A (Scheme
13) are approximately close in size (e.g., W&Bu).*° Due to this reason, it is suggested
that the diastereotopic face selectivity of theealk carboetherification reaction could
likely be controlled by the stereochemical confagion at C8 of substrat®13.2rather

than C6. Hence, the simple tertiary alco8&l.1is chosen to be a reasonable
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approximation t&13.2for the model study. The Pd/S-Phos-catalyzed cog of
alcoholS14.1with 4-bromopyridine hydrochloride resulted in thesired moietys14.3

with 15:1dr in 67% yield (Scheme 14).

Br 4 mol % PdCI ,(CH3CH),

OH__— AN 4 mol % S-Phos 1)

+ | _ > | A

N NaOt-Bu, Xylenes 5 _N
HCI 110 °C

67%, 15:1 dr
S14.1 S14.2 S14.3

N

Scheme 14. Model scheme to study the developedftranation towards
polysubstituted tetrahydrofuran ring in SimplakiliA.
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CHAPTER Il
AN APPROACH TO THE TOTAL SYNTHESIS OF PKORTETHERS A-E
Successful syntheses of plakortether&¥.6)and G £3.7)were carried out in
our research group by taking advantage of theyGmetry in the structure (discussed in
Chapter |, Section 1.4.4.However, there are no reports on the synthesis of
plakortethers AE (F3.1-F3.5). Because of the above reason and their biologiciality
(Section 1.3, Scheme 3), our research was extaonddelelop a synthetic route to

plakortethers AE along with possible derivatives.

2.1 Synthetic approach towards plakortethers AE via trans-annular
iodocyclization

Synthesis of plakortethers+ is more challenging than that of the F and G
counterparts, and it requires construction of masetbstituted tetrahydrofuran ring with
the correct stereochemistry of the chiral centels#h C-6 and C-9 positions. To address
this challenge, initially it was envisioned to usens-annular iodocyclization to obtain

the embedded tetrasubstituted tetrahydrofuraninipgakortethers (Scheme 15).

/ /
g ;o 4
S =
L L
F3.0 S15.1 S15.2

Scheme 15. Retrosynthetic analysis of plakortetAets.
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Bicyclic lactoneS16.4wasproposed as the key intermediate of the synthésis o
the targeted plakortether cor@a trans-annular iodocyclization. As shown in Schdée
the key intermediat®16.4was intended to be obtained by coupling &16.1with
alcoholS16.2followed by ring-closure metathesis (RCM). lodd@ation of
macrolacton&16.3would produce bicyclic lacton®16.4 which could be converted to
plakortethers AE. The synthesis of starting acd.6.4was successful, while preparation
of the desired alcoh@16.2demonstrated synthetic difficulties. Therefore siynthetic

route towards plakortether core through such kesrinediate was closéd.

SENe}
2 N iz
S16.1 - “ R 222 > | plakortethers A-E ]
+
X
TrOLS/\ S16.3 o
OH S16.4

S§16.2

Scheme 16. Synthetic plan towards plakortethess ¥ia trans-annular iodocyclization.

2.2 Synthetic approach towards plakortethers AE based on episulfonium ion
2.2.1 Key step of the reactions: assembly of theasibstituted tetrahydrofuran ring
The aforementioned situation prompted us to exoralternate synthetic
pathway to construct the tetrasubstituted tetratfydan ring, which does not rely on
trans-annular iodocyclization. As a result, assgmobthe tetrasubstituted

tetrahydrofuran ring was proposed to be achievemutfh stereoselective cyclization
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promoted by reacting episulfonium i&17.2with hydroxyl group in the same molecule

(Scheme 17).

SPh ® E @ ’
R H N SPh
O R 7 """"""" > R N s T oL X
H/ HO /O R R o R
H
S17.1 S17.2 S17.3

Scheme 17. Synthetic plan to assemble the tetrataubd tetrahydrofuran rin§17.3

The episulfonium ion can be generated from 8idf.1, which is readily available
from six-membered lactori@l8.2(valerolactone). Therefore, our initial goal was to
synthesize valerolactones. The sequence outlin8dhieme 18 was used for an approach

towards lactones.

o ©  enolate alkylation o X oo
---------------- > e
+
R? I with R2, X R?
S18.1 S18.2 S17.1 518.3

S18.3 TR ‘ plakortethers A-E ]

Scheme 18. Assembly of the tetrasubstituted tethalfiyran ring in compoung818.3

2.2.2 Attempt to synthesize the valerolactone
The approach was initiated by establishing chiesiters inS19.2through direct
asymmetric aldol self-condensation of propanaldehysing L-proline as a catalyst in

dimethylformamide (Scheme 1#)Resulting aldehyd&19.2was reduced to di®19.3
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with LiIAIH 4. Subsequently, the primary hydroxyl group ofl $@9.3was tosylated
followed by Steglich esterification of the secondalcohol with 2-
(ethoxycarbonyl)acetic acid, DCC and DMAP, whiclvgasteiS19.4 Lactonization
was carried out by exposing the obtained e51&.4to potassium carbonate and
dimethylsufoxide. ThéH NMR data of the crude product did not prove therfation of
lactoneS19.5 This provoked us to modify the synthetic schenagnhy by changing the

conditions for the cyclization step.

o o}
L-Proline
owME 1) p-TsCl, Py, 0 °C
4°C, 12h EtzO 2) EtOOCCH,COOH /\/j\
DCC, DMAP
S191 S19.2 S19.3 CH,Clj, 1t S19.4

OEt

K,COgq
si94] ——— -

DMSO
rt

S19.5

Scheme 19. Attempt to prepare valerolactsa8.5

Preparation of valerolactor820.2(Scheme 20), in turn, would require diol
S19.3 which was previously prepared (Scheme 19). Masdation of the primary
alcohol in diolS19.3 then acetylation of the secondary alcohol folldveg detosylation
with iodine resulted in compour#R0.1(Scheme 20). Cyclization &20.1was tried in
the presence of NaHMDS and freshly prepared LDA aitd without DMPU® The
trials without DMPU ended up giving the startingteral or unidentified products.
When reactions were carried out under the sameitomms (with NaHMDS or freshly

prepared LDA) in the presence of DMPHI, NMR of the resulting compound was
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compatible with that of valerolacto®20.2shown in Scheme 20. This shows that the
polar aprotic solvent significantly assists thectean. A satisfactory purification method

has yet to be developed due to the volatility eftalerolactone.

OH OH OAc | 1) DIPA, n-BulLi
B 1) p-TsCl, Py, 0 °C - THF, -78 °C
2) Ac,,0, Py, 0 °C 2) DMPU, -78 °C
3) Nal, Acetone, 40 °C 2h
$19.3 S20.1 $20.2

1) NaHMDS

THF, -78 °C
S20.1 $20.2

2) DMPU, -78 °C
2h

Scheme 20. Attempt to prepare valerolact888.2via different cyclization conditions.

Meanwhile different approaches were carried owii@in valerolacton820.2as
shown in Schemes 21 and 22. The primary hydroxaligiof diolS19.3was tosylated
and the secondary OH moiety was protected by TB&wed by substitution with iodide
resulting in compoun&21.1 The TBS-protected iodide21.1was exposed to diethyl
malonate in the presence of potassium carbonatdiarethyl sulfoxide to produce
S21.2 Valerolactones19.5was obtained fror$21.2with Dowex 50 and methanol and
then subjected to the Krapcho decarboxyldfidficonditions (lithium chloride in
dimethyl sulfoxide at 195205°C).*H NMR spectrum showed some significant peaks to
prove the formation of the desired valerolact®2€.2 Once again the purification

method has to be improved due to the volatilityaerolactone.
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OH OH OTBS | OTBS OEt

: 1) p-TsCl, Py, 0 °C Diethyl malonate
B — O
2) TBSCI, Im-H, rt K,CO3, DMSO, 1t
3) Nal, Acetone, 40 °C EtO° O
S19.3 S21.1 S21.2

Dowex 50,

MeOH
S21.2y ———————>
rt

Bt Licl, bMso

e —

195-205 °C

S19.5 S20.2

Scheme 21. A synthesis of valerolact&@g0.2

Diethyl malonate used in Scheme 21 was replacddtivt dimethyl malonate
analogue in Scheme 22 due to the possibility oadsaxylation of methyl ester at lower
temperatures (135 °C rather than 195 °C) in thegmee of dimethylformamide and
lithium chloride. These conditions also resulte@ icrude product with trace amounts of
valerolactones20.2 This could be mainly due to the high temperatamgdied during

decarboxylation.

oTBs | Dimethyl oTBS OMe
R malonate : MeOH
O ——
K2CO3 Dowex 50
DMSO, rt MeO [e)
s21.1 S22.1 S22.2 $20.2

Scheme 22. Modified reaction pathway by replaciieghyl malonate with dimethyl
malonate.

Parallel to the reaction sequence shown in Sché&nprparation of the cyclic
compoundS23.3as a part of the assembly of the tetrasubstitigiedhydrofuran ring in
compoundS17.3wasinvestigated (Scheme 23). The monotosylated dévey&23.1was

synthesized from didb19.3with p-TsCl and pyridine at 0 °C and was exposed to gieth
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diazomalonate (preparation was carried out with MmNl DBU on diethyl malonate) to
obtain compoun®23.2* Cyclization of crudé&s23.2was attempted in the presence of
potassium carbonate and dimethyl sulfoxide. Unetquitg, the signals of

tetrahydrofuran ring23.3were not detected in tiel NMR spectrum of the reaction

mixture.
COOEt
EtOOC. cOOEt
OH OH p-TsCl OH OTs s235 Et0OC” ~O K,CO3,
R = ~ benzene - DMSO o)
y _— OTs ------- - z
09¢C 65 °C, 1h rt
519.3 s23.1 S23.2 $23.3
(0] O o) o
)J\/U\ MsNs, DBU
-0 o __ T /\O)kﬂ/u\o/\
THF N,
45°C— 0°C
S23.4 o235

Scheme 23. Attempt to obtain cyclize compo&3.5using diethyl diazomalonate.

Due to the complications encountered during tieparation of valerolactone,
diethyl and dimethyl malonates were replaced witanylsulfonylacetat&24.5(Scheme
24) to ensure easier handling during the synthbgigs]evating the boiling point of the
resulting valerolacton824.2 To prepare sulfon824.5 halideS24.3was subjected to
nucleophilic substitution by thiophenol in the pese of potassium carbonate and
catalytic amounts of sodium iodide in refluxing teee. The resulting ethyl 2-
(phenylthio)acetat&24.4was oxidized to phenylsulfonylacet&24.5by using excess
m-CPBA in dichloromethan&.

The TBS-protecte®21.1was exposed to phenylsulfonylacetaft.5in the
presence of potassium carbonate and dimethyl sddde obtainS24.1(Scheme 24).

The starting material was recovered from this lieaaipon treatment with Dowex 50
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and methanol. Cyclization also attempted on comg@&@#24.1usingp-TsOH and ethanol

in dichloromethane; however, this transformatioommed only unidentified products.
From the observations it is clear that the mairllehge of the proposed synthetic scheme
comes from the cyclization step. This could be wuenproper orientation of the reaction
sites. This hypothesis was achieved by changingaiséions of the substitute sites

(Scheme 25).

OTBS | (:)TBS Fl’h
: $24.5, K,CO5 : $20  \eoH
\ — >
DMSO, rt /\/>/I o Dowex 50
EtO @)
S21.1 S24.1 S24.2

(0] PhSH, K,CO -
Br/\n/ ~ 2L 03 Ph\S/\”/O\/ m-CPBA Ph\s o~
7 \\O

(@) Acetone o) CH,Cl, 0] o)
5% Nal

S24.3 S24.4 5245

Scheme 24. Attempt to prepare valerolact®@é.2using phenylsulfonylacetat&?4.5

The cyclization was attempted using an alternaiwrghetic route as shown in
Scheme 25. The previously prepared alc@#8.1was esterified using DCC, DMAP
and carboxylic aci®25.2(prepared by hydrolysis of esteR4.5as shown in Scheme
25)>° SulfoneS25.1was exposed to potassium carbonate and dimettigkile, which
yielded a mixture of unidentified products and raxé of the desired compound was
found in the!H NMR spectrum of the crude product. Similar resulere obtained in the
preparation of valerolactor&24.2from compound25.1 sodium hydride in

tetrahydrofuran.
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(0]
O\\S//O
OH OTs Ph” 0O OTs
R S25.2 : K2CO3
DCC, DMAP DMSO, rt
CH2C|2, rt
S23.1 S$25.1 S24.9
Ph \/S\\/\H/O\/ KOH, MeOH Ph \/S\/\H/OH

/ D —————————— 7N

(0]

o 0 reflux o %o
S24.5 S25.2

Scheme 25. Attempt to prepare valerolact®@é.2following an alternative synthetic
route.
2.2.3 A plan for further use of the prepared lacten

As explained in the previous sections, decarboigiiadf S19.5was problematic
due to the formation of the highly volatile valexcloneS20.2 Bearing a substituent on
valerolactone&s26.1would help reduce volatility during the decarb@tidn step.
Therefore, Scheme 26 was suggested, a modificafi®theme 19 to obtain a
valerolactone with a substituent R &tgosition, which would ensure easier handling of
the substrate.

OEt 1) LiCl, DMSO
195-205 °C

S19.5 $26.1 526 2
/ X
. PUSt
S26.2 --L-A-H-> HIN LT, 0" “r ot plakortethers B ]
OHR OH
S26.3 S26.4

Scheme 26. A proposed synthetic pathway to obtaurbatituted tetrahydrofuran ring.
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Valerolactone519.5could be alkylated to obtain its derivati826.1
Decarboxylation with lithium chloride in DMSO at 3205 °C followed by the PhS
group substitution in the presence ot&and LDA should result in the formation of
PhS-substituted valerolacto826.2 LAH reduction of valerolacton§26.2should form

S26.3 which is expected to be converted to the five-inered key intermediate26.4

2.3 Preparation of the unified substrate for synthesis oplakortethers A-E

Although the above discussed synthetic routes wiareed only to proceed
towards plakortether B, the proposed valerolac®2&.6(Scheme 28) would be a
potential intermediate in the synthesis of plakiwes A-E. Its preparation, in turn,
requires enantiopure alcoh®28.3 which can be prepared using a chiral auxiliary.

The auxiliaryS27.3 developed in Evans’ group, was selected forphipose’™
>2 |t was prepared from commercially available phatanineS27.1 Alcohol S27.2was
obtained by reducing carboxylic acs27.1with LAH. The Evans oxazolidinore27.3
was successfully synthesized by refluxing alcdb®dr.2for 48 h with dimethyl carbonate
in the presence of potassium carbonate as a’P@sezolidinoneS27.3was then
acylated with butyryl chloride using sodium hydrideresult in the acylated chiral

auxiliary $27.4%

o] o] 0 o o
NH; NH /\)J\ )J\
LAH 2 \OJ\O/ o)k NH cl o N
THF — —
HO (0] HO K,COs3, - NaH, THF “
MeCN,
reflux, Ph Ph
48 h
S27.1 S27.2 527.3 S27.4

Scheme 27. Synthesis of acylated chiral auxil@2y.4
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The oxazolidinone derivativ®28.1was obtained by aldol condensatiorSaf7.4
with cinnamaldehyde in the presence of Mg8thyl etherate, triethylamine, TMSCI and
ethyl acetaté? TBS-protection of the alcohol by TBSCI and imidigzin
dimethylformamide followed by reductive cleavageldd chiral auxiliary resulted in
alcoholS28.3 This compound was converted to the iodinated/degve S28.4using
PPh, imidazole and iodine in dichloromethafieSince it is difficult to remove PRh
from the reaction mixture during the purificatioropess, an alternative method was
followed to prepare iodinated compouBa8.4 Alcohol S28.3was first tosylated in the
presence ob-TsCl and pyridine followed by detosylation withdioe (acetone, sodium
iodide at 40°C), which also resulted i828.4with a compatible yield. lodid§28.4was
exposed to est&324.5to produce sulfon828.5 Initial purification using column
chromatography on silica gel gave a mixture of patsl. Therefore, the optimization of

the purification method is necessary for this step.
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o O OH 0 O OTBS
Ph "0 L ; mesclmH -
S27.4 0" N = “Ph 0 N = “Ph
MgBr ,.ethyl etherate, / DMF \_/
Et3N, TMSCI, EtOAC /, //
Ph S28.1 Ph g5
OTBS OTBS
B PPhj, Im-H B
NaBH,, EtOH
S28.2 4 HO Zph | = ~Ph
I, CH,Cl,
0°c
$28.3 $28.4
o]
OTBS
O\\S//O B 0
S24.5 e - S -
S28.4 Ph I\(\/\Ph ———_— [ plakortethers A-E
K,COg
o0~ "o
DMSO K Ph

rt

S$28.5 S28.6

Scheme 28. Attempt to prepare the unified subs8a&6for the synthesis of
plakortethers AE.
2.4 Conclusion

In summary, during the approach to plakortetherk Ahe key efforts were
directed at assembling the tetrahydrofuran ringaiaimg two stereocenters at positions
C-6 and C-9. This was proposed to be achieved gfrstereoselective cyclization of the
episulfonium ion into an alcohol. In the initialrgiietic plan, preparation of
varerolatones were studied, as they are imponméatmediates in the synthesis of
plakortethers AE. An approach to the prepariggyarerolatones by enolate alkylation
was evaluated and several reaction conditions exmenined. Due to the problems
encountered during the purification process andtitity of the lactone, low yields were
obtained. This issue can be overcome by modifymegsubstrate with a suitable
substituent as proposed in Scheme 26. Even thiwegplakortether core could not
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achieved during the study, the targatarerolatone was constructed. Future endeavors
should be focused on optimizing the yields of #msl other low-yielding synthetic steps,

which would provide building blocks for the congttion of the plakortether core.
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CHAPTER IlI

EXPERIMENTAL SECTION FOR APPROACH TO THE TOTAL SYMESIS
OF PLAKORTETHERS AE

3.1 General information and instrumentation

'H and’*C NMR spectra were recorded on a Bruker AVANCE BI0OR
spectrometer. All spectra were obtained in deutdosoform (CDC}). Chemical shifts
are reported in ppm relative to tetramethylsilai@l$). Spin-spin coupling constantk,
are reported in hertz (Hz). Infrared (IR) specteevacquired on a Perkin Elmer
Spectrum 400 FT-IR/FT-FIR spectrometer. Analytitah layer chromatography (TLC)
was performed on silica gel 60 F254 (E. Merck nié15%7) pre-coated plates.
Purification by column chromatography was perforrasohg 46-63 um silica gel
(Merck, Geduran, no.11567-1) as the stationaryg@hBdF was distilled over sodium-
benzophenone under nitrogen before usexGTHvas distilled over calcium hydride
under nitrogen atmosphere. All other chemicals weexl as purchased without further

purification, unless mentioned.
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3.2 Procedures and physical data for compounds fror8cheme 19

(2S,39)-2-Ethyl-3-hydroxyhexanal (S19.2. A solution of freshly

OH O
s
/\/)) distilled propanaldehyde (1.00 g, 17.0 mmol) angrdlne (157

S19.2 mg, 1.40 mmol) in DMF was stirred at 4 °C for 10The resulting

solution was diluted with diethyl ether (10 mL) andshed successively with water and
brine. The combined aqueous layers were extractdddrethyl ether (3 x 10 mL), dried
over anhydrous magnesium sulfate, filtered andttbhde product was concentrated under
vacuum. Purification by column chromatography dicaigel (5:2, pentane-DEE)

yielded aldehyd&19.2(1.60 g, 65%) as a clear liquig.= 0.55 (5:1, pentane-DEE): The

physical data 0819.2match with its previously reported data of the poomd>®

oH OH (2R,39)-2-Ethylhexane-1,3-diol (S19.3)AldehydeS19.2
(50.0 mg, 0.294 mmol) and 50 mL of diethyl etheswadded to a
$19.3 round bottom flask under nitrogen and the mixtuesw

cooled to 0 °C. LAH (27.0 mg, 0.734 mmol) was tlaelded to the reaction mixture, and
stirred for 16 h at rt. The reaction mixture wasled to 0 °C and quenched with water
(0.1 mL) followed by 0.1 mL of 15% aqueous solutadrKOH and additional 3QlL of
water. The resulting mixture was stirred for 1 tatnd then with anhydrous magnesium
sulfate for another 1 h, followed by filtration tlugh a short Celite plug. The solid on the
Celite plug was washed several times with diettiyee Volatiles were removed under
vacuum and the resulting residue was purified byrma chromatography on silica gel

(1:3, EtOAc-hexane) affording 254 mg (81%) of dtdl9.3as a colorless viscous liquid.
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R = 0.45 (1:1, EtOAc-hexane). The physical dat& t®.3match with its previously

reported data of the compour(d.

o o (2R,39)-3-[2-(Ethoxycarbonyl)acetoyloxy]-2-ethylhexyl

OJ\/U\OEt

s 4-methylbenzenesulfonate (S19.4A solution of
OTs

2-(phenylsulfonyl)acetic acid (15.9 mg, 0.120 mnauiyl

S19.4

DCC (49.5 mg, 0.240 mmol) in dichloromethane (215

was stirred for 30 min under nitrogen at rt. The’lAP (9.8 mg, 0.080 mmol) and
alcoholS19.3(20.0 mg, 0.0800 mmol) was added to the reactiomune and stirred for
16 h at rt. The reaction mixture was diluted with tixture of ethyl acetate and hexane
(10 mL). The organic layer was washed with a 1 Neaas solution of HCI (10 mL),
saturated aqueous solution of sodium bicarbon&en{l), and brine. Purification by
column chromatography on silica gel (1:7, EtOAc-dr&) provided 20.0 mg (67%) of
compoundS19.4as a pale yellow oiR = 0.30 (1:5, EtOAc-hexane)d NMR (CDCl,
500 MHz):5 0.80 (t,J = 7.0 Hz, 6H), 1.20 (1] = 7.6 Hz, 3H), 1.261.50 (m, 6H), 1.70
(m, 1H), 3.964.10 (m, 4H), 3.20 (s, 3H), 4.95 (m, 1H), 7.30J¢; 6.4 Hz, 2H), 7.70 (d,

J=7.1Hz, 2H).

Ethyl (5R,6S)-5-ethyl-2-o0x0-6-propyltetrahydro-2H-
OEt pyran-3-carboxylate (S19.5) A flame-dried round bottom

flask was charged with compou&d9.4(25.0 mg,

S195 0.0700 mmol), potassium carbonate (27.9 mg, 0.200n
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and with 2 mL of anhydrous DMSO under nitrogen.e Teaction mixture was stirred for
18 h at rt. Upon completion, the reaction was gbedavith water and the product was
extracted with 1:1 mixture of ethyl acetate andamex(10 mL). The organic layer was
further washed with water (2 x 10 mL) and the rsglorganic layer was dried with
anhydrous magnesium sulfate, filtered and conceatnander vacuum. Purification by
chromatography on silica gel (1:7, EtOAc-hexaneypted 15.2 mg (62%) of the
valerolactoneés19.5as a colorless viscous liquig: = 0.35 (1:5, EtOAc-hexaneH

NMR (CDCh, 500 MHz):5 0.85 (t,J = 6.9 Hz, 3H), 0.90 (] = 7.0 Hz, 3H), 1.28 (§ =
6.8 Hz, 3H), 1.30 (m, 2H), 1.33 (m, 2H), 1.53 (r)21.70 (m, 1H), 2.09 (dd,= 14.0,
7.7 Hz, 1H), 2.15 (dd] = 14.0, 7.4 Hz, 1H), 3.30 (dd= 13.9, 7.0 Hz, 1H), 3.40 d,=

14.0 Hz, 1H), 4.20 (q] = 7.0 Hz, 2H).

3.3 Procedures and physical data for compounds frol8cheme 20

OAc | (3S,49)-3-(lodomethyl)heptan-4-yl acetate (S20.1A round
bottom flask was charged with di§lL9.3(360 mg, 2.47 mmol) in

$20.1 25 mL of pyridine. The resulting solution was cabte 0°C

followed by addition op-tosyl chloride (470 mg, 2.47 mmol) and the reactaxture
was stirred at 6C for 15 h. Upon completion, acetic anhydride (58§ 4.93 mmol) was
added to the reaction mixture at@®. The reaction mixture was stirred for 24 h and
diluted with 25 mL of ethyl acetate. The organigeiawas washed with saturated
agueous solution of sodium bicarbonate (15 mL)ewglt5 mL) and brine. The resulting
organic layer was dried with anhydrous magnesiulfiatg filtered and concentrated

under reduced pressure. The obtained mixture waeckid a round bottom flask along
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with sodium iodide (1.17 g, 7.83 mmol) followed B§ mL of acetone. Then the reaction
mixture was refluxed at 480 °C for 24 h. Upon completion, volatiles of tleaction
mixture were removed under reduced pressure anesldting residue was dissolved in
1:1 mixture of ethyl acetate and hexane (20 mLg @fganic layer was then washed with
water (20 mL) and brine, then dried over anhydmagnesium sulfate and filtered. The
volatiles were removed under reduced pressurefiéation by column chromatography
on silica gel (0.5:9.5, EtOAc-hexane) yielded 65§ (9% over two steps) of compound
S20.1as a pale yellow 0iR; = 0.55 (1:9, EtOAc-hexaneHd NMR (CDCk, 500 MHz):d
0.80 (t,J= 6.5 Hz, 3H), 0.90 (] = 7.0 Hz, 3H), 1.301.35 (m, 4H), 1.45 (m, 2H), 1.95
(s, 3H), 2.00 (m, 1H), 3.10 (dd= 12.5, 6.5 Hz, 1H), 3.20 (dd= 13.0, 6.8 Hz, 1H), 4.8

(m, 1H).

Preparation of S20.2 following method 1

(5R,6S)-5-Ethyl-6-propyltetrahydro-2H-pyran-2-one (S20.2) A

solution of diispropylamine (41.1 mg, 0.410 mmail}li mL of

anhydrous THF was cooled +@8 °C. To this solution,

S20.2

n-butyllithium (0.16 mL, 0.40 mmol of a 2.5 M solati in hexane) was added. After
stirring the mixture for 15 min at78 °C, a solution of compour#R0.1(100 mg, 0.340
mmol) and DMPU (5@QL, 0.40 mmol) in 2 mL of THF was added dropwisera¥é
period. Upon completion of the reaction, 5 mL dusated aqueous solution of
ammonium chloride was added and the reaction maxtias brought to rt. The resulting
reaction mixture was diluted with 20 mL of dietlegher. The organic layer was then

washed with water (2 x 10mL) and brine. The org#myer was dried over anhydrous
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magnesium sulfate and filtered. Volatiles were reegbunder reduced pressure.
Purification of the resulting residue by columnaiatography on silica gel (1:5, DEE-
petroleum ether) afforded 5.0 mg (9%) of crude nddéetoneS20.2as a colorless liquid.
Due to the low yield and volatility of valerolac®820.2 the crude product was not
subjected to purification. TH#&! NMR spectrum of the crude product of the compound

S20.2exhibited some significant peaks relevanfff.2

Preparation of S20.2 following method 2
(5R,6S)-5-Ethyl-6-propyltetrahydro-2H-pyran-2-one (S20.2) A solution of compound
S20.1(100 mg, 0.340 mmol) and DMPU (440, 0.34 mmol) in 2 mL of THF was cooled
to —78 °C under nitrogen. Then a solution of NaHMD®61mL, 0.740 mmol) was
added dropwise to the reaction. The mixture waestifor 7 h. Upon completion, the
reaction mixture was quenched with 5 mL of satwragueous solution of ammonium
chloride and brought to rt. The resulting mixturasadiluted with 20 mL of diethyl ether
and washed with water (2 x 10mL) and brine. Thendityanic layer was dried over
anhydrous magnesium sulfate and filtered. Volatdese removed under reduced
pressure. Purification of the resulting residueblmn chromatography on silica gel
(1:5, DEE-petroleum ether) afforded 3.0 mg (5%¢@ihpoundS20.2as a colorless
liquid. The'HNMR spectrum of the crude product®20.2exhibited some significant

peaks compatible with previously prepa&2D.2
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3.4 Procedures and physical data for compounds fror8cheme 21
tert-Butyl[(3 S,4S5)-3-(iodomethyl)heptan-4-yloxy]dimethylsilane

(S21.1) A flame-dried round bottom flask was charged with

compoundS21.1(20.0 mg, 0.800 mmol) in 2 mL of anhydrous

dichloromethane, followed by addition of imidaz¢1€.5 mg, 0.200 mmol) and TBSCI
(15.1 mg, 0.100 mmol). After a white precipitatenh@d, the reaction mixture was stirred
for 2 h at rt under nitrogen atmosphere. The reagatiixture was then quenched with
saturated aqueous solution of sodium bicarbonatdtencrude product was extracted
with ethyl acetate (3 x 10 mL). The combined orgdayers were dried over anhydrous
magnesium sulfate, filtered and concentrated urethrced pressure. The crude product
of the TBS-protected compound was added to a rboitdm flask along with sodium
iodide (84.7 mg, 0.565 mmol) followed by 10 mL ak#one. The reaction mixture was
refluxed at 4650 °C for 24 h. Upon completion of the reactionatites were removed
under reduced pressure and the crude product wsshded in a 1:1 mixture of ethyl
acetate and hexane (10 mL). The organic layer wasesjuently washed with water (10
mL) and brine. The resulting organic layer wasdloger anhydrous magnesium sulfate,
filtered and concentrated under reduced pressurdidation by column chromatography
on silica gel (1:9, EtOAc-hexane) provided 27 m@%®over two steps) of compound
S21.1as a pale yellow 0iR; = 0.50 (1:9, EtOAc-hexaneHd NMR (CDCk, 500 MHz):d
0.00 (s, 6H), 0.80 (s, 9H), 0.85 Jt= 6.9, 6.5 Hz, 3H), 0.90 @ = 7.0 Hz, 3H), 1.20 (m,
2H), 1.30 (m, 2H), 1.45 (m, 2H), 1.50 (m, 1H), B(@n, 1H), 3.06 (ddJ = 11.5, 6.7 Hz,

1H), 3.25 (dd,J = 12.0, 7.0 Hz, 1H).
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Diethyl 2-[(2R,3S)-3-(tert-butyldimethylsilyloxy)-2-

OTBS OEt

0 ethylhexyllmalonate (S21.2)A flame dried round bottom

EtO O
flask was charged with compouB@1.1(25.0 mg,

S21.2

0.0700 mmol) and with potassium carbonate (27.9018)0 mmol) under nitrogen. 2
mL of anhydrous DMSO was added to the solid mixtalewed by diethyl malonate
(16.1 mg, 0.100 mmol). The reaction mixture wastsigred for 18 h at rt. Upon
completion, the reaction was quenched with watdrtha product was extracted with a
1:1 mixture of ethyl acetate and hexane (10 mL}g ®ditganic layer was further washed
with water (2 x 10 mL) and the resulting organigeiawas dried with anhydrous
magnesium sulfate, filtered and concentrated undemum. Purification by
chromatography on silica gel (1:7, EtOAc-hexaneyted 15.2 mg (62%) of compound
S21.2as a colorless viscous liquig: = 0.50 (1:5, EtOAc-hexaneH NMR (CDCk, 500
MHz): 6 0.00 (s, 6H), 0.80 (s, 9H), 0.85Jt~ 6.9, 6.5 Hz, 6H), 0.90 (§,= 7.0 Hz, 3H),
1.25 (t,J = 6.8 Hz, 6H), 1.40 (m, 2H), 1.30 (m, 2H), 1.40, (th), 1.50 (m, 2H), 1.95(m,
2H), 3.40 (tJ = 7.0 Hz, 3H), 3.55 (m, 2H), 4.18 (@@= 7.0 Hz, 4H)!°C NMR (CDC},
125 MHz):5 -5.0 (CH), 13.0 (CH), 13.2 (CH), 14.5 (CH), 20.0 (CH), 26.0 (CH),
28.8 (CH), 37.0 (CH), 36.0 (CH), 43.0 (CH), 50.5(CH), 61.5 (GH 62(CH), 74(CH),

170.0 (C).

Ethyl (5R,6S)-5-ethyl-2-o0x0-6-propyltetrahydro-2H-

OFt pyran-3-carboxylate (S19.5) Compounds521.2(25.0 mg,

0.0700 mmol) was dissolved in 1 mL of anhydrous

S19.5

methanol and catalytic amount of Dowex 50 was added
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the reaction mixture. The reaction mixture wagatirfor 24 h at rt. Upon completion, the
mixture was filtered through a thin Celite plug a@hd volatiles were removed under
reduced pressure. Purification of the crude protyaolumn chromatography on silica
gel (1:7, EtOAc-hexane) afforded 7.5 mg (44%) ahpoundS19.5as a colorless liquid.
R = 0.35 (1:5, EtOAc-hexane). The physical dat&b®.5match with its previously

reported data of the compound.

Diethyl 2-[(2R,3S)-3-(tert-butyldimethylsilyloxy)-2-

ethylhexyllmalonate (S20.2)A round bottom flask was charged

with compound519.5(15.0 mg, 0.0600 mmol), lithium chloride

$20.2

(7.9 mg, 0.19 mmol) and 2 mL of DMSO. After additiof 2-3
drops of water, the reaction was refluxed for T h%¥-205 °C under nitrogen. Then the
mixture was cooled to rt and the product was etg¢chwith diethyl ether (10 mL). The
organic layer was washed with water (2 x 10mL) lnde. The resulting organic extract
was dried with anhydrous magnesium sulfate, fitexrd volatiles were removed under
reduced pressure. Purification of the resultingdres by column chromatography on
silica gel (1:5, DEE-petroleum ether) afforded 2 (8¢p%) of compoun&20.2as a
colorless liquidR; = 0.30 (1:5, DEE-petroleum ethefif NMR spectrum of the crude
product ofS20.2exhibited some significant peaks match with iesvpously reported data

of the compoun&20.2
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3.5 Procedures and physical data for compounds fror8cheme 22

oTes OMe Dimethyl 2-[(2R,3S)-3-(tert-butyldimethylsilyloxy)-2-

o ethylhexyllmalonate (S22.1)The compoun&22.1was

MeO 0]

<021 obtained using the procedure described for compound

S21.2 Purification by column chromatography on sili& @L:7, EtOAc-hexane) yielded
19.5 mg (68%) of compourfs22.1as a colorless viscous liquig.= 0.52 (1.5, EtOAc-
hexane)H NMR (CDCk, 500 MHz):6 0.00 (s, 6H), 0.85 (s, 12H), 1.15Jt 7.3 Hz,
3H), 1.26-1.50 (m, 6H), 1.55 (m, 1H), 1.99 (m, 2H), 3.15 (dd; 13.8, 6.8 Hz, 1H), 3.20

(m, 1H), 3.57 (s, 6H).

Methyl (5R,6S)-5-ethyl-2-ox0-6-propyltetrahydro-2H-

OFt pyran-3-carboxylate (S22.2) The compoun®22.2was

obtained using the same procedure described fopcond

§22.2

S19.5 Purification by column chromatography on silie g
(1:7, EtOAc-hexane) yielded 19.5 mg (68%) of thmmpoundS22.2as a colorless
viscous liquid R = 0.35 (1:5, EtOAc-hexaned NMR (CDCk, 500 MHz):5 0.85 (t,J =
6.5 Hz, 3H), 0.90 (m, 2H), 1.15 (= 7.3 Hz, 3H), 1.40 (m, 4H), 1.50 (m, 2H), 1.85 (m

1H), 2.26-2.40 (m, 2H), 3.40 (ddl = 14, 5.9 Hz, 1H), 3.90 (s, 3H).

3.6 Procedures and physical data for compounds frol8cheme 23

OH OTs (2R,35)-2-Ethyl-3-hydroxyhexyl 4-methylbenzenesulfonate
(S23.1) A solution of diolS19.3(100 mg, 0.690 mmol) in pyridine

S23.1 (5 mL) was cooled to 0 °C. Tosyl chloride (131 rag90 mmol)
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was then added to the reaction mixture and stokeainight at 0 °C. Upon completion of
the reaction, it was diluted with 10 mL of ethykgate. The reaction mixture was then
washed with water (10 mL), 1 N aqueous solutiorlGf (10 mL) and again with water
(10 mL). The organic layer was dried with anhydroeggnesium sulfate, filtered and
volatiles were removed under reduced pressurefi¢ation of the crude product by
column chromatography on silica gel (1:9, DEE-petim ether) yielded 150 mg (88%)
of compoundS23.1as a viscous liquid = 0.3 (1:9 DEE-petroleum ethetH NMR
(CDCls, 500 MHz):5 0.85 (t,d = 7.5 Hz, 3H), 0.9 () = 6.7 Hz, 3H), 1.261.50 (m, 5H),
1.90 (broad s, 1H), 2.45 (s, 3H), 3.50 (m, 1H)24ad,J = 11.0, 5.5 Hz, 1H), 4.10 (dd,
=11.5, 6.0 Hz, 1H), 7.40 (d,= 7.6 Hz, 2H), 8.20 (d] = 7.5 Hz, 2H)}*C NMR (CDCE,
125 MHz):5 11.7 (CH), 14.2 (CH), 19.4 (CH), 19.8 (CH), 21.2 (CH), 37.2 (CH),

45.0 (CH), 70.2 (Ch), 71.3(CH), 128.3 (CH), 130.3 (CH), 133.2 (C), TUEC).

cooR: (2S,39)-3-(Di(ethoxycarbonyl)methyl)-2-ethylhexyl 4-
Etooc” 0 methylbenzenesulfonate (S23.2) solution of alcohol
/\/)/\OTS S23.1(50.0 mg, 0.200 mmol) and diethyl diazomalonate
S23.2 (S23.5 (36.9 mg, 0.200 mmol) in 2.5 mL of anhydrous

Benzene was heated at 65 °C for 1 h, with catalynounts of rhodium acetate (0.01 mol
%) under nitrogen. The solvent was evaporated uredierced pressure and the resulting
residue was dissolved in 10 mL of ethyl acetate ihsoluble material was filtered
through a Celite plug and the resulting organietayas washed with saturated aqueous
solution of sodium bicarbonate (10 mL) and therhwitater (2 x 10 mL). The organic

layer was dried with anhydrous magnesium sulfatefdtered. Volatiles were
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evaporated under reduced pressure. Purificatidiheofesidue by column
chromatography on silica gel (1:7, EtOAc-hexan&rdked 60 mg (68%) of compound
S23.2as a pale yellow oil with a yield d& = 0.35 (1:7, EtOAc-hexane)H NMR
(CDCls, 500 MHz):5 0.7 (t,d = 7.5 Hz, 3H), 0.80 (t] = 7.2 Hz, 3H), 1.20 (] = 6.9 Hz,
3H), 1.26-1.50 (m, 6H), 1.70 (m, 1H), 2.38 (s, 3H), 3.44 {H), 3.95 (ddJ = 11.5, 6.0
Hz, 1H), 4.12 (ddJ = 12.0, 6.7 Hz, 1H), 4.15 (4,= 13.8 Hz, 2H), 4.30 (s, 1H), 7.3 @@,

= 7.5 Hz, 2H), 7.7 (dJ = 7.0 Hz, 2H).

Diethyl diazopropanedioate (S23.54 solution of diethyl

O O
/\OJ\H/MO/\ malonate ester (1.00 g, 6.00 mmol) in 10 mL of TwHs
N3
S235 cooled to-45 °C and charged with mesyl azide (2.18 g,

18.0 mmol). DBU (1.4 mL, 9.0 mmol) was then addeapdvise over 23 min period to
the reaction mixture. After stirring a5 °C for 1 h, the reaction mixture was brought to
rt over 15-20 min period and diluted with 10 mL of half satecaqueous solution of
ammonium sulfate. The product was extracted withldromethane (3 x 10 mL) and the
combined organic layers were dried over anhydroagnasium sulfate, filtered and
volatiles were removed under reduced pressurefi¢ation of the resulting residue by
column chromatography on silica gel (1:7, EtOAc-#me) afforded 850 mg (73%) of
compoundS23.5as a colorless liquidk = 0.40 (1:5, EtOAc-hexane)Hd NMR (CDCl,

500 MHz):6 1.15 (t,J = 12.5 Hz, 6H), 4.15 (q} = 11.5 Hz, 4H). IR (CkCl,, cmi*, v):

2175.80, 1725.54.
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3.7 Procedures and physical data for compounds fror8cheme 24

otes P (4R,59)-Ethyl 5-(tert-butyldimethylsilyloxy)-4-ethyl-2-

s=0
/\/jI‘(‘D (phenylsulfonyl)octanoate (S24.1)Compounds24.1
EtO O

soa1 was obtained using the procedure described for comm

S19.5 replacing diethyl malonate with ethyl 2-(phenyisnyl)acetate $24.5.
Purification by column chromatography on silica @el’, EtOAc-hexane) provided 16
mg (86%) of compoun&24.1as a colorless viscous liquig.= 0.50 (1:5, EtOAc-
hexane)'H NMR (CDCk, 500 MHz):5 0.00 (s, 6H), 0.85 (s, 9H), 09. Jt= 15.4 Hz,
3H), 1.10 (tJ =12.7 Hz, 3H), 1.15 (1 = 11.9 Hz, 3H), 1.201.50 (m, 6H), 1.90 (m,

1H), 2.20 (m, 2H), 3.20 (m, 2H), 3.50 (m, 1H), 4(80J = 13.6 Hz, 2H).

o o Ethyl 2-(phenylthio)acetate (S24.4)Ethyl bromoacetate (2.00 g,
~s

@ 12.0 mmol) was added to a round bottom flask aleitig 10 mL
S24.4

of acetone under nitrogen environment. Sodium dd09 g,

5 mol %) and potassium carbonate (2.49 g, 18.0 mwerle then added. After stirring
the reaction mixture for 10 min, thiophenol (1.2, A2 mmol) was added. The reaction
mixture was refluxed overnight, the acetone waperated and the residue was diluted
with 50 mL of ethyl acetate. The organic layer weshed with water (2 x 10mL) and
brine followed by drying with anhydrous magnesiunifate and filtering. Volatiles were
removed under reduced pressure and 2.35 g (100&6udé product was obtained as a
pale yellow 0il.Rr= 0.50 (1.7, EtOAc-hexane). The physical data @hgoundS24.4

match with its previously reported data of the coomp>®
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Ethyl 2-(phenylsulfonyl)acetate (S24.5)A round bottom flask

© o was charged with crude compousg4.4(2.35 g, 12.0 mmol) and

S24.5

20 mL of anhydrous dichlormethane. The resultiragtien

mixture was cooled to 0 °@}CPBA (5.18 g, 30.0 mmol) was added and was stioed
12 h at rt under nitrogen. Once the reaction waspteted, the reaction mixture was
taken up in 50 mL of dichloromethane and washedessively with saturated aqueous
solution of sodium sulfite (10 mL), saturated aqusesolution of sodium bicarbonate (10
mL) and brine. The organic layer was then driednarthydrous magnesium sulfate,
filtered and volatiles were evaporated under redywressure. Purification of the crude
product by column chromatography on silica gel (E®Ac-hexane) yielded 2.46 g
(90%) of compoun&24.5as a pale yellow liquidz = 0.20 (1:3, EtOAc-hexane): The

physical data 0824.5match with its previously reported data of the poomd>®

3.8 Procedures and physical data for compounds frol8cheme 25

o 0 O (2R,39)-3-[2-(Phenylsulfonyl)acetoyloxy]-2-ethylhexyl 4-
Y

Ph” 2 971 methylbenzenesulfonate (S25.1A solution of 2-
/\/)) (phenylsulfonyl)acetic acidS25.3 (52.9 mg, 0.260 mmol) and

S25.1

DCC (163 mg, 0.790 mmol) in dichloromethane (21bwas

stirred for 30 min under nitrogen environment aDMAP (35.3 mg, 0.260 mmol) and
alcoholS19.3(66.0 mg, 0.260 mmol) were then added and stioed6 h at rt. The
reaction mixture was diluted with a 1.1 mixtureetiiyl acetate and hexane (10 mL). The
organic layer was washed with a 1 N aqueous solaidiCI (10 mL), saturated aqueous

solution of sodium bicarbonate (10 mL), and brivelatiles were removed under
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reduced pressure. Purification of the resultinglerproduct by column chromatography
on silica gel (1:7, EtOAc-hexane) provided 50 m@%} of compound25.1as a
colorless viscous liquidg = 0.40 (1:5, EtOAc-hexaneéd NMR (CDCk, 500 MHz):6
0.75 (t,J = 6.4 Hz, 6H), 1.201.50 (m, 6H), 2.38 (s, 3H), 2.40 (m, 1H), 3.502d),

3.80 (dd,J = 10.2, 5.1 Hz, 1H), 4.00 (dd= 11.0, 6.3 Hz, 1H), 4.90 (m, 1H), 7-6050
(m, 10H).**C NMR (CDCE, 125 MHz):6 11.6 (CH), 11.8 (CH), 18.6 (CH), 19.8

(CHa), 22.2 (CH), 32.7 (CH), 34.1 (CH), 43.1 (G} 69.4 (CH), 69.8 (CH), 128.4

(CH), 129.5 (CH), 129.9 (CH), 130.3 (CH), 133.1,(C35.4 (C), 138.8 (C), 145.2 (C),

169.5 (C).

2-(Phenylsulfonyl)acetic acid (S25.2)A round bottom flask was

charged with este824.5(100 mg, 0.440 mmol), potassium

hydroxide (123 mg, 2.19 mmol) and methanol (5 nTlhe

reaction mixture was refluxed overnight at-80 °C. Upon completion of the reaction,
the volatiles were removed under reduced pres$tieremaining residue was dissolved
in 10 mL of water and organic impurities were estea with a 1:1 mixture of ethyl
acetate and hexane (15 mL). The aqueous layersidified with an aqueous solution of
1N hydrochloric acid, and the resulting carboxgad was extracted with ethyl acetate
(2 x 10 mL). The combined organic layers were ttheed with anhydrous magnesium
sulfate and filtered. Evaporation of volatiles untEduced pressure resulted in 84 mg
(97%) of pure compoun825.2as a colorless liquid = 0.10 (1:5, EtOAc-hexane). The

physical data 0825.2match with its previously reported data of the pormd>®
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3.9 Procedures and physical data for compounds fror8cheme 27

(R)-2-Amino-3-phenylpropan-1-ol (S27.2)L-Phenylalanine

NH,
©:oj/ (4.00 g, 24.4 mmol) and LAH (2.77 g, 73.2 mmol) &vadded to a

S27.2 round bottomed flask under nitrogen environmentr@Oof THF

was added and the reaction mixture was refluxe@4an under nitrogen. The reaction
mixture was slowly cooled to 0 °C and quenched wélonized water (9 mL) followed
by addition of 9 mL of a 15% aqueous solution ofHK@nd additional 3 mL of deionized
water. The resulting mixture was stirred for likefed and dried with anhydrous
magnesium sulfate, then filtered through a Celitgy and washed the Celite with excess
dichloromethane. Volatiles were removed under vactyielding alcohols27.2(3.50 g,
95%) as a white solid = 0.25 (1:1, EtOAc-hexane). The physical dat&»7.2match

with its previously reported data of the compodhd.

(R)-4-Benzyloxazolidin-2-one (S27.3)A mixture of acetonitrile
Q NH (50.0 mL) and dimethyl carbonate (8.3 mL, 99 mmwadps added to a

/ round bottomed flask containing a mixture of antg#¥.2(3.00 g,

S§27.3

19.8 mmol) and potassium carbonate (16.44 g, h#0l). The reaction

mixture was refluxed for 48 h under nitrogen envm@nt and then cooled to room
temperature. The reaction mixture was filteredulgfoa Celite plug and was washed
with a 1:1 mixture of ethyl acetate and hexaneni2). The organic layer was
concentrated under vacuum and resulting residugwaied by column

chromatography on silica gel (29, EtOAc-hexane) to afford 2.62 g (73 %) of
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compoundS27.3as a white solid® = 0.35 (1:1, EtOAc-hexane). The physical data of

S27.3match with its previously reported data of the poomd?>?

° o (R)-4-Benzyl-3-butyryloxazolidin-2-one (S27.4)(R)-4-
O\J_J\/N)j benzyloxazolidin-2-oneS27.3 (2.00 g, 12.1 mmol) and sodium hydride
Ph/

(0.43 g, 18 mmol) were added to a round bottomeskflThe mixture was

27 dissolved in THF (40 mL) and butyryl chloride (1.§012.1 mmol) was

then added to the mixture, followed by stirring fon under nitrogen atmosphere. Upon
completion, the reaction mixture was quenched witlolution of saturated ammonium
chloride and the compound was extracted with edbgtate. The organic extract was then
washed with a solution of saturated ammonium ctiéo(iLO mL), deionized water (10

mL) and brine (10 mL). The organic layer was dioedr anhydrous magnesium sulfate,
filtered and concentrated under reduced pressurdidation of the resulting residue by
column chromatography on silica gel (1:5, EtOAc-dme) provided 2.15 g (72%) of
compoundS27.4as a pale yellow oiR = 0.50 (1:3, EtOAc-hexane): The physical data

of S27.4match with its previously reported data of the poomd>®

3.10 Procedures and physical data for compounds fne Scheme 28

(R)-4-Benzyl-3-[(R,3R,E)-2-ethyl-3-hydroxy-5-

0\)_]\/'\')\(\/\% phenylpent-4-enoyl]oxazolidin-2-one (S28.1Compound

S27.4(1.00 g, 4.00 mmol) was added to Mg#tO

S28.1
(203 mg, 0.400 mmol) in a round bottom flask angHied with nitrogen. 10 mL of ethyl

acetate was added to the mixture followed by aesyeent addition of triethylamine (1.1
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mL, 8.0 mmol), cinnamaldehyde (0.6 mL, 5 mmol) aniSCI (0.8 mL, 6 mmol). The
reaction mixture was stirred at 23 °C for 24 h. Wgompletion, the resulting yellow
slurry was pushed through a plug of silica withtloy ether. Volatiles were removed
under vacuum, and to the remaining residue, 15 fmhethanol was added along with
4-5 drops of trifluoroacetic acid. The mixture wasret at rt for 30 min and volatiles
were removed under reduced pressure. Purificafitimearesulting crude product by
column chromatography on silica gel (1:7, EtOAcdre) afforded 1.53 g (87%) of
compoundS28.1as a pale yellow oiR = 0.40 (1:5, EtOAc-hexane)d NMR (CDCl,
500 MHz):6 0.9 (t,J = 11.5 Hz, 3H), 1.75 (m, 2H), 2.6 (dii= 11.7, 6.8 Hz, 1H), 2.6
(dd,J=11.9, 7.0 Hz, 1H), 3.00 (dd= 12.1, 6.9 Hz, 1H), 3.30 (dd= 12.0, 6.8 Hz,
1H), 4.12 (tJ = 12.8 Hz, 1H), 4.15 (dd,= 14.5, 7.3 Hz, 1H), 4.35 (dd= 14.6, 6.8 Hz,
1H), 4.75 (m, 1H), 6.35 (dd,= 15.5, 3.6 Hz 1 H), 6.70 (d,= 16.0 Hz, 1H), 7.157.35

(m, 10H).

o o oms (R)-4-Benzyl-3-[(R,3R,E)-3-(tert-

PN

O\_/N Z "Ph butyldimethylsilyloxy)-2-ethyl-5-phenylpent-4-

enoyl]loxazolidin-2-one (S28.2)A flame-dried round

Ph g282

bottom flask was charged with compous2i8.1(1.50 g, 3.04 mmol) and anhydrous
DMF (10 mL). Imidazole (518 mg, 7.60 mmol) and TB$&72 mg, 3.80 mmol) were
successively added to the solution. After a whreeipitate formed, the reaction mixture
was stirred overnight at rt. The reaction mixtugeswjuenched with saturated aqueous
solution of sodium bicarbonate (25 mL) and the coumul was extracted with ethyl

acetate (3 x 20 ml). The combined organic extraet® dried over anhydrous
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magnesium sulfate, filtered and concentrated urethrced pressure. Purification of the
resulted crude product by column chromatographygilica gel (1.7, EtOAc-hexane)
afforded 1.70 g (87%) of compous®8.2as a pale yellow oiR; = 0. 32 (1:5, EtOAc-
hexane)H NMR (CDCk, 500 MHz):6 0.00 (s, 6H), 0.70 (s, 9H), 0.75 Jt= 12.7 Hz,
3H), 1.59 (m, 2H), 2.50 (m, 1H), 3.35 (dtk 10.6, 4.1 Hz, 1H), 4.12 (m, 1H), 4.18 (dd,
J=14.0, 6.9 Hz, 1H), 4.43 (dd= 13.50, 7.4 Hz, 1H), 4.60 (m, 1H), 6.25 (dd; 16.2,

7.3 Hz, 1H), 6.62 (d] = 16.6 Hz, 1H), 7.167.40 (m, 10H).

oTES (2S,3R,E)-3-(tert-Butyldimethylsilyloxy)-2-ethyl-5-
Ho/\(\/\Ph phenylpent-4-en-1-ol (S28.3)Compounds28.2(175 mg,
$28.3 0.350 mmol) was dissolved in 3 mL of abs. ethamnadl the

solution was cooled to 0 °C. Sodium borohydride@6#g, 1.77 mmol) was then added
to the solution at 0 °C followed by stirring for B4at rt. The reaction mixture was
guenched with saturated aqueous solution of sotlicarbonate (10 mL) at 0 °C and
was warmed up to rt. The product was extracted 26timL of dichloromethane and the
organic layer was successively washed with water 12 mL) and brine. The organic
layer was dried over anhydrous magnesium sulfgtiered and concentrated under
reduced pressure. Purification of the resultedelwlcolumn chromatography on silica
gel (1:7, EtOAc-hexane) afforded 85 mg (75%) of poomdS28.3as a colorless oiRk

= 0.35 (1:5, EtOAc-hexane)dd NMR (CDCh, 500 MHz):5 0.00 (s, 6H), 0.75 (11 = 6.9
Hz, 3H), 0.9 (s, 9H), 2.00 (m, 1H), 1.40 (m, 1HP®(s, 1H), 3.50 (dd] = 10.8, 4.8 Hz,
1H), 3.80 (dd, = 9.5, 4.5 Hz, 1H), 4.30 (§,= 4.0 Hz, 1H), 6.10 (dd} = 16.1, 3.6 Hz,

1H), 6.40 (dd,J = 15.7, 6.8 Hz, 1H), 7.107.40 (m, 5H)*3C NMR (CDCk, 125 MHz):5
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5.0 (CH), 13.35 (CH), 19.0 (CH), 26.41 (CH), 48.27 (CH), 63.2 (Ch), 78.4 (CH),

126.9 (CH), 128.1 (CH), 129.0 (C), 131.0 (CH), 132CH), 137.1 (C).

[(E,3R,4R)-4-(lodomethyl)-1-phenylhex-1-en-3-yloxylert-

OTBS
'/\(\/A Ph | Butyl)dimethylsilane (S28.4) A round bottom flask was
S28.4 charged with compoun828.3(35.0 mg, 0.109 mmol) and

dichloromethane (1 mL) at O °C followed by successiddition of imidazole (14.9 mg,
0.218 mmol), triphenylphosphine (57.2 mg, 0.220 mrand iodine (55.3 mg, 0.220
mmol). After stirring for 20 min, the reaction mixe was diluted with hexane, filtered
through a celite plug followed by rinsing thorouglhlith hexane. The filtrate was
concentrated under reduced pressure and the regtgsidue was purified using column
chromatography on silica gel (1:7, EtOAc-hexane)dig 39 mg (83%) of compound
S28.4as a pale yellow 0iR; = 0.50 (1:5, EtOAc-hexane)H NMR (CDCk, 500 MHz):5
0.00 (s, 6H), 0.75 (1 = 6.9 Hz, 3H), 0.85 (s, 9H), 1.30 (m, 2H), 1.5Q (rHl), 3.30 (dd,
J=10.7, 4.6 Hz, 1H), 3.50 (dd= 9.7, 4.5 Hz, 1H), 4.10 (§,= 4.0 Hz, 1H), 6.10 (dd}

= 16.0, 7.6 Hz, 1H), 6.10 (d,= 16.7, 1H), 7.267.40 (m, 5H)*C NMR (CDC}, 125
MHz): 6 4.0 (CH;), 11.89 (CH), 18.5 (CH), 23.43 (CH), 47.79 (CH), 76.5 (CH), 126.9

(CH), 128.1 (CH), 129.0 (C), 131.5 (CH), 132. 1 (CEB7.1 (C).
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CHAPTER IV

BACKGROUND OF THE RHODIUM CATALYZED INTRAMOLECULARC-H
INSERTION ON DIAZOSULFONATES AND ITS SYNTHETIC APRCATIONS

4.1 Introduction and background on G-C bond formation through activation of
C-H bonds

Controlling product selectivity in carbon—hydrog&H) bond functionalization
reactions represents one of the great challengemitern synthetic chemist?yOver the
years, conventional approaches towards the systbésirganic molecules have
neglectedsp’ C—H bonds, which are highly abundant in organitemues and are
usually the most ubiquitous “functional grouf§”®* Thesp® C—H bond has a bond length
of 1.09 A, bond energy of 413 kJ/mol, and a smi#fiécence in electronegativity
between carbon and hydrogen, making thisi®ond nonpolar? °* ®3In general, €H
bonds are considered inert due to the absence tlyearbitals of low energy or filled
orbitals of high energy that can readily facilitateemical reaction&" ®The inertness
and ubiquitous nature s’ C—H bonds make the development of syntheticakyfuls
reactions challenging. Efficient and selective (sdthd functionalization strategies could
lead to more effective carbon—carbon (C—C) bondhé&tion reactions and address
important unsolved synthetic challen§&8® Towards this end, unique reagents are
needed that are reactive enough to cleave thevediastable C—H bonds but, at the same
time, selectively discriminate the different tym#<C—H bonds in organic molecul&s’

Thesp® C—H bonds adjacent to heteroatoms or functioraig are considered to

be activatedp’ C—H bonds. Since such C—H bonds are weaker aschibue reactive

52



than their unactivated counterparts, these bond$¥eaelectively functionalized. At the
same time, the selective activationspt hybridized C—H bonds is known to be both
kinetically and thermodynamically unfavorable. Nekeless, much progress has been
made in recent years to selectively activate thesels as shown by the work of many

researcher® "84

Traditionally, G-C bond formatiorvia activation of GH bond was entirely
dependent on radical reactidfi€® The high abundance of C—H bonds in organic
substrates and the complications associated wiitralbng radical reactions limited the
applications of these type of reactions. Howeveer dthe past two decades there has
been an explosive growth in the development of odtogies for C—H functionalization
and the application of these technologies for tmghgesis of complex targets such as
natural products and pharmaceutical agents. Asudtyea variety of regio- and
stereoselective C—H functionalization methods becawailable for the assembly of
complex molecules. These tools can streamline ratdp chemical routes by eliminating
unnecessary functional group transformations. Teaoknany contributors in the field,
C—H functionalization has reached an era in whiclateIC—H bond can now be
considered a synthon for both C—C and C—heteroatoiaties:’

Out of the reactions available, two significanhs@éon metal-based
methodologies have emerged for C—H bond functiaatibn, specifically with respect to
new C—C bond formatioft: °” ® #The first of these conversions is direct C—H
activation, requiring a reactive transition metaiplex (Ru, Ir, Rh or Pd) to transform a
relatively strong C—H bond (9205 kcal/mol) to a weaker carbon—-metal bond-&D

kcal/mol), followed by subsequent C—C bond formati8cheme 295> 8°* Shilov
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Bercaw®® Bergmart? Crabtre€* **Murai’’ and Goldmai¥ are the pioneers of this direct

C-H insertion methodologies, which date back to thé0k and 1980s.

Ly
H/M‘C/

N Ne—

/C\_H ML, /C\ R
Scheme 29. Direct-@H activation mechanism, “R” represents a nucle@pard Ml,
represents a reactive transition metal comfiex.

Direct activation of €H bonds generally involves harsh reaction condéion

Such conditions may not be tolerated by other foned groups in the substrate. In
addition, the reactive transition metal complex rhad too tightly to the C—H bond by
limiting the use of this transformation for syntisgiurpose$> °* *Unlike the above
method of transition-metal-based transformatiomduoctionalizing C—H bonds, metal

carbenoid C—H insertion proceeds under relativalg oonditions and tolerates many

functional groups.

4.2 Rhodium(ll) complexes in carbenoid C-H insertia
During the initial efforts of functionalizing-€H bonds using metal carbenoids,
copper complexes were employed with different lewélsuccess. However, due to the
high electrophilicity of copper, copper carbendieisd to be too reactive to undergo

selective CH activation reaction&
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Introduction of dirhodium complexes has greatlyaegéd the spectrum of metal
carbenoid-mediated C—H insertion reactions. Rlt@mplexes are among the most
effective and versatile catalysts and have beed nsa variety of synthetically useful
transformations’ % The major factor behind the superiority of Rh@itmplexes is
thought to be the formation of a dirhodium bridgged within a ‘lantern’
structure'®*% It is believed that only one of the two Rh atorosially binds to the
carbene; the other unbound atom assists as anoglguiol to increase the
electrophilicity of the carbenoid moiety and faates the cleavage of Rh—C bond upon
completion of the reactioff; 1®

More recently, dirhodium carboxylates and dirhodicanboxamides have
emerged as the most effective and most widely aatalysts for €H insertion
reactiong® 19 11%Some of the commonly used catalysts arg@Ac), (F4.1, rhodium
acetate), Riftfa), (F4.2 rhodium trifluoroacetate), Rfesp} {F4.3,
[bis(rhodiumg,a,a’,a’-tetramethyl-1,3-benzenedipropionic acid)]}, and.@bam)
(F4.4, rhodium acetamide) (Figure 4) among others. Eleewvithdrawing ligands tend
to increase the reactivity of the catalyst towat@dzo decomposition, while electron-
donating ligands tend to decrease the reactivith@ftcatalyst towards diazo
decomposition. Out of the catalysts listed, rhodasatamidel4.4, is considered to be

the least reactive and most selective.
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Figure 4. Common Rh-catalysts used for thédGnsertion reaction of diazo
compoundg$? 109 110

4.2.1 Rhodium-catalyzed C—H insertion mechanism

In the 80s, Doyle was the first to propose a wigalgepted mechanism for
Rh(ll)-catalyzed transformations of diazo compoutidsccording to his mechanism, the
catalytic cycle of Rh-catalyzed C—H insertion réats proceeds through three main
steps: Rh-assisted nitrogen extrusion from theodt@mpound, activation of the C-H
bond and C—C bond formatidff, *** *4n this method, the reactive transition metal
complex inserts into a C—H bond to create a threebered cyclic transition state,
which directly provides the functionalized produg®sheme 305 If the metal carbenoid
is highly electrophilic, competing side reactiorzbme an issue. On the other hand, if
the electrophilicity is insufficient, the metal banoid lacks reactivity to insert into an

unactivated C—H bon¢f; 88
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Scheme 30. Catalytic cycle for-8 functionalization by metal carbenoid insertioonr
diazo compound®

The author of this work suggested a transitioresiat the GH bond activation
based on the literature preferences and their oyerenental dat&’ They suggested
that after nitrogen extrusion, there is an ovedghe carbenoidp-orbital with theo-
orbital of the reacting C—H bond to form a threeambered concerted transition state
(Scheme 313* The author also have proposed that the C—C bamustion with the
carbenoid carbon proceeds at the same time agj#fted metal dissociates, but not to the
same extent. Although Doyle’s catalytic cycle isgelly accepted, the sequence eHC

activation and €C bond formation steps has been a subject of cerate speculation.

1
R7,

R? 73 H N +
R R +
RZ =
RS jo Rh,L
+ —> 3 N/ —> - -IIH +
R C 2 2Lk4
5 “RhyL R
A 2ba 3 4
H"%—Rh L "R R® R
2ba
R4

Scheme 31. Proposed transition state by Doyle fec&alyzed €H insertion from
diazo precursors?
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As an extension for the study by Doyle, a mechari@mthe intramolecular €H
insertion reaction ofi-diazoesters with REOAc), has been proposed by Takeal”
(Scheme 32). During the initial studies, the aughwere able to use a computational
approach to reliably predict the major diastere@ii@emmed in Rh-mediated cyclization
of a-diazoesters to acylcyclopentanes. According ® timodel, coordination ef-
diazoeste532.1to the open axial position of RWAC),, F4.1, affords complexS32.2
Back donation of electron density from Rh to thg@eent carbon with simultaneous
extrusion of nitrogen give carbend&82.3 whichmay also be depicted as an inverted
ylide S32.4 The reversible formation of a three-center twexton bond affords
complexS32.5 For bond formation to proceed, a four-memberadsdition state (TS)
S32.6is needed, in which the Rh—C bond is aligned withtarget C—H bond. Provided
sufficient overlap exists, the electron pair of @eH bond moves to form a new C-C
bond, and synchronously, the electron pair of the@®bond moves to form a new C—H

bond. This results in formation of prod&32.7and regeneration of catalysg.1”> 13

7
O-
0 \/th\O
TRh— E E
(l)OOA\ H /R-h\](a J\
5 T e e = e
e H -N2
@
»,HNZ F5 1 $32.2 $32.3 S32.4

S32.1 lT
E E
g ] -~ W?j\k[fe h]e —= WH%‘%[RPI]O

2
’

S32.7 S32.6 S§32.5

Scheme 32. Proposed mechanism by Tabat for Rh-catalyzed C—H insertion from
diazo precursor§’
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In 2002, Nakamurat al'°® proposed a transition state model of Rh(Il)-catedy
C-H activation, which confirmed the TS model propobgdoyle®® Using B3LYP
density functional theory on dirhodium tetracarbaxg-catalyzed C—H bond activation,
the authors discovered the energetics, geomeimmdrtant intermediates and TS in the
catalytic cycle, thereby providing a more accuié®emodel. Based on the analysis, the
authors proposed that the reaction is initiateéolbyation of a complex between the Rh
catalystF4.1 and the diazo compourgB3.1(Scheme 33). Back donation of electrons
from Rh(Il) 4dxzorbital to the C—N*-orbital provides the driving force for nitrogen
extrusion to form the Rh carbend®3.3 The Rh carbenoid is highly electrophilic
because of its emptypdrbital. As such, C—H activation and formatiortleé C—C bond
proceed in a single stefa a three-membered hydride transfer-like 833%.5andS33.9

with small activation energy.
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Scheme 33. Proposed mechanism by Nakamiuah for Rh-catalyzed C—H insertion
from diazo precursor$®

4.2.2 Synthetic utility of rhodium-induced intrametular C—H insertion

In the last three decades, a significant increasled utilization of diazocarbonyl
compounds as precursors irCbond formation reactions has been witnessed. Rh-
induced carbene insertion into C—H bonds has erdaagea powerful and valuable
synthetic method, thanks to the pioneering workBafis***'® Doyle*'* °Du
Bois,*?° Tabet?! ?2and other. These Rh-induced insertion reactionsither be
intermolecular or intramoleculdf®>*?’ Intermolecular versions have certain limitations.
Obtaining desired regioselectivity and high yidllsntermolecular €H insertion

reactions has proven challenging mainly due to amg side reactions (e.g., carbene
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dimerization). With the exception of a few selecseddstrates, only intramolecular@
insertion is deemed synthetically usefuf-+ 2% 12835

In general, Rh(ll) carboxamidates are considerdzketone of the best classes of
catalyst for Rh-induced intramolecular C—H inset$ib*® The intramolecular €H
insertion reaction has demonstrated an overwhelipiegrence for the formation of
five-membered rings and a reactivity order of &eti> secondary >> primary in regards
to the insertion into the pertinent-B bond>*" ***This inherent preference can be
occasionally overridden by conformational and steffects in the substrate. The nature
of the ligands on Rh-catalyst also influences the ef the ring (e.g., four- and six-
membered rings may be formed) and on the regiostrdochemical outcome of the
prOdUCt:}OB' 139, 140

Competing influences may give rise to a mixtureneertion products, as
illustrated in the case @F (S34.9 andy-lactam §34.7 formation from the €H
insertion reaction ofi-diazoacetamidesS@4.1 Scheme 34)** **'The formation of &-
lactam is favored by the influence of the amideogien and a strong electron-
withdrawing substituent (e.g., XCOMe) attached to the carbene carbon. Preserece of
strong electron-withdrawing substituent presumaldgllows an early transition state
(S34.9, leading directly to thg-lactam product34.7 In the absence of a strong

electron-withdrawing substituent (when=hSQ or PO(EtO)), later transition state

S34.5is reached angllactamS34.7is formed.
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Ny t-Bu Lconformational
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— X Ph g
X = PhSO, \H)kl}l/\/ N—t-Bu
X = PO(EtO), i Ph N
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S34.3 S34.6 S34.7

Scheme 34. Formation @ andj-lactams by intramolecular Rh-catalyzed insertitn.

4.2.3 Application of rhodium-induced intramolecula€—H insertion towards natural
product synthesis

Synthetic methodologies are the main essentiakfofd¢otal synthesis.
Impressive simplification of total synthesis of qaliex natural product using Rh-
catalyzed intramolecular-& insertion as a powerful synthetic methodology i
discussed under this section.

As mentioned, the majority of studies involving Riediated intramolecular-&1
insertion have observed the preferential five-menetbeing formation. Nevertheless, the
first application of GH insertion to natural product synthesis reportgdhne and
Thomas, involved a six-membered ring formation €3ch 35)'** The authors were able
to synthesize methyl esters of pentalenolacto®8®k4and FS35.5 The synthesis was

carried outvia a route based on the intramoleculaHdnsertion ofa-acyldiazoS35.2

yielding the key intermediateslactoneS35.3
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Rh,(OAC) 4
— s e

pentalenolactone E, S35.4

ll 2 steps

COOMe

S35.1

pentalenolactone F, S35.5

Scheme 35. Synthesis of pentalenolactone E dfid F.

Taber and Schuchart8 synthesized the previously discussed pentalerwiade
S35.4 using an alternative route in which a five-menglering is constructed (Scheme
36)1*%In the key step, tricyclic ketor36.3is furnished by R{OAc).-catalyzed
intramolecular C—H insertion efdiazof-ketoestelS36.2 which contains two chiral
center. The ester is converted to tricyclic ket886.3with high asymmetric induction
resulting in two additional chiral centers. Theatatynthesis of pentalenolacton&B6.4

is then completed with five more steps.
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pentalenolacetone E

S36.4

Scheme 36. Use of intramolecular Rh-catalyze#i @sertion in the synthesis of
pentalenolactone E by Taber and co-workéts.

Another notable feature of intramolecular C—H itiseris its inherent ability to
convert an acyclic tertiary chiral center into atgunary chiral center with retention of
absolute configuratiof’> ' **This phenomenon has been exploited by Taber and co
workers in the synthesis of (#}cuparenon&37.4(Scheme 3792 and(-)-hamigeran B
S38.3(Scheme 38)** The synthesis of (+}-cuparenone is initiated with diazo transfer
of f-ketoestelS37.1to afforda-diazo#-ketoestelS37.2in 75% yield (Scheme 37). Rh-
catalyzed decomposition afdiazo#-ketoestelS37.2affords the key intermediate
cyclopentanon&37.3in 67% yield with retention of configuration aethewly

constructed quaternary center. Additional four stegsulted in the target product.
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+)-a-cuparenone
$37.1 S37.2 S37.3 ) 557.4

Scheme 37. Intramolecular@ insertion in the synthesis of (#}cuparenon&37.4
reported by Taber and co-workefs.

In 2008, the same authors reported the synthegig-dfamigeran B538.3 using
a similar approach. In this case, a mixture oftéi@®mers is obtained because of the
stereogenic center adjacent to the carbonyl moidtg.compound with the desired
configuration is conveniently obtained by equildimg the mixture in the presence of
acid catalyst. Subsequent steps furnished the ptg¢dhamigeran B538.3as shown in

Scheme 38

BnO
BnO —\ OH O
N3 Rh(S-pptl) e 10 steps Br 0
2(S-ppll) 4 p:
D —— e
toluene
e} 83%
N
OMe OMe _l
S38.1 S38.2 (-)-hamigeran B

S38.3

Scheme 38. Intramolecular Rh-catalyzed insertigulieg to the synthesis of
(-)-hamigeran B**

Preparation of the key chiral cyclopentanone intatiates $39.3andS39.7 of
(-)-2-pupukeanon839.4*° and (+)-morphin&39.8*° demonstrate the effectiveness of
the G-H insertion reaction during the construction efCbonds in strained fused-ring

systems. The synthesis ef){2-pupukeanon&39.4was initiated with 6-methyl carvone
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S39.1 In the presence of Rftfa),, diazoketon&39.2affords fused cyclopentanone
S39.3(55%), and the synthesis ef){2-pupukeanone is completed with additional seven
more steps. The synthesis of (+)-morpHa89.8is initiated with an acid derivative of
isovanillin S39.5 Treatment otliazoketone539.6with Rh,(OAc), affords 50% yield of

the strained fused cyclopentand®@9.7 which is converted in nine steps to (+)-

morphine.
(0] N S
8 N O
ha(tfa) 4
_— p—l
55% A
S39.1 S39.2 S$39.3 (-)-2-pupukeanone
S39.4
CHN,
COzMe
N
17 steps MeO RhZ(OAc)4
eO CO,H 50%
OH OMOM
S395 S39.6

(+)-morphine

S39.8

Scheme 39. Intramolecular8 insertion in the synthesis of (-)-2-pupukean838.4
and (+)-morphin&39.84> 14°

Intramolecular C—H insertion has been broadly usede synthesis of-

butyrolactones angtlactams. The synthesis d®)¢baclofen-HCIS40.4and R)-rolipram
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S40.8can be considered as notable examples (Schent&’46§The synthesis ofR)-
baclofen.HCI ignitiated withp-chlorophenethyl alcoh@®40.1 The RR(SMPPIM),-
catalyzed intramolecular C—H insertion reactiomliazoacetat&40.2affords they-
butyrolactone540.3in 81% vyield and 99%e and the desired produs#0.4is obtained
in 60% overall yield*® Hu and co-workers have described the synthegis)afipram,
S40.8starting from isovanillir540.5"° Utilizing cumyl (2,2-dimethylbenzyl) as
protecting group, the RIMEOX),-catalyzed intramolecular C—H insertion reactiom-of
diazoacetamid&34.6affords they-lactumS40.7in 64% yield and 46%e Removal of

the cumyl protecting group furnished the final &trgompound&40.8in 15% overall

yield.
(0]
(0]
UNPN
OH 20 o
4 s'[eps Rh2(4S'MPP|M)4 2 steps HOOC NH2HC|
P > —_—
DCH, 40 °C
81% yield
95% ee
Cl Cl Cl Cl
S40.1 S40.2 $40.3 (-)-baclofen.HCl
S40.4

Rh,(4R-MEOX), CF3COOH

L 0

o} N HN

CHO
4 steps H 7
B} 65% :
OH DCM 0
64%
OMe o) ) o}

S40.5 S40.6 S40.7 (-)-rolipram

N2
e "l
N
OMe

$40.8

Scheme 40. Synthesis gbutyrolactones anglactams by intramolecular Rh-catalyzed
insertiont4’: 148
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The G-H insertion reaction has also been used in thedbam of a chira)-
lactone precursor for naturally occurring indolkadbid )-eburnamonin&41.4
(Scheme 41%° Starting withN-butanoyloxazolidinon&41.1, diazoeste641.2is
prepared in three steps, which upon treatment RiH(OAC),, affords chiral-lactone

intermediateS41.3in 90% yield.

(o) O MeOZC
M
/\)J\N)ko 3 steps :‘(ENz
—, © —
O
h
P H
7
S41.1 R Sa1.3 (-)-eburnamonine

S41.4

R = (CH,);0TBDPS

S41.2

Scheme 41. Intramolecular@ insertion to form a quaternary chiral centerha t
synthesis of (-)-eburnamonitgat1.4%
4.3 Rhodium-catalyzed intramolecular G-H insertion on disulfones and disulfonates
Rh-catalyzed intramolecular-El insertion ofa-diazosulfones is a relatively well-
studied reaction. In a wide variety of cases itlteto the preferential formation of five-
membered cyclic sulfonés™ **However, Espinet al*?° have reported the formation of
six-membered cyclic sulfamateg® Rh-catalyzed intramolecular N-H insertion of Rh-
nitrenoids generated from the corresponding sulfaresters. The authors have
suggested that the difference in bond lengths and langles around the sulfur atom is
responsible for this preference towards six-mentberg formation>>*>° In 2007,
branching off the Du Bois’s work, John and Novikbdemonstrated that the preferential
formation of cyclic six-membered sulfones and sudfi@s can also be achieved through

Rh-catalyzed intramolecular carbene C—H inserteactions of aliphatie-diazosulfones
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and a-diazosulfonates (Table 2). Using this method, labée chiral starting materials

(T2.1-T2.5) can be easily converted into useful synthetierimediates. Bequete al>’

have demonstrated the potential of this approaatobyerting the>sultone from {)-

citronellol to (+)-bakuchiol, a natural product wiarious biological activities.

Table 1. Formation of six-membered rings frardiazosulfones and
a-diazosulfonates reported by John and Novikbv.

COOEt AL
Q, a _s’_,.COOEt
25 2(0Ac), JX\I
071 —
Xn DCM & hel =
|
S P
S X R P Yield (%)
(N 2
S~ = COOEt
T2.1 CH; AT . 55°
Ny
s, COOEt
T2.2 CH, N Qj; 56
Oy s°
}LL\)\ o S~y COOE
T2.3 @) 53
N
~8___COOEt
0
T2.4 0 faj\/k )\;Q 55°
T2.5 o) b 80
% H Q

Y |
B S=0
\

O
COOEt

a: Isolated as a single isomer.

b: Diastereomeric ratio varied from experimentxperiment, ranging from complete to 2:1 in favortioeé

same diastereomer.
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A complimentary report by Wolckenhausral has also confirmed the
preferential formation of-sultones 73.1-T3.8) from a-diazosulfonate substrates (Table
3).1°8 Notably, the preference for a six-membered ringésntained even when
formation of a strained system is required, aseawed by the reactions of substrates

T3.5-T3.8.

Table 2. Formation af-sultones from the €H insertion reaction od-diazosulfonates
reported by Wolckenhauet al**®

CO,Et O\ P
o\\S/KN Rh cat. @COZH
= 2 —_—
° OR CH,Cl, = L
S P
S R P Yield (%)
~ O\\/O
T3.1 Y oS COsE 84
‘ ,/\)\
Oy
T3.2 i(j/ 07 S e COEL o4
Oy
T3.3 NN o S\ COE 85
Ph
O\
T3.4 O>S// CO,Et
;"J\/\)\ K;g/ 642
CO,Et

T3.5 2 S

70



Table 2. Cont.

s R p Yield (%)
H CO,Et
3.6 O WA 60
o$
}‘L e, Cl)
\éf\/\( O\\S//O CO,Et -
O/ A
T3.7 P K}
‘Ph
N o\\S/(/) COE
T3.8 Jiv o >N -

Rh catalyst: a = ROACc),, b = Ri(esp), ¢ = Ri(O,CCPh),, d = Rh(tfa),

Although the formation od-sultones as the major products from intramolecular

Rh-catalyzed €H insertion on alkylsulfonyl diazoacetate subssatas observed by

Johnet al in their first report? a later, more detailed analysis by Jungengl**® has

revealed this preference is sensitive to the satesstructure and the catalyst used (Table

4). As discussed in previous sections, intramobecGHH insertion is favored at sites that

stabilize positive charges. For example, subsifaté (R* = Me) favored primarily the

six-membered produd.1, whereas substralet.1 (R® = H) afforded primarily the five-

membered produd?.2. Presumably, this is due to the lesser substitwtidhe G-H

insertion site. Trimethyl-substituted substrate8 (R, R?, R® = Me) also afforded

primarily the five-membered produet2, as compared to substraté.4 (R*, R = H, R®

= Me). In this case, the steric compression ofaihgle at the sulfonyl group likely favors



the formation of a five-membered ring. The catablso influences the outcome of the
reaction as evidenced by the effect of a stronggteon-withdrawing ligand, (pfb).
Reactions catalyzed by a Rh(ll) complex with tigahd tend to favor the formation of
five-membered rings, while those with electron-dorgaligands tend to favor six-
membered rings. This suggests that the electranita@ment on the metal center is

another critical factor in determining selectivity.

Table 3. Formation of five-membered versus six-memd rings from €H insertion
reaction of diazosulfones reported by Jungengl'>®

CO,Et

(@] 1 Q.0 (0]
o;\\s N, Rh(ll) caralyst R? b4 CO,Et R: \\S//O CO,E
RlMRs - U 3 i Rq
R2 R R3
S P1 P2
S Rl R? R? catalvst Yield of P.2* Yield of P.2%
Y (%) (%)
T4.1 H H H Rh(OAC), 2 25
T4.2 H H H Rhy(esp) 4 45
T4.3 H H H Rh(pfb),  Not detected 80
T4.4 H H Me  RRh(OAC), 65 9
T4.5 Me H Me  RRh(OAc), 40 24
T4.6 Me H Me Rh(esp) 26 34
T4.7 Me H Me Rh(pfb). 8 60
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Table 3. Cont.

Yield of P.1* Yield of P.2

S R, R, Rs Catalyst (%) (%)
T4.8 Me Me Me  RB(OAc), 5 75
T4.9 Me Me Me Rh(pfb),  Not detected 64

a Isolated yields, combined for both diastereomers.
4.4 Synthetically useful intermediates from cyclisix-membered sulfones and
sulfonates

The chemistry of the novel cyclic six-membered s and sulfonates as
synthetic intermediates remains largely unexpldfé@nly a few cases have been
reported in the literature where cyclic six-memblesalfones and sulfonates have been
converted into synthetically viable intermediatearticularly, it has been shown by Du
Bois’s research grodp that the carbon—oxygen bond®§ultonesS42.2can be
displaced with nucleophiles such as NaCN, pJaMOAc, and thiolates to form
analogues of the sulfonate sa#t2.3 Direct extrusion of S©from the subsequent salts
under a variety of conditions proved ineffectivat the salts could be effectively

converted to acyclic esters by a two-step sequédeeme 42).

0 0
\ 7/

o\\s//o CO,Et 4mol % Oy o SN PO N CO,Et
oI Rh(OAC) 4 O/S COE —>NaCN D €och: /:\):
)\/\ )\I Ph Me Ph

Me Ph  PhI=O Me pp  DOMF ‘ 2) Zn(Cu)
Cs,COg4 NC' “Me AcOH
C-H insertion
S42.1 S42.2 S42.3 S42.4

Scheme 42. Nucleophilic substitution reactions-setiltones reported by Wolckenhauer
et al**®
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Wolckenhaueet al'*® have also observed the desulfonatio#-sfiltones under
oxidative conditions to furnish five-membered [d@d3.2 The conversion is reported to
involve an oxygen transfer followed by a C-S boleéeage to afford-keto ester,

which is trapped internally by the awaiting hydrbgyoup (Scheme 43).

O\\S/,O HO, CO.Et
“, = -
4 2) Ph
) S NSO.Ph
o)
S43.1 S43.2

Scheme 43. Desulfonation &sultones to form substituted lactones reported by
Wolckenhaueet al**®

There are many examples of reductive desulfonatienarylsulfonyl
esters** %3 However, the aryl group on the sulfur atom is eakfor this
transformationd-Sultones did not react in the presence of knowlncig agents such as
Al/Hg,*** Na/Hg®®> Mg-MeOH *? and Smi-MeOH *** which are routinely used for

desulfonation of aryl sulfonyl compounds. Duéial'®

reported desulfonation of
fluoroalkylsulfonyl oxindoles by using Sgnwvith prolonged reaction times. However,
there are no such examples éealkoxysulfonyl substituted esters. Jungat@l'®* have
successfully used the modified reaction conditiasisd by Duffyet al**® by combining

DMPU along with Sy, which slowly react witl#-sultones to afforg-valerolactones

(Table 4)*%
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Table 4. Smj reduction ofé-sultones to form-valerolactone reported by Jungogtg

gl 164
\\S//o o} o o
o OEt Smi;, DMPU j)il:gu\oa
Rl - Rl
/“‘LLWI” » THF, 1t, 3h }LW 2
|
S P
S Time P Yield (%)
O\\s//o COOEt i 47
OL;Q 45 min Q
o\\s/’o COOEt i
J L - @ "
% 3h oM 85
? o)
H I H
S=0
! o

Following the example of oxidative desulfonation okultones reported by

Wolckenhaueet al,**®

studies in our lab have found that #hsultone exposed tert-

butyl hydrogen peroxide (TBHP) in the presence siii#gable base, undergoexidative

desulfonation along with decarboxylation leadindaenation of~butyrolactone®®

Common bases such as NaH, DBUYCK:;, KOH, t-TEA, NaHMDS, and KHMDS have
been surveyed in efforts to identify an approprizse for the desulfonation process. It is
found that KHMDS and-BuOK are effective bases for this purpose. Severamples of

oxidative desulfonation af-sultones with ranging yields were found (Schemkg 44

75



’/'CIJ
=0
&
@]

COOEt
S44.1

O\\ 7
_S

O
"'//\/&
S44.3

O
hr COOEt

O=
/
(@]

S
BnO
S44.5

COOEt

o)
A
e

S44.7

Scheme 44. TBHP oxidative desulfonatioryefultones tg-butyrolactoneg®

Presumably, the product formation would proceedubh three steps: formation
of the enolate, subsequent oxidation and cyclimat@rmation of potassium enolate
S45.2with t-BuOK followed by the deprotonation of TBHP woulatin at-butyl
hydroperoxide nucleophile, which after reaction logive a potassium alkoxide ring
structure $45.3).C-S bond cleavage would result$45.4 and it is possible th&45.4
would further be oxidized through Baeyer-Villiggpe oxidation providing mixed

anhydrideS45.6 SO, extrusion of anhydrid&45.6followed by cyclization would

t-BuOK, TBHP

THF
93%

t-BuOK, TBHP

THF
70%

TBHP, t-BuOK

THF, rt, 12h
74%

t-BuOK, TBHP

THF
85%

furnish the desired five-membered lact@#b.7
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) o)
AP 3PN o O\\é?o I\ 0,8, O
2
o~ S COF! TBHP 0> SOEt 1BUOO o OEt e OEt
1 BUOK R! R R
R t-Bu
/‘ILL\ e R2 or /‘%L wanv R2 /'1% v R2 /’ILL b i R2
™ R KHMDS ™ R | |
S45.1 S45.2 S45.3 S45.4
S
t-BuOO

N

QJ
o o o §\O‘>O
R1 H* 0,5 O O OEt Baeyer-Viliger type 0,5
o) /O\I \ﬂ/ oxidation o OEt

- RO - R
W\ S0, 2 -t-BUOH N \

2
— NaOCOOEt R .

S45.7 S45.6 S45.5

Scheme 45. Proposed mechanism of TBHP oxidativelfdestion of5-sultones to
»butyrolactones?®
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CHAPTER V

RHODIUM-CATALYZED INTRAMOLECULAR C-H INSERTION ON
DIAZOSULFONATES AND THEIR SYNTHETIC APPLICATIONS

As an extension and optimization of the previouskwdone in our research group
on G-H insertion of diazosulfones and diazosulfondtes, 1°% 1°% 4ther synthetic
intermediates from common precursors were expld@eadh intermediates include six-
membered sulfone$5.1 andF5.2), &sultones 5.1a-T5.1h) andj-butyrolactones
(T5.2a-T5.2h).*%’

Since reactions towards diazosulfare5 provided good diastereoselectivity, as
reported in early studies by Jungagtal, it was intended to synthesize six-membered
cyclic sulfoned=5.1 andF5.2, which are structurally similar to the previously
synthesized sulfon¥? This way sulfone substrates with 1(5(1) and 1,2 £5.2) chiral

centers could be conveniently assemBféd.

\\S// \\S
F5.1 F5.2

Figure 5. Six-membered sulfones as synthetic target

78



Synthesis ob-sultonesT’5.1aandT5.1b was planned from easily available chiral
starting materials isomethol ang){borneol, respectively. Preparation®s$ultoneT5.1c
and benzyl-protected-sultond’5.1d was intended due to their potential towards the
construction of~butyrolactoneg§5.2candT5.2d, which can serve as key intermediates
in the synthesis of-)-eburnamonin&41.4(Scheme 543°® Remaking of the already
reporteds-sultonesT5.1e-T5.1h* **"was planned to optimize the oxidative
desulfonation ob-sultone substrates gebutyrolactone. Synthesis of the above mention
six-membered sulfone§%.1 andF5.2) andssultones T5.1a-T5.1h) requires their

corresponding diazo substrates; their preparatiirbevdiscussed under Section 5.1.1

and 5.1.2.

Table 5.5-Sultones ang-butyrolactones as synthetic targets.

o-Sultones y-Butyrolactones

,,CI)
—0
&Y
@)
COOEt
T5.1a T5.2a
O.. o
S. COOEt (0]
/7N
o ©O
T5.2b
T5.1b
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Table 5. Cont.

o-Sultones »-Butyrolactones
O O
\ O
O\;S/ CO,Et

N SEE Z
T5.1¢ — S5.2¢

o)
\/
0" % OBn
T5.1d ©Bn T5.2d
fo) (0]
O\\S//O
o~ o 0
T5.2e
T5.1e
o)
N S,/O o)
~ /\
T5.1f T5.2f
o. 0O
Y/
O>s/ CO,Et 0
K;Q//\)\ 0 7"0/\)\
O 0 - 0
Y —
o) o)
COOEt
T5.1h T5.2h
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5.1 Results and discussion
5.1.1 Preparation of diazosulfones

Synthesis of diazo sulfon€%.1 andF5.2required the corresponding starting
alcoholsT6.1aandT6.1b.

LAH reduction of 2-methyl-2-pentenal to its corresding alcohol followed by
hydrogenation with KPt successfully resulted in desired alcoh@lla. Conversion of
2-amino-3-methylpentanoic acid to 2-chloro-3-mepleyltanoic acid in the presence of
HCIl and NaN@, followed by LAH reduction yielded alcoh®b.1b.

The required diazosulfones were prepared accotditite method shown in
Table 6, using alcoholB6.1aandT6.1b as starting materials. Alcoh®b.1 was treated
with p-TsCl using pyridine as a solvent at room tempeesto yield tosylated compound
T6.2, which was then converted to its correspondingd=ilT 6.3 by reacting with ethyl
mercaptoacetate and®O; in acetone at rt. Sulfong6.4 obtained from the Oxone
oxidation of sulfider6.3, was then treated with Mghh the presence of DBU to yield

the desired diazosulforib.5 (Table 6).
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Table 6. Preparation of diazosulfor{és?®’

o 0 o O
L PN Y
R——OH i R OTs i R/S N L R/S L R™ o
N

T6.1 T6.2 T6.3 T6.4 T6.5

i) p-TsCl, Pyridine at rt; i) Ethyl mercaptoacetate, K,CO3 in acetone at rt; iii) Oxone in H,O/acetone (2:1) at rt;
iv) MsN3, DBU in THF at -45 °C

Yield (%)

Entry R substituent Diazo compoundT 6.5
T6.2 T6.4 T6.5

N
: N
T6.1a W \/m/s\\o o 90 88 80

T6.5a

N
T6.1b \)\As\\)ﬁ(o\/ 92 90 82
\)\/\e’i ¢ o o

T6.5b

5.1.2 Preparation of alcohol substrates for diaztfemates

Several commercially available alcohol¥(1a T7.1b, T7.1e T7.1gandT7.1h)
and some easily prepared alcohdlg.@c, T7.1d andT7.1f) were used as substrates for
diazosulfonates. The synthesis of alcofidaislc, T7.1d andT7.1f will be discussed in
the following section.

Alcohol T7.1f was prepared by oxidation of isopentavial Swern oxidatioff*
followed by exposure to methylmagnesium iodideigtid/l ether at-78°C. The
enantiopure alcohdl7.1cwas prepared as a potential precursor to the algitwduct
(-)-eburnamonine. To obtain alcohbl.1cas a single enantiomer, the camphor auxiliary
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S46.4was selected. The latter was prepared from comatigravailable and optically
pure camphorsulfonic act846.1 Compounds546.2yielded upon treatment with thionyl
chloride followed by ammonium hydroxide (Scheme. 4t)e resulting camphor
sulfonamide was cyclized to furnish compowB#b.3by heating it in a 0.5 N solution of

HCI. It was further reduced to the desired chitalitary S46.4by NaBH, in MeOH"°

_1)socl, NaBH,
NZ _—
o 0 2) NH4OH Heat \ MeOH, HN,
S
//
~NH,

- N\ (o) /S
ﬁ\OH (0] o 0°C—rt O/\\O
(@]
S46.1 S46.2 S46.3 S46.4

Scheme 46. Synthesis of camphor auxili@ag.4'"°

The camphor auxiliar$46.4upon treatment withE)-pent-2-enoic acid in the
presence of triethylamine, lithium chloride andgboy! chloride resulted in compound
S47.1'"* Compounds47.1lyielded the acylated produsé7.2upon treatment with 3-
butenylmagnesium bromide. The hydrolytic cleavaigthe auxiliary followed by LAH

reduction resulted in alcoh®l7.1¢1"

/\/\n/o \/I/U\
5 \/\)J\ "Mger

\ \
Et3N, LiCl, PivCl _S Cul, LiCl
THE o~ \(\) TMSCI THF 0~
S47.1 s47.2
. AN AN
LIOH-H,0 0 LAH, Et,0, 0 °C
S47.2 - \
THF-H,0 " OH o~ OH
S47.3 T7.1c

Scheme 47. Synthesis of enantiopure alc@fiolc using a camphor auxiliary.
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The preparation of enantiopure alcolm@l1d is necessary in order to prepare a
single enantiomer of key intermedi&49.2for the synthesis df-)-eburnamonirs41.4
(Scheme 493% Prior to the preparation of enantiopdre 1d, racemic alcohob48.7was
prepared to investigate the feasibility of the megd reaction scheme (Scheme 48).
Synthesis of racemic alcoh8#8.7was initiated with dio548.1 Swern oxidation of
monobenzylated digb48.2°° resulted in aldehyd848.3 which was subjected to the
Horner—Wadsworth—Emmons reaction with triethylphusmacetate in the presence of
sodium hydride at 6C to produce, f-unsaturated est&48.5'"® EsterS48.6was
obtainedvia Michael type 1,4 addition of ethylmagnesium broeniid the presence of
copper bromide, lithium chloride and trimethylsigfloride. Resulted est&48.6was
reduced with LAH to furnish racemic alcolt®48.7 In order to obtain key intermediate
S49.2in Scheme 49, it is necessary to establish a quoreing stereocenter on ester
S48.6 Preparation of est&48.6with high enantiomeric excess will be shown in Sohe
49.

~_-~_-OH  NaH, BnCl ~_~_OH  (COCI),, DMSO PP
HO ———— BnO ————  BnO Z

TBAI, DMF DIPEA, DCM
S48.1 S48.2 5483

NaH

0
~\__P_ _COOEt THF
O~ OEt EtMgBr OEt
sas3 ) + ©9U Bno/\/\/\n/ — BnO/\/\é/\H/
/ o°c o) CuBr, LiCl o

TMSCI -
S48.4 s48.5 THF 548.6

OH
Bno/\/\é/\/
e

S48.7

LAH
S48.6
Et,0

Scheme 48. Synthesis of racemic alcdb@B.7
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5.1.3 Coupling of the substrates with chiral moldea to study enantioselectivity
The chiral center of the est849.1was established by regio- and enantioselective
addition of a Grignard reagentdgf-unsaturated est&48.5 employing commercially
available chiral catalygbl-BINAP. This catalyst along with copper iodide pratathe
regio- and enantioselective additibi Therefore, the synthesis of chiral e3d©.1was
carried out int-BuOMe as a solvent a0 °C with ethylmagnesium bromide and copper
iodide in the presence of chiral cataly®}-fol-BINAP.*"* LAH reduction of the resulting

esterS49.1gave corresponding alcohd¥.1d (Scheme 49).

EtMg8r, Cul OEt  LAH e ~~_-OH
saes) — Bno/\/\;/\”/ BnO -

(R)-tol-BINAP e 0 Et,O s
-40 °C, 4h

S49.2

(-)-eburnamonine
S41.4

Scheme 49. Highly enantioselective synthesis aftadcT7.1d.

The enatiomeric excess of the prepared alcdfidld was determined by
coupling it with selected chiral derivatizing ageHt Initially, chiral (5-2-acetoxy-2-
phenylacetic acid was used for this purpose. Diastaeeric esterS§50.1andS50.2were
obtained by coupling of alcoha®48.7andT7.1d with chiral §-2-acetoxy-2-
phenylacetic acid, under Steglich esterificaticacten conditions (DCC, DMAP in
dichloromethane, Scheme 50). No distinctive sigeglaration could be seen in fie

NMR spectrum 05550.2
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O

o) BnO \H/'\Ph
sa8.7 | — on — "
OH / (0]

OAc S50.1
DCC, DMAP, CH,Cl, OAC
/\/\/\/O
T7.1d | —— L BnO Y Ph
/' (0]
S50.2

Scheme 50. Coupling of racemic and chiral alcolatls (S)-2-acetoxy-2-phenylacetic
acid)!’

To overcome the issue in Scheme 50, it was enwsion introduce new chiral
center of the diastereomeric est®861.3 closer to the existing chiral center. The pure
enantiomer of commercially available L-menthol whssen to serve this purpose. To
couple with L-menthol, it was necessary to convacemic este$48.6and chiral ester
S49.1to their carboxylic acid derivatived51.2andS51.3 Hydrolysis of ester§48.6and
S49.1gave their corresponding carboxylic acids, whigremhen reacted with L-
menthol to produce estegb1.2andS51.3(Scheme 51). Similarly to the previous
example (Scheme 50), the L-menthol-coupled estwsti no resolved peaks in the

NMR spectrum.

iPr
o
] BnO
[ Racemic form of S51.1 > /\/\{\H/
- e O

OH

S51.2

DCC, DMAP

CH,CI fpr
2Ll R
OH o
BnO/\/\:/\ﬂ/ L BnO :
/' le} /_ (0]
S51.1

S51.3

Scheme 51. Coupling of racemic and chiral carbexatiids with (R,2S5R)-(-)-
menthol.
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Since the chiral este&50.2andS51.3could not provide NMR spectra
appropriate for determination dé the pure enantiomer dbt1-phenylethylamine was
recognized as a suitable chiral derivatizing ageetause of its ability to form amides
with carboxylic acids (Scheme 52§){1-Phenylethylamine was coupled with racemic
and chiral carboxylic acidS51.1to obtain the corresponding racentsbR.9 and chiral
(S52.3 amides. ThéH NMRspectrum of the resulted chiral am$i82.3displayed
several distinct peaks from which an enatiomettio reould be discerned. The
diastereomeric excess (88%) of am&k&2.3was found by considering the integrated
area of the two peaks (at 4-4646 ppm) assigned the benzyl protots$ KIMR spectrum

is shown in appendix Ill, Figure 6).

N
[ Racemic form of S51.1 — BnO/\/\g/\H/ \(
NH, e (@) Ph
Ph S52.2
(cocly,
CH,Cl,, 0 °C f
) /_ (@] Ph

S52.3

Scheme 52. Formation of amides with carboxylic eieidd §)-1-phenylethylamine.

5.1.4 Preparation of diazosulfonates
The commercially available alcohols-J{isomenthol {7.1d), (-)-borneol
(T7.10), isopentanolT7.1e), (-)-citronellol (T7.1g), (-)-menthol '7.1h)] and prepared
alcohols T7.1¢, T7.1d andT7.1f) were used to furnish their corresponding
diazosulfonates, following a two-step sequenceéhas/s in Table 7. The corresponding

alcohols were treated with ethyl chlorosulfonylatefT7.2 (prepared from ethyl
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chloroacetate as described in referéf)ae obtain sulfonate§7.3a-h.*® *® Although
triethylamine had previously been used as a*f#sethe sulfonation step, imidazole has
proven to be an excellent base for this reactind,ies use improved the yield of
sulfonateT 7.3 significantly. The obtained sulfonates were sutgieco different diazo
transfer conditions: a) MNDBU, THF,-45°C; b) MsN;, DIPEA, MeCN, (°C and c)
NosNs;, DIPEA, DMF, 0°C. According to the reported work by John and Novik

NosN; is a superior diazo transfer agent for this Sigmetheless, use of MgN

simplified the purification process without affedithe yield of the desired diazo
compound T7.4). Hence, MsNwas used as an efficient diazo transfer agerh@srsin
Table 7. In the presence of MgNDIPEA in MeCN at OC, T7.3eandT7.3f were
successfully converted to their corresponding d@mopoundd 7.4eandT7.4f. Due to
poor yields obtained under these conditions foresofrthe diazosulfonates, the reactions
were repeated by replacing the base and the sagnDBU and THF respectively.
Under these conditions, the yields of diazo compisliY.1a T7.1b, T7.1gandT7.1h
improved significantly. Even though purification svaasily achieved when the reaction
was carried out in the presence of MdNe preparation of diazb7.1d was considerably
more efficient with NosBlthan with MsN. Unexpectedly, partial decomposition was
observed with diaz®7.1c, resulting in very low yield. This step has yeb®optimized

for this particular compound.
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Table 7. Preparation of diazosulfonat&s®’

i) Im-H in THF at rt; ii) Conditions for diazo synt

o)
+ o’ o — ~o” o !

T7.2 T7.3

(c) NosN 3, DIPEA, DMF, 0 °C

hesis (a) MsN 3, DBU, THF, -45 °C; (b) MsN 3, DIPEA, MeCN, 0 °C;

Entry

T7.1a

T7.1b

T7.1c

T7.1d

T7.1e

R substituent Diazo compound, T7.4

(0]
AP
'//O/S\H)J\O/\
P
T7.4a

N>

~_© S/O
N
o ©O

O

T7.4b
o0 O
\/\)\/\ /\\S//
N 8{ O OEt
N>
BnO\/\)\/‘:‘J\

T7.4c

(0]
QL0
BnO S
(0] OEt
\P)

T7.dh

(0]
Oy 4
)\/\ /S
‘_cr{ 0 OEt
N

T7.4e

89

Yield (%)
T7.3 T7.4
98 812
90 95
74 27
90 off
73 68°



Table 7. Cont.

Yield (%)
Entry R substituent Diazo compound, T7.4
T7.3 T7.4
N
T7.1f Pt )\/L&S/%oa 75 70°
£ .
T7.4f
o CO,Et
s /\\S/KN
T7.19 \/k/j\ O’(l)\/% W 95 *l0i
a A
T7.49
- /\
T7.1h B e 95 75°
A A
T7.4h

2Yield in the preparation of diazo compound usingdition (a); °: Yield in the preparation of diazo
compound using condition (bY; Yield in the preparation of diazo compound usiogdition (c).

5.1.5 GH insertion of diazosulfones and diazosulfonates
According to the work reported by John and Novikddjazosulfones and
sulfonates undergo-&1 insertion reactions to selectively form six-memgdakring
structures, despite the sterics at the tertiargaracentef? In addition, the authors found
that the same influence is exerted in the presehBiw(pfb)s, with strong electron-
withdrawing ligands. This suggests that the eleatrenvironment is another key aspect

towards selectivity. Therefore, careful selectidbthe Rh(ll) catalyst for intramolecular
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C-H insertion of diazosulfones and sulfonates shall@v more control over the
selectivity*°®

Commercially availabl&h,(OAc), has proven to be one of the most suitable
catalysts for the €H insertion reaction of carbethoxy sulfones andosuaites’ 166 176
Du Bois has recommended fgsp), as a superior catalyst for particular intramolecula
C-H insertion reaction¥’® therefore, Ri(esp)was used when appropriate. Preparation
of Rhy(esp) was carried out in our lab utilizing readily awdile materials according to
the synthetic procedure proposed by Du BBisyith few modifications (Scheme 53).
The synthesis of the catalyst was initiated bylgialtion of ethyl isobutyrat&53.1with
freshly prepared LDA at78°C and with dibroman-xyleneS53.2to obtain diester
S53.3 Hydrolysis of resulted diest&53.3to its corresponding dicarboxylas®3.4

followed by metalation with RI(OAc), afforded the desired Rfesp) complexS53.5in

55% yield.
)\H/O\/
(0]
S53.1 o o
. LDA, -78 °C KOH o o
0 ¢} MeOH
THF r W reflux, 10h OH OH
S53.3 S53.4
Br Br
S53.2 Rh,(OAC) 4
CH,CICH,CI
reflux
Scheme 53. Preparation of sp). s53.5
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The previously obtained diazosulfond$ (5a andT6.5b) had been converted
into their six-membered cyclic sulfondsx(1 andF5.2) in Dr. Novikov’s lab (Table

8) .167

Table 8. GH insertion of carbethoxy sulfoné$®

O 0O o) O
N N
o Rh(ll) catalyst o
N > R?
R! 2 DCM R! .
R R
RZ
R "R
Substrate T6.5 Product F5.0
i Yield
Substrate T6.5 Conditions Product T8.1 (%)
N o\//o Q
\/WA/S)J\WO\/ Rhy(OAC),, S o 60
I\ DCM
O O o
reflux, 1h
T6.5a F5.1
N, o P 9
\)\/\ )KH/O\/ Rhy(OAC)s, N4 o~
A DCM 65
© o
reflux, 1h
T6.5b
F5.2

The previously obtained diazosulfonates (Table &esubjected to-GH
insertion conditions with the aim of constructifigultones under the influence of a
suitable Rh(ll) catalyst. Notably, the effectiverfation of new stereocenters in sultones
T5.1a T5.1b, T5.1gandT5.1h was observed. Due to this reason, these intertesdian
serve as potential synthetic precursors to naprmaducts-®’ Synthesis of (+)-bakuchiol
was achieved using5.1g as the key intermediate providing a quaternaryezen
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demonstrating the utility of the-& insertion methodology’’ The diazosulfonat€7.4d
was subjected to€H insertion conditions [2 mol% of R{OAc),] and unexpectedly it
gave unidentified products. Modification of thiggtusing Rk(esp} led to the successful
synthesis of the correspondidigultoneT5.1d.*® The resulted benzyl-protected
diastereomer$5.1d, could be used to construct the five-membereaiect5.2d, which
is the key intermediate of the){eburnamonine§41.9 synthesis (Scheme 54}
Additionally, preparation of 5.1cwas planned because of its viability in the sysihef
five-membered lacton€5.2c (Scheme 55), which would also serve as a prectwse)-
eburnamonine. Unexpectedly, exposure of subsiratcto the diazo reaction
conditions resulted in unidentified byproducts,hwiio desired cyclized products. The
cyclization of £)-menthol diazosulfonaf€7.4h and ¢)-isomenthol diazosulfonate
T7.4aalsoprovided useful synthetic intermediafEs.1h andT5.1ain considerably high
yields. The diastereomeric ratio &&ultonesr5.1h andT5.1awas erratically different
from one experiment to the next. This behavior lwamttributed to the changing nature
of Rh(OAC), catalyst during the reactidit.®In the case of)-borneol diazosulfonate
T7.4b, two productsT5.1b; andT5.1b,) were formed unexpectedly. Greater amount of
unexpected produdt5.1b; was formed by €H insertion involving the methyl group,
whereas the expectedsultoneT5.1b, was formed as the minor product byHC

insertion into the methylene bridge.
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Table 9. GH insertion of carbethoxy sulfonat&s®

o}

(0]
\\S//
o~ %O/\ Rh(ll) catalyst

RlJ}Lg‘; DCM
R TR*
Substrate T7.4 Product T5.1
” Yield
Substrate T7.4 Conditions Product T9.1 (%)
o 0 O
N ha(OAC)4, “y
Y, S (@]
0 O/\ DCM IS:o 85
N2 reflux, 1h o
COOEt
T7.4a
T5.1a
Rhp(OAC)a, 75
N> DCM
\/0%/8\(0 reflux, 1h o\\S,O O\/S\\ cooer  (9:1)
o o0 O (/)/ cooet o ©
T7.4b T5.1b, T5.1b,
O @]
Q0 © Rhp(OAC)a, >\s// CO,Et
N o/\s%oa DCM A N 0
rt, 10h
N
T7.4c T5.1c —
o0 O Rhy(esp), o COOE
BnO Y DCM RS 81
© OFt rt, 15h Q
N, '
T7.4d T5.1d OBn
Rhy(OAC) ol
)\/\O\\S//O i DCM - o™ 60
o~ %OH reflux, 1h
N
T5.1e

T7.4e
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Table 9. Cont.

Yield

Substrate T7.4 Conditions Product T9.1 (%)

00 O Rhy(OAC)s, RV v
)\/Lo*‘%oa DCM o o™ 75

N, reflux, 1h
T7.4f
T5.1f
o GO-E
257 Rhy(OAC)
o= 2 C)a, o. 0
6\/ﬁ,\\\/ﬁ/ DCM ‘ o\E\S// CO,Et 85
reflux, 1h q /\)\
T7.4g
T5.19
('l P RR(OAC) @
_ 0/5%0/\ > -0 80
H N DCM B é;o
AN 2 reflux, 1h Y'Y
COOEt
T7.4h
T5.1h

5.1.6 Oxidative conversion a¥sultones top-butyrolactones
According to the previous work done in Novikov'search group®® &sultones
when exposed to TBHP in the presence of KHMD&BUWOK are oxidatively converted
to y~-butyrolactone. Since low yields were obtained snmcases of the reaction,
optimization of the conditions for desulfonationeafch substrate was necessary.
Optimization studies for the synthesisydfutyrolactones44.6from
desulfonation ob-sultoneS44.5are described in Table 10. The determined optimal

conditions, shown in entries 7 and 8 produgédtyrolactones44.6with a satisfactory
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yield (75%) using 5 eq of TBHP and 6 eq-®uOK in, DME or THF as a solvent at rt.
According to the data shown in Table 10, the leassount of base and oxidizing agent
are not sufficient to drive the reaction to its gdation. Meanwhile, too many
equivalents of base and oxidizing agent leadsdaaton in the yield of the desired
butyrolactone. Therefore, addition of 5 eq of tkelzing agent, THBP, to the reaction
mixture followed by the addition of 6 eq of the basBuOK, in the presence of THF or
DME as a solvent at room temperature were detedrtimée the optimized reaction

conditions for oxidative desulfonation &fsultones tg-butyrolactones.

Table 10. TBHP oxidative desulfonationd$gultones tg-butyrolactones.

O COOEt o
OQS/

O/ TBHP, t-BuOK (0]

Solvent, rt, 12h

B0 OBn
S44.5 S44.6
Entry Conditions Solvent Yield (%)
1 First (3 eq)TBHP, then (4 egBuOK THF 42
2 First (4 eqX-BuOK , then (3 eq) TBHP THF 20
3 Mixture of (3 eq)TBHP and (4 e¢fBuOK THF SM
4 First (3 eq)TBHP, then (2 eq»®Os THF SM
5 First (3 eq)TBHP, then (4 egBuOK DEE SM
6 First (3 eq)TBHP, then (4 egBuOK DME 40
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Table 10. Cont.

Entry Conditions Solvent Yield (%)
7 First (5 eq)TBHP, then (6 egBuOK DME 75
8 First (5 eq)TBHP, then (6 egBuOK THF 74
9 First (10 eq)TBHP, then (12 egBuOK THF 50
10 First (7 eq) TBHP, then (8 egBuUOK THF 65

SM=Starting material

To demonstrate the application of the oxidativevession ofé-sultones tg-
butyrolactones using the above optimized conditiérmiltone substrates shown in Table
9 were selected. The conversion of simpkltonesr’5.1eandT5.1f to j-butyrolactones
T5.2eandT5.2f was carried out resulting in 54% and 60% yieldthefproducts,
respectively. These twésultonesr'5.1eandT5.1f exhibited the viability of the
optimized oxidative desulfonation conditions on giensubstrates. These relatively low
yields could be due to volatility and water solitpibf these low molecular weight
butyrolactones. To evaluate the extent of this lemob the lactone$5.2eand T5.2f were
prepared using alternative routes as explainedopeAdix II, Scheme 58. The volatility
of T5.2eandT5.2f were assessed using a rotary evaporator. Frorsttidy, it was
concluded that although lactonEs.2eandT5.2f are not extremely volatile, there is a
high tendency to lose the product during the loxgpsure to vacuum and elevated

temperatures (above 8Q). Taking this information into account, lactofés2eand
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T5.2f (Table 11) were treated carefully. In the casé-sfiltoneT5.1b;,, the product
T5.2b; was isolated with 70% vyield. Surprisingly, the ides producfl'5.2b, could not
be obtained fronT5.1b,. Instead, unidentified byproducts formed. The tamtsion of y-
butyrolactonel 5.2d from &-sultoneT5.1d in the presence of both THF and DME
resulted in compatible yields, confirming that théso solvents are suitable for the
oxidative desulfonation step. To demonstrate thaomance of thesgbutyrolactone
precursors in the synthesis of natural producynghetic approach towards)¢
eburnamonirt®® consuming-butyrolactonerl’5.2d as a key intermediate, will be

discussed in Section 5.2

Table 11. TBHP oxidative desulfonation®&sultones tg-butyrolactones.

NY
oS o TBHP, t-BUOK Of R
R! o 2
THF or DME R
e A R2 rt, 12-18h Jo 3¢
[}
T5.1 T5.2
Yield
Substrate T5.1 Solvent Product T5.2
(%)
? 6 DME 90
S/
n
o)
COOEt
T5.1a T%.22
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Table 11. Cont.

Yield
Substrate T5.1 Solvent Product T5.2
(%)
DME 70
[oN o)
/’S\\o COOEt 5
T5.1b; T5.2b,
THF 0
0 o)
O(:)//S COOEt o}
T5.1b, T5.2b,
O:(IS)I COOEt THE o 75
/ S =
0 o~ DX OBn
514 OBn DME . 74
QAL o
O/S O/\ 0\54 54
THF
T5.2e
T5.1e
P i i
~ /\
o o THF 354 60
T5.1f T5.2f
N R
7 Lco,Et
o ? THF Q A)\ 72
,,,/ /
T5.29
T5.1g
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Table 11. Cont.

Yield
Substrate T5.1 Solvent Product T5.2
(%)
i ? 5 THF f o) 93
T 7%
COOEt
T5.1h T5.2h

5.2 Studies towards the synthesis off-eburnamonine

(-)-Eburnamonine is a pentacyclic indole alkaloidased fromHunteria
eburneaplant. This important alkaloid is a cerebrovascalgent and has received
considerable and sustained attention from chemdigggo their structural complexity and
biological activities:’’ Several total syntheses ef{eburnamonine have been carried out
during the past four decadt8.!"®%° |n the total synthesis ofJ-eburnamonine by Node
et al,**® the five-memberethctoneS49.2is a key intermediate from whidh)-
eburnamonine is obtained after an additional seteps utilizing tryptamin&54.1
(Scheme 543°8 Using the developed methodologybutyrolactoneS49.2can be

prepared from @ sultoneT5.1d using oxidative desulfonation.

H (~)-eburnamonine

S54.1 Sal4

Scheme 54. Synthesis ef){eburnamoniné®®
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It was envisioned that the chiral lactofe.2candT5.2d could provide potential
synthetic intermediates in the approach towasdatyrolactones549.2 Synthesis of both
y-butyrolactoned’5.2candT5.2d were carried out in parallel.

Our approach toward the synthesis of butyrolaci@c (Scheme 55) was
initiated with previously prepared enantioplifé1c(Scheme 47), which was then
converted to diazo compouiid@.4cvia two steps (Table 7). The diazo substiaieic
was exposed to the-El insertion reaction conditions (Table 9). The raé was
unsuccessful and no cyclized products were isol&tedever, the synthesis of the key
intermediate~butyrolactones49.2was successfully achieveth benzyl-protecteg-

butyrolactonel'5.2d as shown in Schemes 56 and 57.

COOEt
N
OH 6 steps 57O~ Rh,(OAC)
/\/\n/ _ osees oW Y T M
—_— =
o) 0, CH,Cl,, reflux
T7.4c

TBHP 0 0

t-BuOK w RS R (-)-eburnamonine
““““ - 0\5‘\/\/ T O\b‘\/\/OH """ > S41.4 I

DME, rt

T5.2¢ S49.2

Scheme 55. Approach towards the synthesjstftyrolactoner’s.2c.

As shown in the retrosynthetic analysis (Schemet6@&I formal synthesis of
(-)-eburnamonine can be achieved using commerciadiijjable 1,4-butanedid48.1as

a low-cost and readily available starting material.
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e}
(=)-eburnamonine S49.2 T5.2d OBn

S41.4

S48.1 T7.1d OBn

T5.1d

Scheme 56. Retrosynthetic analysis-9f¢burnamonine.

The chiral lactond5.2d, which was synthesized from dis#8.1 was subjected

to catalytic hydrogenolysis conditions to deproteet benzyl group. The resulting
lactoneS49.2canbe a potential synthetic intermediate towards gimthesis of €)-

eburnamonine (Scheme 575.

l

Pd/ C
9 steps MeOH (-)-eburnamonine
HO\/\/\ —
OH ———— S41.4
H, environment
OBn
S48.1 T5.2d S49.2

Scheme 57. Preparation of chiral key intermeds®.2to form ()-eburnamonine.

5.3 Conclusion

In summary, new potentially useful synthetic intediates were prepared by

diazosulfonate and diazosulfonelinsertion from easily available starting matesial

Oxidative conversion af-sultones, which are the product ofi€insertion on

diazosulfonates, tg-butyrolactones by treatment with TBHP arBuOK was optimized
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to provide consistently good yields of the lactpneducts. Using this methodology, the
key intermediate in the synthesis eJ-eburnamonine was prepared from commercially

available 1,4-butane diol.
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CHEPTER VI

EXPERIMENTAL SECTION FOR RHODIUM-CATALYZED INTRAMOIECULAR
C-H INSERTION STUDIES ON DIAZOSULFONATES

6.1 General information and instrumentation

All reactions were carried out under an inertagen atmosphere unless
otherwise statedH and**C NMR spectra were recorded on a Bruker AVANCE 500
NMR spectrometer. All spectra were obtained in deghloroform (CDGJ). Chemical
shifts are reported in ppm relative to tetrametlgiie (TMS). Spin-spin coupling
constants), are reported in hertz (Hz). Infrared (IR) spegtsre acquired on a Perkin
Elmer Spectrum 400 FT-IR/FT-FIR spectrometer. HRil&& were obtained on an
Agilent 61969A TOF high resolution mass spectromesing electrospray ionization
(ESI). Melting points were determined on a MEL-TEMiIting point apparatus.
Analytical thin layer chromatography (TLC) was erhed on silica gel 60 F254
(E. Merck no. 5715-7) pre-coated plates. Purifarathy column chromatography was
performed using 40-6@m silica gel (Merck, Geduran, no. 11567-1) as théanary
phase. THF was distilled over sodium-benzophenoweunitrogen before use.
Dichloromethane was distilled over calcium hydngeler nitrogen atmosphere. All

other chemicals were used as purchased withodeilupurification, unless mentioned.
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6.2 Procedures and physical data for compounds frorable 6
General procedure for tosylation (T6.2aT6.2b)
A solution of alcoholl6.1 (1 equiv) and tosyl chloride (3 equiv) in pyridi(i€
mL/mmol) was stirred at rt for 24 h. Upon completiaf the reaction, the reaction
mixture was diluted with 10 mL of ethyl acetate siwad with water (10 mL),a 1 N
solution of hydrochloric acid (10 mL) and againtwtater (10 mL). The organic layer
was then dried with anhydrous magnesium sulfdterdid and volatiles were removed
under reduced pressure. The crude product waseuubif column chromatography on

silica gel using petroleum ether.

VYOTS 2-Methylpentyl 4-methylbenzenesulfonate (T6.2a)lhe

T6.28 compound was purified by column chromatographyibeasgel

(petroleum ether). Pale yellow oil (909%.= 0.40 (petroleum ether). The physical data

of T6.2amatch with its previously reported data of the poomd?°

\)\/\ 3-Methylpentyl 4-methylbenzenesulfonate (T6.2b)The
OTs

T6.2b compound was purified by column chromatographyilicasgel

(petroleum ether). Pale yellow oil (9498.= 0.35 (petroleum ether). The physical data

of T6.2b match with its previously reported data of the poomd?°

General procedure for sulfones (T6.4aT6.4b)
The corresponding tosylated compoudr@?2 (1.0 equiv, 0.5 to 5 mmol) was dissolved in

acetone (20 mL/mmol) under nitrogen atmosphep€0% (2.0 equiv) was then added to
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the reaction mixture followed by ethyl mercaptoatei(1.5 mmol). The reaction mixture
was then stirred for 24 h at rt. The volatiles wen@oved under reduced pressure, and
the resulted residue was partitioned between ettatiate (20 mL) and water (10 mL).
After separating the organic layer, the aqueousrlasas further washed with ethyl
acetate (2 x 20 mL). The combined organic layeneweed with anhydrous magnesium
sulfate and volatiles were removed under reducesspire. The obtained crude sulphide
T6.3 was dissolved in acetone (2 mL), then water waedd5 mL) followed by Oxone
(4 mmol). The reaction mixture was stirred for 1athit. Upon completion of the
reaction, the product was extracted with ethyl @eet20 mL). The separated aqueous
layer was washed again with two additional portiohsthyl acetate (10 mL). The
combined organic layers were dried with anhydroagmesium sulfate, filtered and
volatiles were removed under reduced pressureciitte sulfone was purified by

column chromatography on silica column (EtOAc-heeggrto yield the pure product.

Ethyl 2-(2-methylpentylsulfonyl)acetate (T6.4a) The

(@)
mxiﬂf ~ compound was purified by column chromatography on

T6.4a silica gel (1:5, EtOAc-hexane). Pale yellow oil 8B R =

0.30 (1:5, EtOAc-hexane)d NMR (500 MHz, CDCJ): §0.91 (t,J = 7.0 Hz, 3H), 1.16
(d,J = 6.5 Hz, 3H), 1.33 () = 7.0 Hz, 3H), 1.291.39 (m, 4H), 1.461.55 (m, 1H), 3.09
(dd,J = 14.0, 8.0 Hz, 1H), 3.32 (dd= 14.0, 4.5 Hz, 1H), 3.95 (s, 2H), 4.28 J; 7.0
Hz, 2H).**C NMR (125 MHz, CDGJ): §14.1 (CH), 14.4 (CH), 19.8 (CH), 20.0

(CHg), 28.0 (CH), 39.1 (Cb), 58.9 (CH), 59.8 (CH), 62.8 (CH), 163.4 (C). HRMS
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(ESI) calcd for GoH24NO4S [M+NH,]* 254.1432, found 254.1425. Note: equivalence of

the two CH groups is coincidental.

PPN

O
/,S\\;\([)f ~ compound was purified by column chromatography on

Ethyl 2-(3-methylpentylsulfonyl)acetate (6.4b)The
O

T6.4b silica gel (1:5, EtOAc-hexane). Pale yellow oil 9D R =

0.30 (1:5, EtOAc-hexane)d NMR (500 MHz, CDCJ): §0.91 (t,J = 7.5 Hz, 3H), 0.94
(d,J = 7.0 Hz, 3H), 1.201.28 (m, 1H), 1.33 () = 7.0 Hz, 3H), 1.341.43 (m, 1H),
1.49-1.56 (m, 1H), 1.641.73 (m, 1H), 1.851.94 (m, 1H), 3.193.33 (m, 2H), 3.92 (s,
2H), 4.28 (g = 7.0 Hz, 2H)*C NMR (125 MHz, CDG)): 611.3 (CH), 14.2 (CH),
18.9 (CHy), 28.3 (CH), 29.1 (CH), 33.8 (CH), 51.9 (Cb), 57.4 (CH), 62.9 (CH),

163.3 (C). HRMS (ESI) calcd forigH24NO,S [M+NH,]* 254.1432, found 254.1421.

General procedure for diazo compounds (T6.5ar6.5b).

The corresponding sulfone esié.4 (1 mmol) in THF (5mL/mmol) was cooled to
—45°C and to this solution mesyl azide was added (Guive DBU (1.5 equiv) was then
added dropwise over a-2 min period. After stirring at45 °C for 1 h, the solution was
warmed to 25C over a 1520 min period, diluted with 20 mL of half-saturategueous
solution of ammonium sulfate, and the aqueous lawer extracted with 3 x 10 mL of
dichloromethane. The combine organic extracts weesl over anhydrous sodium
sulfate, filtered, and concentrated under reducedsure. Purification by column

chromatography on silica gel (8.5, EtOAc-hexanes) yielded the pure product.
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Note: All diazo compounds do not show the diazdearin their°C spectra. IR (neat,

e, v): 2130 %=n=c )

Ethyl 2-(2-methylpentylsulfonyl)diazoacetate (6.5a)The

)J\H/O\/
W/ N compound was purified by column chromatography on

o silica gel (1:5, EtOAc-hexane). Colorless oil (80%R)=

0.32 (1:5, EtOAc-hexane)d NMR (500 MHz, CDCJ): 50.92 (t,J = 7.0 Hz, 3H), 1.15
(d,J = 7.0 Hz, 3H), 1.30 (1] = 6.9 Hz, 3H), 1.341.41 (m, 4H), 2.152.25 (m, 1H), 3.21
(dd,J = 14.0, 8.0 Hz, 1H), 3.45 (dd= 14.0, 4.5 Hz, 1H), 4.34 (d,= 7.0 Hz, 2H)*C
NMR (125 MHz, CDCY): §14.1 (CH), 14.5 (CH), 19.7 (CH), 19.9 (CH), 28.9 (CH),
38.9 (CH), 62.7 (CH), 63.0 (CH), 160.4 (C). IR (neat, civ): 2129, 1714, 1333,

1146.

Ethyl 2-(3-methylpentylsulfonyl)diazoacetate (6.5h)
\\ The compound was purified by column chromatogramiy

1650 silica gel (1:5, EtOAc-hexane). Colorless oil (88R)=

0.32 (1:5, EtOAc-hexane) NMR (500 MHz, CDC}): §0.89 (t,J = 7.0 Hz, 3H), 0.91
(d,J=7.0 Hz, 3H), 1.181.26 (m, 1H), 1.34 (t) = 7.0 Hz, 3H), 1.341.42 (m, 1H),
1.46-1.54 (m, 1H), 1.601.68 (m, 1H), 1.801.88 (m, 1H), 3.323.46 (M, 2H), 4.34 (q]
= 7.0 Hz, 2H)*C NMR (125 MHz, CDGCJ): §11.3 (CH), 14.5 (CH), 19.0 (CH), 29.0
(CHy), 29.1 (CH), 33.5 (CH), 54.9 (Ch), 62.7 (CH), 160.3 (C). IR (neat, cfv):

2129, 1711, 1333, 1146.
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6.3 Procedures and physical data for compounds frol8cheme 46

1-[(1R,4S)-7,7-Dimethyl-2-oxobicyclo[2.2.1]hept-1-

o yllmethanesulfonamide (S46.2)Into a two-necked round-
_NH
o/,S\\O ’ bottom flask, a reflux condenser was fitted withudbler for
$46.2 monitoring gas evolution. Camphorsulfonic agidi6.1(3.00 g,
—

12.9 mmol) and 50 mL of anhydrous chloroform wetdeal to the flask. The suspension
of camphorsulfonic acid was heated to reflux aegdlty distilled thionyl chloride (1.5

mL, 20 mmol) was then added dropwise over a 1 logeHeating was continued for
12-14 h until gas evolution (sulfur dioxide and hydeaghloride) had ceased. The
resultant solution of camphorsulfonyl chloride mMaroform was converted to
camphorsulfonamide without further purificationtwo-neck round-bottom flask was
charged with 45 mL of ammonium hydroxide and thetsan was cooled to 8C. The
above-prepared crude camphorsulfonyl chloride snluvas added dropwise to the
ammonium hydroxide solution at00°C over a period of 1 h. The reaction mixture was
warmed to room temperature and stirred for 4 h. drganic layer was separated and the
agueous layer was washed with dichloromethaneZ3 mL). The combined organic
layers were washed with brine (25 mL), dried ov@narous magnesium sulfate and
filtered. The volatiles were removed under redysex$sure yielding 2.99 g (92%) of
crude camphorsulfonamid&46.2as a white solid. The physical dataS#6.2match with

its previously reported data of the compodffd.
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(1R,79)-10,10-Dimethyl-3-thia-4-azatricyclo[5.2.1.01,5]de4-ene 3,3-
N\/ dioxide (S46.3) 125 mL of a 1 N solution of HCI| was added to eud
o//S\\O camphorsulfonamid846.2(2.99 g, 12.9 mmol) and the reaction mixture
& was refluxed overnight. Upon completion of thectemn, needle-like

crystals were collected by filtering through a ened funnel and crystals were washed

with copious amounts of water. The product wasdduieder vacuum yielding 1.50 g

(55%) of the cyclized compour&6.3as white crystals. The physical datesdi6.3

match with its previously reported data of the comyml’”

" A~ ) (IR,79)-10,10-Dimethyl-3-thia-4-azatricyclo[5.2.1.01,5]deane 3,3-
J? dioxide (S46.4) The compoun®46.3(1.50 g, 7.00 mmol) was dissolved

in 20 mL of anhydrous methanol and the mixture e@sled to FC.

S46.4 . . .
Sodium borohydride (400 mg, 11.0 mmol) was thereddd the reaction mixture and

stirred for 4 h at 6C. Then 10 mL of a 0.1 N solution of HCIl was adttethe mixture

and volatiles were removed under reduced pres§heeremaining aqueous layer was
extracted with ethyl acetate (2 x 50 mL) followeddsying over anhydrous magnesium
sulfate and filtration. Volatiles were removed undetluced pressure and 1.28 g (86%) of
the crude produc®46.4was obtained as a white solid. The physical datdé.4match

with its previously reported data of the compodffd.
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6.4 Procedures and physical data for compounds frol8cheme 47

o (2E)-1-[(1R,79)-10,10-dimethyl-3,3-dioxido-3-thia-4-
azatricyclo[5.2.1.01,5]dec-4-yl]pent-2-en-1-one (34.).

To the solution of £)-pent-2-enoic acid (100 mg,

S47.1
1.00 mmol) and triethylamine (252 mg, 2.50 mmolpimL of THF, pivaloyl chloride

(120 mg, 1.00 mmol) was added-&5 °C. The resulting mixture was stirred-&0 °C

for 2 h. Lithium chloride (46.6 mg, 1.10 mmol) wiaen added, followed by camphor
auxiliary S46.4(215 mg, 1.00 mmol). The mixture was warmed t@&nd stirred for 4h.
THF was removed under reduced pressure, and thkimgsresidue was diluted with 10
mL of ethyl acetate and 10 mL of a 5% solution afggsium hydrogen sulfate. The
organic layer was further washed with a solutiopatissium hydrogen sulfate (10 mL),
brine (10 mL), a 1 M aqueous solution of sodiunmalhonate (2 x 10 mL) and again with
brine (10 mL).The organic layer was dried over altbys magnesium sulfate, filtered
and volatiles were removed under reduced presBurdication of the resulting residue
by column chromatography on silica gel (1:7, EtG#exane) afforded 2.60 g (64%) of
compoundS47.1as a pale yellow o0iR; = 0.25 (1:5, EtOAc-hexane). The physical data

of S47.1match with its previously reported data of the poomd*2*

S o Allylated camphor auxiliary (S47.2). Copper(l) bromide
N N\J? (9.5 mg, 0.050 mmol) and lithium chloride (4.2 mg,
. ;//%3 0.10 mmol) were added to a dried round bottom flasie
flask was ev.acuated, heated with a heat gun aodedl to cool to rt under vacuum after

which it was filled with nitrogen. THF (1.0 mL) wasen added to the above mixture and
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the reaction mixture was stirred for 10 min. Theuteng homogeneous reaction mixture
was cooled to 6C and esteB47.1(73.4 mg, 0.250 mmol) in 1.0 mL of THF was added
followed by trimethylsilyl chloride (3§iL, 0.30 mmol). The solution was stirred at®

for 15 min. A 2.0 M solution of ethylmagnesium bridein THF (185uL, 0.370 mmol)
was then added dropwise. The resulting reactionuréxwas stirred for 1 h at°C and
poured into 10 mL of saturated aqueous soluticanafonium chloride. The mixture
was extracted with diethyl ether (3 x 5 mL). Thentned organic extracts were washed
with brine, dried over anhydrous magnesium sulfiditered and volatiles were removed
under reduced pressure. Purification of the resyitesidue by column chromatography
on silica gel (1.7, EtOAc-hexane) yielded 54 mg¥®df compound47.2as a white
solid. R = 0.35 (1:5, EtOAc-hexaned NMR (CDCk, 500 MHz):5 0.85 (t,J = 7.0 Hz,
3H), 0.99-1.15 (s, 6H), 1.361.50 (m, 11H), 1.90 (m, 1H), 2.10 (m, 3H), 28070 (m,
1H), 3.35 (g, = 14.1 Hz, 2H), 3.90 (f] = 6.0 Hz, 1H), 4.90 (dd] = 16.6, 5.0 Hz, 2H),
5.80 (m, 1H)*C NMR (CDCE, 125 MHz):6 10.1 (CH), 19.2 (CH), 20.1 (CH), 25.7
(CH,), 29.6 (CH), 30.2 (CH), 32.1 (CH), 34.9 (CH), 35.3 (CH), 37.9 (CH), 39.0

(CH), 43.7 (C), 47.1 (CH), 47.6 (C), 52.3 (§H64.6 (CH), 113.7 (Ch), 138.1 (CH),

171.1 (C).

N (S)-3-Ethylhept-6-enoic acid (S47.3)1:4 mixture of THF and
O

mOH water (3 mL) was added to compousddi7.2(54.0 mg,

5473 0.160 mmol) and the reaction mixture was cooled 0.

Hydrogen peroxide (1AL from a 30% aqueous solution of hydrogen peroxidé3

mmol) was then added followed by lithium hydrox{@9 mg, 0.24 mmol) and the
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reaction mixture was stirred for 5 h. Upon comipletthe reaction was quenched with
saturated aqueous solution of sodium su{8tenL), THF was removed under reduced
pressure and the auxiliary was removed by extrgdlia aqueous layer to
dichloromethane (3 x 10 mL). The aqueous layeravated to °C and the mixture was
brought to pH=1 with a 6 N solution of HCI| and ppberic buffer. The acidified
aqueous layer was then extracted with ethyl acébaxel0 mL), the combined extracts
were dried with anhydrous magnesium sulfate, diesnd volatiles were removed under
reduced pressure yielding 24 mg (99%) of the caatboxylic acidS47.3as a colorless
oil. R = 0.20 (1:5, EtOAc-hexane)d NMR (CDCk, 500 MHz):5 0.80 (t,J = 12.8 Hz,
3H), 1.25-1.40 (m, 4H), 1.80 (m, 1H), 2.0 (m, 2H), 2.20J¢ 11.1 Hz, 2H), 4.38 (dd,
=12.5, 4.5 Hz, 2H), 5.75 (m, 1H), 10-20.55 (s, 1H)**C NMR (CDCk, 125 MHz):6
11.1 (CH), 26.5 (CH), 32. 9 (CH), 36.0 (CH), 36.1 (Ch}, 38.8 (CH), 115.0 (CH),

139.0 (CH), 180.4 (C).

\ 3-Ethylhept-6-en-1-ol (T7.1c) Lithium aluminum hydride
\i‘\j\/\OH (25.5 mg, 0.670 mmol) was added to a solution di@aylic acid

S47.3(42.0 mg, 0.270 mmol) at®. The reaction mixture

was refluxed for 12 h under nitrogen at rt. Upomptetion, the reaction mixture was
cooled to @C and quenched with deionized water, a solutioh58b potassium
hydroxide followed by additional amount of deiordagater. The resulting mixture was
stirred for 1 h with anhydrous magnesium sulfatee Tesulting reaction mixture was
filtered through a celite plug and volatiles wezenoved under reduced pressure.

Purification of the crude product by column chroogsaphy on silica gel (1:3, EtOAc-
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hexane) afforded 13.8 mg (72%) of alcofi@l1cas a colorless oitH NMR (CDCl,
500 MHz):6 0.90 (t,J = 11.8 Hz, 3H), 1.70 (s, 1H), 3.40Jt= 12.5 Hz, 2H), 1.201.40

(m, 5H), 1.55 (m, 2H), 2.05 (m, 2H), 4.95 (dds 12.1, 2.8 Hz, 2H), 5.80 (m, 1H).

6.5 Procedures and physical data for compounds fror8cheme 48

4-(Benzyloxy)butan-1-ol (S48.2Butane-1,4-diol (5.00 g,
Bno/\/\/OH

S48.2

55.5 mmol) in DMF (5 mL) was added dropwise 4CQo a

stirred suspension of sodium hydride (882 mg, &2ol). After stirring for 30 min,
NBuyl (21 mg, 0.055 mmol) was added. Benzyl chlorid882y, 22.8 mmol) in DMF (5
mL) was then added to the reaction mixture dropwigg°C. After stirring the reaction
mixture at rt for 14 h, water (25 mL) was added #reproduct was extracted with
diethyl ether (50 mL). The organic layer was wasiét brine and dried with anhydrous
magnesium sulfate, filtered and volatiles were evaged under reduced pressure.
Purification of the resulting residue by columnaratography on silica gel (1:7,
EtOAc-hexane) yielded 2.60 g (70%) of compo@#8.2as a pale yellow oiR: = 0.35
(1:5, EtOAc-hexane). The physical dateSaiB.2match with its previously reported data

of the compound®

(0]
Bno~ NF

S48.3

I 4-(Benzyloxy)butanal (S48.3)To a solution of oxalyl chloride

(2.3 mL, 15 mmol) in 5 mL of dichloromethane, diimgt

sulfoxide (2.4 mL, 34 mmol) was added-&8 °C and stirred for 15 min. Alcoh&@48.2
(2.43 g, 13.5 mmol) in 5 mL of dichloromethane wdsled dropwise to the reaction

mixture and stirred for 30 min a8 °C followed by the addition dfl,N-ethyl-
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diidopropylamine (11.1 mL, 67.4 mmol). The mixtuvas warmed te-60 °C over 30
min and diluted with water (10 mL) at®G. The reaction mixture was extracted with
diethyl ether (15 mL), and the organic layer washea with a solution of 2 N
hydrochloric acid, saturated aqueous solution dftsa bicarbonate (10 mL) and brine
followed by drying with anhydrous magnesium sultatd filtration. Volatiles were
removed under reduced pressure. Purification ofdkelting residue by column
chromatography (1:5, EtOAc-hexane) afforded 2.895§6) of compoun&48.3as a
colorless o0il R = 0.38 (1.5, EtOAc-hexane). The physical dat&48.3match with its

previously reported data of the compodfit.

(E)-Ethyl 6-(benzyloxy)hex-2-enoat€S48.5).To a

OEt
Bno/\/\/\n/
o)

S48.5

solution of sodium hydride (92.5 mg, 2.32 mmol, 60%

dispersion in mineral oil, washed free of oil wathhydrous THF) triethyl
phosphonoacetate (380 mg, 1.70 mmol) in 2 mL of ¥ added at &. The mixture
was stirred for 30 min at® and a solution of aldehy®%8.3(275 mg, 1.54 mmol) was
added dropwise under nitrogen. The resulting reactixture was left to stir for 30 min
at 0°C, and quenched with saturated aqueous solutiamafonium chloride (15 mL).
The reaction mixture was allowed to warm up tond ¢he product was extracted with
ethyl acetate (2 x 15 mL) and the combined orgexiracts were dried over anhydrous
magnesium sulfate and filtered. Volatiles were reeabunder reduced pressure.
Purification of the resulting residue by columnariatography on silica gel (1:9,

EtOAc-hexane) afforded 268 mg (70%) of unsaturattdrS48.5as a colorless oiR; =
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0.40 (1:7, EtOAc-hexane): The physical dat&48.5match with its previously reported

data of the compound?

Ethyl 6-(benzyloxy)-3-ethylhexanoate (S48.6opper(l)

OEt
BnO
m bromide (14.5 mg, 0.200 mmol) and lithium chloride

S48.6
(8.5 mg, 0.20 mmol) were added to a round bottom

flask. The flask was evacuated, heated with a dp@atallowed to cool to rt under
vacuum and then filled with nitrogen. THF (3 mL)shen added and the reaction
mixture was stirred for 10 min. The mixture wasledao 0°C and este48.5(250 mg,
1.01 mmol) in 2 mL of THF was added followed byrtethylsilyl chloride (14QuL, 1.11
mmol). The solution was stirred afO for 15 min and 2.0 M ethylmagnesium bromide
in THF (0.8 mL, 1 mmol) was added dropwise. Theiltesy reaction mixture was stirred
for 1 h at C and poured into 10 mL of saturated aqueous solaf ammonium
chloride. The mixture was extracted with diethylext(3 x 10 mL). The combined
organic layers were washed with brine, dried ovdrydrous magnesium sulfate and
filtered. Volatiles were removed under reduced gues. Purification of the crude
product by column chromatography on silica gel (E®Ac-hexane) provided 275 mg
(90%) of pure este®48.6as a pale yellow o0iR = 0.40 (1:3, EtOAc-hexaneHd NMR
(CDCls, 500 MHz):5 0.75 (t,J = 7.4 Hz, 3H), 1.10 (] = 7.2 Hz, 3H), 1.151.30 (m,

4H), 1.48 (m, 2H), 1.70 (m, 1H), 2.10 (dbs 13.6, 6.9 Hz, 2H), 3.20 (,= 7.4 Hz, 2H),
3.98 (g,J = 6.9 Hz, 2H), 4.35 (s, 2H), 7.20.30 (m, 5H)**C NMR (CDC}, 125 MHz):

0 11.2 (CH), 14.7 (CH), 26.7 (CH), 27.2 (CH), 30.2 (CH), 36.7 (CH), 39.2 (CH,

60.6 (CH), 71.0 (CH), 73.3 (CH), 127.9 (CH), 128.04 (CH), 128.8 (C), 139.0 (C),

174.0 (C). HRMS (ESI) calcd fori@H,603Na [M+Na] 301.1774, found 301.1743.
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6-(Benzyloxy)-3-ethylhexan-1-ol (S48.7A round bottom

OH
BnO
/\/j/v flask was charged with est848.6(275 mg, 0.990 mmol)

S48.7

and flushed with nitrogen followed by the additmn
anhydrous diethyl ether (5 mL). The solution wasled to 0°C and lithium aluminum
hydride (45.0 mg, 1.18 mmol) was added. The reactocture was stirred for 24 h at rt.
Upon the completion of the reaction, the mixtureswaoled to 6C and quenched with
water (50uL) followed by addition of 5QuL of a solution of 15% potassium hydroxide
and 150uL of water. The resulting mixture was stirred fon &nd dried with anhydrous
magnesium sulfate. The mixture was filtered throadPelite plug and the Celite plug
was rinsed with excess diethyl ether. Volatilesewmemoved under vacuum yielding 216
mg (95%) of alcohoB48.7as a colorless oiR; = 0.20 (1:5, EtOAc-hexane)H NMR
(CDCls, 500 MHz):5 0.75 (t,d = 8.1 Hz, 3H), 1.25 (m, 2H), 1.25 (m, 2H), 1.50, @hi),
1.35 (m, 1H), 2.17 (m, 2H), 3.50 &= 6.7 Hz, 2H), 2.50 (s, 1H), 3.50 Jt= 6.7 Hz,

2H), 4.40 (s, 2H), 7.267.40 (m, 5H)C NMR (CDCE, 125 MHz):6 11.1 (CH), 26.4
(CH,), 27.2 (CH), 29.9 (CH), 35.9 (CH), 36.7 (Ch), 61.20 (CH), 71.30 (CH), 73.35
(CH,), 127.95 (CH), 128.11 (CH), 128.8 (CH), 139.0 (BRMS (ESI) calcd for

Ci17H260sNa [M+H]" 237.1849, found 237.1853.

6.6 Procedures and physical data for compounds frorf8cheme 49

(R)-Ethyl 6-(benzyloxy)-3-ethylhexanoate (S49.1§R)-
S o tol-BINAP (10.2 mg, 0.0150 mmol) and Cul (1.9 mg,

0.010 mmol) was dissolved in methgtt-butyl ether
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(2.0 mL) in a round bottom flask and stirred undirogen at rt until a yellow suspension
was observed. The mixture was then cooled7i®°C and ethylmagnesium bromide (2.0
M in diethyl ether, 0.5 mL) was added. After stigifor 10 min, a solution of unsaturated
esterS49.5(50.0 mg, 0.200 mmol) in methtgdrt-butyl ether (25QL) was added
dropwise over 1 h by syringe pump. After stirring-a8 °C for 3 h, methanol (0.5 mL)
and a solution of saturated ammonium chloride (3 mére sequentially added, and the
mixture was warmed to rt. After extracting with il ether (3 x 5 mL), the combined
organic layers were dried over anhydrous sodiufatauand concentrated under high
vacuum to obtain a crude product as a yellow aififftation of the resulting crude
mixture by column chromatography on silica gel (E#OAc-hexane) afforded 48.0 mg
(89%) of este649.1as a pale yellow 0iRs = 0.40 (1:3, EtOAc-hexane)x]4® = +10.8

(c0.120, CHGJ). The physical data @&49.1match with the data reported for racemic

esterS48.6
oH (R)-6-(Benzyloxy)-3-ethylhexan-1-ol (T7.1d)The
NN
BnO Y
/: compoundl7.1d was obtained using the procedure
T7.1h

described for compoun®48.7in Scheme 48. 216 mg
(92%) of the compound7.1d was isolated as a colorless viscousRik 0.200 (1:5,
EtOAc-hexane)[a]3® = +10.2 ¢ 0.20, CHC}). The physical data df7.1d match with

the data reported for racemic alcoBdl8.7
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6.7 Procedures and physical data for compounds froi8cheme 50

OAG (S)-6-(Benzyloxy)-3-ethylhexyl 2-acetoxy-2-

(e}
B”O/\/YV I Ph phenylacetate(S50.1) A round bottom flask was
S
5501 charged with §-2-acetoxy-2-phenylacetic acid

(12.3 mg, 0.0600 mmolN,N'-Dicyclohexylcarbodiimide (13.1 mg, 0.0640 mmol)
followed by 1 mL of dichloromethane. The resultsaution was stirred for 30 min, after
which alcoholS48.7(10.0 mg, 0.0400 mmol) dissolved in dichloromethéi5 mL) was
added to it, followed by 4-dimethylaminopyridine@2ng, 0.020 mmol). The reaction
mixture was stirred overnight at rt under nitroggpon completion of the reaction, the
mixture was taken up in ethyl acetate (5 mL), wdskigh a 1 N solution of hydrochloric
acid (3 x 5 mL), saturated aqueous solution ofisndbicarbonate (5 mL) and brine. The
organic layer was dried over anhydrous magnesiufateufiltered and volatiles were
removed under reduced pressure. Purification ofdlelting residue by column
chromatography on silica gel (1:7, EtOAc-hexan&rdked 15 mg (86%) of compound
S50.1as a colorless oiR; = 0.45 (1:5, EtOAc-hexane)H NMR (CDCk, 500 MHz):5
0.70 (t,J = 7.5 Hz, 3H), 1.20 (m, 4H), 1.40.50 (m, 5H), 2.10 (s, 3H), 3.35 {t= 7.3

Hz, 2H), 4.40 (s, 2H), 4.50 d,= 6.5 Hz, 2H), 6.80 (s, 1H), 7.20.40 (m, 10H).

OAC Note: The compoun850.2was obtained using the
: procedure described for compous80.1 The

physical data 0$50.2match with the data reported

for S50.1
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6.8 Procedures and physical data for compounds frol8cheme 51

(R)-6-(Benzyloxy)-3-ethylhexanoic acid (S51.1A round

OH
BnO/\/\;/\n/
_~ 0

S51.1

bottm flask was charged with es&49.1(56.0 mg,

0.200 mmol) potassium hydroxide (90.4 mg, 1.60 mmol)
and methanol (2.5 mL). The reaction mixture wakirefd over night at 7680 °C. Upon
completion of the reaction, the volatiles were rgatbunder reduced prssure. The
remaining residue was dissolved in 10 mL of watet arganic impurities were extracted
using a 1:1 mixture od etheyl acetate and hexahen{l). The ageuous layer was
acidified with a 1 N solution of hydrochloric achd the carboxylic acid was extracted
with ethyl acetate (2 x 10 mL). The combined orgadayers were then dried with
anhydrous magnesium sulfate and filtered. Volatdese removed under reduced
pressure resulting 49.8 mg (98%) of pure prod@it.las a colourless liquidr; = 0.25
(1:5, EtOAc-hexane)a]3? = +8.9 £ 0.025, CHCJ). *H NMR (CDCk, 500 MHz):5 0.80
(t, J= 7.5 Hz, 3H), 1.20 (m, 2H), 1.20.30 (m, 4H), 1.761.80 (m, 1H), 2.00 (dd] =
14.05, 7.5 Hz, 1H), 2.20 (dd= 13.57, 6.9 Hz, 1H), 3.50 (= 6.8 Hz, 2H), 4.40 (s,

2H), 7.26-7.30 (m, 5H), 9.8710.20 (s, 1H).

(IR,2S,5R)-2-Isopropyl-5-methylcyclohexyl 6-

lPr
o, -
Bno/\/\{\g/ \(P | (benzyloxy)-3-ethylhexanoate (S51).2 The
e

S51.2 compounds51.2was obtained using the procedure

described for compoun®50.1in Scheme 50. Purification with column chromatqdra
on silica gel (1:9, EtOAc-hexane) afforded 30 mipj of compound51.2as a

colorless viscous liquidg = 0.50 (1:7, EtOAc-hexaneéd NMR (CDCk, 500 MHz):d
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0.78-0.83 (m, 12H), 1.251.35 (m, 6H), 1.551.60 (m, 6H), 1.80 (m, 2H), 1.90 (m, 2H),
2.15 (dt,J = 12.5, 6.5 Hz, 1H), 3.40 (@,= 13.0 Hz, 3H), 3.90 (m, 1H), 4.40 (s, 2H),

7.20-7.30 (m, 5H).

o Note: The compoun851.3was obtained using the

Bno” > Y O\Q procedure described for compou®80.lin

Pl (0]

co1a Scheme 50. The physical dataS#1.3match

with the data of compoun®51.2

6.9 Procedures and physical data for compounds frol8cheme 52

6-(Benzyloxy)-3-ethyIN-[(S)-1-phenylethyllhexanamide

H
Bno/\/Y\H/N\( . . .
o en (S52.2) A solution of carboxylic acid (5.0 mg,

S52.2 0.020 mmol) in 0.5 mL dichloromethane was cooled to

0 °C and oxalyl chloride (5.1 mg, 0.040 mmol) was abidepwise. The reaction was
stirred at @C for 1 h and the volatiles were removed undercedipressure. The residue
was dissolved in 0.1 mL dichloromethane followedls addition of §-1-
phenylethylamine (2.9 mg, 0.024 mmol) and triethyilze (3.1 mg, 0.030 mmol). Then
the reaction mixture was stirred for 2 h &0 Upon completion, the reaction was
guenched with water. The product was extracted @itholoromethane (4 x 5 mL). The
combined extracts were washed with a 1 N solutidmydrochloric acid (5 mL) followed
by saturated aqueous solution of sodium bicarbo@atel). The resulting organic layer
was dried over anhydrous magnesium sulfate andileslavere removed under vacuum.

Purification of the resulting residue by columnamatography on silica gel (3:3:1,
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EtOAc-hexane) afforded 6 mg (85%) of amiglg?.2as a colorless o0iR: = 0.10 (1:5,
EtOAc-hexaneJa]%® = -26 (€ 0.034, CHCJ). '"H NMR (CDCk, 500 MHz):6 0.77 (t,J =
7.5 Hz, 3H), 1.251.29 (m, 4H), 1.40 (d] = 6.9 Hz, 3H), 1.561.60 (m, 2H), 1.80 (m,
1H), 2.20 (m, 2H), 3.35 (] = 6.9 Hz, 2H), 4.40 (s, 2H), 5.59 = 7.2 Hz, 2H),

7.20-7.30 (m, 10H).

Note: The compoun852.3was obtained using the

H
BnO ; NY ) .
S o en procedure described for compouBf2.2 The physical
S52.3

data ofS52.3match with the data reported 52.2 The

compound showed two significant peaks around-#43D ppm as a proof of enatiomeric

excess (Appendix lll, Figure 6)

6.10 Procedures and physical data for compounds fno Table 7

Ethyl chlorosulfonylacetate (T7.2) A solution of ethyl

chloroacetate (8.8 mL, 71 mmol) in 40 mL of ethawak added to

0
c” o
T7.2

a solution of sodium sulfite (6.00 g, 47.6 mmol@h mL of water. The mixture was
reflux for 6 h and volatiles were then removed undduced pressure. The concentrated
materials were azeotropically dried with toluenex(80 mL) to afford a white solid. The
product was allowed to stand under vacuum at°@for 12 h. The flask was then fitted
with a reflux condenser and flushed with nitrogéa.the resulting white solid,
succession of 50 mL toluene, DMF (348 mg, 4.76 mnaold oxalyl chloride (12.08 g,
95.20 mmol) was added. The white suspension wasdeaa 100°C for 3 h. The

resulting turbid solution was cooled to Z5 and filtered through a small pad of Celite.
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The flask and filter cake were washed with an aolail 200 mL of toluene. The filtrate
was concentrated under reduced pressure, andsiiéng yellow residue was purified
by distillation under high vacuum at 171B0°C to afford 3.25 g (50%) the sulfonyl
chloride as a pale yellow oil, which was storedemuitrogen.The physical data of7.2
match with its previously reported data of the coompm*®*

General procedure for Sulfonates (T7.3aT7.3h)

A solution of ethyl chlorosulfonylacetagr.2(355 mg, 1.80 mmol) in 2.5 mL of THF
was added dropwise to a mixture of correspondioghal S7.1(355 mg, 1.50 mmol) and
imidazole (123 mg, 1.80 mmol) in 2.5 mL of THF. Wpotompletion of the reaction after
16 h, the mixture was diluted with 20 mL of watend the aqueous layer was extracted
with dichloromethane (3 x 10 mL). The combined thcbmethane layers were washed
with a 1 N solution of hydrochloric acid, saturasegieous solution of sodium
bicarbonate and brine. The organic layer was thea @ver anhydrous sodium sulfate
and volatiles were removed under reduced pres$heeresulting crude product was
purified by column chromatography on silica gel/(IEtOAc-hexane) affording the pure

sulfonateS7.3

(1S,2R,5R)-Ethyl-2-{[5-methyl-2-(1-

o0 O
Y methylethyl)cyclohexyl]loxy}sulfonyl acetate (T7.3a)
?tlo/s\)ko/\

The compound was purified by column chromatogragiy

T7.3a

silica gel (1:3, EtOAc-hexane). Colorless solid%98R; =

123



0.40 (1.5, EtOAc-hexane)d NMR (500 MHz, CDCY): §0.91 (d,J = 6.5 Hz, 6H), 0.96
(d,J = 6.5 Hz, 3H), 1.101.20 (m, 1H), 1.32 () = 7.0 Hz, 3H), 1.441.62 (m, 4H),
1.65-1.80 (m, 2H), 1.851.94 (m, 2H), 4.28 (q] = 7.0 Hz, 2H), 4.05 (s, 2H), 5.05.09
(m, 1H).23C NMR (125 MHz, CDG)): § 14.2(CH), 19.8 (CH), 19.8 (CH), 21.1 (CH),
21.2 (CH), 26.3 (CH), 27.2(CH), 29.3 (G} 36.3 (CH), 46.0 (CH), 56.1 (Ch), 62.8
(CH,), 84.5(CH), 162.3(C), HRMS (ESI) calcd fog£30NOsS [M+NH,4]* 324.1850,

found 324.1820.

Ethyl (1S,2R,45)-1,7,7-trimethylbicyclo[2.2.1]heptan-2-

oxysulfonylacetate (T7.3b) The compound was purified

\/O\n/\//s\(o by column chromatography on silica gel (1:3, EtOAc-
o 00
T7.3b hexane). Colorless solid (90%.= 0.40 (1:5, EtOAc-

hexane)*H NMR (500 MHz, CDCJ): 50.89 (s,3H), 0.90 (s, 3H), 0.94 (s, 3H),
1.29-1.37 (m, 5 H), 1.40 (dd} = 14.0, 3.0 Hz, 1H), 1.73.82 (m, 2H), 1.871.94 (m,
1H), 2.34-2.42 (m, 1H), 4.07 (s, 2H), 4.29 @= 7.0 Hz, 2H), 4.92 (ddd,= 10.0, 3.0,
2.0 Hz, 1H)*C NMR (125 MHz, CDG): 513.3 (CH), 14.2 (CH), 19.0 (CH), 20.0
(CHs), 26.8 (CH), 28.0 (CH), 36.5 (CH), 44.8 (CH), 48.0 (C), 50.0 (C), 55.6 (9H
62.8 (CH), 90.2 (CH), 162.2 (C). HRMS (ESI) calcd for#8,sNOsS [M+NH,]*

322.1683, found 322.1675.

Ethyl ({[(3 R)-3-ethylhept-6-en-1-

\/\)\/\ O\\ //i)?\
A 0”5 okt ylJoxy}sulfonyl)acetate (T7.3c) The compound

T7.3¢ was purified by column chromatography on silica
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gel (1:5, EtOAc-hexane). Colorless oil (74%)= 0.35 (1:5, EtOAc-hexaneHd NMR
(CDCls, 500 MHZz):6 0.80 (t,J = 6.9 Hz, 3H), 0.85 (1] = 6.9 Hz, 3H), 1.34 (m, 4H), 1.48
(m, 1H), 1.75 (m, 2H),2.05 (m, 2H), 4.15 (s, 2HR7(q,d = 7.3 Hz, 2H), 4.35 (1] =

11.6 Hz, 2H), 4.99 (dd] = 17.3, 6.5 Hz, 2H), 5.80 (m, 1H}C NMR (CDCE, 125

MHz): 5§10.8 (CH), 14.7 (CH), 25. 7 (CH), 32. 4 (CH), 32. 8 (CH), 35.2 (C}), 54.00

(CH,), 55.3 (CH), 63.1 (CH), 71.4 (CH), 115.0 (CH), 139.1 (CH), 162.5 (C).

(R)-Ethyl 2-(6-(benzyloxy)-3-

\/\>\/\O\\/(/) I
BnoO o/s\)J\OEt ethylhexyloxysulfonyl)acetate (T7.3d)The

T7.3d compound was purified by column chromatography

on silica gel (1:7, EtOAc-hexane). Pale yellow(8i0%).R:= 0.30 (1.5, EtOAc-hexane).
[]%® = +14.78 ¢ 0.115, CHCJ). *H NMR (CDCk, 500 MHz):6 0.90 (t,J = 7.4 Hz, 3H),
1.30 (t,J = 6.9 Hz, 3H), 1.351.40 (m, 4H), 1.50 (m, 1H), 1.62 (m, 1H), 1.75 @Hhi),
3.50 (t,J = 6.4 Hz, 2H), 4.08 (s, 2H), 4.28 (¥= 7.1 Hz, 2H), 4.38 () = 6.9 Hz, 2H),
4.55 (s, 2H), 7.367.50 (m, 5H)*C NMR (CDCE, 125 MHz):6 10.9 (CH), 14.3 (CH),
25.1 (CH), 27.02 (CH), 29.6 (CH), 32.9 (CH), 35.6 (Ch), 52.0 (CH), 60.1 (CH),

69.0 (CH), 71.3 (CH), 73.3 (CH), 127.9 (CH), 128.02 (CH), 128.8 (CH), 139.0 (C),

162.5 (C). HRMS (ESI) calcd forigH»1:06S [M+H]" 387.1836, found 387.1792.

Ethyl-2-[(3-methylbutoxy)sulfonyl]acetate (T7.&).

(0]
o~ OEt

T7,.3e

The compound was purified by column chromatograghy

silica gel (1:5, EtOAc-hexane). Colorless oil (73®R)F
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0.40 (1:5, EtOAc-hexane). The physical datd 6f3ematch with its previously reported

data of the compouri.

Ethyl-2-[(1,3-dimethylbutoxy)sulfonyl]acetate (T7.3).
The compound was purified by column chromatograghy

o)
)\/L O\\S//i)J\
o~ OEt

3 silica gel (1:5, EtOAc-hexane). Colorless oil (75%)=

0.45 (1:5, EtOAc-hexane). The physical datd 0f3f match with its previously reported

data of the compouri.

, CO:t (S)-Ethyl 2-(3,7-dimethyloct-6-enyloxysulfonyl)aceta¢
Y
O‘z (T7.3g). The compound was purified by column
o A
\/ﬁ W chromatography on silica gel (1:5, EtOAc-hexane).
T7.3¢g

Colorless oil (98%)R:= 0.30 (1:3, EtOAc-hexane). The physical data 6f3g match

with its previously reported data of the compodd.

(1R,2S,5R)-Ethyl-2-[5-methyl-2-(1-

Q0 0 methylethyl)cyclohexyloxy]sulfonyl acetate (T7.3
(5\0/\\8\)]\0/\ ylethyl)cyclohexyl)oxylsulfony (T7.3h)

PN The compound was purified by column chromatogragpiny

T7.3h

silica gel (1:3, EtOAc-hexane). Colorless solid%95R; =
0.40 (1:5, EtOAc-hexane). The physical datd f3h match with its previously reported

data for the compounit.

126



General procedure for diazosulfonates (T7.4al7.4h).

Procedure with nosyl azide:The corresponding sulfonate (1 equiv) was dissbine

DMF (5 mL/mmol) and stirred under nitrogen &t@ Nosyl azide (1.2 equiv) amdN-
diisopropylethylamine (2 equiv) were then addedusatjally. The resulting reaction
mixture was stirred at f@C for 7-8 h. Upon completion of the reaction, the reaction
mixture was taken up in ethyl acetate (10 mL) d&ddrganic layer was washed with
water (2 x 10 mL) followed by the saturated briokigon (2 x 10 mL). The organic
phase was then dried with anhydrous sodium sulfdte.volatiles were evaporated under
reduced pressure to yield the crude product thatpuafied using column
chromatography on silica column (3E3, EtOAc-hexanes) to yield the desired pure

product.

Procedure with mesyl azideThe same procedure described for preparation abdia
sulfonesT6.5aandT6.5b was followed.
Note: all diazocompounds do not show the diazoaraib**C spectra. IR data are

provided, showing the diazo stretch at ~ 2130'cm

(1S,2R,5R)-Ethyl-2-diazo-2-{[5-methyl-2-(1-

O\\f i methylethyl)cyclohexyl]loxy}sulfonyl acetate (T7.3a)
'/,O/ \H)J\O/\
N3

The compound was purified by column chromatogramiy

T7.4a

silica gel (1:3, EtOAc-hexane). Colorless solid%81R;=

0.50 (1:5, EtOAc-hexane)H NMR (500 MHz, CDCY): §0.91 (d,J = 6.5 Hz, 3H), 0.92

(d,J = 6.5 Hz, 3H), 0.96 (d] = 6.5 Hz, 3H), 1.161.18 (m, 1H), 1.33 () = 7.0 Hz, 3H),
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1.42-1.62 (M, 4H), 1.641.79 (m, 2H), 1.861.98 (m, 2H), 4.34 (q] = 7.0 Hz, 2H),
5.04-5.08 (m, 1H)*C NMR (125 MHz, CDGJ): §14.5 (CH), 19.8 (CH), 21.0(CH),
21.1 (CH), 21.2 (CH), 26.2 (CH), 27.2 (CH), 29.2 (GH 36.2 (CH), 46.0 (CH), 62.8

(CH,), 86.0 (CH), 159.8 (C). IR (neat, &wv): 2137, 1723, 1383, 1183.

Ethyl (1S,2R,49)-1,7,7-trimethylbicyclo[2.2.1]heptan-2-

oxysulfonyldiazoacetate (T7.4h)The compound was
Ny

\/O\H)k//s\(o purified by column chromatography on silica geB(1:
o 0 ©
17.4b EtOAc-hexane). Colorless oil (95%3%= 0.40 (1:5,

EtOAc-hexane)'H NMR (500 MHz, CDCJ): 50.90 (s, 3H), 0.91 (s, 3H), 0.92 (s, 3H),
1.28-1.40 (m, 6H), 1.731.80 (m, 2H), 1.891.96 (m, 1H), 2.332.41 (m, 1H), 4.34 (q]
= 7.0 Hz, 2H), 4.92 (dt] = 10.0, 2.5 Hz, 1H)*C NMR (125 MHz, CDGJ): 513.2

(CHa), 14.5 (CH), 19.0 (CH), 19.9 (CH), 26.8 (CH), 28.0 (CH), 36.2 (CH), 44.8
(CH), 48.0 (C), 50.0 (C), 62.8 (GH 62.8 (CH), 91.6 (CH), 159.8 (C). IR (neat, &m

v): 2138, 1723, 1381, 1182.

ylJoxy}sulfonyl)acetate (T7.4c) The compound

\/\)\/\ 6o O Ethyl diazo({[(3R)-3-ethylhept-6-en-1-
Y
X O/S\H)J\OEt

P

Trac was purified by column chromatography on silica

gel (1:3, EtOAc-hexane). Colorless oil (27%)= 0.50 (1.5, EtOAc-hexane)Hd NMR
(CDCls, 500 MHz):6 0.80 (t,J = 6.9 Hz, 3H), 0.85 (t) = 6.9 Hz, 3H), 1.361.40 (m,
5H), 1.5 (m, 1H), 1.70 (m, 1H), 2.05 (m, 2H), 4(80J = 7.3 Hz, 2H), 4.38 (] = 11.6

Hz, 2H), 4.98 (ddJ = 17.3, 2.5 Hz, 2H), 5.80 (m, 1H}C NMR (CDCE, 125 MHz):6
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10.8 (CH;), 14.7 (CH), 25. 7 (CH), 32. 4 (CH), 32. 6 (CH), 35.2 (CH), 54.0 (CH),
63.1 (CH), 72.6 (CH), 115.0 (CH), 139.1 (CH), 159.9 (C). IR (Ci€l,, cmi, v): 2135,

3,1724.42.

(R)-Ethyl 2-[6-(benzyloxy)-3-
\/\)\/\ O\\//O I
BnO o/s\ﬂ)koa ethylhexyloxysulfonyl]-2-diazoacetate (T7.4d)
N

T7.4d The compound was purified by column

chromatography on silica gel (1:3, EtOAc-hexan&lo@ess oil (80%)R;= 0.30 (1:3,
EtOAc-hexane)'H NMR (CDCk, 500 MHz):6 0.75 (t,J = 7.4 Hz, 3H), 1.25 () = 6.8
Hz, 3H), 1.261.30 (m, 4H), 1.40 (m, 1H), 1.52 (m, 2H), 1.65 @h), 3.35 (tJ = 6.7
Hz, 2H), 4.25 (qJ = 7.0 Hz, 2H), 4.30 (1] = 6.8 Hz, 2H), 4.43 (s, 2H), 7.20.40 (m,
5H). °C NMR (125 MHz, CDGJ): §8.84 (CH), 11.9 (CH), 24.85 (CH), 28.94 (CH),
31.78 (CH), 32.46 (CH), 46.31 (CH), 60.0 (C}), 65.33 (CH), 70.32 (CH), 73.10
(CH,), 127.76 (CH), 127.81 (CH), 128.55 (CH), 138.52, (181.40 (C). IR (ChkCl,, cm

1 V): 2135.74, 1722.51.

Ethyl-2-diazo-2-[(3-methylbutoxy)sulfonyl]acetate

(6]
)\/\ O\\S//O
o~ OEt
N>

T7,.4e

(T7.4e) The compound was purified by column

chromatography on silica gel (1:3, EtOAc-hexane).

Colorless oil (68%)R = 0.40 (1:3, EtOAc-hexane). The physical datd b#ematch

with its previously reported data of the compodhd.
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Ethyl-2-diazo-2-[(1,3-dimethylbutoxy)sulfonyl]acetde

(T7.4f). The compound was purified by column

)\/L \\//
OEt

T7.4f

chromatography on silica gel (1:3, EtOAc-hexane).
Colorless oil (70%)R= 0.40 (1:3, EtOAc-hexane). The physical datd 6#f matches

with its previously reported data of the compodhd.

o GO (S)-Ethyl 2-diazo-2-(3,7-dimethyloct-6-
A\Y
oz(:f;\/N% W enyloxysulfonyl)acetate T7.4gThe compound was
o X
7.4 purified by column chromatography on silica geB(1:

EtOAc-hexane). Colorless oil (74%3%= 0.30 (1:3, EtOAc-hexane). The physical data of

T7.4gmatches with its previously reported data of trapound->’

(1R,2S,5R)-Ethyl-2-diazo-2-{[5-methyl-2-(1-

('j\ Y4 i methylethyl)cyclohexyl]oxy}sulfonyl acetate (T7.4h)
- o \H)J\O/\
A

The compound was purified by column chromatogragihy

T7.4h

silica gel (1:3, EtOAc-hexane). Colorless oil (75®)F
0.50 (1:5, EtOAc-hexane)a]3® = +24.05 ¢ 0.05, CHC}). The physical data df7.4h

match with its previously reported data of the coomml*°
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6.11 Procedures and physical data for compounds fne Scheme 53

a,a,a'a'-Tetramethyl-1,3-benzenediethyldipropionate

(S53.3) n-Butyllithium (1.9 mL of a 2.5 M solution in
(0] O

g A

~78°C. The mixture was stirred for 30 min followed Imgtdropwise addition of

5 5 hexanes, 4.7 mmol) was added slowly to a solutfon o

S53.3 diisopropylamine (0.7 mL, 5 mmol) in 1 mL of THF at

ethylisobuterate$53.1(549 mg, 4.73 mmol). The reaction was stirred % @or an
additional 1.5 h. A solution of a,«’-bromo-n-xylene (500 mg, 1.89 mmol) in 4 mL of
THF was slowly added to the reaction flask. Theiltesy reaction mixture was warmed
to rt and stirred for another 10 h. The reactios gaenched with 10 mL of water and the
product was extracted with ethyl acetate (15 mhp ®rganic layer was further washed
with 10 mL brine, dried over anhydrous sodium gelfand volatiles were removed under
reduced pressure. Purification of the oily residyeolumn chromatography on silica gel
(2.5-5%, DEE-petroleum ether) yielded 215 mg (50%) efdlesired dieste€353.3as a
semi-solid.R;= 0.30 (0.5:9.5, DEE-petroleum ethé. NMR (CDClk, 500 MHz):5 1.15
(s, 12H), 1.20 (1) = 6.8 Hz, 6H), 2.80 (s, 4H), 4.10 (g, 4H), 6.901(d), 6.95 (d,J = 7.9
Hz, 2H), 7.15 () = 7.8 Hz, 1H)3C NMR (125 MHz, CDGJ): §14.57 (CH), 25.34

(CHs), 43.82 (C), 46.54 (C§), 60.74 (CH), 127.91 (CH), 128.65 (CH), 132.64 (CH),

137.94 (C), 177.82 (C).
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OH

S53.4

OH

a,a,aa'-Tetramethyl-1,3-benzenedipropionic acid
(S53.4) The compound53.4was obtained using the
procedure described for compouBfl.lin Scheme 51.

The product was isolated (172 mg, 96%) as a casrle

solid. The physical data &53.4match with its previously reported data of the sam

diacid1®®

S53.5

Rha(esp) (S53.5)A 15 mL round bottom flask was
charged with R}{OAc)4 (137 mg, 0.310 mmoly,a,a',a'-
tetramethyl-1,3-benzenedipropionic acid (17.0 mg,
0.0620 mmol), and 3.0 mL of 1,2-dichloroethane. The

reaction mixture was refluxed under nitrogen. Afteenty

minutes, the flask was removed from the heating batl the contents slowly cooled (5

min) to 23 °C. The vessel was charged with 17.Q(@2 equiv) of the diacid, sealed, and

heating at 125 °C was resumed. This process wasteg an additional three times at

twenty minutes intervals, following which the raaatwas stirred at 125 °C for 5 h.

Within this period, the reaction mixture slowly lagee turbid. A second equivalent of

dicarboxylic acid was then introduced in a simfishion (5 portions of 17.0 mg at 20

minute intervals). Once again, the mixture waseilat 125 °C for an additional 5 h,

during which time the reaction became homogenohls.deep green solution was cooled

to 23 °C and volatiles were removed under reducesspire. Purification of the resulting

deep green residue by column chromatography arasikel using gradient elution
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(1:15-1:10, EtOAc-hexane) furnished 122 mg (55%) of taekyst Rh(esp)} as a green
microcrystalline solidR: = 0.43 (20:1, DCM-EtOAc). The physical dataS%3.5match

with its previously reported data of the catafyst.

6.12 Procedures and physical data for compounds fno Table 9
General procudeure for cyclization through G-H insertion (T9.1a-T9.1h).
To the suspension of a rhodium catalystARi\c), or Rhp(esp)) (2 mol %) in
dichloromethane (4 mL/mmol) a solution of the cep@nding diazo compound (1 equiv,
0.1-1 mmol) in dichloromethane (2 mL/mmol) was added at/er a period of 1 h using
a syringe pump. Upon completion of the additiome, risaction mixture was stirred at rt
for an additional 15 h. The volatiles were remoueder reduced pressure and the crude
reaction mixture was purified using column chrongaéphy on silica column (1:3.:3,
EtOAc-hexanes). In many cases, additional purificedn a silica gel column (1:9:10,

DEE-petroleum ether) was required to yield the garceluct.

Ethyl (4aR,7R,8aS)-4,4,7-trimethyloctahydro-1,2-benzoxathiine-3-
carboxylate 2,2-dioxide (T5.1a). Less polar isomeaf T5.1a The

X | compound was purified by column chromatographyitcasgel (1:4,

DEE-petroleum ether). Colorless oil (88%).= 0.30 (1:4, DEE-

petroleum ether}H NMR (500 MHz, CDCY): §1.02 (d,J = 7.5 Hz, 3H), 1.11 (s, 3H),
1.33 (t,d = 7.0 Hz, 3H), 1.35 (s, 3H), 1.55.65 (m, 3H), 1.88 (td] = 12.0, 5.0 Hz, 1H),
1.97-2.03 (m, 2H), 2.222.29 (m, 2H), 3.78 (s, 1H), 4.27 (qbix 7.0, 2.0 Hz, 2H), 4.77

(td,J = 11.0, 4.5 Hz, 1H)**C NMR (125 MHz, CDG): §14.2 (CH), 18.2 (CH), 19.0
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(CHy), 22.7 (CH), 26.9 (CH), 28.4 (CH), 30.9 (CbJ, 37.8 (CH), 38.9 (C), 44.2 (CH),
62.5 (CH), 71.7 (CH), 81.9 (CH), 165.3 (C), HRMS (ESI) ahfor CisH2gNOsS
[M+NH4]* 322.1683, found 322.166Nlore polar isomer of T5.1a.*H NMR (500
MHz, CDCh): §1.02 (d,J = 7.5 Hz, 3H), 1.14 (s, 3H), 1.33 (s, 3H), 1.34¢ 7.0 Hz,
3H), 1.51-1.64 (m, 3H), 1.671.79 (m, 2H), 1.962.01 (m, 1H), 2.242.29 (m, 2H), 3.87
(s, 1H), 4.32 (q) = 7.0 Hz, 2H), 4.78 (td] = 11.0, 4.5 Hz, 1H):*C NMR (125 MHz,
CDCl): § 14.3 (CH), 16.3 (CH), 18.1 (CH), 19.2 (CH), 27.4 (CH), 28.3 (CH), 30.8
(CHy), 37.8 (CH), 40.5 (C), 51.4 (CH), 62.6 (GH 72.3 (CH), 81.2 (CH), 163.8 (C).

HRMS (ESI) calcd for @HeNOsS [M+NH,]" 322.1683, found 322.1705.

Borneol sulfonate ethylester (T5.1b)
Ethyl 11,11-dimethyl-5-oxa-4-thiatricyclo[6.21.01,6]Jundecane-

3-carboxylate 4,4-dioxide (T5.1f). The compound was ppurified by

— 2 column chromatography on silica gel (1:5, Didfroleum ether).
I COOEt
O
15.1b; Colorless oil (88%) = 0.25 (1:5, DEE-petroleum ether).

'H NMR (500 MHz, CDCJ): 50.95 (s, 3H), 0.97 (s, 3H), 1.28 (dts 14.0, 5.0 Hz, 1H),
1.32 (t,J = 7.0 Hz, 3H), 1.341.47 (m, 2H), 1.781.99 (m, 2H), 2.00 (dd] = 14.0, 4.5
Hz, 1H), 2.152.21 (m, 1H), 2.252.35 (m, 2H), 3.95 (dd] = 13.0, 5.0 Hz, 1H),
4.25-4.34 (m, 2H), 5.00 (ddd),= 11.0, 5.0, 2.0 Hz, 1H}*C NMR (125 MHz, CDG)): &
14.1 (CHy), 18.7 (CH), 19.8 (CH), 24.7 (CH), 28.0 (CH), 28.8 (CH), 32.5 (CH), 45.7
(CH), 46.7 (C), 47.5 (C), 61.0 (CH), 63.1 (9H88.5 (CH), 164.7 (C). HRMS (ESI)

caled for G4H230sS [M+H]" 303.1266, found 303.1261.
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~

//S\\ COOEt

oo
T5.1b,

Ethyl 8,9,9-trimethyl-4-oxa-5-thiatricyclo[5.21.03,8]decane-6-
carboxylate 5,5-dioxide (T5.1. *H NMR (500 MHz, CDCJ):
50.92 (s, 3H), 0.98 (s, 3H), 1.08 (s, 3H), 1.39 &,7.0 Hz, 3H),

1.88 (tJ = 4.0 Hz, 1H), 2.11 (dd} = 13.0, 5.0 Hz, 1H), 2.12.23

(m, 2H), 2.45 (ddJ = 14.0, 4.0 Hz, 1H), 2.72.78 (m, 1H), 4.15 (d] = 4.0 Hz, 1H),

4.30-4.38 (m, 2H), 4.80 (df] = 10.0, 3.0 Hz, 1H)}*C NMR (125 MHz, CDGJ): 11.9

(CHa), 14.2 (CH), 18.90 (CH), 18.92 (CH), 28.4 (CH), 30.2 (CH), 42.3 (CH), 43.5

(CH), 47.9 (C), 49.7 (C), 60.8 (CH), 63.1 (§H95.3 (CH),5 164.7 (C). HRMS (ESI)

caled for G4H230sS [M+H]" 303.1266, found 303.1293.

T5.1d

Benzyl protected sulfonate ethylester (T5.1d)The
compound was purified by column chromatography on

OBn silica gel (1:5, EtOAc-hexane). Colorless oil (80R)=

0.30 (1:5, EtOAc-hexane)a]?® = +13 € 0.018, CHCJ). *H NMR (CDCk, 500 MHz):5

0.80 (t,J = 7.5 Hz, 3H), 1.20 (m, 7H), 1.40.50 (m, 4H), 2.50 (dd} = 10.9, 6.0 Hz,

1H), 3.32 (dd,J = 11.8, 5.9 Hz, 1H), 3.40 (dd= 10.8, 5.9 Hz, 1H), 3.60 (dd,= 11.5,

6.9 Hz, 1H), 4.28 (q] = 7.1 Hz, 2H), 4.40 (s, 1H), 4.55 (s, 2H), Z-2(B0 (m, 5H)C

NMR (CDCk, 125 MHz):6 7.84 (CH), 14.3 (CH), 23.30 (CH), 25.1 (CH), 27.4 (C),

29.7 (CH), 32.8 (CH), 41.9 (CH), 62.8 (CH), 68.4 (CH), 75.0 (CH), 75.8 (CH),

127.5 (CH), 128.7 (CH), 128.7 (CH), 138.0 (C), T6&). HRMS (ESI) calcd for

C1oH2906S ['\/H‘H]+ 385.1685, found 385.1639.
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o Ethyl-4,4-dimethyl-1,2-oxathiane-2,2-dioxide-3-carbxylate
O\\S//
- N .
OKJ?\O (T5.1e).The compound was purified by column chromatography

T5.1e on silica gel (1:6, EtOAc-hexane). Colorless 00%6). R;= 0.20

(1:5, EtOAc-hexane). The physical dataréf1e matches with its previously reported

data of the compouri.

Ethyl-4,4,6-trimethyl-1,2-oxathiane-2,2-dioxide-3-arboxylate
(T5.1f). The compound was purified by column chromatogyaph

on silica gel (1:5, EtOAc-hexane). Colorless 08%@). Rr= 0.30

T5.1f

(1:5, EtOAc-hexane). The physical dataréf1f matches with its previously reported

data of the compouri.

o, Ethyl (4R)-4-methyl-4-(4-methylpent-3-en-1-yl)-1,2-oxathiane
> / CO,Et

/\/k 3-carboxylate 2,2-dioxide (T5.1g)The compound was purified

T5.19 by column chromatography on silica gel (1:5, EtG#«ane).

Colorless oil (85%)R= 0.3 (1:1, EtOAc-hexane). The physical datd’®fLg matches

with its previously reported data of the compodd.

Ethyl (4aS7R,8aR)-4,4,7-trimethyloctahydro-1,2-benzoxathiine-3-
é\ carboxylate 2,2-dioxide (T5.1h) The compound was purified by column
O

I/ g -
S\(O chromatography on silica gel (1:4, DEE-petroleuthregt Colorless oll

(80%).Rs = 0.30 (1:4, DEE-petroleum ether). The physicéhddT5.1h

match with its previously reported data of the coomml*°
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6.13 Procedures and physical data for compounds fno Table 11
General procedure for oxidation ofd-sultones with TBHPt-BuOK
To a solution ob-sultone in THF (2.5 mL/mmol) was added potassiarmibutoxide (10
equiv.) or KHMDS (10 equiv.) followed higrt-butyl hydroperoxide (4 equiv.). After
stirring at rt for 16 h, sodium sulfite was added @he resulting suspension stirred for 15
min to destroy excegdsrt-butyl hydroperoxide. This was followed by the adoh of 20
mL of 1 N solution of hydrochloric acid and the ukgg mixture was extracted with
diethyl ether, washed with brine, dried over anbydrmagnesium sulfate and evaporated

to afford a crude product, which was purified asfh chromatography.

(3aR,6R,7aS)-Hexahydro-3,3,6-trimethylbenzofuran-2(3H)-one
(T5.2a). The compound was purified by column chromatogramingilica

gel (1:4, DEE-petroleum ether). Colorless solid4Q0R; = 0.30 (1:4,

DEE-petroleum etherfH NMR (CDCk, 500 MHz):6 1.04-1.08 (d,J =

7.5 Hz, 3H), 1.08 (s, 3H), 1.20 (s, 3H), 4060 (m, 1H), 1.551.70 (m, 5H), 2.10 (m,
1H), 2.30 (m, 1H), 4.10 (m, 1H)YC NMR (CDC}, 125 MHz):6 17.77 (CH), 19.59
(CHz), 23.84 (CH), 28.61 (CH), 31.40 (CH), 36.55 (CH), 42.67 (C), 55.35 (CH), 77.2

(CH), 182.98 (C). HRMS (ESI) calcd for 1150, [M+H]* 183.1379, found 183.1423.

7,8,8-Trimethyl-4-oxatricyclo[4.2.1.03,7]nonan-5-0a(T5.2b,). The

compound was purified by column chromatographyibecasgel (1:4,

o DEE-petroleum ether). Colorless oil (70%).= 0.30 (1:4, DEE-
(0]
T5.2b, petroleum ether}H NMR (CDCk, 500 MHz):5 0.86 (s, 3H), 0.88 (s,
—d
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3H), 1.05 (s, 3H), 1.39 (d,= 14.2, 1H), 1.5 (dJ = 12.6, 1H), 1.87 (m, 1H), 2.12.30
(m, 3H), 4.35 (d, 1H)*C{*H} NMR (CDCls, 125 MHz):5 11.6 (CH), 19.4 (CH), 20.5
(CHs), 33.4 (CH), 36.8 (CH), 46.3 (CH), 46.6 (CH), 49.2 (C), 58.8 (C), 87CH),

181.5 (C).

(5)-3-(3-(Benzyloxy)propyl)-3-ethyl-dihydrofuran-2(3H)-one

(0]
\/
Oé\/VOB” (T5.2d). The compound was purified by column chromatography

o on silica gel (1:5, EtOAc-hexane). Colorless 08%0). R = 0.40

(1:5, EtOAc-hexane)a]2® = +11 € 0.010, CHCJ). *H NMR (CDCk, 500 MHz):5 0.85
(t, J= 7.5 Hz, 3H), 1.561.70 (m, 6H), 2.00 (1] = 7.0 Hz, 2H), 3.50 (m, 2H), 4.20 (=
7.6 Hz, 2H), 4.55 (s, 2H), 7.28.30 (m, 5H)**C NMR (CDCE, 125 MHz):5 8.84
(CHs), 24.83 (CH), 28.94 (CH), 31.78 (CH), 32.46 (CH), 46.31(C), 65.6 (Ch), 70.6
(CHy), 73.4 (CH), 128.7 (CH), 128.8 (CH), 130.0 (CH), 138.8 (31D (C). HRMS

(ESI) calcd for GgH2303 [M+H] " 263.1647, found 263.1623

Dihydro-3,3-dimethylfuran-2(3H)-one (T5.2e) The compound was

purified by column chromatography on silica geb(t:3, DEE-

petroleum ether). Colorless oil (54%). The physaath ofT5.2e match

with its previously reported data of the compodifrd.
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Dihydro-3,3,5-trimethylfuran-2(3H)-one (T5.2f). The compound was
purified by column chromatography on silica geb{t:3, DEE-

petroleum ether). Colorless oil (60%he physical data of5.2f match

with its previously reported data of the compodifrd.

S 3-Methyl-3-(4-methyl-3-pentenyl)dihydrofuran-2-one(T5.29).
o; 7’/\)\ The compound was purified by column chromatograghygilica

T5.29 gel (1:1, DCM-pentane). Pale yellow oil (72%).= 0.30 (1:1,

DCM-pentane)’H NMR (CDCk, 500 MHz):6 1.206-1.30 (s, 3H), 1.55 1.65 (m, 5H),
1.65 (s, 3H), 1.872.10 (m, 3H), 2.262.30 (m, 1H), 4.25 (m, 2H), 5.10 (m, 1H5C

{'H} NMR (CDCk, 125 MHz):5 17.87 (CH), 22.70 (CH), 23.32 (CH), 25.56 (CH),

34.69 (CH), 37.42 (CH), 42.37 (C), 65.16 (CH, 123.40 (CH), 132.65 (C), 182.11 (C).

(3aS,6R,7aR)-Hexahydro-3,3,6-trimethylbenzofuran-2(3H)-one
(‘j\ (T5.2h). The compound was purified by column chromatolgyagn silica

ﬂ: gel (1:4, DEE-petroleum ether). Colorless solid4)3R; = 0.30 (1:4,
0]

T5.2h DEE-petroleum ether). The physical datal6f2h match with its

previously reported data of the compodfit.

6.14 Procedures and physical data for compounds fno Scheme 57

(S)-3-Ethyl-dihydro-3-(3-hydroxypropyl)furan-2(3H)-on e
O\b"’ﬁ (S49.2) The benzyl protectets.2d (20.0 mg, 0.0760 mmol) was
“\_-OH

S54.1 stirred with 2 mL of methanol, followed by the atiloi of
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palladium on carbon (8.1 mg, 0.0076 mmol) for itnkder a hydrogen atmosphere. Upon
completion of the reaction, the resulting reactiirture was filtered through a silica
plug, and the solid was further washed with 15 rhtdichloromethane. The combined
rganic layers were concentrated under reducedymeBurification of the resulting
residue by column chromatography on silica gel,(Et®Ac-hexane) afforded 13.0 mg
(99%) as colorless 0iR; = 0.30 (3:1, EtOAc-hexang)x]3® = +9.25 ¢ 0.005, CHCJ).

The physical data d49.2match with its previously reported data of the poomd*°®

6.15 Procedures and physical data for compounds fro Scheme 58

/\><H/ Ethyl 2,2-dimethylpent-4-enoate (S58.2)The compoun&58.2
OEt
=
0 was prepared using the procedure described for congf553.3in
S58.2
Scheme 53. 290 mg (86%) of the compo&a@.2was isolated as

a colorless liquid. The physical data®88.2match with its previously reported data of

the compound®’

Ethyl 2-(formylmethyl)-2-methylpropanoate (S58.3) A solution
O&\><H/0Et
O

of alkeneS58.2(100 mg, 0.640 mmol) in 20 mL of

S58.3
dichloromethane was cooled+t38°C and ozone was bubbled

through the solution for-3 h until the reaction mixture turned to a lightdlcolor. Then
dimethyl sulfide (141uL, 1.09 mmol) was added to the mixture-@8 °C and the
mixture was stirred overnight at rt. Volatiles eeemoved under reduced pressure
affording the crude aldehyde as a colorless ligliiee physical data &58.3match with

its previously reported data of the compouffd.
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Dihydro-3,3-dimethylfuran-2(3H)-one (T5.1e) The aldehyd&58.3
(300 mg, 1.90 mmol) was dissolved in 5 mL of methamd the solution

was cooled to 6C followed by the addition of sodium borohydride

(78.9 mg, 2.09 mmol). The resulting reaction migtwas stirred overnight at rt. Then
the reaction was quenched with 5 mL of saturategtags solution of sodium
bicarbonate (10 mL). The product was extracted dithloromethane (2 x 10 mL)
followed by washing the organic extracts with wdex 10 mL) and brine. The resulting
organic layer was dried with anhydrous magnesiulfatgy filtered. Removal of volatiles
under reduced pressure afforded 13.0 mg (25%) (bwee steps from the staring ester
S58.) of lactoneST5.2eas a colorless oil. The physical datarét2e match with its

previously reported data of the compodfitl.

Dihydro-5-(iodomethyl)-3,3-dimethylfuran-2(3H)-one(S58.4)

Alkene S58.2(100 mg, 0.640 mmol) was stirred in THF-water

(2:1) and an iodine crystal was added (243 mg, t8®l). The

resulted reaction mixture was stirred 5 h at rtokdpompletion of the reaction, the
product was extracted with dichloromethane andtiganic layer was washed with water
(2 x 10 mL) followed by 10 mL of saturated brindusimn. The organic layer was then
dried with anhydrus sodium sulfate and volatilesenemoved under reduced pressure.
Purification of the resulting crude mixture by aolla chromatography on silica gel (1:5,
EtOAc-hexane) afforded 139 mg (85%) of the iodaaetS58.4as a colorless oil. The

physical data 0658.4match with its previously reported data of the poomd.

141



Dihydro-3,3,5-trimethylfuran-2(3H)-one (T5.2f). lodolaconeS58.4
(70.0 mg, 0.280 mmol) was refluxed in a stirredogmsion of Raney

nickel (700 mg) in isopropanal (3 mL) for 15 minpdh completion of the

reaction, the mixture was cooled to rt, the orgdayer was decanted from the Raney
nicke, and the catalyst was washed with dichlorbaret (3 x 5 mL). The combined
organic layers were fileted through a Celite plgich was washed with an additional 5
mL of dichloromethane. Removal of volatiles undsduced pressure afforded 27.0 mg
(77%) of lactones58.4as a colourless liquid. The physical datd 6f2f match with its

previously reported data of the compodfitl.
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abs.

Ac

AD

AIBN

acac

ATP

9-BBN

B3LYP

Bn

Bu

Bz

CAN

CSA

DBU

DCC

DCM

DEAD

DEE

DEPT

APENDIX |
LIST OF ABBREVIATIONS AND ACRONYMS
absolute
acetyl
asymmetric dihydroxylation
azobis(isobutyronitrile)
acetylacetone
adenosine triphosphate
9-borabicyclo[3.3.1]nonane
Becke,3-parameter, Lee-Yang-Parr
benzyl
butyl
benzoyl
cerium(lV) ammonium nitrate
camphorsulfonic acid
1,8-diazabicyclo[5.4.0]Jundec-7-ene
N,N’-dicyclohexylcarbodiimide
dichloromethane
diethyl azodicarboxylate
diethyl ether

distortionless enhancement by polarizatiandfer
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DET

DIAD

DIBAL-H

diethyltryptamine

diisopropyl azodicarboxylate

diisobutylaluminum hydride

DIPEA/DIEA N,N-diisoropylethylamine

DMAP
DME
DMF
DMPU
DMS
DMSO
dr
EDG
ee

Et
equiv.
EWG

FT-IR

HMPA
HOBT
HPLC

HRMS

IBX

dimethylaminopyridine
1,2-dimethoxyethane
N,N-dimethylformamide
1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrirmdne
dimethyl sulfide

dimethyl sulfoxide

diastereomeric ratio

electron-donating group

enatiomeric excess

ethyl

equivalent

electron-withdrawing group

fourier transform infrared spectroscopy
hour

hexamethylphosphoramide
hydroxybenzotriazole

high-performance liquid chromatography
high-resolution mass spectrometry

lodoxy benzoic acid
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Im-H imidazole

i-Pr isopropyl

KHMDS potassium hexamethyldisilazane
LAH lithium aluminum hydride

LD50 lethal dose, 50%

LDA lithium diisopropylamide
LIHMDS lithium hexamethyldisilazane

m-CPBA metachloroperoxybenzoic acid

Me methyl

MeOH methanol

MeCN acetonitrile

MEOX 4(5-methyl 2-oxooxazolidinecarboxylate

MPPIM 4(S)-methyl 1-(3-phenylpropanoyl)-2-oxaimidazolidineoaxylate
MS molecular sieves

Ms mesyl

MTPA o-methoxye-trifluoromethylphenylacetic acid

NaHMDS sodium hexamethyldisilazane

NMO N-methylmorpholine-N-oxide
NMR nuclear magnetic resonance
NOE nuclear Overhauser effect
Nos Nosyl

Pd palladium

Pet petroleum
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Pfb
PGME
Ph
Piv
PMB
PMP
PNB
Pr
PTLC
PTSA
Py
PyBOP
RCM
rt
TBAF
TBAI
TBDPS
TBDS
TBHP
TBS
TEA
Tf

TFA

perfluorobutyrate

phenylglycine methyl ester

phenyl

pivaloyl

para-methoxybenzyl
paramethoxyphenyl

propylene glycol butyl ether

propyl

preparative thin layer chromatography
para-toluenesulfonic acid

pyridine
(benzotriazol-1-yloxy)tripyrrolidinophospham hexafluorophosphate
ring-closing metathesis

room temperature
tetrabutylammonium fluoride
tetrabutylammonium iodide
tert-butyldiphenyilsilyl
©-2-(tert-butylamino)-3-hydroxypropanoic acid
tert-butyl hydroperoxide
tert-butyldimethyilsilyl

triethylamine

trifluoromethanesulfyl

trifluoroacetate
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THF
TLC

TMS

TOF
tol-BINAP
TPAP

Tr

p-Ts

TS

tetrahydrofuran

thin layer chromatography
tetramethylsilane

time of flight
2,2-bis(di-p-tolylphosphino)-1,tbinaphthyl
tetrapropylammonium perruthenate

trityl

para-toluenesulfonyl

transition state
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APENDIX Il

SCHEMES FOR THE ALTERNATIVE SYNTHESIS OF
T5.2eAND T5.2f

Ethyl isobutyrates51.1was obtainedia Fischer esterification of isobutyric acid
S58.1 Ethyl isobutyrate was allylat&l with freshly prepared LDA at78°C, followed
by ozonolysis with reductive work-up with dimettsylifide to produce aldehy®58.3%°
Reduction of aldehyd858.3to its corresponding alcohol and cyclization a gicohol
to five-membered lactonE5.2eoccurred within a single pot in the presence ofisod
borohydride and methanol afQ. Lactonel5.2ewas obtained in 25% vyield from
starting acidS58.1,0ver three steps. lodolactonization of eS§188.2followed by
hydrogenolysis of iodolactortes8.4resulted the desired lactomg.2f.
)\H/OH EtOH, c/H,SO, )ﬁ‘/OEt
reflux, 16h

(0] ’ o)

S58.1 S53.1

1)n-BuLi, DIPA, -78 °C
2) Allyl bromide, rt

O
/\>§‘/ 1) 03/ CH2C|2 / OEt |2, rt, @)
—_—
2) Me,S (@] THF:H,0 (2:1)
S58.3 S58.4
S58.2
lNaBH4, MeOH/ rt Raney Nickel
isopropanol, reflux
o}

0]
T5.2e

T5.2f

Scheme 58. Alternative synthetic routes for theparation ofT5.2eandT5.2f.
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APENDIX I

SELECTED SPECTRA

FIGURES6-22
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Figure 6.'H NMR (500 MHz) spectrum of 6-(benzyloxy)-3-ethyHk5)-1-
phenylethyl)hexanamid&62.3 in CDCk.
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Figure 7.*H NMR (500 MHz) spectrum of (B6R,7a5)-hexahydro-3,3,6-
trimethylbenzofuran-2(3H)-on&'%.24) in CDCk.
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Figure 8.°C{*H} NMR (125 MHz) spectrum of (B8R 7a5-hexahydro-3,3,6-
trimethylbenzofuran-2(3H)-ond'6.2a) in CDCb.
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Figure 9.'H NMR (500 MHz) spectrum of 7,8,8-trimethyl-4-oxaticlo
[4.2.1.03,7]nonan-5-ond 5.2b,)in CDCl.
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Figure 10°C{*H} NMR (125 MHz) spectrum of 7,8,8-trimethyl-4-oxaytlo
[4.2.1.03,7]nonan-5-ond5.2b,)in CDCls.
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Figure 11.'H NMR (500 MHz) spectrum of (S)-3-(3-(benzyloxy)psd)
-3-ethyl-dihydrofuran-2(3H)-oner6.2d) in CDCl.
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Figure 122°C{*H} NMR (125 MHz) spectrum of (S)-3-(3-(benzyloxy)pydp
-3-ethyl-dihydrofuran-2(3H)-oner6.2d) in CDCL.
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¥

Figure 13'H NMR (500 MHz) spectrum of dihydro-3,3-dimethyléun-
2(3H)-one 75.2¢) in CDCl.
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Figure 14°C{'H} NMR (125 MHz) spectrum of dihydro-3,3-dimethylfara
2(3H)-one 15.2€ in CDCL.
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Figure 15H NMR (500 MHz) spectrum of dihydro-3,3,5-trimetfyran-
2(3H)-one T75.2f) in CDCL.
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Figure 16°C{*H} NMR (125 MHz) spectrum of dihydro-3,3,5-trimethyl&an-
2(3H)-one T75.2f) in CDCL.
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Figure 17*H NMR (500 MHz) spectrum of 3-methyl-3-(4-methylg@ntenyl)
dihydrofuran-2-oneT5.29) in CDCl.

161



10 ppm

20

60

J
80

T T T T T T T T
170 160 150 140 130 120 110 100

1
180

Figure 18*C{*H} NMR (125 MHz) spectrum of 3-methyl-3-(4-methyl-3-
pentenyl)dihydrofuran-2-ond5.2g) in CDCk.
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Figure 19."H NMR (500 MHz) spectrum oBaS6R 7eR)-hexahydro-
3,3,6-trimethylbenzofuran-2(3H)-on&g.2h). in CDC.
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Figure 20*C{'H} NMR (125 MHz) spectrum of (&6R 7aR)-hexahydro-

3,3,6-trimethylbenzofuran-2(3H)-on&J.2h). in CDCE.
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Figure 21."H NMR (500 MHz) spectrum of§-3-ethyl-dihydro-3-(3-hydroxypropyl)
furan-2(3H)-one $49.3.
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Figure 222C{*H} NMR (125 MHz) spectrum ofg-3-ethyl-dihydro-3-
(3-hydroxypropyl)furan-2(3H)-ones49.2
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