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ABSTRACT

Aromatic 2pyridones and -pyrones are known to undergo a facile [4+4]
photocycloaddition with themselves and other conjugated molecules. The unifying
objective of this work is to explore the potential of conjugated enynes as a
photocycloaddition partnevith avariety of unsaturated systems and estaliliak a path
for the synthesis of valuable natural products and molecular scaffolds. Witreayh&
as a reactant, the immediate phoyoloadduct, a highly strained cyclic allene, was
stabilized and factionalized to give advanced intermediates in natural product synthesis.
Participation of substituted benzenes in higher order photocycloadditionpythddnes

wasalso discoverd:

Intramolecular enyneyridone [4+4] photocycloaddition led to the rization of
cyclic, strained allenic products that undergo rapid dimerization through various modes
leading to complex mixtures. Such alleraiene dimerization was suppressed by
introducing steric shielding.  With reactive tethered functional group preten
intermediate allenean underga secondary cycloaddition with either the proximal or
distal double bond, depending on the tether length. In the absence of sotbnal
groups, theallene can isomerizeto a 1,3diene. Oxidation of the allenedeto a
cyclopropanone, a bicycl®.1.0}octane which wadransformed into pseudoganelike

7-5 ring systems.

Participation of enynes in the photocycloaddition of other unsaturated systems was
also investigated. Anthracene, naphthalene derivativeé-gyrones were all found to

undergo quantitative photocycloaddition with an enyne. During this investigation, a low



temperature Cope rearrangement was also discovehedaddition, metasubstituted
benzenes were reluctant partners in [4+4] photocyditiad with enynes but underwent

efficient [4+4] photocycloaddition with-pyridones.

The synthetic utility of enyne photocycloaddition was applied in the synthesis of
the cyclooctanoid containing natural product-@agtylol. The intramolecular enyine2-
pyrone [4+4] photocycloadditieisomerization gave a lactone bridgegtlooctanoid

product which sems as an advanced intermediatesiEsquiterpene synthesis.
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CHAPTER 1

CYCLOADDITION OF CON JUGATED ENYNES: AN OVERVIEW

1.1 Introduction and Motivation

Cyclic compounds, both casbyclic and heterocyclicconstitutean extremely
importantcategory of moleculewith vital rolesin medicine and therapeutic@ne of the
most efficient wag to construct cyclic molecules is cycloadditionOn the most
fundamental level, cycloaddition forms at least two new bamdgsle (ring) and as may
as fournew stereocenters. The two new bonds formed durimycloaddition ca arise
either ina stepwise manner or in a concerted fashio@oncerted cycloadditions age
subset of pericyclic reactions and ttare governed by the Woodwaitdoffmann orbital
symmetry ruled. The (4 + 2 ~ ) -Alder redct®ris the most widely used cycloaddition

for construction of six membered rings.

Higher order cycloadditions (cycloadditions forming larger than six membered
rings) are receiving in@ased attentiodue to he growing number ofhatural products
containing mediumings(7i 12 atoms)*® Eightmembered carbocyclic rings particular
arewidespread and found a variety of biologically significant and structurally complex
natural product$ The combination othallenges assod&d with the formation of eight
membered rindsand their interesting biological activitiggrompted the development of
several elegant strategies towards the construction of this ring sy<ter.
Mechanisticallya [4+4]cy¢ oaddi ti on forming two 0 bonds

of four-carbon fragments is arguably the most efficient method for the construction of the



cyclooctanoid skeletoht The work presented herefteused orf4+4] photocycloaddition
of conjugated enynes with@ridones, 2oyrones, polycyclic aromatics anghnipulation
of the cycloadductdirected towards the synthesis of natlnaroducts andvaluable

molecular scafflls.

1.2 General principles of photochemistry

An organic photochemical reaction typicallinvolves the reactiorbetweena
ground statenoleculewith a molecule in an excited stateA molecule becomes excited
eitherbythedirectabsaption of alight of a particular wavelengttor by the energy transfer
from another moleculea@ensitizer).Forlight to be absorbe@d molecule must contain an
empty and accessible orbital above a filled orbital with an accessible energylgep.
choice of the light source for irradiation (or filters) depends upon theatioso spectra of
a molecule The combination of conjugated andsaturated bonds and functional greup
determines the electronic absorption bands, which cdrohethe far ultravolet (UV) to

the visible region of the electromagnetic spectra.

Upon absorption of lightf a suitable wavelengtlan electronic transition occurs
Electronic transitios are typically to "* (e.g., alkene) andr n to” * (e.g., carbonyl), as
an electron is excited to a higher orbital leviéigure 1.1a The electronic spin is
maintained for this excited electron (e.g., singlet state) and multiple relaxation pathways
are available, including vibrational relaan, fluorescencejntersystem crossingC) to

the triplet stateand phosphorescence
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vy 8—8—8—8  — vy 8—8—8—8 —  LUMO
w3 8—8—8—8 — Mo v 8—8—8—8 {— HOMO
v §888 4 wowo v $888 4
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N

LUMO - excited state
HOMO - excited state

Figure 1.1 Frontier molecular orbital diagram of [4+4] photocycloaddition of 1,3
butadiene. (axcitationof electronand (b) HOMO/LUMO interactions of

ground and excited state molecules

Frontier Molecular Orbital Theory (FMQOJigure 1.1 is often used to describe
interactions between thmolecule in the ground staéed another molecule emnexcited
state. These molecules may either be identical or-it@mtical. There are typically two
energetically profitable frontier orbital interactions: (1) intexattbetween the singly
occupied * orbital of the excited molecule and the LUMO of theleanle in the ground

state, and (2) interact of the singlyoccupied n of orbital of the excited molecule and



the HOMO of the molecule in the ground st&igure 1.1b. These interactions are usually
strongest when the energies of the interacting aligodre similarFigure 1.1 depicts the
[4+4] cycloaddition reactioof two 1,3butadiene molecules, the concerted protesss

photochemically Bbowed but thermally forbidden.

Light Sources: As mentioned above, the light requifed excitationis deermined
by the absorption spectrum of the molecule. The major absorption bayn/ofi@ne isat
305 nm. The most common light sources for preparativale reactions are mercury vapor
lamps of low, medium, and highpressure. The mediupressure mercyrvapor lamp
(used in this study) emits primarily at 265, 310, and 365 nm. The light can be further
controlled by use of filters. The filters can be gihased or soluticthased> Commonly

used glasdased filters and their cutofféll be discussed ilChapter 4.

1.3 Historical perspective of 2pyridone and 2-pyrone photocycloaddition

Higher order cycloadditions are vgrgwerfulstep and atorreconomical strategic
tools forthe rapid and efficient constructions of cyclooctanditi$® The first organic
photochemical reaction reportedhs the[4+4] photodimerization of anthrage in 1867

by FritzscheSchemel.1.14

OO0 = s
[4+4] AL
101 102

Schemel.1l Photodimerization of anthracene



About a century after the anthracene dimerization report, Taylor and coworkers
reported the first photoreaction ofpridone in 1960Schemel.2a!® Initially they
reported the photoproduct bfmethyl2-pyridone103 to be dimerl04 by UV spectrum
analysis but lar in 1961, Paquette correctdday | or 6 s i ni ti al report
structureto be heado-tail dimer105based ofH NMR studie$® and Taylor subsequently

accepted the correctidh

In 1964 de Mayo reported the [4+4] dimerization gf\@one givingcis andtrans
adductssuch asl08 and 109 both of which converinto 1,3,5,7cyclooctatetraene upon
heating Scheme 1.2¢8 In the same yeaE. J. Corey reported the photoisomerizatioh
N-methyl2-pyridonel03 and 2pyronelllto give acorresponding Dewgryridonel06

and Dewarpyronel12 Schemel.1 by irradiating dilute solutiosin ether!®



\
104 103 105
hv
_— >
4 ring closure
103
C.
o 2 A
X hv +
| " 1__o —
07 "0  [4+4] o -2C0;
107 108 109 110
d. H
—_—mmm >
o” O ; H O

47 ring closure

111 112

Dewar-pyrone

Schemel.2 Photochemicateactions of Zoyridoneand 2pyrone(a) [4+4] Phote
dimerizationof 2-pyridone(b) Photoisomerizatioof 2-pyridone(c) Phote

dimerization of 4,&dimethyl2-pyrone (d) Photoisomerization ofirone.

In 1978, Nakamura and amorkers did extensive studies tme pyridone photo
dimerizationreactionjdentifyingof all four[4+4] isomers and also showitigat formation
of Dewarpyridone106 was concentration dependeSthemel.3.2° Nakamurareported

that photoisomerizatioto give106was the major process at concentragibelow 0.01M,



whereas the [4+4] dimerization dominates at concentrations higher than 0.1M. Four years
later, Nakamura reportea simple method of differentiatingis and trans products by
finding that cis cycloadducts 113 and 115 smoothly undergo [3,3]sigmatropic

rearrangement wheretigetransisomersl05and114do not Schemel.3.2

head-to-head head-to-tail
h = head AN AN
t = tail
X
| h /N
N 0] 0] O
t [4+4] cycloaddition
103 c<0.1M 105 114 \ 115 \
47 ring closure o
c<0.01M \
: J
L0 o
H\\\ N
I
106 65°C | [3,3] 65 °C
photoisomer

H

o T

Schemel.3 [4+4] Photocycloaddition dil-methyl2-pyridone and Cope rearrangement

of cissadducts

In 1970, Sharp and Hammond reportadmechanistic study of -pyridone
photochemistry and identified the presenca short lived(<0.2 ns)singlet excited state
andconcluded that unsensititzedp3ridone [4+4] dimerization does not involve a triplet

intermediate?? In 1985, Matsushima and Terada suggetitatia preliminary association



of two 2-pyridonesvia strong dipoledipole interactiorwould explain the dominance of

trans product formation ovetis, rather than hydrogen bondirgigure 1.2.%

R
_ N
o-NH_ C:_}:o
/N 4 |
__NH o] o:(é_}
D E—
\ ) /
o= 7
Jyo
N
120 R=H \ 105 R = Me

trans head-to-tail

Figurel.2Mat sushi maés proposed bi mol etansl ar ass

headto-tail dimer.

1.4 Cross [4+4] photocycloaddition with conjugated éenes

In 1977, Nagano reported thability of 2-pyridones to participate in [4+4]
photacycloaddition withtriazolo-pyridine 120 to givecross[4+4] adducs 122 and123. In
the absence of-gyridone,triazolo-pyridine 120 would undego dimerizationresultingin

121, Schemel.4.2* The product ratio can be altered to favor the cross product by increasing



theratioof 120to 119. In thelasttwo decadeghe Sieburth groupas been explorinigoth
interr-and intranolecular photoreactivity of2-pyridones with 1,3lienes”® furan
naphthalene derivativeé8, and enyne$’?® Simultaneouslythe West group’ hasbeen

exploringthe [4+4] photocycloadditionf 2-pyrones.3®34

—(N\
A%
C"IN/F ?5)_

~
120 121
b.
H H
N N 7
A N o) 7 o
= —_— hV
CL, - O o, o
N” 0 Xx-"N~N N N
H SN H
119 120 122 123
1 eq. 1eq. 29% 31%
1 eq. 3eq. 47% 17%

Schemel.4 N a g a nhotécgclogddition of triazolopyriding20 (a) Dimerization and
(b) Cross [4+4] cycloaddition with-gyridonel19.

In 2001, Bach and eworkers demonstratl that asymmetric cross [4+4]
cycloaddition of 2pyridones with cyclopentadiene candihievedusingchiral hostl24,
a derivative of Ke mp 6 s 3%t 8cheme 1L.5°° The abslute configuration of
enantiomerically enriched cycloaddui&f5 was confirmed bysingle crystal Xray

crystallography ban N-menthyl derivative otycloadduct125.3¢



___________

9 7 5 8 i
. H !
@ 124 (1.2 eqiv.) /ij\NH + /ZP\ZNH N SN

N~ 0 :
H -50 C (toluene) 125 0 126 © !
119 84% ee :

87% ee

___________

Chiral Host 124

Schemel.5 B a ¢ hnansiosedective [4+4] photocycloaddition 2-pyridone with
cyclopentadienesingachiral host®

1.5 [4+4] Cycloaddition with conjugated enynes

Conjugated enynes have begitized ascycloaddition partnesin organic synthesis
in two broad categories. Firsthereall four atoms participata the cycloaddition and
secondvhereonly thealkene otthealkyne participates thecycloaddition. The majority
of the literature exames are of second type, [2+2@hd [4+2]cycloadditiors. Recalling
the WoodwareHoffmann rules, [2+2] cycloaddition between alkynes or alkenes with
alkenes are thermally forbidden but photochemically allowednd®ed or Lewis acicr
transition metal catalyzed [2+2] cycloadditiaren beanalternativethermal conditios3’
Photo [2+2] cycloaddition of 1,3 enynes wih enonez®3° simplealkenesand diene¥

were studied by Margaretlggoup

The use of conjugated enynes as a O6di en:
and Bucker during thermdimerization of phenylpropiolic acid aneaslaterdescribed as
a fdebigsdhid @ er 0 *rHeatiogtthie sotution of phenylpropiolic acid iretic
anhydride yieldglimeric compound 28 by a [4+2] addition ofthe enyneportion of the

phenylpropiolic acid withhe alkyne of another molecuyfellowed by hydrogen migratign

10



Scheme 1.6 Over t he y-®ielsssl diedaetibnglenyme with analkyne
or alkens have been a very useful method for the synthesis of aromatic and polyaromatic
compounds despite the strainietiermediatesnvolved**** More recentlythe use of
transition meta such agalladium?* cobalt?® cobaltzinc,*® and gold}’ in enyne [4+2]

cycloadditionhas added tthe synthetic utility of conjugied enynes.

O

OO
2
©/ * o (LR
+ \\\
.. _CO.H A 0
127 ©/ O

128

127

Schemel.6 The first reported [4+2] cycloaddition of enyfle.

There are only few examples ofnynes participatingin higher order
photocycloadditioa In addition toreports from the Sieburth grodp?® 8 Margaretha has
shown that enyrse such as ethymgoumarin129*® and enyone® can undergo [4+4]
photocycloadditiowith 2,3-dimethyt1,3-butadienel 30but the[4+4] products onlyvere

isolated after Hmigration of the intermediate allene and in modest yield T(24%),

Scheme 1.7
I )T N
N + 130 -
129
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Schemel.7Mar gar et hads [ 4+ 4 pthypyhcoumarinl@9with2&8d di t i or
dimethyt1,3-butadienel 30.4°

1.6 Strained cyclic allenes

Cycloaddition of enynes can lead to very strained, cyclic allédgslic molecules
containingcumulateddouble bonds, i.e. cyclic allenemeintriguing moieties. Idealized
small to medium sized cyclic allenese depicted ifrigure 1.3 along withbendingand
estimated strain energies relatitee acyclic homologue¥. Ring strains for small and
medium sized cycloalkanéscludeangk bending, torsional and trsamular interaction
contributions In addition to these strain componemig;lic allenes also suffer frotime
additional distortion of bendintpe normallylinear allene structure anidetwisting of two

orthogonal plangof adjacent -bonds towards ptearity as depicted ifrigure 1.4

S O O O @@

98° 114° 133° 149° 162° 169°

65 Kcal/mol 51 Kcal/mol 32 Kcal/mol 14 Kcal/mol 5 Kcal/mol 2 Kcal/mol

Figure 1.3 Small and medium sized cyclic allenes and their corresponding bending angle

and estimated total strath.

A 1,2-cyclononadiene and higher homologues can be storecgndiient

temperature and undergalimerization only upon heating above 190.°2 The more

12



strained cyclic allereecan be stabilizedby introducing sterically demanding groups to
shield the alkenesJohnson synthesizestable eightnembered cyclic allen&35 with a
tert-butyl group aposition 1°3 Unlike unsubstituted 1;2ctadiene135 doesnot dimerize
at room temperatureven after prolongetimes.>® In addition to steric impediments,
strained cyclic allenes can be stabilizdcomplexing with metalsuch asn 134* and
incorporating in heterocyclic systems such1&8 Figure 1.5>° Allenes formed in
pyridoneenyne [4+4] cycloadditioii 1,2,5cyclooctatriensi fall to the borderlinearea

of isolable cyclic alleneand thus can be stabilized by steric shieldfhg.

¢ = bending angle

€ = twisting angle

Normal allene parameters
¢ =180°, £=90°

Figure 1.4 Types of distortion in cyclic allese

Cp, /CO
Fe.
/e PPhj
Me3Si\'//\|/SiMe3
~si_ _si~ @
/KON
Ph Ph
133 134 135

Figure 1.5 Example of stable cyclic allenes.
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1.7 [4+4] Cycloaddition of conjugated enyne with 2oyridone

In 2010, Sieburth and Kulyk reported the ability of enynesindergo [4+4]
photocycloaddition with byridones?’” When a mixture of enysel36 and N-methyk2-
pyridonelO3was irradiategtheapparent [2+2hdductsl371 139anddimeric compounds
like 140were isolatedScheme 1.8 Isolation ofdimeric compounds likié40wasevidence
that [4+4] cycloaddition between@ridone and enyne was taking plageving highly
reacti ve 0al Ise Roardifferenttregiam esttreciners ofthe allene
adductsarepossible The photoadductsan undergo severdifferent[2+2] dimerizations
possiblyleadng to seventytwo different dimerigoroducts resulting ira complex mixture.
In principle,the apparent [2+2Fycloadductl371 139 could also arise fromreversible
Cope rearrangement dhe allene intermediatesbut computationaktudies suggested

otherwise?’

14



= (O]
N
103

Py

___________________

140

"allene intermediate"

'Dimerized'
[4+4] adduct

Schemel.8 SvitlanaK u | girkedmolecular [4+4] and [2+2JycloadditionbetweenN-
methyk2-pyridonel03andenynesl36.2’

Lesscomplex product mixtue as well as partitioningf the [2+2] and [4+4]
pathways was reported a year later usimgramolecularreactions’® Irradiation ofan
enynetetheredo the2-pyridone throughhealkyneend witha three atom tethd#1, gave
dimerized [4+4productssuch ad43whereagethering through the alkene end, compound
144, resultedn exclusively[2+2] productsSchemel.7. Irradiation of pyridonstethered
throughthe alkene resultedh highly decorated cyclobutane structur€sput whenthe
enyne was reversesolation of tte direct [4+4] cycloadducts remainptbblematicdue
to the strain associated withe cyclic allene and its facile [2+2flimerizations and

isomerizations Only dimericproductssuch as43 were isolated®

15



Alkyne connection B N
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L 142 _ 0] 143

z

and other
[2+2] dimers

Alkene connection

(r ( o2

(75%)

144

Schemel.9 Partitioning of [4+4] and [2+2] pathways of pyridearyne
photocycloadditiorby Svitlanakulyk.?®

Stabilization of thestrainedpyridonei enyne[4+4] cycloadduct wasachieved by
introducingthe bulky silyl groups Scheme 1.10 Steric shielding of the allene wittsilyl
groups slowed the dimerization processand allowed observation of the[4+4]
cycloadducté® Flanking the allene with @ombination ofdiisopropylsilyl and TMS
groups, 147cwas sufficient enough to stabilize the intermediate alftenseveral days at
room temperaturewithout noticeable changes This stabilized alleneallowed
investigationsinto its reactivity,such asan acid catalyzed Cope rearrangement, photo
oxidative decarbonylation and #%drogen shi&>’ Whenan allylic, exocyclic proton
was available in thallene(147aand147b), a 1,3-hydrogen shift to givéhe morestable
1,3-dienewas observedSchemel.10.*®¢ Photosubstraté47a uponirradiation for3 h,
gave 1,3dienel48a quantitatively. Thentermediate allene wasnhdetected in this case.

In case ofLl48b, thishydrogen shift occurred only aftkrrther irradiation. Without further

16



irradiation, allene 147b underwent several strain releasingrocesss including
dimerization. The ntermediate allene in this caseasvdetected by IR spectroscopy

following 1 h of irradiationof 146042

R =CHj, 146a
R = Cyclopropyl 146b
R=TMS 146¢

Schemel.10 Productive [4+4] photocycloaddition of pyridoeayne through steric
shielding of dene andacile 1,3-hydrogenmigration.

1.8 Setting the stage

The degant experiments discussedscheme 1.871 1.10perfectly sethe sage for
further continuationof this excitingfield of research.It wasimportant to understand the
meclanism of 1,3nydrogen shift observed in abovecheme 110. With partial
stabilizationof thecycloadduct allenby the diisopropylsilyl group, other functional group
such as azides, enones, allenes were introduceadtentiallytrap the cycloadduct in a
fruitful way. Studiesto decipher the mechanism tbie 1,3-hydrogen shift, and trapping
and functionalization ofrimary cycloadductallene is described inChapter 2. In

Chapter 3, oxidation of stable allenel47c and its further transformations into

17



pseudoguiangke 7i 5 ring systems is discusse@he versatility ofthe enyneas a [4+4]
photocycloaddition partner was exploredth other unsaturated molecules known to
undergo [4+4] cycloadditions, which is presente@vapter 4. Photocycloaddition b2-
pyrone with enyng its implementation in sesquiterpene synthasidthe discovery oén
unusuallow temperature Cope rearrangemerdigcussedn Chapter 5. The para [4+4]

photocycloaddition of substituted benzenes \#Hbyridoness presented ihapter 6.
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CHAPTER 2
ENYNE i 2-PYRIDONE [4+4] PHOTOCYCLOADDITION : ALLENE

TRAPPING AND FUNCTION ALIZATION

2.1 Introduction

Enyné 2-pyridone [4+4] photocycloaddition resulis an eightmemberedring
allene. As discussed in Chapter 4uch allenes tentb undego dimerization and other
strain relief processesuch as 1ydrogenmigration Allenes are well known to
participate ircycloadditionreactions For example,itermal [2+2] cycloaddition of allenes
have been describ&dth electron deficient olefins like acrylonitrile, olefins activated with
esters, styrene, and alkyne suah hexdfioro-2-butyne! Allenes alsoundergo[2+2]
cycloaddition with enones, ketones and aldehydes under photochemical cemrdititins
reaction hadeenutilized in many natural product total synthes@s Diels-Alder [4+2]
cycloadditiors of allenesis a powerful wayo prepare sbimembereding systems. Simple
allenes camct adienophilesin [4+2] cycloadditiors whereas vinylallenes and conjugated
bisallenesanparticipate as the diene componérarticipation of allenelienophiles in
Diels-Alder and hetero Dis-Alder cycloadditiondavebeen utilized in the total syntheses
of complex natural products? Allenes also undergo [3+2] cycloaddition with azides and
nitrones! Participation of alleneim cyclizatiors such aghe Nazarovrearrangemerdand
by intramolecular ucleophilic additionsire also well documentgdTypical nucleophiles
used are alcohols, thiols, amines é&gperiments performet understand the mechanism

of the1,3-hydrogen shift and awattempts to functionalize and trap the intediate allene
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formed by [4+4] photocycloaddition of enynes witp@ridonesusingcycloadditiors and

intramolecular nucleophilic additiorsediscussed here.

2.2 Mechanistic study ofthe 1,3-hydrogen shift

When 146a underwent photocycloaddition, it gad&8a Scheme 2.1 Several
different mechanismsvere possible for isomerization dhe intermediateallenesinto

corresponding 1;8ienes.

R =CHj, 146a
R = Cyclopropyl 146b

Scheme2.1 Pyridoneenyne [4+4] cyabaddition and 1;&ydrogen shift3

o Thermal Process: In principle antaragfcial 1,3hydrogen shift ipossible but the
thermal version of this reaction has very high energy barrier and requires flash
vacuum pyrolysig#16

o Photochemical Transformation: A photochemical suprafacial 1,3 wydrogen

shift is allowed under orbitadymmetry rules’ Johnsonds group
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several examples of photochemical isomerization of all&iés. This
photochemical ismerizaion route is consistent with theyclopropytsubstituted
example 147b, Scheme 2.1where isomerization occurs only upduarther
irradiation®® Without further irradiation,147b underwent othestrain release
processes including dimerizatioffhe ntermediate allené47bwas detected by
IR spectrosopy after 1 h of irradiatioff.

lonic Mechanism: J o h n s o n also regorted uhgthe addition of Bronsted
acid promotesl,3-hydrogen migration in alleng$ an ionic mechanismwhere
exogenous hydrogen asitb either the ground oexcited statallenefollowed by

proton loss from the methyl grougther tharmydrogen migration from the methyl

group.

Deuterium labelling experimentsere employedo idertify the origin of the hydrogen

addingto the central carbon of allene and therkblp tounderstand the mechanismtioé

1,3-hydrogen shift.For that purposghotosubstrat201 carryingatrideueromethyl group

was prepared and its photochemigsydiscussed irthe results and discussiosection

2.2.1 Results and Discussion

Photocycloaddition c201 carrying a trileuteromethyl groupvas expected to form

allene202, and then rearrange 93, Scheme 2.2If the 1,3hydrogen migration was a

photochenical sigmatropic rearrangement, deuteriummigration from the exocyclic

trideuteromethylvould yield only203a regardless of the solvent conditior@n the other
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hand, if the reaction weiienic, protons would be incorporated to gi283b when protic

solvents were used or water was pres8oheme 2.2

203a

X=H, 203b

Scheme2.2 Proposed phtocycloaddition o201 andhydrogen migration.

2.2.1.1 Synthesis of Photosubstrate

Trideuteromethyl substituted photosubsti2Qé was prepared in a straightforward
way. Carefuldditionof thelithium acetylide of alkyn04 to ethyl acetatez at-78 °C
gave alkynone 205 in excellent yield. Witty olefination of alkynone€05 then gave
trideuteromethyl enyn@06. Enyne silane206 was converted intdhe corresponding
bromosilanen situusing NBS and tethered with a pyridone alc@@d usingour standard

procedureScheme .13
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Yo pnul )\,Si PhsP=CH, - Si
H

. 2. CD;COOCH,CH .
H’SI\ — \(C% THF, -0 °C TN
THF, -78 °C -
(85%) O (82%)
204 205 206

1.NBS, CH,Cl, si N oK
X
> (I\O \H/CD3 (\/g\
N (@]

2. Et;N, DMAP N~ 0 |
207, CH,Cl,
207

(80%) 201

Scheme2.3 Synthesis of trideuteromethyl pyridomsyne201.

2.2.1.2 Photocycloaddition

With trideuteromethypyridoneenyne201in hand,0.025 M solutionsn dry and
wet* CsDs were preparedtransferredto 32 mm NMR tubes and irradiatechder our
standard conditiods Photocycloadditions proceeded smootfdinilar to ourfindings
with non-deuteromethyl photosubstrété6g andcomplete conversion was obsenadter
3 h of irradiation. When reactions were mun dry benzene, isomerized proda€3 was
found to bea mixture of 86% trideuterated and 14% dideuterapedducts When wet

benzene was use2l)3was found taontainonly 10%of thetrideuterateghroduct Scheme

A Freshly opened ampules of[; were considered as dry benzene an®sGaturated with water was
considered as wet benzene.

¥ Standard photochemical conditions: 450 W medpnessure mercury lamp with a Py@filter housed in

a watercooled jackesitting in a Dewar flask in which ice cold water was circulated. Reaction solutions
were submersed in the cold water and temperaanged from @ °C.
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24. The observed productigere thereforeonsistent witta largelyionic mechanism. In

both casesthermodynamically more favorable ison288c was not detectetf.

H/D CD,

203

Dry benzene, H/D = 14/86

Wet benzene, H/D = 90/10

Scheme2.4 Photocycloaddition of trideuteromethyl eny2(L.

2.3 Allene trapping and functionalization

2.3.1 Allenyl-azide [3+2]cycloaddition

1,3-Dipolar cycloaddition of azides with allenes was reporteth@literature in
early1990s by Wedegaertnét. In the last decade, Feldman has studied the allenyl azide
cycloaddition cascade and utilizéds reactionin the synthesis gbyrrolidine containing
bicyclic and tricyclic structured annelated indole¥;? and dihydropyrrole?® In 2012,
Feldman also reported thetal syntlesis of ¢)-meloscine usingntramolecularallenyl

azide cycloadditiomf 208 as a key transformatioScheme 2.5.2
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J 209 (x)-Meloscine

Scheme2.5 Allenyl-azide cycloadditioniff e | d man o6 s t ot)-Mélossng’?ht hesi s

-

|l nspired by Fel dmands s ucnrgehe sehctivityobbser v
the intermediateallenes in our casea set ofexperiments tatrap and functionalize
cycloadductswith azideswere performed. flthe trapping was successful, two additional

rings would be formed including mitrogen heterocyclewith potential for alkaloid

synthesis.

2.3.1.1 Results and discussion

Initially, allene trapping experiments with azides were performed intermolecularly
with a photosubstrat®46a Benzene solutios of 146awith a tenfold excesof TMS-
azide210 were irradiatedor 3 h. These conditions yieldedly 1,3dienel48a isolaied
in ayield comparabldo the reactiong the absence of TM&zide,Scheme 2.6 A 1,3
hydrogen shift of transient alleried7awas either too fastor TMS-azide addition to

compete or the TM@Azide addition was not possibléfo more efficientlyprobe he
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potentialalleneazide cycloadditiom competition withalleneallene dimerizatioandl1,3
hydrogen shift (isomerizationje turned to intramolecular reactions with a series airch

lengths betweerthe azide andthe allene with and withoutthe bulky diisopropylsilyl,

Figure 2.1.

Scheme2.6 Intermolecular 1,3ydrogen shift vs allenazide [3+2] cycloaddition.

N0

|

X =CHy, n =1 211
X =CHyn=2 212

X =Si(i-Pr),n=1 213
X = Si(i-Pr),, n=2 214
X = Si(i-Pr);,n=3 215

Figure 2.1 Azidetraps211i 215 with variable chain lengths.
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2.3.1.1.1 Synthesis of pyridoneenynestetheredto a azide

Photosubstrate211 i 215 were assembled usin§onogashiracross coupling
reactiors of alkynes216 and217 and vinyl iodide218ai 218c carrying theazidegroup
Figure 2.2. Pyridone alkyne216 and217 with and without bulky disiopropylsilyl group
were synthesized followingjterature procedus®® Vinyl iodides 218a i 218c were

synthesizedrom their corresponding alkynols laglaption othe literatire procedures.

X
X 70T | N
X - A 3
DA VU S A PR
A NS0

N0 n=1 218a
| X=CH, 216 n=2 218b
X = CHy, n = 1 211 M X = Si(i-Pr), 217 “ n=3 218c
X=CHy, n=2 212
X = Si(i-Pr)y,n=1 213 xr  OH oH
X = Si(i-Pr),, n=2 214 (\/\I\A //an
X = Si(i-Pr),, n=3 215 'T‘ O

207

Figure 2.2 Generalapproachor the synthesis dzide tethereghotosubstrate

Starting from corresponding alkyieols 219a 1 219c, hydroiodination was
performed using two methods.-Baityn-1-ol (219a) and 5hexynl1-ol (219¢) gavethe
corresponding hydroiodinated alcohd®0a and 220c by Markovnikov addition of
hydrogen iodide generatéd situ from a TMSCI/Nal/H,O systemScheme 27.252° For
pentynl-ol (219b), a nickelcatalyzed Uselective hydroalumination followed yb
iodination was required to produddgodopent4-en-1-ol (220b).3° Alcohols220ai 220c

were converted into corresponding azi@é8a i 218 in good yieldsfollowing standard

34



procedures? Sonogashirarosscoupling of wnyl iodides218a i 218c with pyridone

alkynes216 and217 proceededn moderate to good yieslScheme 2.

TMSCI, H,0
Nal, CH,CN |
OH ke
forn=1,3
///HF/ forn=1.3 /]\M:\OH
n=1 219a Ni(dppp)Cl,
n=2 219b DiBAI-H, NIS n=1 220a 93%
n=3 219¢ (forn=2) n=2 220b 85%
n=3 220c 61%
NaN;, DMF /}\M/\
—_—
50 °C n N3
n=1 218a 75%

n=2 218b 71%
n=3 218c 85%

1. Et;N, DCM |

2. MsCl

—_—

0°C

NOMS

n

n=1 221a 92%
n=2 221b 92%
n=3 221c 96%

Scheme2.7 Synthesis bvinyliodo azide218ai1 218&.

X Pd(PPhs),Cl,
X 0" ™ | N3
m N . WHF/ Cul, EtsN
N (@]
| n=1 218a '
X=CH, 216 n=2 218b
X = SI(I-Pr)2 217 n=3 218c

N3
N @]
|
X = CHy, n = 1 211 84%
X=CHy,n=2 212 8%
X =Si(i-Pr)y, n=1 213 65%
X = Si(i-Pr)y, n=2 214 63%
X = Si(i-Pr)y, n=3 215 69%

Scheme2.8 Synthesis of photosubstratgkl i 215 carrying anazide trap.

2.3.1.1.2 Photocycloadditiors of azide substrates

Photosubstratez11i 215 as0.025 M solutions in €De (or toluenedg) in 3.2 mm

NMR tubeswere irradiated using our standard condison Irradiation progress was
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monitored by!H NMR and continued until th consumption of photosubstrateas

complete

Photosubstratel1l and212 without the bulky diisopropylsilyl groufpok nearly
three hourdor the starting materiato be consumedbut this resulted in onlycomplex
mixtures, Scheme 2.9 These complex mixtur@resumablyresulted because azide
cycloadditiondid notcompete with lernative reaction pathways such as dimerizatton
Intramolecular allen@zide [3+2] cycloaddition in this case seems to be slower than

intermolecular allene dimerization and other isomerizations.

) dimerizations
n and other strain

Cc relief processes
E\I\O A Ns hv S — =  Complex Mixture
T o | [4+4] _

n=1 211 L O .
n=2 212 %a

+

N

No trapped products detected

Scheme2.9 [4+4] Photocycloaddition of azidgubstratesvithout a bulky diisopropylsilyl

groupresulted in complex product mixtures

Photosubstrate213 7 214 that had thebulky diisopropylsilyl groupunderwent
photocycloaddition followed bguccessfubllene trappindgy theazides Schemes 2.10
2.11 Cycloadducts were isated and characterized in several cases. \jghetosubstrate
214, with the azide on the end otlaree carborhainwas irradiatedthe stating material

was consumed in 1.5 BH NMR studies othecrude product mixture suggestictonly
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two compounds223a and 223p were present resulting froraycloaddition withthe
proximal and distal double bosdfallene222 These compounds wel@wever, unstable
on silica gel, complicatingtheir isolation When thecrude photoproduatixture was
treatedat 0°C with a solution of methyl Grignard reagent, the Grignard reagent opened the
cyclic silyl ether releasingsomering strain Purification of the resulting products gave
aziridines224a and224b asthe major and minor productsespectively These aziridines
presumably resulted b expulsionfrom the intermediate addu@23. The major
regioisomer224a was isolatd in 36% yield in 3 step andthe isolated yield for minor
isomer224b was 12% These products indicate ththe participation of distal double bond
of allene in B+2] cycloaddition with azide was timeajor pathwayor the substrate with
three atoms separating the azide and the allBokeme 2.0. Nitrogen expulsion is
commorty observed foralleneazide [3+2] cycloaddition???’ Aziridine product224b
was a crystalline compound and singleray crystallography proved the structure

unequivocallyFigure 2.3. Major regicisomer224a was characté&zed by NMR
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[3+2]

214

<
e

N\ HO N\

(major) 3:1 (minor)
48% in 3 steps
224a 224b

Scheme2.10 Tandem [4+4]/ B+2] cycloadditioss; intramoleculaallene trapping with a

threecarbon away azide.

Figure 2.3 X-ray crystal structure of aziridirz24b.

Similar results were observed when the azide was pktdbd end of four-carbon
chain In ths case, [3+2] cycloaddition with theroximal double bond ofhe allene
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appearedo bethe major pathwayconsistent with the facility of seven and-sirembered
ring formation Scheme 2.15 Similar to substrate14, tandem [4+4]/ [3+2] cycloadducts
226a and226b were unstable on silica gel, therefdne crude photoproduahixture was
treatedmethylGrignard reagent. Methyl Grignard reagent opened the cyclic silyl ether of
majorregiasomergiving aziridine227 in 38%isolatel yield over 3 steps Interestingly,
theminor regioisomer in this case was isolated as a cyclic silyl efRegioselectivity is
better in this case compared to subst2ate Whenphotosubstrat213, with a two-carbon
tether was irradiated, a product formed with atkene protos! Unfortunately,this
photoproduct proved to benstableon silica gel, neutralalumina, and several other
chromatography substances.ediment witha Grignardreagentwhich gave more stable
products for substrat@d4 and215, was ineffective.lsolation and characterization tbiis

productremainsin progress.

[3+2]

(major)

O (i N
(minor) 1:63

o)

2272 44% in 3 steps 227b
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Scheme2.11 Allene trapping witha fourcarbon awayzide

2.3.2 Alleneenone [2+2] cycloaddition

As mentioned earlier, allenes undengiootochemical [2+2] cycloaddition with
enores A photo [2+2] reaction ofnallene withan enone can giva highly substituted
cyclobutane ring structure in high yieldThe pesence of alkene and a ketdoactional
groupsin the resultingadductprovides a handle for further functionalizatiomo desired
molecular structures An example can be seenn Lear 6s synthesis of
Scheme 2.12 The synthetic utility of this reaction has been utilized in the total synthesis
of many complex natural product®lanoeciepin A, pentalenendpayathin B-3, to name

afew.?

Bielschowskysin

Scheme 212 L e ar 6 s-alleaen [@+2]e photocycloaddition approach for the total

synthesis of Bielschowskysfh.
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The standard photochemical condisdor enynepyridone [4+4] cycloadditioare
to irradiate the photosubstrate with a mediprassure mercury lamp ing Pyrex©
filtration, which passes only light witlhavdengths above 290 nm The major absorpin
band forenonaisin the range 02301 260 nm and thus a Rayonet pheteactor equipped
with 254 nm lamps is commonly used for thesene photocycloadtibns.3232 Therefore,
for our proposed trapping experimentsingenons, the source of light othe light filter
hadto be changed aftéheinitial pyridoneenyne [4+4] photocycloadditicio facilitatea

subsequeri2+2] alleneenone cycloaddition.

2.3.2.1 Attempted enone-allene [2+2] trappings

Considering the strain, and thus reactivity of intermediate allenes in pwidone
enyne cycloadducts, and theuccessful trappings with azides, several photosubstrates
listed in Table 2.1 carrying enone traps in a suitable place were synthesimsthg a
common methodn the hope that these too would react with the allendnyl iodides
carrying an enone wereross coupled with pyridone alkyriZl7 using Sonogashira

conditions (see experimental for complete procedure).

Table 2.1 List of photosubstrates with an enone trap

Entry | Photosubstrat{ Structure Irradiation ~ Time

(hours)
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1. 230 44 J; 2.5
(I\O/SI\H/\/O
NSO \6‘10
2. 231 4489; 2.5
(I\O/ \(\/O O
NS0
| o
3. 232 44 J; 3.0
(I\O/SIW
’° ’
4, 233 4 J; 3.0
(\/\(\O/SIWO
T 0
5. 234 4<Sij; 3.0
(L SOy
| 0
)
6. 235 48# ] 2.5
e 0

Photosubstrate230 i 235 were irradiatedunder our standard photochemical
conditiors until the starting raterials were fully consumed. Théqioreactios were

sufficiently cleanto conclusively say that [4+4] cyddditiors wereachievedbased on
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4 NMR analysis ofthe crude mixtures Several attempts wemade to engagéhe
intermediateallene cycloadducin [2+2] cycloaddition withthe tethered enone, such
irradiating lorger, changing to shorter wavelengths afeempletion of the initial
cycloaddition,however thesaere unsucce$ul. Heating the crude phgmduct caused
its slow degradationpresumablythrough dimerizationand isomerizationpathways
Treating the cyloadduct with BFs-:OEL promoted a Cope rearrangement to give
cyclobutanessuch as239, Scheme 2.3. Such [3,3] sigmatropic rearrangements were
previously observed ithese system where the products were treaidd mild acid or
silica gel*® Heatingcycloadduct allen@36 alone was not sufficient engh for the Cope
rearrangemento occur. It, therefore appears thatild acid or Lewis acid such as
BFs-OEt promoteda Cope rearrangement aridllowed by hydrolysis of the clearly
strained ninenembered ringncorporatingan alkyne on itScheme 2.4. The ame

outcome wereobserved for all the photosubstra@3 1 235.
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Scheme2.14 Acid catalyzed Cope rearrangement of intermediate alldie

2.3.3 Allene-allene [2+2]

Dimerization ofthe strained allengresulting from our enyne [4+4] cycloadditions
via several[2+2] cycloadditioncombinations was the major pathway for releasing strain
the allenes’! In the literaturethere arenumerousexamples of intramolecular [2+2]
cycloadditiors of bisallens having two or three carbatoms between the allengiving
respective cyclobutane compouridsVhen the bisallen240is heated to 390 °QGy [2+2]
cycloaddition occursat the inner carbenarbon double bonds to gives,7-
dimethylenebicyclo[3.2.0]heptar#41, Scheme 21534 On the other hand, bisalle2d2
having a two carbon tetbér between the allenes, undergd@s2] cycloadditionof the
terminal carborcarbon double bond® give aromati243 after the loss of ethanol and
aromatizationScheme 216.3° Considering the ability of either double bond of an allene
to participate in [2+2] cycloaddition, photosubstr2é4 and245 were designed, witthe
allene attachetivo and three carbon atoms away frisreanticipatedallenethat would be

formed byirradiation,Figure 2 4.

z

<f o
X 390 °C
N
240 241 32% conv.

Scheme2.15[2+2] Cycloaddition ofa bisallene between thener carborcarbon double
bonds.3*
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Figure 2.4 Photosubstrates witlnallene trap ira suitable psition.

2.3.3.1 Attempted allene-allene [2+2]trappings

A common linear sequence employedsynthesis ophotosubstratez44 and245
aredepicted inScheme 2.17 and2.18. Previously synthesized vinyl iodid@20b and
220cwere utilized here. /Aonogashiraross coupling 0220b with TMS acetylengave
a good yield of enyn@46. Alcohol 246 was converted t@ldehyde248 by Swern
oxidatiort® and addition of ethynylmagnesium bromide at ©C resulted in the
corresponding propargylic alcoh®b0. Propargylic alcohoR50 was convertedo allene
252 in a single operation following the protocol developed by Myesing NBSH*’

Removal ofthe TMS group with KCOs/MeOH gave a volatile hydrocarbon, which
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required careful work up procedure (see the experimental for details). Thus, such volatile

hydrocarbon was not

isolated but

instead treated witBuLi followed by

chlorodiisopropyl silan¢o yield the desired silar#24, Scheme 2.18 Thesequence was

repeated witt220c to get silane255. Oxidative bromination of allenic enyne silari&s!

and 255 with NBS and their coupling with pyridone alcoh207 using our standard

proceduré® completed the synthesis of photosubstratekand245, Scheme 2.19

TMS !
Nt M\/OH

n=1 220b
n=2 220c

PdCl,(PPhs), T™S S_wer_n
Cul % Oxidation
- OH —
Et3N n

THF

n=1 246 73%
n=2 247 77%

T™S O =—MgBr TMS OH NBSH
X P N /e,
n n o PPh,, DEAD

n=1 248 87%
n=2 249 76%

TMS
AN ~
n N

n=1 252 45%
n=2 253 53%

n=1 250 99%
n=2 251 93%

h

Si
K,CO3, MeOH B X “
S —— n Cx
n-BulLi,
Chlorodi-

n=1 254 73%

isopropyl silane
Propy n=2 255 95%

Scheme2.17 Synthesis of allenic enyn@84 and255.
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\fﬁ § 1. NBS DCM (I\OH
N\
n Cx N0
2. Et;N, DMAP |
D1 254 207, DCM

n=2 255 n=1 244 80%
n=2 245 89%

Scheme2.18 Synthesis of photosubstrat&$4 and245.

2.3.3.2 Photoreactionpyridone 1 enynes tethered to an allene

Allenic photosubstrate244 and 245 were irradiated in €Ds using thestandard
photochemical conditia) anticipatingformation ofintermediate bisallenezs6 and257,
respectively. Intermediate bisalleR86 in whichthere are two carbon atoms betwéen
allenes(n=1) was anticipated to undergo [2+2] cycloaddition with the terminal carbon
carbon double bond resulting cyclobut&®8 whereas bisallen257 (n=2) was exected
to give 259 after [2+2] cycloaddition with the inner carboarbon double bond.
Unfortunately, in our hands, bisallen@86 and 257 were not detected but instead
isomerizedo 1,3dienes260 and261 quantitatively indicating thatin these case the3

hydrogen shiftapidly occursaftertheinitial [4+4] cycloaddition,Scheme 219.
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Scheme2.19 Photocycloaddition with tethered allene.

2.3.4 Trappings with an intramolecular nucleophile

Cycloisomerizations of alkenes and alkynesa prominenimethod formaking
carbeand heterocyclic compounds, and uiiiz an allene inthe place othe alkene or
alkynebenefits from théigher reactivity of allen®* 38 Activatingone of theallenedoubke
bonds by coordinatiorwith an electrophilic metal allows for raucleophilic attackwith
intramolecular attacks yielding heterocycl€ommonly use electrophilic metalare Hg
(I, Ag (1), Pd (1), Rh (1), Cu (I) and Au (Ill) and nucleophilexlude alcoholsaldehyds,

ketones, carboxylic acid, amine and amide®
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When an allene carrying a hydrdxgroup two or three carbon atoms away is
activated bya transition metalthe alcohol attacks eitheat the proximal or distal double
bond of allene to give a cycloisomerizbdterocyclic product This strategy has been
frequentlyusedin natural producsynthesig. For exampleFurstne and coworkers used
cycloisomerization of allen262to prepardetrahydrofurar263in the totalsynthesis of

cytotoxic macroliddeiodolide B Scheme 20.3°

HO
AgNO;, CaCO;
"—'Z/_\OTBS = TBDPSO O OTBS
acetone, H,O -~
; 91%
TBDPSO’ 262 ° 263

OH

Leiodolide B

Scheme2.20Fir st ner 6s | eiodolide B total synth
intermediate263 by cycloisomerizatiorof allenol 262.3°

2.3.4.1 Cycloisomerization by intramolecular nucleophilic addition

Inspired by theydoisomerizations of allersewithalcohol nucleophilgutilized in
the total synthesis of con®t natural producfSphotosubstrate®64i 266 were prepared
with a hydroxyl functiond group twoi four carbon atoms away frothe enyne These

photosubstrates wesssembled in a straightforward wiayya Sonogashiraross coupling
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reaction between alkynl7 andthe previously synthesized vinyl iodid&20a i 220c,

Scheme 2.21
/<Si I PdCl,(PPhs), N _Si
OO - A BT O
—_—e
N n
’T o n Et,N | ©
THF
217 n=1 220a n=1 264 82%
n=2 220b n=2 265 70%
n=3 220c n=3 266 96%

Scheme2.21 Synthesis ophotosubstrate264 i 266 carryinganalcohol

Photosubstrate264 i 266 were irradiated underour standard photochemical
conditions for 2 3.5 hourauntil the starting materialasfully consumed These poto
[4+4]-cycloadditiors were complete in standard time frame and were clean
transformations.Cycloisomerizations ghe proximal or distal benic double bonds were
expected to depend on the length of the carbon chain between the allene and the hydroxyl
group,Scheme 2.22 In an attempt to cyclize these productidiaon of AuCk, AgNOs
in a series of solvents did not leladthedesired cyization When theCsDe solutiors of
cycloadduct were treated witha catalytic amount of HgGlhowever a rapid reaction
occurred.In the case of photosubstr&@b, with three carbon atoms between the hydroxyl
and allenic unitaddition of thealcoholoccurred athe proximal carborcarbon double
bond ofthe alleneintermediategiving two diastereomers apirocycle268. In all other

casesa 1,3-hydrogen shift occurred giving compouré9, 270 and271, Scheme 2.3.
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Scheme2.23 Observedycloisomerization 0264 and 1,3hydrogenshift of 264 and266.
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2.4 Experimental

General Techniques and Instrumentation:

For all compoundstH and*3*C NMR spectra were recorded on a Brukeance
400 orBruker Avance 11l 500spectrometeiChemical shifts wereneasured relative to the
residual solvent resonance fot and*C NMR. Coupling constant3 were reported in
hertz (Hz). The following abbreviations were used to designate sigubiplicity: s,
singlet; d, doublet; t, triplet; g,uqrtet; dd, doublet of doubfetit, triplet of triplets;ddt,

doublet ofdoublet of triples; dt, doublet of triplets; m, multiplet; br, broad.

IR spectra were recorded dasco FTIR 470Q Mass spectra were obtained an
Agilent QTOFHRMS at Temple Umnjersity Chemistry Department. A Thomas Hoover
UNI-MELT capillary melting point apparatus was used for melting point measurement;
melting points are uncorrected. Reactions were monitored by TLC using hexane/ethyl
acetate odichloromethane/methanol solvenixtures for elution unless otherwise stated.
Glassware werevendried at 120 °C or flame dried under vacuum, assembled while hot,
and cooled to ambienemperature under an inert atmosphere. Unless noted otherwise,
reactions involving air sensitiveeagets and/or requiring anhydre conditions were

performedunder argon atmosphere.

Photoreactions were conducted with 30W mediumpressure mercury lamp
housed in a atercooledjacket with Pyre® filtration. Solutions were prepared in benzene
ds or anhydrous toluengypically in 3.5 mm diameter NMR spectroscopy tubes and

monitored by NMR and/offLC. Alternatively, photoreactions of similarly prepared
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samples were irradiated usin§authern New England Rayonet RRBO reactor equipped

with 3000Abulbs.

Singlecrystal Xray crystallography was performed on a Bruker KAPPA APEX Il
DUO diffractometer using MoK(alpha) radiation from a sealed tube with a TRIUMPH
monochromator. During data collection, the sample was cooled to 100K using an Oxford

Cryosteam.
Reagents and solvents.

Reagents and solvents were purchased from Aldrich Che@arabany, Fisher
Scientific, Strem, Alfa Aesar, Acros Organics, TClakwood, Combi Blocksr Gelest
Inc. Liquid reagents such as triethylamine or diisopropylethylamveee purified by
distillation whennecessary. Unless otherwise noted, solid reagents were used without
further purification. Organolithium reagents wee titrated usikng
bipyridine system. Reactiosolvents THF, dichloromethane, DMtaluere and diethyl
et her wer e t a ksetnySdleeotDispensing 8ystenmbphrehased from Glass

Contour or distilled as described in titerature.
Chromatography:

CombiflashRs 200 using silica redi seR: high performance gold columngere
used forpurification. Also, 60 A Silica gel (17@00 mesh) or basic alumina (aluminum
oxide, 50 200 micron, activated) was used for flash column chromatogrdjbiiy.layer
chromatography (TLC) was performed usiMgrck KGaA Silica Gel 60 54 pre coated

glass plées detectecby 254 nm UV lamp, iodineor treatment withvanillin, para

anisaldehyde anghosphomolybdic acid solutidollowed by heating
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Mechanistic study of 1,3 H shift

)\,Si
H \(CD;;
o)
205

4-(Diisopropylsilyl)but -3-yn-2-one-dz 205: n-BuLi (0.23 ni, 1.54 M in hexaned).36
mmol)was addedb a THF (0.8 mL)solution of ethynyldiisopropylsilarn204 (50 mg, 0.36
mmol) at -78 °C slowly. The resulting mixture was stirred for 30 min at the same
temperature. To this mixtur§HF (1.0 mL) solution ofethyl acetateds (32 mg, 0.36
mmol) andBFs:OE® (121 mg, 0.85 mmol) were added in rapid successidre reaction
was stirred for additional 30 min af8 °C, dilutedwith saturated aqueous ammonium
chloride (1 nb) andether (2 ml) and was slowhallowed to warnto RT. Layers were
separated and aquep layer was extracted ether (2x2 )nLCombined organics were
washed with brine, dried over anhydrous sodium sulfate, filtered, concerntratacuq
andpurified byflash columrchromatography on residue gave the title comp&0%(55.8
mg, 85%)asacolorless oil. '"H NMR (500 MHz,CDC$) : 4 3. 7771 218 (m, 1 H) ,
14H). 3C NMR (125 MHz, CDC}) : 18410, 105.1, 92.0, 31.9, 18.5, 18.3, 10.IR
(neat): 2946, 2866, 2359, 2130, 1680, 1209, 805.crExact Mass Calculated For

C10H16D30Si" (M+H) 186.1393, found 186.1383
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X _cb,

206

Diisopropyl(3-methylbut-3-en-1-yn-1-yl)silane-dz 206: To the well stirredTHF (2 mL)
solutionof methyltriphenylphosphonium bromide (106 mg3@mmol) at 0°C, n-BulLi
(0.19 mL, 1.54 M in hexanes, 0.296 mmiolhexanes was addeldopwise. The reaction
mixture was slowly warmdto RT. Sirring at the ambient temperature for additional 45
min resuted anorangecoloredsolution The resulting solution was cooléal-78 °C, and
the g/none 205 solution (50 mg, 0.Z mmolin 1.0 mL THF) was added drop wise and
stirred for 30 min. The reactiormixture was quenched with saturated aqueouss®IH
layerswere separated and aqueous layer evxdsacted with hexang® mL). Combined
organics were washed with brine and driedero anhydrous magnesium sulfate
concentratedn vacuo and the residue wagurified by column chromatographysing
hexanedurnished the enyn06 (40 mg, 82%) as colorless oil. 'H NMR (500 MHz,
CDCl) :5.3%(m, 1H), 5.26 (m, 1H), 3.76 (S, 1H:I9), 1.06i 1.09 (m, 14H) 3C NMR
(125 MHz, CDC#) : 12619, 123.1, 109.4, 86.9, 22.6, 18.5, 18.4, 11RL (neat): 2942,

2865, 23632342, 2115, 803, 788 cn

)=

201
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3-(((Diisopropyl(3-methylbut-3-en-1-yn-1-yl)silyl)oxy)methyl)-1-methylpyridin -
2(1H)-one-ds 201: To aDCM (1.2 mL)olution ofenyne206 (50 mg, 0.27 mmol) was
addedNBS (53.4 mg, 0.30nmol) in two portionsand the mixture was stirred for 30 min
to generate corresponding bromosilariéhis bromosilane solution was transferteca
flask containing the mixture ohydroxymethyl pyridone207 (38 mg 0.27 mmol),
triethylamine (42 pl, 0.8 mmol) anl DMAP (3.3 mg, 0.8 mmol)in DCM (1.2 mL). After
stirring for 4h atthe RT, the reaction mixture wasansferred inta separatory funnel,
diluted with DCM (2.5 mL) andvashedsuccessivelith saturated aque&s ammonium
chloridesolution andbrine. The organic layer wadried over anhydrous sodiusulfate,
filtered andconcentratedh vacua Flash columrchromatographyurification on residue
using 20i 50% ethyl acetate in hexanes furnishégt tittle compoun@01 (70 mg, 80%)
as acodorless oil. 'H NMR (500 MHz, CDC#%) : 7.58 (dd,J = 6.8, 1.4 Hz, 1H), 7.19 (d,
J=6.4 Hz, 1H), 6.21 (1) = 6.8 Hz, 1H), 5.36 (d] = 1.7 Hz, 1H), 5.26 (d] = 1.7 Hz, 1H),
4.80 (s, 2H), 3.54 (s, 3H), 1.071.10 (m, 14H) 13C NMR (125 MHz, CDC$) : 16115,
135.6, 1338, 132.6, 126.6, 123.6, 108.7, 105.8, 87.3, 61.8, 37.2, 22.5, 17.5, 17.3, 13.3,
13.2 IR (neat): 2944, 2865, 2363, 2143, 1655, 1599, 1564, 1116 dAxact mass

calculated ér CigH24D3sNO2SiNa" (M+Na) 343.1897, found 343.1891

Photoreaction:

/< >\ H/D CD,
. . CgD Si
N O’SI “ hv : 66 70/
| X.__CD; 3h :
+ (H20)
T ° N
e} AN
201 203

Dry benzene, H/D = 14/86 203a

Wet benzene, H/D = 90/10 203b
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Argon was bubbled through thelaydrou$ and wet” CsDe (0.8 mL) solutions of yridone

enyne201 (7 mgeach 0.022 mmol)n a 3.2 mmNMR for 30 min The photosubstrate
solutions were irradiated in 450 W medium pressuredcangrlamp in our standard
conditions forl.57 2 hours H NMR spectra were recorded on ttreide cycloadduct on

thesame NMR tubes without further purification.

203a D (86%)

Trideutero-cycloadduct 203a: Use of dry GDs as solvent resulted cycloadd@€3a with
86% deuterium incorporatiotH NMR (500 MHz, GDe) U  60.14H), 5.80s(d,J =
9.1 Hz,1H), 5.51 (ddJ = 9.1, 6.3 Hz1H), 5.31 (d,J = 9.7 Hz,1H), 3.99 (d,J = 9.7 Hz,
1H), 3.15 (ddd,) = 6.3, 5.1, 3.1 HzIH), 2.66 & 3H), 2.54 (dd,) = 15.4, 5.1 Hz1H), 2.23

(dd,J = 15.4, 3.1 Hz1H), 1.26i 1.02 (m, ZH).

203b D (10%)

§ Freshly open ampule @;sDs
™ CsDe saturated with a drop of water
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Dideutero-cycloadduct 203b: Use of wet @GDe as solvent resulted cycloadd@€3o with
only 10% deuterium incorporatiotH NMR (500 MHz, GDs) U  60.9#)45.70 &,
J=09.1 Hz, 1H), 5.50 (dd] = 9.1, 6.3 Hz, 1H), 5.29 (d,= 9.7 Hz, 1H), 3.98 (d] = 9.7
Hz, 1H), 3.14 (ddd) = 6.3, 5.1, 3.2 Hz, 1H), 2.68, 3H), 2.52 (ddJ = 15.4, 5.1 Hz, 1H),

2.22 (ddJ = 15.4, 3.1 Hz, 1H), 1.261.03 (m,14H).

Synthesis of vinytiodo azides 28ai 218c

NOH

220a

3-lodobut-3-en-1-o0l 220a: Known vinyl iodide 220a was prepared by following the
literatureprocedure® To theCHsCN (30 ni) solution ofsodium iodide (6 g, 40 mmol),
TMSCI (5.08 ni., 40 mmol) was added followed by® (0.36 ni., 20 mmol). After 10
min CHsCN (5 mL) solution of commercially availabléut-3-yn-1-ol 219a (1.4 g, 20
mmol) was added dropwiséa a syringe pump over 10 mifThe mixture was stirred for
1 h, quenched with water (60lthandextracted withether(3x50 ni). Combined organics
were dried oer anhydrous MgS£) concentrated ured reduced pressure and purification
with flashcolumnchromatography using gradient elution2@% ethylacetate in hexanes
furnished theitle compound220a (3.7 g, 93%) as a lighgellow oil. *H NMR (500 MHz,
CDChL): i 6(t, 1=8L.2Hz, 1H), 585 (s, 1H, 3.75(t, J = 5.6 Hz 2H), 2.63 § = 5.6 Hz,

2H), 153 (bs 1H). 13C NMR (125 MHz CDCk) : U @72,8%1.1448.2. 1
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220b

4-lodopent4-en-1-ol 220b: Vinyl iodide 220b is alsoa known compound and was
prepared by following the literature proceddfteNi(dppp)Ck (174mg, 0.32mmol) and
THF (12 mL) wereadded taa flask and mixed for 15 min under argdDIBAL -H (24.71
mL, 1.0 M in THF) was slowly addedtghe RT. The reactiomixture was cooled to 0 °C.
Pent4-yn-1-ol 219b (1.0 mL, 10.74 mmol) was added slowly (exothermic reaction). The
reactionmixturewas warmed tohe RTand stirred foadditional 2 hand agaircooled to

0 °C. To this, THF (30 mL) solutionof NIS (7.24g, 2.23 mmol)wasaddedslowly by via

an addition funnel and was stirred far h before quenchingvith saturated potassium
sodiumtartratesolution(50 mL). Layerswere separated and aquetayer was extracted
with ether 8x50 nL). Combined organics were dried over magnesium sulfate,
concentratedh vacuoandthe residue was purified byflash column chromatogragton
resultedthe titlecompound220b (0.94 g, 85%)s a yellowish oil.'H NMR (500 MHz,
CDChL) : U(J614M8 1H), 5.70(dt, J = 0.6, 1.4 Hz 1H), 3.65(t, J = 6.4 Hz, 2H),
2.51 ¢d, J=7.4,0.9Hz, 2H), 1.791 1.74(m, 2H), 166 (bs, 1H. 13C NMR (125 MHz,

CDCl) : U, 11126661.2, 41,82.0.
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5-lodohex5-en-1-0l 220c: Following the procedure forinyl iodo-alcohol 220a, vinyl

iodo-alcohol 220c was synthesized frori-hexynol 219c as a colorless 0il6(% yield).

Spectral data are in consistent with the literatfiréd NMR (400MHz, CDCk) : U 6.

(q,J = 1.2 Hz 1H), 5.70(d, J = 1.0 Hz 1H), 3.66(t, J = 5.9Hz, 2H), 242 (t, J= 6.4 Hz
2H), 1.61i 1.56(m, 4H), 1.261 J=5.2 Hz 1H). 3C NMR (125 MHz, CDC}):ti 12 5.

112.2,62.8, 45.2, 31.4, 7.

NOMS

221a

3-lodobut-3-en-1-yl methanesulfonate221a: Vinyl iodo-alcohol 220a was converted
into corresponding mesyla#21a by following the literature proceduféTo aDCM (125
mL) of vinyl iodo-alcohol 220a (3.0 g, 15.15 mmolP °C were addediethylamine (3.4
mL, 24.24 mmoljandmethanesulfoyl chloride (1.88 rh, 24.24 mmol)and he reaction
mixture was stirred for 1 h at the same temperature beftung with water (60 mL).
The layers were separated and aqueous layerewtnacted with DCM(3x50 mL)
Combined organics were washed with brine and dried over anhydrous magndaten s
concentratedn vacuoandthe residue was purified by a flask column chromatography to
yield the title compoun®2la (3.84 g, 92%)as a colorless oil.'H NMR (500 MHz,
CDChk) : (g, &= 12Bz, 1H), 588(d, J= 1.7 Hz 1H), 4.33(t, J = 6.1Hz, 2H), 3.04
(s, 3H), 2.811d,J= 6.2, 0.8Hz2H). 3C NMR (125 MHz,CDC$) : & 129. 6,

44.8, 378.

61

04

3,
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221b

4-lodopent4-en-1-yl methanesulfonate 221b: Following the above procedurditle
compound221b was synthesized fromalcohol 220b in 78% vyield as a colorless oil.

Spectral data are in consistent with literature vattésl NMR (500 MHz,CDC}) : 4 6. 12
(9, J=1.5Hz, 1H), 5.78 @, J= 1.5Hz, 1H), 4.24{, J= 6.2 Hz 2H), 3.02 6, 3H), 2.54 (t,

J=72Hz 2H), 1.98 {uin,J = 7.2 Hz 2H). 3C NMR (125 MHz, CDC}) : u, 10957 . 3

68.1, 41.3, 37.6, 28.7.

MOMS

221c

5-lodohex5-en-1-yl methanesulfonate 21c: Following the above procedure title
compound221c was synthesized from alcoh220c in 96% yieldas a colorless oil *H
NMR (400MHz, CDCk) :  U(q, &= 1@ Bz 1H), 5.72(d,J= 1.2 Hz 1 H), 4.24(t, J =
6.4Hz, 2H), 3.01(s, 3H), 242 (td, J= 7.0, 0.8 Hz2H), 1.7 1.71(m, 2H), 1.677 1.61
(m,2H). 3C NMR (125 MHz, CDC}):ti 126 . 4, 111.2, 69IR5, 44.

(neat): 3022, 2938, 1614, 1348, 1170, 933, 799.cm

A

218a

3
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4-Azido-2-iodobut-1-ene218a: General procedure:

To a DMF (80 mL) solutionmesylate221a (1.09 g, 3.94mmol), sodium azide (1.28g,
19.74 mmolwas added and the mixauwas heated to 50 °C for 2Thereaction mixture
wascooled to the ambient temperatudduted with waterand exracted withether. The
combined organics wengashedwith water several timeslried over anhydrausodium
sulfate and concentrating vacuofurnished the title compounzil8a (0.66 g, 75%) as a
colorless oil. The spectral data are in consistent with reported valdesNMR (500
MHz, CDCk) :  ti(g, &=12 biz 1H), 5.8 (d,J = 1.4 Hz 1H), 3.45(t, J = 6.6Hz, 2H),

2.65(td, J = 6.6, 0.8 Hz2H).

MNB

218b

5-Azido-2-iodopent-1-ene 218b: Following the general procedure, azide218b was
synthesized in Pb yield as a stinky colorlessil from mesylate221b. H NMR (500
MHz, CDCk) : U q,8=1@ 8z 1), 5.75(d,J= 1.4 Hz 1H), 3.31(, J= 6.7 Hz 2H),
2.49 (d, J= 7.2, 1.2 Hz2H), 1.81 Quin,J = 7.2 Hz 2H). 13C NMR (125 MHz, CDC}):
a 126. 9, 110. 3IR (ndaH:.2830, 28672 2380, 23£182097,.1616, 1448,

1256, 898 crm.
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218c

3

6-Azido-2-iodohex1-ene 218c:. Following the general procedure azide 218c was
synthesized in 8 yield from mesylate221c as a colorless oil.'H NMR (500 MHz,

CDCl) : (g, &= 101 #z 1H), 5.72(dd, J = 1.5, 0.6 Hz1H), 3.30(t, J = 6.4Hz, 2H),

2427 2.40(m, 2H), 1617 1.58(m, 4H). 3C NMR (125 MHz, CDC#):ti 126. 1, 111
51.4, 44.9, 27.626.4. IR (neat): 2932, 2864, 2097, 1615, 1454, 1349, 1268, 1177, 1129,

894, 745 cr.

L™, s ™ (s
+
THF 0 °C - RT

Toe 9% To°
B 2.1
1-Methyl-3-((prop-2-yn-1-yloxy)methyl)pyridin -2(1H)-one 216: To the suspension of
sodium hydride (54 mg, 60% in mineral oil, 1.35 mmol) in THF (3 mL) at O °C, propargyl
alcohol (58 pL, 1.0 mmol) was added followed ldrop wise addition offHF (4 mL)
solution ofpyridone bromidd3 2.1(181 mg, 0.9 mmol) The reactio mixture was stirred
for 2 hours at RT before addingjueeous saturated ammonium chloride (3 mUjhe
resulting mixture wagxtracted with ethyl acetatepmbined organics were dried over
anhydrous magnesium sulfate, filteredncentrated in reduced pseseand the residue
was purified with a flash column chromatography to get title compaié(l43 mg, 89%)
as a colorless oil!H NMR (400 MHz, CDC§) U 7 .J4 6.8, 2.alHk, 1H), 7.26
7.22 (m, 1H), 6.19 (t) = 6.8 Hz, 1H), 4.56 (s, 2H), 4.28,(@= 2.4 Hz, 2H), 3.56 (s, 3H),
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2.46 (t,J = 2.4 Hz, 1H)13C NMR (125 MHz, CDCk) U ,13.0136.2129.2, 105,

79.8,74.7,67.3, 58,87.6

/As}\ 1. NBS,DCM E\r o>
H” \\ N

. o
o . |
2. 207, Et;N, DMAP | L
DCM | 207 ;
B2.2 85% 217 e

3-(((Ethynyldiisopropylsilyl)oxy)methyl) -1-methylpyridin -2(1H)-one 217: To the
DCM (30 mL) solution of thynyldiisopropyl siland3 2.2(0.92 g, 6.55 mmol) waadded
NBS (1.16 g, 7.15 mmol) in three portions and stirred for 30tongenerate corresponding
bromosilane.In a separate flaskg the DCM (40 mL) solution of hydxylmethyl pyridone
alcotol 219(0.77 g, 5.56 mmol) wasdedtriethylamine (0.92 mL, 6.55 mmolhd DMAP

(80 mg, 0.65 mmol) successively. To tlisomosilane was added through cannula slowly.
The resulting mixture was stirrédr 4 hat RT, diluted with DCM (80 mL) and washed
with aqueous satuted ammonium chloride and brirgdried ove anhydrous sodium sulfate
and the residue was purified by flasblumn chromatographto get the title compound
227 (1.31 g, 85%) as a colorless solich.p.62°C,'HNMR ( 500 MHz, CDCI 3)
(dd,J = 6.8, 1.4 Hz, 1H), 7.19 (dd,= 6.8, 1.4 Hz, 1H), 6.21 (f = 6.8 Hz, 1H), 4.80 (s,

2H), 3.54 (s, 3H), 2.41 (s, 1H), 1.09 (m, 14H)

Sonogashiracross coupling

General Method Synthesis oR12 is given as a general procedure.
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To the suspension &d(PPh).Cl. (7.4 mg, 0.2 mmol)in anhydrous THF (0.5 mL), argon
wasbubbledthroughfor 15 min. Azido vinyl iodide218b (50 mg,0.21 mmol) followed

by copper (I) iodide (2 mg, 0.01 mmalpdtriethylamine (20fL, 1.47 mmolwereadded.

To this mixturewas added THF (0.5 mL) solution pyridone alkyne216 (41 mg, 0.23
mmol) drop wisevia asyringe pump over 15 min. Argon bubbling was continued during
the whole time.Thereactionmixture wa stirredfor 41 6 hbefore diluting with ether (1
mL) and saturated ammonium chloride solutionnfll). Layers wereseparated and
agueous layer was extracted with eth@ombined organics were washed with brine (2
mL) and dried over anhydrous magnesisutfate, concentrated under reduced pressure
andthe residue was purified by flash column chromatography to fur@ish(50.4 mg,

84%) as a colorless oil.

3-(((6-Azido-4-methylenehex2-yn-1-yl)oxy)methyl)-1-methylpyridin -2(1H)-one 211:
Synthesized by usinghegeneral method,igld (86%).'H NMR (400 MHz,CDCY) U 7. 49
i 7.43 (m, 1H), 7.24 (dd] = 6.8, 2.0 Hz, 1H), 6.20 (8,= 6.8 Hz, 1H), 5.47 (s, 1H), 5.38

(dd,J = 2.7, 1.3 Hz, 1H), 4.55 (s, 2H), 4.41 (s, 2H), 3.56 (s, 3H), 3.47=(6.9 Hz, 2H),

2.44 (t,J = 6.9 Hz, 2H).
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3-(((7-Azido-4-methylenehept2-yn-1-yl)oxy)methyl)-1-methylpyridin -2(1H)-one
212: Synthesized by usinghe general method,igld (84%). ' HNMR ( 400 MHz, Tol
7.26 (d,J = 6.8 Hz, 1H), 6.15 (d] = 6.6 Hz, 1H), 5.53 (t) = 6.8 Hz, 1H), 5.26 (s, 1H),
4.97 (s, 1H), 4.62 (s, 2H), 4.14 (s, 2H), 2.85 (s, 3H), 2.7B<(t6.8 Hz, 2H), 1.93 (1] =

7.5 Hz, 2H), 1.57 1.43 (m, 2H).

—{

Si
L
O
ITIO

213

3-((((5-Azido-3-methylenepentl-yn-1-yl)diisopropylsilyl)oxy)methyl) - 1-
methylpyridin -2(1H)-one 213: Synthesized Y using general methodjejd (72%). H
NMR (400MHz, CeDe) : U dd7)= 6.6 1.4 Hz1H), 6.16(d, J= 6.6 Hz 1H), 5.64(t,
J=6.6Hz, 1H), 5.36(m, 1H), 5.20 6, 2H), 4.96(dd,J = 2.7, 1.3 Hz, 1H), 3.04 ¢, ,J =
6.8Hz, 2H), 2.87 6, 3H), 1.97(t, J = 6.8 Hz, 2H), 1.20i 1.16(dd,J = 8.6, 6.8 Hz12H),
1147 1.14(m, 2H). 13C NMR (100 MHz, CDCk) : a 161. 4, 135. 8, 13-
125.6, 106.1, 105.9, 8B.61.7, 49.6, 37.3, 36.67, 17.5, 17.3, 13IR. (neat): 2943, 2864,
2095, 1653, 1596, 1562, 1461, 1248, 1227, 1113, 1092, 993, 881, 764, 67&xact

masscalculated 6r CioH29N4O,Si* [M+H], 373.2060, found 373.2053
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3-((((6-Azido-3-methylenehex1-yn-1-yl)diisopropylsilyl)oxy)methyl) - 1-

methylpyridin -2(1H)-one 214: Synthesized bysing general methodjed (67%). H
NMR (400MHz, C;Dg) : 7.48(dd, J = 6.8 2.0Hz, 1H), 6.18(dd, J = 6.8, 1.1 Hz 1H),
5.63 @t, J =1.6, Q7 Hz, 1H), 5.33 (dt,J = 1.6, 0.7 Hz, 1H)5.07(s, 2H), 4.97(q, J= 1.6
Hz, 1H), 2.87(s,3H), 2.77 ¢, J = 6.8 Hz, 2H), 1.93(t, J = 7.4 Hz, 2H), 157§ 1.52(m,
2H), 1237 1.06(m, 14H. 13C NMR (125 MHz, CDC#) : U, 13567113%8132.5
130.8, 124.0, 107,1105.8 89.1, 61.9, 50.6, 37.2, 34.1, 27.4, 17.5, 17.3, 183(neat):
3456, 2943, 2864, 2356, 2339, 2096, 1653, 1596, 1563, 1260, 1113, 1091, 881, 764

cmt. Exact masscalculated ér CooH3oN4O2SiNa" [M+Na] 409.2036, found 409.2044.

—{

Si
_
O™ S
N~ ~O

3-((((7-Azido-3-methyleneheptl-yn-1-yl)diisopropylsilyl)oxy)methyl) - 1-

methylpyridin -2(1H)-one 215: Synthesizedy using general method, yield 63%H
NMR (400MHz, CDCk) : U 7, J=568, 3(,dLd Hiz1H), 7.19(dd, J= 6.7, 1.0 Hz
1H), 6.22(t, J = 6.8Hz, 1H), 5.41(d, J= 1.8 Hz, 1H), 5.28(dd,J = 1.8, 1.0 Hz, 1H), 4.79

(s, 28, 3.54 6, 3H), 2.17(t, J = 6.4 Hz, 2H), 1627 1.57(m, 4H), 1107 1.04(m, 14H).
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13C NMR (100 MHz, CDCh) : u 161.5, 135. 7, 133. 8, 132.

89.5 61.8,51.4, 37.4, 36.5, 28.1, 25.1, 17.5, 17.3, 17.1, 17.0, 13.3,IR3(Aeat): 3317,
2943, 2865, 208, 1655, 1599, 1565, 1462, 1246, 1116, 882, 765, 678 &ract mass

calculated ér G21H32N4O-SiNa' [M+Na] 423.2193, found 423.2184.

Photo-reaction:

A solution of the potosubstrat14 (100 mg, 0.258 mmoih anhydrous toluene (10l

was degassed byubbling argon through the solution for 30 min, transferred to 3.2 mm
NMR tubes and irradiated for 1.5nmaintaining the temperature around 8 °C. Crude
photoproduct was concentrated/acuoand was taken in anhydrous THF (10)ycooled

to 0°C, andwas adde®@HsMgBr (95 pl, 3 Min THF, 0.28 mmoldrop wise.After stirring

the mixture forl hat 0°C, saturated ammonium chloride solution (8)nand water (3

mL) was added. The resulting mixture veasractedvith ethyl acetate, ambined organics
werewashed with brine, dried over anhydrous magnesium sulfate and concentraged und
reduced pressure. Upon column chromatographic purificatiomesidue following

compoundsvere isolated.

224a

Cycloadduct 224a: Isolated yield(35 mg 36% over three steps'H NMR (500 MHz,
CDCl3) : U ddg).=®.8, 5.2 Hz1H), 6.12(d, J = 9.4 Hz 1H), 4.66(d, J = 10.5Hz,
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1H), 3.94(td,J = 5.2, 1.0 Hz 1H), 3.54 {, = 9.4Hz, 1H), 3.28 @d,J=11.7, 7.2Hz, 1H),
3.17 ¢d,J =11.9,5.7 Hz 1H), 2.83 6, 3H), 2.38 ps, 1H, 2.32(dd, J= 12.7, 7.3Hz, 1H),
2.19 @d,J = 14.6, 5.1 Hz1H), 2.05 @, J = 14.6 Hz 1H), 1.76 (d, J = 12.4, 7.0 Hz1H),
1.68 @d,J = 12.6, 5.9 Hz1H), 1.35i 1.15(m, 2H), 1.0¢,J=7.4 3H),0.96 d,J=7.4
3H),0.89 (,J=7.4 3H),0.84 d,J=7.4 3H), 0.19 6, 3H. 3*C NMR (125MHz, CDCEk):
a 173 383351,129.5,113.0,66.4,60.2, 57568, 50.5, 39.4, 37.9, 33.24.1, B.0,
18.7, 18.4, 18.013.8, 12.2;8.8 IR (neat): 3418, 2937, 2861, 1702, 1225, 1461, 1400,
1316, 1247, 1175, 1063, 1030, 779, 733, 651'ciExact mass calculated dr

C21H35N20Si" [M+H] 375.2468 found275.2465

224b

Cycloadduct 224b: Crystalline solid, m.p. 82C, isolated yield (12 mg, 12% over three

steps).’H NMR (500MHz, CDCls) : U d, &= 901 Biz 1H), 5.86(dd, J= 9.4, 6.3 Hz

1H), 4.13(dd, J = 11.0, 7.6Hz, 1H), 4.08(dd,J= 7.4, 6.5 Hz1H), 3.78 d,J=11.0, 5.7

Hz, 1H), 3.54 ¢, J= 6.8Hz, 1H), 3.25 @d,J = 11.6, 7.1 Hz1H), 3.11 6, 3H), 2.52¢d,J

=14.1,7.7 Hz1H), 2.20(dd, J=12.3, 7.4Hz, 1H), 1.79 ¢, J= 14.1 Hz 1H), 1.707 1.66

(m, 1H), 1627 154 (m, 1H), 1.53 1.43 (m, 1H), 1307 1.25(m, 1H), 1.05i 0.92 (m,
14H), 0.16 6, 3H. 3C NMR (125MHz, CDCk) : & 176. 7, 144 .,4, 13°

66.3, 57.6, 56.5, 55.3, 50.36.0 35.4 33.6, 25.0, 19.1, 18.9, 18.3, 18.0, 14.2, 1-8B1
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IR (neat): 3419, 2941, 2862, 1712, 1626, 1465, 1397, 1324, 1236, 1037, 791,722 cm

Exact masscalculated br G1HzaN20,SiNa" [M+Na] 397.2288, found 397.2209

By following the above procedure, photosubstr2i® (100 mg, 0.25 mmolyesulted

following compounds.

227b

Cycloadduct 27b: Isolated yield 87 mg 38% over three stepsfH NMR (500 MHz,

CDCls) : idd,$=93,5@ Hz1H), 6.18(d,J= 9.4 Hz 1H), 4.67(d, J= 10. 7Hz, 1H),

3.90(td, J= 5.3, 0.8 Hz1H), 3.56 @, J = 10.4Hz, 1H), 3.347 3.26(m, 1H), 3.177 3.12

(m, 1H), 3.80 6, 3H, 2.31 bs, 11, 2.25(dd, J = 14.2, 5.3Hz, 1H), 1797 1.69(m, 3H),

1547 1.38(m, 4H), 11271 1.08 (m, 2H), 1.01 (d,J = 7.2 Hz 3H), 0.97 ¢, J = 7.2 Hz

3H), 0.91 ¢, J=7.2 Hz 3H), 0.84 ¢,J= 7.2 Hz 3H), 0.20 6, 3H. 13C NMR (125MHz,

CDCl) : a 174. 1, 147. 8, 135. 9, 129. 8, 105. 4,
21.1, 19.1, 18.8, 18.6, 18.17.9 14.3, 12.0-8.76 IR (neat): 3418, 2938, 2861, 1633,

1462, 1399, 1247, 1072, 1028, 880, 781, 719.cmExact mass calculated &r

C2oH37N20Si [M+H] 389.2624, found 389.2619
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227a

Cycloadduct 27a: Isolated yield § mg 6% over three steps)'H NMR (500 MHz,
CDCl3) : Uddel=9.1 6.QHz1H), 6.88(d,J=9.1 Hz 1H), 4.77(d, J= 9.5Hz, 1H),
4.22(dd,J=14.3, 4.6 Hz1H), 4.04(d,J=5.4, 0.9Hz, 1H), 3.83 @, J= 9.5 1H), 3.29
3.23(m, 1H), 2.92 6, 3H), 2.79(dd, J = 14.8, 5.4Hz, 1H), 2.35 @,J = 14.1, 1H), 2.17 €,
J=14.8 1H), 1.687 1.60 (m, 4H), 1357 1.29(m, 1H), 1227 1.12 (m, 2H), 1.09 ¢, J =

7.4 Hz 3H), 1.05¢,J = 7.4 Hz 3H), 1.02 @, J = 7.4 Hz 3H), 0.99 (, J = 7.4 Hz 3H).

13C NMR (100MHz, CDCb) : U, 18582391, 132.0, 129.3, 74.1, 64.7, 58.7, 54.3,
45.6, 34.6, 34.5, 33.5, 26.6, 18.9, 18.6, 17.7, 17.6, 17.3, 14.2,IR2(Aeat): 2939, 2862,
1656, 1462, 1404, 1315, 1237, 1114, 1041, 891, 851, 792, 774, 627 Exact mass

calculated ér C:1H3sN20,Si* [M+H] 375.2468, found 375.2460.

Synthesis of vinytiodo enones

o 0
' PTSA | /[g
NOH * b Benzene /J‘\/\o
220a © 61% B23

cyclopentane-1,3-dione

3-((3-1odobut-3-en-1-yl)oxy)cyclopent2-enoneB 2.3: To the toluené20 mL) solution

of vinyl-iodo alcohol20a (500 mg,2.52mmol)in a 100 nk r.b. flask equipped with dean
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stark condensewrere added®TSA 3 mg, 013 mmol) andcyclopentan€l,3-dione (272
g,2.77mmol). Theresultingmixture was refluxed 3 h, cooled to ambitsrhperature and
concentratedn vacuao The residuavas dissolvedn ether (15 n), washed with 10%
NaHCQG (10 nL) and brine, dried over anhydrous magnesium sylfidteredand purified
by flash chromatography using 20% ethgktate in DCM to get the title compouB@®.3
(430mg, 61%) as colorless oitH NMR (500 MHz, CDC}) U 6 .J% 38, 1.3dHz,,
1H), 5.86 (d,J = 1.7 Hz, 1H), 5.35 () = 1.0 Hz, 1H), 4.11 () = 6.3 Hz, 2H), 2.87 2.81
(m, 2H), 2.61 (ddd) = 6.2, 2.6, 1.0 Hz, 2H), 2.472.42 (m, 2H).13C NMR (125 MHz
CDCl) U 205. 68,103.33141,601, 44.2 3.2, 28.6IR (neat): 3479, 3088,
2923, 1702, 1677, 1587, 1344, 1247, 1180, 1007, 829 da&xact masscalculated for

CoH11102Na’ [M+Na] 300.9702, found 300.9700.

N PTSA |
Benzene o)
220a cyclohexane-1,3- dlone B 24

3-((3-1odobut-3-en-1-yl)oxy)cyclohex2-enone B 2.4: Compound 2.4was synthesized
following the above procedure using cyclohexar@dione as a colorless @il 79%yield.

IH NMR (400 MHz, CDC}) § 6 .J% B.9, {.31Hk, 1H), 5.84 (d,= 1.7 Hz, 1H),
5.39 (s, 1H), 3.96 (tJ = 6.3 Hz, 2H), 2.81 (tdJ = 6.3, 0.8 Hz, 2H), 2.40 (§ = 6.3 Hz,
2H), 2.35 (ddJ = 7.3, 6.0 Hz, 2H), 2.0B 1.93 (m, 2H).3C NMR (100 MHz, CDCk) U

199.8 177.6, 128.6, 105.1, 103.2, 66.8, 44.1, 36.90, 29.3, IR.(neat): 2944, 1649,
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1602, 1365, 1218, 1181, 1134 €mExact masscalculated for @Hi3lO2Na" [M+Na]

314.9858 found314.9858

PPhs, I,
Imi I
/\/\OH midazole ///\/\l
219b DCM
72% B 2.5

5-lodopentl-yne B 2.5: Compound B 2.5 was synthesized adapting the known
procedureé’? To the well stirredCM (15 mi)s olution of triphenyphosphine (1.23 g,

4.92 mmol) were addedmidazole (0.335 g, 4.92 mnjohnd iodine (1.25 g, 4.92 mmol)

in rapid successionAfter 30 min DCM (5 mL) of pent4-yn-1-ol 219b (0.4 nL, 4.27
mmol) was added dropwise over 10 min. Toesultingmixture was srred for additional

3 h, aftemwhich volatiles were carefully evaporateds/acuqg and theresidue was triturated

in ether, filtered and filtrate was purified by flash column chromatography using hexanes
to gettitle compoundB 2.5asa colorless oil (0.6 g,2%6). ‘H NMR (500 MHz, CDC}) U
3.31 (t,J= 6.7 Hz, 2H), 2.34 (td] = 6.7, 2.7 Hz, 2H), 2.061.97 (m, 3H).13C NMR (125

MHz,CDCk) U 63 324,19.6,4.9

O o}
PPhs, Et3N
_—
o CH3CN I
cyclopentane-1,3-dione 89% B 2.6

3-lodocyclopent2-enone B 2.6:CompoundB 2.6 was synthesized adapting the known

proceduré’® To the well stirred solution of triphenylphosphine (1.51 g, 5.75 mmol) in
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anhydrousacetonitrile (51 rh), iodine (1.46 g, 5.75 mmol) was added in one portitime

slurry was stired for two h, thencyclopentanel,3-dione (0.5 g, 5.1 mmoland
triethylamine (0.8 ml, 5.71 mmol) weeaeldedin rapid successionThe reaction mixture

was refluxed overnight, cooleéd ambient temperatund concentrateth vacuo. Flash

column chromatographic purificatioon residue furnished the compouBd2.6 as a

colorless solid (0.94 g, 89%)H NMR (500 MHz, CDC}) U 6J=619, 0.6 Hzq1H),

3.127 3.02 (m, 2H), 2.54 2.44 (m, 2H).3C NMR (100 MHz CDCk) U 205. 3, 14

136.1, 41.9, 37.6

0] 0O

PPhj, EtzN
—_—
O CH4CN !
98% B 27

3-lodocyclohex2-enoneB 2.7: Compound 2.7was synthesized by following the known
proceduré”® To the well stirred solution of triphenylphosphine (2.57 g, 9.81 mmol) in
anhydrousacetonitrile (80 rh), iodine (2.49 g, 9.81 mmol) was added in one portion. The
slurry was stirred foR h. Then, cyclohexanedione (1.0 g, 8.92 mnaoijitriethylamine
(2.37 ni, 9.81 mmolwere added in rapid successidrhe reaction mixture was refluxed
overnight, cooledto ambiemn temperatureand concentrateth vacuo. Flash column
chromatography (1: 9, ethgketate: hexanes) on residesulted tittecompoundB 2.7 as

a colorless solid (1.93 g, 98%}H NMR (500 MHz, CDC}) U 6J.=8.0 Hz( 1tH),
2.90 (td,J = 6.1, 1.7 Hz, 2H), 2.49 2.35 (m, 2H), 2.08 1.92 (m, 2H).3C NMR (125

MHz, CDCk) U 1 9 512679, 4008436.8 232.
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1.Zn O | o ,
2. CuCN.2L(Cl : .
///\/\| _— = Q E /@ !
B2.5 3. B26 D .
l

B 238
91% e '

3-(Pent-4-yn-1-yl)cyclopent2-enone B 2.8: CompoundB 2.8 was synthesized by
adapting the known procedufe.Zinc dust (401 mg, 6.14 mmol), THF (0.8 mL) an& 1
dibromoethane (40lpweretaken in a flask The resultingmixture was stirred at 60C
for 10 min, cooled t&RT and TMSCI (40 pl) was addedHeating the resulting ixture at
60 °C for 15 minresulted the activatezinc dust. To thiswas added the THF (1.2 mL)
solution of5-iodo-penl-yneB 2.5(540 mg, 2.78 mmol)The reactionmixture was stirred
for 1.5 hat 30°C andwasallowed to settle.The supernant liquid was withdrawn into a
syringe equipped with filter and transferred into another flask contaihi@gtirred
solution of CuCN (248 mg, 2.78 mmol)iCI (236 mg, 5.56 mmol) iTHF (2 mL) at-20

°C dropwise Stirring the resultingeactionmixture for 20 min at the same temperature
the solutiorturned red. Thethe mixture was cooled t60 °C andwas added THF (&L)
solutionof 3-iodocyclopentenon8 2.6 (200 mg, 0.96 mmoJ)warmed to-30°C forl h
and stirred overnight at @. Reaction was quenched with aqueous saturated ammonium
chloride (3 nb) andwater (3ml), extracted with ether (3 X0 nL). Combined organics
were washed with brine, dried over anhydrous magnesium sulfittered and
concentratedn vacuoandthe residue wagurified with flash column chromatography
(30% ethyl acetate in hexanes) to thet tittecompound 2.8(130 mg, 91%asa colorless

oil. H NMR (500 MHz, CDC}) & i %5.969(19, 1H), 2.60 (dd] = 4.7, 3.0 Hz, 2H),
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2.55 (t,J = 7.7 Hz, 2H), 2.44 2.39 (m, 2H), 2.27 (td] = 6.9, 2.6 Hz, 2H), 2.00 (§,= 2.6
Hz, 1H), 1.83 (dt) = 14.2, 7.0 Hz, 2H).13C NMR (125 MHz, CDCk) & ,2819,. 7

130.0 83.3 69.4, 35.4, 32.5, 31.7, 26.0, 18.3

______________

1.Zn o 0 ;

2. CuCN.2LiCl : |

///\/\I % :
3. B2.7 Y !

B25 B 2.9 ! B27

9% 0 oSsT T !

3-(Pent-4-yn-1-yl)cyclohex2-enone B 2.9:CompoundB 2.9was synthesized following
the above procedure using iodocyclohexenBn2.7 as a colorless oil im7%% isolated
yield* 'H NMR (500 MHz, CDC}) U 5J.=8.8 Hz( 1), 2.39 2.32 (m, 4H), 2.31
i 2.27 (m, 2H), 2.23 (td] = 6.9, 2.7 Hz, 2H), 2.041.95 (m, 3H), 1.73 (ddfj = 13.9, 8.8,
6.9 Hz, 2H). 3C NMR (125 MHz CDCkL) U ,16%59,126.3, 83.5, 69.3, 37.5, 36.9,

29.9, 25.9, 22.9, 18.2

0 o)
TMSCI, Nal

< H,0 '

_ HO
CHACN

B 2.8 91%BRSM B 2.10

3-(4-lodopent4-en-1-yl)cyclopent2-enone B 2.1Q0 To the well stirred solution of
sodium iodide (758 mg, 5.06 mmol) in anhydrous acetonitrile (LB MSCI (0.64 nh,
5.06 mmol) was added and stirred for 15 min. Then water (45.5 ul, 2.53 mmol) was added

and stirred additional 15 min. Finally, acetonitrile (2 )rsolution of 3(pent4-yn-1-
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yl)cyclopent2-enoneB 2.8 (300 mg, 2.02 mmol) was added &ahd reaction wastsred
overnight. Water (10 m_L) was added, layers were separated and aqueous layer was
extracted with ether (8 10 m_L). Combined organics were washed with brine, dried over
anhydrous magnesium sulfatéltered and concentratedin vacuo Flash column
chromatographic purification on resid{i®% ethyl acetate in DCMgsulted ircompound

B 2.10(480 mg, 91% BRSM, 94% conversioay a colorless oil'H NMR (500 MHz,
CDClk) U 6 J928, 1(0Ht, 1H), 5.97 (ddd,= 2.6, 1.5, 0.9 Hz, 1H), 5.775.72

(m, 1H), 2.61i 2.58 (m, 2H), 2.44 2.39 (m, 6H), 1.82 (dt] = 18.6, 7.5 Hz, 2H)Exact

masscalculated for @H13lIONa" [M+Na] 298.9909, found 298.9904.

o 0
TMSCI, Nal
\/\/ij H2O I
A
CHACN
B 2.9 92%BRSM B 2.11

3-(4-iodopent-4-en-1-yl)cyclohex2-enoneB 2.11 CompoundB 2.11was synthesized
by following the above procedure usiiBy2.9 as acolorless oil (108 mg, 92%, &6
conversion).'H NMR (500 MHz, CDC}) U 6 J=023, 1(0 #iz, 1H), 5.89 (d,= 1.0
Hz, 1H), 5.74i 5.71 (m, 1H), 2.38 (d = 13.5, 6.9 Hz, 4H), .30 (dd,J = 9.0, 3.4 Hz,
2H), 220 (t, J = 7.6 Hz 2H), 2.03i 1.97 (m, 2H), 1.77 1.68 (m, 2H). 3C NMR (125
MHz,CDCk) U 199. 6, 1,6513,34.7, 3¥.3, 86.5429.8, 265622Ekact

masscalculated for @H1silONa’" [M+Na] 313.0066found 313.0063.
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I P(n-Bu)s ' 0
/J'\/\OH /J\ o™ N O/\)ko/\

DCM

220a ethyl propiolate  §19% B 2.12

Ethyl 3-((3-iodobut-3-en-1-yl)oxy)acrylate B 2.12: To theDCM (2 mLsolution of vinyt

iodo alcohol220a (198 mg, 1.0 mmol) and P{Bu)s in) at 0°C, was added DCM (3 mL)

solution of etlyl propiolate (98 mg, 1.0 mmoblrop wise over 10 min. Theesulting

mixture was warmed to RT and stirred for 2 h before concentratvecuo The residue

was purified by flash column chromatography totgetcompound 2.12(180 mg, 61%)

as a colorlss oil. tH NMR (500 MHz, GDs) U  7J.=32A7 Hg,dHl), 5.57 (d=1.3

Hz, 1H), 5.49 (dJ = 1.0 Hz, 1H), 5.26 (d] = 12.6 Hz, 1H), 4.08 (g} = 7.1 Hz, 2H), 3.26

(t, J= 6.2 Hz, 2H), 2.11 () = 6.0 Hz, 2H), 1.02 (dd] = 8.3, 5.9 Hz, 3H)3C NMR (125

MHz, CsDs) a 167. 0, 161. 8, 128. 4,. IR (héat)2078, 97 . 7,
2938, 1706, 1624, 1325, 1204, 1230, 1044, &%act masscalculated for @H13lO3Na"

[M+Na] 318.9807, found 318.9803.

O 0
Pyridine, |,
_ > I
DCM
cyclopent-2-enone  72% B 213

2-lodocyclopent2-enoneB 2.13 lodocyclopentenonB 2.13was prepared by following
the literature procedure (F2yield).*® 'H NMR (500 MHz, CDC}) G i 8.00@n8 1H),

2861 2.69 (m 2H), 2.53i 2.46 (m, 2H).
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1. Zn, DMF (@] E

///\/\| - . / E [ E
5-iodopent-1-yne 2. Pd(dba),, TFP, 2= I :
B 213 | !

B 2.5 ' B213

. B 2.14 e ’

30%

2-(Pent-4-yn-1-yl)cyclopent-2-enoneB 2.14 (Negishi cross coupling reactiodinc dust
(423 mg, 4.48 mmol) was flushed with argon and was taken in DMAL{(5 Timen 1,2
dibromoethane (100 pl) was added and heated t6G@r 15 min, cooled to room
temperature, TMSCI100 pl) was added and stirredrfanotherl5 min to get activated
zinc. To this solutionwas addedMF (1 mL) solution of5-iodo-pert-1-yne B 2.5 (503
mg, 2.60 mmol)The reactiormixture was stirred for 1.5 &t 30°C andwasallowed to
settle. In a separate flask Pd(db&5 mg, 0.86 mmol) andri(2-furyl)phosphing45 mg,
0.192 mmol) were taken in DMF (4Lpand stirred for fewninutes until it turned clear
then, 2-iodocyclopeni2-enoneB 2.13 (400 mg, 1.92 mmol) was added followed by
dropwise addition of DMF solution gbent4-yn-1-ylzinc(ll) iodide prepared above.
Stirring was continued overnight and the reaction was quenched with saturated ammonium
chloride (10 nb), extracted with ether (810 m_). Combined organics were washed with
water andrine, dried over anhydus magnesium sulfatiéiered,concentrated in reduced
pressure anthe esidue was purifiethy flash column chromatography using 10% ethyl
acetate in hexanes to ghe titlecompoundB 2.14asa colorless oil (85 mg, 30%)!H
NMR (500 MHz, CDC¥) 85 (§, 1H), 2.57 (d) = 2.1 Hz, 2H), 2.40 (dd] = 5.4, 3.1
Hz, 2H), 2.31 (tJ) = 7.5 Hz, 2H), 2.20 (td] = 6.9, 2.3 Hz, 2H), 1.96 (s, 1H), 1.73 (d&;
14.7, 7.4 Hz, 2H)13C NMR (100 MHz CDCk) U ,4884,.146.5, 84.0, 68.9, 34.7,

26.6, 26.6, 24, 18.2
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TMSCI, Nal I ©
& H,O
CH;CN
B 2.14 799 B 2.15

2-(4-iodopent-4-en-1-yl)cyclopent-2-enoneB 2.15: CompoundB 2.15was synthesized
by usual Markovnikov addition of Hl into alkyri®2.14 Yield 726. *H NMR (500 MHz,
CDClk) U 7J=B4Hz,(1H),6.04 (d= 1.0 Hz, 1H), 5.71 (s, 1H), 2.57 (dtk 10.9,
8.9 Hz,2H), 2.441 2.36 (m/4H), 2.18 (tJ = 7.1 Hz, 2H), 1.77 1.66 (m, 2H).13C NMR

(1000MHzCDCk) & 210.0, 157.9, 145.8, 125.8, 111
Synthesis of Photosubstrates3® i 235:

Photosubstrate®30 i 235 were synthesized usin@onogashiraross coupling reaction
between alkyn@17 and corresponding vinyl iodides using genenathod used in azide

examples.

3-(((Diisopropyl(3-methylene5-((3-oxocyclopentl-en-1-yl)oxy)pent-1-yn-1-
yD)silyl)oxy)methyl)-1-methylpyridin -2(1H)-one 230: Isolated yield 60%gdark yellow
oil. H NMR (400 MHz, GDe) U 7,568, 1(8Hz1H), 6.26 (dJ = 68 Hz, 1H),
5.67 (t J= 6.8 Hz, 1H), 5.43( 5.38 (m, 1H), 5.29 (t) = 1.1 Hz, 1H), 5.18 (s, 2H), 5.02
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(dd,J = 2.8, 1.3 Hz, 1H), 3.72 (8 = 6.3 Hz, 2H), 3.00 (s, 3H), 2.17 &= 6.3 Hz, 2H),
2.04 (ddd,J = 5.9, 3.4, 1.0 Hz, 2H), 2.011.94 (m, 2H), 1.21 1.05 (m, ZH). *C NMR
(100 MHz, GD¢) : U 2 0,3614,,1361,8.83.25132.2, 127125.4 106.9, 105.3,
104.4, 90.069.0, 62.8, 36.31, 36.3, 34.3, 28.2, 17.6, 17.4, 185 (neat): 3472, 2944,
2885, 2141, 1651, 1590, 1564, 1344, 1247, 1179, 1113, 881, 829, 67 Esact mass

calculated for @H3z3sNO4SiNa' [M+Na] 450.2077, found 450.2077.

231

3-(((Diisopropyl(3-methylene5-((3-oxocyclohex1-en-1-yl)oxy)pent-1-yn-1-
yl)silyl)oxy)methyl)-1-methylpyridin -2(1H)-one 231: Isolated yield 57%, dark yellow

oil. H NMR (500 MHz, CDCJ) U 7J.=4.9 Hz( 1tH), 7.20 (d] = 6.0 Hz, 1H), 6.21

(t, J= 6.8 Hz, 1H), 5.51 (s, 1H), 5.38 (s, 1H), 5.31 (s, 1H), 4.78 (s, 2H), 3.37 6.4 Hz,

2H), 3.54 (s, 3H), 2.56 (§,= 6.4Hz, 2H), 2.38 (tJ = 6.2 Hz, 2H), 2.31 () = 6.6 Hz, 2H),

1.95 (p,d = 6.4 Hz, 2H), 1.12 1.01 (m, 14). 3C NMR (125 MHz CDCk) 19.8,
177.8 161.4,135.8, 133.7, 132.2, 126.8, 125.5, 106.2, 105.9, 102.9, 89.4, 66.2, &1.8, 37.
36.9 36.0, 29.021.3 17.5, 17.3, 13.2IR (neat): 3469, 3075, 2945, 2865, 2142, 1650,
1601, 1462, 1367, 1220, 1182, 1116, 882, 827, 765%. cExact mass calculated for

C2sH3sNO4SiNa' [M+Na] 464.2233, found 464.2234.
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232

3-(((Diisopropyl(3-methylene 6-(3-oxocyclopentl-en-1-yl)hex-1-yn-1-
yl)silyl)oxy)methyl)-1-methylpyridin -2(1H)-one 232 Isolated yield 84%light yellow
oil. IH NMR (500 MHz, GDs) U 7 J567, 1(5Hd, 1H), 6.22 (d,= 6.7 Hz, 1H),
5.85 (s, 1H), 5.66 (1] = 6.7 Hz, 1H), 5.40 (d] = 0.8 Hz, 1H), 5.19 (s, 2H), 5.00 (s, 1H),
2.92 (s, 3H), 2.09 2.04 (m, 2H), 1.89 (dt] = 24.8, 7.8 Hz, 6H), 1.58 (dd,= 15.2, 7.6
Hz, 2H), 1.20 (ddJ = 9.0, 7.1 Hz, 12H), 1.161.08 (m, 4H).13C NMR (125 MHz, CsDs)

0 240179.8, 161.1, 135.9, 133.2, 132.5, 131.1, 130.0, 123.6,,110810} 89.4, 62.7,
36.7, 36.4, 35.3 32.4, 31.2, 25.6, 17.6, 17.5, 13.6Exact mass calculated for

CosH3sNOsSiNa' [M+Na] 448.2284 found448.2285

g

Si
\ e
O™ :
ITI (@)

233

3-(((Diisopropyl(3-methylene6-(3-oxocyclohex1-en-1-yl)hex-1-yn-1-

yDsilyl)oxy)methyl)-1-methylpyridin -2(1H)-one 233: Isolated yield 84%light yellow
oil. H NMR (500 MHz, GDs) & 7J=%.% Hz1H), 6.17 (d,J = 6.0 Hz,1H), 5.94
(s,1H), 5.65 (t,J = 6.6 Hz,1H), 5.40 (s,1H), 5.22 (s2H), 5.00 (s1H), 2.88 (s3H), 2.15

(t, J = 6.5 Hz,2H), 1.90 (t,J = 7.3 Hz,2H), 1.76 (t,J = 7.6 Hz,2H), 1.71 (t,J = 5.7 Hz,
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2H), 1.58i 1.45 (mA4H), 1.24i 1.18 (m,12H), 1.17i 1.07 (m,2H). Exactmasscalculated

for CoeH37NO3zSiNa [M+Na] 462.2441, found 462.2435.

Ethyl  3-((5-(diisopropyl((1-methyl-2-oxo-1,2-dihydropyridin -3-yl)methoxy)silyl)-3-
methylenepent4-yn-1-yl)oxy)acrylate 234: Isolated yield 72%]Jight yellow oil. *H
NMR (500 MHz, CDC#) U 7J=3%6 Hz,dH), 7.51 (ddl= 6.8, 1.4 Hz, 1H), 7.20
(dd,J = 6.7, 1.0 Hz, 1H), 6.21 (8, = 6.8 Hz, 1H), 5.51 (s, 1H), 5.38 (s, 1H), 5.19Jd,
12.6 Hz, 1H), 4.80 (s, 2H), 4.15 @= 7.1 Hz, 2H), 3.99 (t) = 6.6 Hz, 2H), 3.54 (s, 3H),
2.53 (t,J = 6.5 Hz, 2H), 1.26t(J = 7.1 Hz, 4H), 1.08 (dd,) = 16.8, 3.2 Hz, 4H). 1C
NMR (125 MHz CDCk) U ,1627, 168.5135.8, 133.9, 132.4, 126.8, 125.5, 106.4,
105.8,97.1, 89.6, 68.9, 61.9, 59.8, 37.2, 36/65, 17.3, 14.5, 13.Exact masscalculated

for C24H3sNOsSiNa' [M+Na] 468.2182, found 468.2179.

g

Si O
=
s
ITJO

235
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3-(((Diisopropyl(3-methylene6-(6-oxocyclohex1-en-1-yl)hex-1-yn-1-

yhsilyl)oxy)methyl)-1-methylpyridin -2(1H)-one 235: Isolated yield 8%, light yellow
oil. ITH NMR (500 MHz, CDC$) U  7J.=5.2 Hz( 18H), 7.20 (d] = 6.1 Hz, H), 6.71
(s,1H), 6.21 (tJ = 6.8 Hz, 1H), 5.39 (s, 1H), 5.27 ()1 4.79 (s, B), 3.54 (s, Bl), 2.44
i 2.38 (M, 2H), 2.33 (d] = 4.4 Hz,2H), 2.20i 2.06 (m,4H), 1.97 (ddJ = 12.8, 6.4 Hz,

2H), 1.63 (dd,) = 14.7, 7.2 Hz, 2H), 1.08 (d,= 16.5 Hz, 2IH).

Photocycloaddition:

General Procedure: Solution of Photosubstrag30 (36 mg, 0.08 mmolin benzeng2.8
mL) was irradiated for 2.5 maintaning the temperature aroundi45 °C. Crude
cycloadductwas treated witlBFs-OE® (30 ul, 4 equivalentard mixed vigorously for 5
min with the aid of vortex. Finally, diluted with 10% NaHC®solution (5mL) and
extracted withethyl acetat€3 x 5 mL). Combined organics were washed with brine (5
mL), dried over anhydrous sodium sulfate andoemtrated in reduced pressure and the
residue was purified with daish column chromatography (using 20% MeOH/EtOAc)

to get a Cope rearranged prodi230.
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Cyclobutane 239a: Isolated yieldb3%. 'H NMR (400 MHz, GDs) U 6J=B.IHz( d

1H), 5.21 (dJ = 1.2 Hz, 1H), 4.57 (d] = 13.1 Hz, 1H), 4.41 (d] = 13.2 Hz, 1H), 3.72
(dt, J = 10.3, 6.8 Hz, 1H), 3.60 (di,= 10.4, 6.2 Hz, 1H), 3.09 (di,= 9.1, 7.3 Hz, 1H),
2.52 (s, 3H), 2.18 2.05 (m, 3H), 2.04 1.96 (m, 2H), 1.72 (ddd] = 11.9, 7.3, 2.5 Hz,
1H), 1.53i 1.36 (m, 2H), 1.23 1.13 (m, 1H), 1.10 1.00 (m, 2H), 0.95 (d,J = 1.1 Hz,
2H). 3CNMR (100 MHz CsDe) & 202. 9, 1,831.7927.4,108.8, 105.3,
68.8, 63.6, 50.6, 42.9, 41.7, 38.3, 37.7, 34.3, 31.3, 28.3, 16.7, 16.6, 12.9RL2@at):
3448, 2947, 2866, 2360, 2342, 2162, 1675, 1587, 1464, 1349, 1248, 1184;8Fant

masscalculated for @H3sNOsSiNa' [M+Na] 468.2182, found68.2171

239b

134.

Cyclobutane 29%: Isolated yield 4%. 'H NMR (400 MHz, GDg) U 6J=B8.8Hz( d,

1H), 5.45 (s, 1H), 4.59 (d,= 13.1 Hz, 1H), 4.42 (d] = 13.5 Hz, 1H), 3.70 (df] = 10.2,
6.8 Hz, 1H), 3.58 (dt) = 10.2, 6.0 Hz, 1H), 3.4%¢, 1H), 3.12 (dt) = 8.8, 7.3 Hz, 1H),
2.60 (dd,J = 7.4, 3.4 Hz, 1H), 2.53 (d,= 4.5 Hz, 3H), 2.15 (dd] = 12.7, 7.0 Hz, 3H),
1.94 (t,J = 6.4 Hz, 2H), 1.78 1.71 (m, 1H), 1.55 1.33 (m,4H), 1.12i 1.03 (m, 12H),
1.007 0.93 (m, 2H). 13C NMR (100 MHz CeDg) i 197 .0, 175. 6,

108.7, 108.7, 103.5, 65.6, 63.6, 50.6, 43.0, 41.9, 38.3, 37.7, 37.1, 31.3, 28.9621.4
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16.6 12.9, 12.8 IR (neat): 3421, 2946, 2867, 2360, 2161, 1604, 1462, 1370, 1221, 1183,

1136, 835 crm.

Allene-allene trappings:

4-M ethylene 6-(trimethylsilyl)hex -5-yn-1-ol 246: To the THF (3 mL)olution of iode
alcohol220b (300 mg, 1.42nmol), were addeaopper (I) iodide (7 mg, 0.035 mmol) and
triphenylphosphin€9.2 mg, 0.035 mmoRndtheargon was bubbled through the solution

for 15 min. To this solution were adddRd(PPB)Cl2 (25 mg, 0.035 mmol), triethylamine
(0.295 mL, 2.12 mmolxand ™MS-acetylene (0.3 mL, 2.13 mmol)The resulting mixture

was stirred for 5 h, diluted with saturated aqueous ammonium chloride, extracted with
ether. Combined organics were dried over anhydrous magnesium sulfate, filtered and
purified by column chromtography over silica gel to geste title compoun@46 (190 mg,

73%) as colorless oil'H NMR (500 MHz, CDC$) 4 5 J318, (.8Hd, 1H), 5.29
(dd,J = 3.2, 1.4 Hz, 1H), 3.69 (dd,= 11.8, 6.3 Hz, 2H), 2.25 (§,= 7.5 Hz, 2H), 1.86

1.76 (m, 2H), 0.19 (s, 9H}3C NMR (100 MHz CDCk) & ,122.6,106.5, 94.4, 62.2,
33.5, 31.2, 0.1R (neat):3332, 2957, 2899, 2145, 1604, 1442, 1410, 1251, 10551842

! Exact masscalculated for GH190Si [M+H] 183.1205 found 183.1195.
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5-Methylene 7-(trimethylsilyl)hept -6-yn-1-0l 247: Enynealcohol247 was synthesized
by following the above procedure using iedlmohol220c in 77% yield. *H NMR (500
MHz, CDCk) U 1 5.354m,1H), 5.25 (dd,J = 3.3, 1.4 Hz1H), 3.66 (s2H), 2.18 (dt,
J=7.0, 2.9 Hz2H), 1.627 1.54 (m,5H), 0.18 (s9H). 3C NMR (125 MHz CDCk) i
131.8, 122.2, 105.8, 94.2, 62.9, 36.8, 32.2, 24.3,IB.Ineat):3333, 3091, 2941, 2865,
2145, 1604, 12511060, 975, 900, 842, 760n’. Exact masscalculated for @H210Si*

[M+H] 197.1361 found197.1347

TMS O
\(\/LL
H
248

4-M ethylene6-(trimethylsilyl)hex -5-ynal 248: To theDCM (5 mL) solution of oxalyl

chloride (107uL, 1.24 mmol) ini 78 °C was addeé DMSO (177uL, 2.49 mmol) After

stirring for 15 min ati 78 °C, DCM (2 mL) solution ofenyne alcoho?46 (190 mg, 1.04

mmol) was addedand stirred for additional 30 min. #ie same temperature=inally,
triethylamine (0.72 mL, 5.2 mmplvas added and the resulting mixture warmed to ambient
temperature and stirred for 30 min before diluting with water (7 mL). Layers were
separated and aqueous layer was extracted with DCM. Combined organics were washed

with brine, dried over anhydrousdium sulfate and concentrated in reduced pressure.
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Silica gel flash column chromatographic purificationf residue furnished the title

compound248 (163 mg, 87%) as a colorless ot NMR (400 MHz, CDC}) G 9. 81

= 1.4 Hz, 1H), 5.42 5.39 (m, 1H), 5.32 (q] = 1.4 Hz, 1H), 2.73 2.62 (m, 2H), 2.52

2.45 (m, 2H), 0.19 (9H). °C NMR (100 MHz CDCk) U4 201. 6, 129.

95.4, 42.4, 29.7, 0.0R (neat): 3433, 2960, 2897, 2169, 2144, 1715, 1406, 1812,

1037, 976, 845, 76am'*,

5-Methylene 7-(trimethylsilyl)hept -6-ynal 249: Enynealdehyde249 was synthesized
following the above Swern oxidation procedure using eratoehol247 in  76% yield.
'H NMR (500 MHz, CDC}) U 9U=ZX.8Hz(1H), 5.42 5.37 (m, 1H), 5.25 (dd] =

3.1, 1.4 Hz, 1H), 2.46 (td = 7.3, 1.6 Hz, 2H), 2.19 (8 = 7.3 Hz, 2H), 1.87 (p) = 7.4

Hz, 2H), 0.18 (s, 9H)C NMR (125 MHz CDCk) & 202. 1, 1308, 8,

42.9, 36.3, 20.6, 0.1

TMS OH

4

250

6-M ethylene8-(trimethylsilyl)octa -1, 7-diyn-3-ol 250: To the THF (2 mL) solution of

enyne aldehyd@48 (50 mg, 0.277 mmolxt 0°C, ethynylmagnesium bromide (0.61 mL,
89

(t
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0.5 M solution in THF, 0.30 mmol) was added dropwise and the reaction mixture was
slowly warmed to thdrkT. After stirring for 2 h aRT, the reaction was neutralized by
saturated ammonium chloride solution, diluted with water and extracted with ether.
Combined organics were dried over anhydrous magnesium sulfate, filtered and
concentratingn vacuoresultedin the title compoun®50 (57 mg, 99%) as a colorless
liquid. *H NMR (400 MHz, CDC}¥) U 71 5.394n2, 1H), 5.31 (dd} = 3.1, 1.4 Hz, 1H),

4.43 (ddl, J = 12.4, 6.6, 2.1 Hz, 1H), 2.49 (d= 2.1 Hz, 1H), 2.35 (t) = 7.5 Hz, 2H),

2.0171 1.91 (m, 2H), 1.83 (d] = 5.7 Hz, 1H), 0.19 (€H). 13C NMR (100 MHz CDCk)

g 130.5, 123.0, 105. 2327 MAR (heat):3391, 3802, 2958, . 4 ,
2144, 1604, 1446, 1408, 1251, 1059, 903, 843, gt6d. Exact mass calculated for

C12H190SH [M+H] 207.1205 found 207.1200

TMS
A

AN

OH
251

7-M ethylene9-(trimethylsilyl)nona -1,8-diyn-3-ol 251: Propargylic &ohol 251 was
synthesized following the above procedure using emjuehyde249 in 93% vyield. *H
NMR (500 MHz, CDC}) U 5 J3RB7, q.8Ha,,1H), 5.26 (dd,= 3.2, 1.4 Hz, 1H),
4.39 (dd,J = 7.4, 3.7 Hz, 1H), 2.47 (d,= 2.1 Hz, 1H), 2.23 2.16 (m, 2H), 182 (d,J =
5.5 Hz, 1H), 1.72 (qdd] = 7.2, 3.6, 1.8 Hz, 4H), 0.19 (s, 9H}3C NMR (125 MHz,
CDClk) U 131. 5, 122. 3, 105. 6, 9 4 IR 4neat): 8405, 1 ,
3305, 2898, 2865, 2143, 1607, 1251, 902, 874, 843¢i61 Exact masscalculated for

C13H2190Si" [M+H] 221.1361 found221.1356
90

6

73.



Trimethyl(3-methyleneocta6,7-dien-1-yn-1-yl)silane 252: To the THF (1.5 mL)
solution ofPPh (101 mg, 0.39 mmolxti 15°C, DEAD (60 pL, 0.39 mmolwas added
After stirring for 10 min, THF (1 mL}olution of propargylic alcohd®50 (53 mg, 0.26
mmol) was added The resulting mixture was stirréor 10 minat the same temperature
beforeaddingNBSH (84 mg, 0.39 mmoRndstirring for1 h ati 15 °C and overnight at
RT. The resulting mixture was concentrateéreduced pressuend purified by column
chromatography resulted in the title compo2dd (23 mg, 496) as a clear oilH NMR
(400 MHz, CDCY) U 5J1=410 HZ, 1H), 5.29 5.25 (m, 1H), 5.16 5.09 (m, 1H),
4.68 (dt,J = 3.1, 2.6 Hz, 2H), 2.28 2.19 (m, 4H), 0.19 (s, 9H{3C NMR (100 MHz,

CDClk) U 208. 7, 131. 0, 122.7, 1105. 4, 94. 3, 8¢

Trimethyl(3-methylenenona7,8-dien-1-yn-1-yl)silane 253: Enyneallene 253 was
synthesized following the above procedure using propargylic al@#ioin 53% vyield.
'H NMR (500 MHz, CDC$) U 1 5.3538, 1H), 5.26 5.21 (m, 1H), 5.10 (p] = 6.7

Hz, 1H), 4.67 (dt) = 6.6, 3.2 Hz, 2H), 2.19 (§,= 7.5 Hz, 2H), 2.07 1.97 (m, 2H), 1.66
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(dt,J=9.1, 7.1 Hz, 2H), 0.19 (s, 9HI)C NMR (125MHzCDCk) & 208. 9, 131.

105.9, 94.1, 89.8, 74.9, 36.87.6, 275, 0.1 IR (neat):3096,2958, 2943, 2860, 2145,

1956, 1606, 1441, 1251, 978, 902, 842, @60.

Diisopropyl(3-methyleneocta6, 7-dien-1-yn-1-yl)silane 254: To the solution of myne
allene252 (100 mg, 0.53 mmoin ananhydrous methanol (2 mL3f 0 °C, K2COs (7 mg,
0.05 mmol) was addedReaction mixture was warmstbwly to ambient terperature and
stirred for 3 hbefore diluting with HO (2 mL). Theresultingmixture was extracted with
pentanes. Combined organics were dried over anhydalians sulfate, filtered and
carefully concentrateith vacuowith ice on rotavapebath until the tail volume wadown

to approximately 2 mL Concentrated pentane solution of hydrocarbon was diluitd
THF (2 mL) and cooled t6 78 °C. To this solutionn-BuLi (0.57 mL, 0.91 mmol) was
added ai 78 °C and stirred for 1 h, then diisopropylchlorosilane (0.16 mL, 0.91 mmol)
was added and stirred for 30 minia?78 °C and overnightat RT before diluting with
saturated ammonium chloride. Layers were sepdrahd aqueous layer was extracted
with ether. Combined organics were dried over anhydrous magnesium sulfate, filtered,
concentratedn vacuo and purified by flash column chromatograptoy get the title
compound254. Isolated yield 83%.'"H NMR (400 MHz, CDC}) U 5J=413HZ4 d,

1H), 5.33i 5.29 (m, 1H), 5.16 5.08 (m, 1H), 4.68 (dt] = 3.1, 2.5 Hz, 2H), 3.75 (d,=
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2.1 Hz, 1H), 2.3G 2.23 (m, 4H), 1.09 1.05 (m, 14H).13C NMR (125 MHz CDCk) i
208.9, 131.1, 122.9, 108.3, 89.2, 84,2, 36.7, 27.0, 18,28.4 11.1 IR (neat):2944,

2892, 2865, 2121, 1958, 1678, 1603, 1462, 1067, 1002, 903, 881, 843, 7667663

Diisopropyl(3-methylenenona7,8-dien-1-yn-1-yl)silane 255: Compound 255 was
synthesized using the above procedure using ealjeiee 253 in 95% yield. *H NMR

(500 MHz, CDCY) U 1 5.374r8, 1H), 5.30 5.24 (m, 1H), 5.09 (p] = 6.7 Hz, 1H),
4.66 (dt,J = 6.6, 3.2 Hz, 2H), 3.75 (§,= 2.2 Hz, 1H), 2.21 (t) = 7.5 Hz, 2H) 2.02 (dtd,

J=10.1, 6.8, 3.2 Hz, 2H), 1.131.63 (m, 2H), 1.1% 1.02 (m, BH). 13C NMR (125

MHz,CDCk) u 208. 9, 131. 6, 122. 6, 108. 5, 89.

11.1 IR (neat):3454, 2944, 2893, 2865, 2124, 1956, 1680, 1462, 1058, 1002, 881, 797,

664 cm?.

Synthesis of photosubstrates44 and 245: General Procedure

—{
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3-(((Diisopropyl(3-methyleneocta6, 7-dien-1-yn-1-yl)silyl)oxy)methyl)-1-

methylpyridin -2(1H)-one244: To the solution oDCM (2.5 mL)enyne254 (40 mg, 0.17
mmol) was addedNBS (34 mg, 0.19 mmol) in two portions and tkeeultingmixture was
stirred for 30 mina generate corresponding bromosilane. This bromosilane solution was
transferred to a flask containing the mixture of hydroxymethyl pyri@0ii€26.5 mg, 0.19
mmol), triethylamine (30 pl, 0.20 mmol) and DMAP (2 mg, 0.018 mmol) in DCM (2.5
mL). After stiring for 4 h atRT, the reaction mixture was transferred into a separatory
funnel, diluted with DCM (5 mL) and washed with saturated aqueous ammonium chloride
solution followed by brine. The organic layer was dried over anhydrous sodium sulfate,
fillered and concentratedn vacuo The residue was purified bylaBh column
chromatography usgn50% ethyl acetate in hexanes to get the title comp2ah¢(b0 mg,
80%)as acolorless oil *H NMR (500 MHz, GDe) U 1 7.53%n8 1H), 6.20 6.13 (m,

1H), 5.63 (tdJ = 6.7, 2.1 Hz, 1H), 5.40 (d,= 1.1 Hz, 1H), 5.22 (s, 2H), 5.074.99 (m,

2H), 4.60 (dtJ = 6.6, 3.1 Hz, 2H), 2.86 (s, 3H), 2.22.18 (m, 2H), 2.17 2.10 (m, 2H),

1.257 1.07 (m, #H). 3C NMR (125 MHz CDCk) & 208.6, 161.5, 135
130.6, 123.6, 107.4, 105.9, 89.1, 88.4, 75.3, 61.8, 37.3, 36.5, 26.8, 17.5, 17.4R13.2
(neat):2994, 2894, 2865, 1954, 1655, 1600, 159683, 1117, 1092, 1071, 994, 934, 882,
766, 680cmt. Exact masscalculated for @HziNO,SiNa" [M+Na] 392.2@2, found

392.2016
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3-(((Diisopropyl(3-methylenenona?,8-dien-1-yn-1-yl)silyl)oxy)methyl)-1-

methylpyridin -2(1H)-one 210: Photosubstrat@45 was synthesized in 89% Yaeas a

colorless oil using above procedure from eng®s. 'H NMR (400 MHz, GDs) U 7 .

(dd,J = 6.8, 2.0 Hz, 1H), 6.17 6.09 (m, 1H), 5.63 (tJ = 6.8 Hz, 1H), 5.44 5.36 (m,
1H), 5.23 (s, 2H), 5.07 4.98 (m, 2H), 4.62 (dt] = 4.8, 3.2 Hz, 2H), 2.86 (s, 3H), 2.06 (t,

J=7.5Hz, 2H), 1.95 1.85 (m, 2H), 1.72 1.62 (m, 2H), 1.27 1.12 (m, #H). 3C NMR

(125MHz CDCk) U 208.7, 161.5, 135.7, 133897 8,

88.2, 74.9, 61.8, 37.4, 36.3, 27274, 17.5, 17.4, 13.2 IR (neat):2943, 2893, 2865,
2144, 1954, 1656, 1600, 1565, 1600, 1565, 1463, 1117, 1092, 88@nt6Exact mass

calculated for @&HzsNOzSiNa' [M+Na] 406.2179 found406.2173

Photoreaction:

Photoreaction took only 1 hour to complete in both cases and desired trapping was not

observed but 1,3 H shificcuredas a sole pathway.
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IH NMR (500 MHz, GDe) & 6J=4.3 Hz{ IH), 5.84 (d] = 9.0 Hz, 1H), 5.5@dd,
J=9.0, 6.4 Hz, 1H), 5.205.21 (m, 2H), 5.06 (dd} = 13.4, 6.7 Hz, 1H), 4.66 (d1,= 6.6,
1.9 Hz, 2H), 4.02 (d] = 9.6 Hz, 1H), 3.20 (td] = 6.2, 2.7 Hz, 1H), 2.72 (ddd= 8.1, 6.5,

3.2 Hz, 2H), 2.68 2.66 (m, 3H), 2.42 (dd] = 14.1, 5.7 Hz, 1H), 2.17 (dd,= 14.5, 1.3

Hz, 1H), 1.25 1.02 (m, #H). 3C NMR (125MHz CsDsg) G 209 . 3,13827 0 .

134.1 133.9 132.8, 127.688.5 75.8, 74.5, 57,06.5 43.2, 32.6, 28.0, 17.8, 17.79, 17.7,
17.6, 13.5, 13.3IR (neat):2943, 2890, 2865, 1956, 1643, 1463, 1241, 1033,ci95

Exact masscalculated for @Hz2NO.Si* [M+H] 370.2202 found 30.2180

Intramolecular nucleophilic cycloisomerization
Synthesis of Photosubstrates62 i 266:

Photosubstrate®64 i 266 were synthesized usirggSonogashir&ross coupling reaction
between alkyn17 and corresponding vinyl iodid&20a i 220c using generamethod

used in azide examples.

96



e

Si
\ e
L s o
N (@]

|
264

3-((((5-Hydroxy-3-methylenepentl-yn-1-yl)diisopropylsilyl)oxy)methyl) - 1-

methylpyridin -2(1H)-one 264: Isolated yield 82%.'H NMR (500 MHz,CDC}) U0 7. 53
(ddd,J = 6.9, 3.6, 1.6 Hz, 1H), 7.237.18 (m, 1H), 6.24 (t) = 6.8 Hz, 1H), 5.50 5.48

(m, 1H), 5.38 (ddJ = 3.1, 1.3 Hz, 1H), 3.81 (8,= 6.1 Hz, 2H), 3.55 (s, 3H), 2.462.37

(m, 3H), 1.12 1.03 (m, #H). 13C NMR (125 MHz CDCk) U ,135.8, 138.1, 135,

128.2 125.1, 107.5, 106.1, 89.2, 62.0, 60.8, 40.6, 37.4, 17.5,13.3 IR (neat):3386,

2945, 2866, 2143, 1651, 1584, 1566, 1463, 1117, 1065, 882, 766mB8IExact mass

calculated for @H29NO3SiNa' [M+Na] 370.1815, found 370.1803.

3-((((6-Hydroxy-3-methylenehex1-yn-1-yl)diisopropylsilyl)oxy)methyl) - 1-

methylpyridin -2(1H)-one 265: Isolated yield 70%.'"H NMR (500 MHz, GDs) &4 7 .
(dd,J=6.8, 1.6 Hz, H), 607 (d,J=6.7 Hz, H), 562 (t,J = 6.8 Hz,1H), 536 (d,J= 1.8

Hz, 1H), 524 (s,2H), 503 (d,J = 1.2 Hz,1H), 3.73 (t,J = 6.9 Hz,2H), 281 (s,3H), 223

i 2.16 (M,2H), 2047 1.9 (m,2H), 1227 1.17 (m,12H), 1147 1.06 (m,2H). 13C NMR

(125 MHz CDCk) U 161. 6, 135. 7, 134. 0, 132, 6, 13
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62.1, 37.4, 33.7, 31.8, 17.4, 17.3, 13IB (neat):3398, 29452892, 2866, 2224, 2141,
1651, 1585, 1566, 1463, 1118, 1069, 882, &®0'. Exact mass calculated for

Co0H31NOsSiNa' [M+Na] 384.1971, found 384.1966.

L

Si
=
CL" S
N~ O

|
266

3-((((7-Hydroxy-3-methyleneheptl-yn-1-yl)diisopropylsilyl)oxy)methyl) - 1-

methylpyridin -2(1H)-one 266: Isolated yield 96%H NMR (500 MHz, GDe) U 17 .

7.53 (m, 1H), 6.08 (ddl = 6.7, 0.9 Hz, 1H), 5.63 (§,= 6.8 Hz, 1H), 5.39 (dd]= 1.3, 0.7
Hz, 1H), 5.24 (s, 2H), 5.05 (di,= 2.0, 1.3 Hz, 1H), 3.751, 3H), 2.81 (s, 3H), 2.09 (8,

= 7.4 Hz, 2H), 1.85 1.76 (m, 2H), 1.63 1.54 (m, 2H), 1.24 1.18 (m, BH), 1.17i 1.09
(m, 2H). IR (neat):3408, 2943, 2865, 2141, 2063, 16528651463, 1118, 1094, 1068,
883, 766cm™. Exact mass calculated for @HzaNOsSiNa' [M+Na] 398.2128, found

398.2133.

Photocycloaddition:

General Procedure: Solution of Photosubstrag65 (22 mg, 0. mmol) in benzeng2.4
mL) was irradiated forl.75 h maintaining the temperature around 4% °C. Crude
cycloadductwas treated witiHgCl> (3 mg 0.2 equivalent ard mixed vigorously fo20

min with the aid of vortex.Finally, diluted withwater(3 mL) and extracted witlethyl
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acetate(3 x 3 mL). Combinedorganics were washed with brin8 (L), dried over
anhydrous sodium sulfate and concentrated in reduced presshlfash column
chromatography (using 1 5% MeOH/DCM) of the residue gavspirocyclic compound

268 (total of 10 mg, 46%).

268

Spirocyclic compound B8 (major diasteromer): *H NMR (500 MHz, CDC$) 4 6. 27
(dd,J=9.1, 6.2 Hz, 1H), 6.01 (s, 1H), 5.80 (ts 9.1 Hz, 1H), 4.3 (d, J = 96 Hz, 1H),
3.90 (tdJ= 5.7, 2.1 Hz, 1H), 3.843.77 (m, 3H)2.96 (s, 3H), 2.52 (dd,= 14.8, 2.1 Hz,
1H), 2.22 (dddJ = 14.8, 5.6, 0.9 Hz, 1H), 2.04 (ddtk 12.4, 7.8, 6.1 Hz, 1H), 1.981.87
(m, 3H), 1.08 0.96 (m, #H). 3C NMR (100MHz CDCk) & 172.0, 147. 1,
130.0, 86.2, 74.8, 66.7, 57%%.0, 47.6, 43.3, 33.5, 26.7, 17.7,11%.4 17.2, 13.5, 12.6
IR (neat): 2940, 2890, 2864, 1655, 1463, 1088, 1036, 881, Gi82. Exact mass

calculated for @H3z1NO3SiNa' [M+Na] 384.1971, found 384.1967.

Spirocyclic compound B8 (minor diasteromer): *H NMR (400 MHz,CDCd) U 6. 23 (¢
J=8.8 Hz,1H), 6.01 (dd,J = 8.8, 6.5 Hz1H), 5.83 (s1H), 4.78 (d,J= 9.9 Hz,1H), 4.05
i 3.98 (m,1H), 3.93 (d,J = 9.9 Hz,1H), 3.89i 3.82 (m,1H), 3.77 (ddJ = 15.5, 8.0 Hz,
1H), 3.11 (s3H), 2.40i 2.27 (m,2H), 2.197 2.11 (m,1H), 2.00i 1.90(m, 2H), 1.77 (dt,

J=11.7, 8.9 Hz1H), 1.101 0.99 (m,14H). *C NMR (125MHz CDCk) U4 171. 0, 14
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144 .4, 137.1, 128.5, 87.6, 73.3, 66.3, 56.7, 55.4, 42.5, 42.0, 34.8, 26.7, 17.6, 17.6, 17.4,

17.4,13.3,12.6

269

Exocyclic diene B9: Isolatedas a major product from photosubstraéd in 39%yield.
'H NMR (400 MHz, CDC$) U s51H)3@07 (d,J=9.0 Hz 1H), 6.01i 5.98 @dd,J =
9.0, 6.4 Hz1H), 5.64(, J=6.4 Hz 1H), 4.74 (dJ = 9.7 Hz, 1H), 4.18 (dd] = 13.0, 7.3

Hz, 1H), 4.06i 3.97 (m 2H), 3.93 (d,J = 9.7 Hz 1H), 2.97 § 3H), 2.93i 2.86 (1H, m),

2.59(d,J = 14.1 Hz, 1H. 1.10i 1.03 fn, 14H. ®C NMR (125 MHz CDCk) U 17 2.

149.7,136.1, 134.434.3, 133.5, 127.8, 73.7,59.3, 57.2, 56235, 33.2, 17.6, 17.6, 17.5,
17.4, 13.3, 12.9IR (neat):3409, 2940, 2864, 1632, 1462, 1236, 1081, 1032, 985, 880,
792, 752cmt. Exact masscalculated for @H2oNOsSiNa [M+Na] 370.1815, found

370.1823.
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Endocyclic diene Z0: Isolated as a minor product from photosubste&in 8% yield.
IH NMR (500 MHz, CDC}) U 6J.=2.2 Hz( 18H), 6.11 (d] = 1.3 Hz, 1H), 5.70 (dd,
J=9.0, 6.1 Hz, 1H), 5.56 (d,= 9.0 Hz, 1H), 5.05 (d] = 9.9 Hz, 1H), 4.11 (d] = 9.9 Hz,
1H), 3.98 (ddJ = 7.7, 6.1 Hz, 1H), 3.69 (§,= 6.5 Hz, 2H), 2.96 (s, 3H), 2.43 (dt= 7.4,
6.5 Hz, 2H), 1.13 0.97 (m,141H). 3C NMR (125 MHz CDCk) 4 169. 3, 158.
135.5, 134.1125.3, 117.6, 74.7, 62.4, 56.0, 54.3, 45.3, 32.4, 17.5, 17.5, 17.4, 17.4, 13.1,

12.8 Exact masscalculated for @H29NO3SiNa" [M+Na] 370.1815, found 370.1813.

Exocyclic diene Z1: Isolated as the only product from photosubste@@in 39%. H

NMR (500 MHz, CDC}) & 6. 41 ( 93 9.0lH4,)1H), 5605 (@B = %0d6,5

Hz, 1H), 5.41 (tJ = 7.2 Hz, 1H), 4.74 (d] = 9.7 Hz, 1H), 3.98 (td) = 7.1, 1.9 Hz, 1H),
3.93(d,J=9.6 Hz, 1H), 3.60 (dd] = 6.8, 5.7 Hz, 2H), 2.96 (s, 3H), 2.89 (dck 14.3, 7.2

Hz, 1H), 2.56 (dJ = 14.1 Hz, 1H), 2.23 (df] = 15.2, 7.6 Hz, 1H), 2.02 (td,= 13.0, 6.5

Hz, 1H), 1.7 1.68 (m, 1H), 1.60 1.54 (m, 1H), 1.12 1.03 (m, ¥H). 3C NMR (125
MHz,CDCk) 0 172. 3, 148. 2, 136. 2, 134. 7, 134.
32.9,32.0,25.2,17.6,17.6,17.6, 17.4, 13.3,.1R.9neat): 3421, 2940, 2861640, 1463

1031, 986, 881, 794, 75¢m™. Exact mass calculated for GHzsNOsSiNa" [M+Na]
398.2128 found398.2118
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CHAPTER 3
OXIDATION OF THE STA BLE ALLENE AND THE S YNTHESIS OF

PSEUDOGUAIANE STRUCTURES

3.1 Introduction

Photocycloaddition ch 2pyridonewith anenyne resulted irightmembereding
allenes with a propensity toigherizeor isomerize tamore stable products. Introduction
of sterically demanding substituerda the ends of the alleriea diisopropylsilyl group
anda TMS groupi resulted inthe relatively stable allenel47cthat could be stored in
solution ati 20 °C for severalmonths Scheme 3.2 This stability allowed for the
investigation of reactivityof this 1,2,5cyclooctatrienemoleculeand exploration of the
molecubr scaffoldghat couldbe derivedfrom it. Allene 147cwasformed in sufficient
purity which allowed forcharacterization by NMR spectroscopyt it was not stableto
silicaor other chromatographic media to allow fortgification. Silica gel or other mild
acids promotal a Cope rearrangement leading to cyclobut&d2, while bromination

yieldeddibromide301 by atransannular ring closincheme 3.2

hv,3h

[jAt];:\\ \\\\\WT/ quantﬂahve

146¢

Scheme3.1 Phote[4+4]-cycloadlition of bulky enynewith pyridone yieldinga stable

allenel47cquantitatively?
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301 147c 302

Scheme3.2 Bromination and acid catalyzed Cope rearrangement of stable &léne

studied by Svitlana KulyR

3.1.1 Oxidation of the stable allene and its general reactivity

Allene 147¢ when oxidized with DMDQfurnished cyclopropanon&04in very
good yield Scheme 3.3 Cyclopropanon&04wasalsonot gable tosilica gelandrelated
chromatographic purificatiomethods Hydride reduction 0804 gavetertiary alcohoB05
and its relative stereochemistry was establidghedOestudies Cyclopropanon&04also
underwent decarbonylatipmesulting in 306, under both thermal andohotochemical
conditions Scheme 313 Standing on thesgrior results, our exploration afyclopropyl
ring opening and chemistries leadingcyclopropanone304 to pseudoguaiankke

molecular scaffolds amescribed here.

147¢ 303 304

Scheme3.3 DMDO oxidation of stable allen®47cgavecyclopropanon&04.3
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306

Scheme34Svi tl ana Kul yk 6 sortheendl decdrdorylatioraoh d p hot

cyclopropanoné.

3.2 Results and discussion

3.2.1 Structural complexity of cyclopropanone 304

Cyclopropanecontaining natural products are very interesting molecular moieties
andbecause of theimportant liological propertieseveral elegant strategiesvedeen
developedfor the synthesis othese structures™® The hcyclo-[5.1.0}octane is a
carbocycliccore embedded ifmany natural productS. In an attempt to elaborate this
product, nany nucleophilic additions to cyclopropano884 were attemptedout these
reactioneitherdid notyield a producbr led tothecomplex mixtureTable 3.1 The only
nucleophile that was able to add to ttyclopropanonearbonyl 0f304 was hydride a

reduction performedby Svitlana Kulyk, Scheme 3.4 Treatment 0f304 with vinyl

™ Dictionary of Natural Products returned 547 matches for biejfcthO}octane query as of March 22,
2016.
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Grignard reagent at or room temperatuidid not furnish the desired vinglyclopropyl
alcohol. When thanixture was heated to 8C, rather than undergo nucleophilic addition,
304 underwent decarbonylatido give306in excellent yield. Thislugsh reactivitycan
be appreciated with the SPARTANiInimized model of 304, both the spacélling and
tube moded, Figure 3.1 The @arbonyl of cyclopropanong04is completely shieldetly
the surroundingliisopropylsilyl, TMS and bridging alkengroupsgiving virtually no

chance for nucleophilic addition.

Table 3.1 Attemptednucleophilic addition t@yclopropanon&804.

Reagent Observation
Ethynylmagnesiunbromide No reaction
Ethynylmagnesium bomide, TiCk Complex mixture
Allyl magnesiunbromide No reaction
NaCN No reaction fol31 4 h,complex mixture

afterovernight

Diazomethane No reaction
Vinylmagnesium bromide No reaction
Vinylmagnesium bromide at 61 Decarbonylation306)
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Figure 3.1 Steric congestiomf cyclopropanon&04is apparenin the spacefilling and
tube moded of this SPARTANMinimized structure.

3.2.2 Full desilylation

In an attempto remove the steric congestiofthebulky diisopropylsilyl and TMS
groups, cyclopropanon804was treated with TBAFTBAF has been used to remoie
TMS groupfrom cyclopropan&07in areasonable yieldcheme 3.57 When TBAF was
added taa THF solution 0f304, aldehyde809was isolated in good yield (51% over three
steps) as the onlybservedroduct Scheme 3.6 Despite the surprisingpduct, solation
of aldehyde309 was very exciting for several reasons:1) It was verycleanand high
yielding reaction 2he producivas stablendthe aldehyde would giveextra hand? to
add functional groups faarget directed synthessy Mechansticallytherearrangement of

cyclopropanon8&04to aldehyde809was very interesting

O o}

©i/x/ TBAF, 24 h
_— =
—H

B 66%
TMS
307 308

112



Scheme35L i uds d efscyclopyopaaddr.o n

__________________

o \Si/_ o H oM
Si TBAF 5 |
G " .  Ho {HO :
N_  THF,-40°C NO N

3 o o310 |

304 30 7 Not isolated

Scheme3.6 Desilylation and rearrangement of cyclopropanddé

TBAF

34 ——

O
lcl) I H O
Y C C)
e @
H /\\/Si 5 H HO
_ . o . HO —_—
N
N_ AN >

o L O J o
312 313 309

Scheme3.7 Plausible mechanism for desilylatioh304 andits rearrangement t809.
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Desilylation 0f304 by fluoride presumably proceeded ttme mechanism depicted
in Scheme 3.7 First, fluoridereactswith the TMS group 0f304to generate cyclopropw
anion311b. Cyclopropytanion311b undergoeglectrocyclic ring openintp givean allyl
anion that then rearrangedo ketene311lc The aiion at ketene3llcis presumably
stabilized bythe Ussilicon effect® Protonation oB11cthen yields312 Exposure of keten
312 to excess fluorideresulted in loss othe diisopropylsilyl groupalso, leading to
aldehyde309 afterwork up. Isomeric producB810was not detecteaonsistent with the

postulated mechanism.

The WoodwardHoffmann Conservation of @bital Symmetry rules for
electrocyclic transformatian predicted thatyclopropyl aniors would proceedin a
conrotatoryfashion® Several examplesf electrocyclic ring openings of cyclopropyl
anions to allyl carbanionbave beendescribedand there are coropational studies
supporting this proces§!® However, there are structural limitations for electrocyclic ring
opening of cyclgropyl anions At least one anion stabilizing substituent musplesent
at each terminus of the allyl aniéh.Electronstabilizing substituents such as aryl, nitrile
andcarbonyl are frequently engineeretbinyclopropyl anions to facilitatenelectrocyclic
ring opening.Our304Y 309examplemay be a new example of this type of electrocyclic
reaction. If so, itdemonstrate thatsilicon substituents can be both anigenerating
groups and anicestabilizing groups for thelectrocyclic ring opening of cyclopropyl

anions.
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Scheme3.8 Literature exampledemonstrating the structural requirensdior

electrocyclic ring openingf cyclopropyl aniog!* 1318

3.2.3 Lithium a cetylide addition

One of thechallenges ofour bicycle[5.1.0}octane system was the steric

congestion aroundyclopropanon&04. The carbonybf 304was completely shielddaly

two bulky silyl groups andhe bridging alkenemaking hydride the only nucleophite

reach the carbonylarbon Acetylides and nitriles aramoung thesmallkest nucleophiles,

and thereforéithium acetylide waadded tayclopropanon804, anticipatingthat it might
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be small enough t@lso reach the sterically congesteyclopropytcarbonyl of 304
Addition of lithium acetylide ta solution ottyclopropanon&04did indeed resuliih new
products, butnot the anticipated addition. Instead,maxture of aldehyde317 and
compound318 resulted. Compound318appeared to result from addition of theetylide

to 317. The combined yield for these two products was 1% 3 stepsScheme 3.

The reaction presumably proceeldg the mechanism depicted®theme 3.9 The
lithium acetylide nucleophile added ttee diisopropysilyl ether of cyclopropanon&04,
creding a pentavalent silicon specigé¥. The Sii C bondgenerates a cyclopropyl anion
320 that initiateselectrocyclic ring openingp generatdketene specie321in which the
anion b stabilized byhe Usilicon effect. The only obvious acid availabfer protonation
of the ketene anion was excess acetylene in the solution. Double acetylide addition product
318 presumablyforms by TMS acetylidereaction withaldehyde317. The fact thaB17
and318 were both isolated from the same reactiogant thaketene321 must have been
formedin situ. During thisreaction 1.3 equivalerd of TMS acetylene and 1 equivalent
of n-BuLi had been used, meaning that 0.3 equivalents of acetylene was present in the
mixture. Intriguingly, if acetylene is the acid thatenches the ketene anion, perhaps less
than one equivalent ofBuLi were required.Notably this cyclopropane ring opening is

complementary to that provided by fluoride.
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Scheme3.9 Lithium acetylide addition andpossible mechanism for the derived
products317 and318.

To probe the possibilityand consequencesf the alkyne proton from TMS

acetylene quenching the ketes@on321, a set of optimizabn reactions were run with
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varying equivalents oh-BuLi in the presence o&n excessof TMS acetylene (3
equivalens). It was found that the ratio &17 and318 varied with the equivalents af-
BuLi beingused in the reactiomable 3.2 When 2 equivalents of-BuLi were useda
diastereomerienixture of318 was isolated as the only prodiée% yield over3 steps.
Less than 1 equivalent afBuLi was used in decreasiagnountsuntil aldehyde317 was
isolated as theote product. It vas found thatising 0.7 equivalents af-BuLi gave the
optimumyield of 317 (37%) withonly a trace amount &18 present We quickly realized
that318 mays to a very common bicyclf®.3.0}-decane core shared by > 45@tural of
prodwcts. Bicycle[5.3.0-decane is a common backbonetbé carotanne, lactarane,

guaianae, pseudogane, pachoulane, seychellane and trixane faguf sequiterpene¥.

Table 3.2 Optimization of lithium acetylide addition to cyclopropan@=.

Entry | TMS Acetylene n-BulLi Isolated Yield (%)

(equivalence) | (equivalence) Aldehyde317 | Alcohol 318

1 1.3 1 20 21
2 3 2 - 42
3 3 0.7 37 4

3.2.4 Synthesis ofbicyclo-[5.3.0}decanesystems

As mentioned earliethe ultimate goal of the enyne photocycloadditiaruld be

to transform the cycloadducts to natural productadwanced intermediates foatural
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product gnthesis. Soon aftethe complementaryelectrocyclic ring opening of
cyclopropanoned04 by fluoride and acetylide additisnwererealized chemistriesfor
transformation oproducts309, 317and318to the bicycle[5.3.0]-decaneging systenwas
investigated.There aréhousands of bicyc{b.3.0]-de@ne basedatural productsMany

of them possesses simple substitution around the segarbered ring such as damsinic

acid,Figure 3.2

Damsinic acid

Figure 3.2 Damsinic acid, a sesquiterpene wathicyclo-[5.3.0]-decane skeleton

3.2.4.1 Route A (the desilylation route)

Aldehyde 309, obtained from desilylation of cyclopropano84 discussed in
section 3.2.2 was considered for further investigatiotaking it to a bicycle[5.3.0}
deane. The pesence oénU, i bnsaturated aldehyde 3®9wastargeedfor two carbon
extensionto divinyl ketone322 followed by Nazarov cyclizationto produce7-5 ring

system323 Scheme 3.10
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Scheme3.10 Proposed 2 carbon homologation and Nazarov cyclization.

Working towards propose8cheme 3.10treatment of aldehyd809 with two
equivalents of vinyl Grignard reagent furnisheed:1.6 diasteromeric mixture of divinyl
alcohok 324, Scheme 3.11 Selectiveoxidation ofthe allylic secondary alcohah the
presence of primary alcohol 824 was achievedvith MnOg, resultingin the desired
divinyl ketone322 With ketone322 in hand, sevel Lewis acid were screened for
Nazarov cyclizatiot® FeCk and Sc(OTf} did not acomplish the desired cyclization,
however BF3-OEt cleanly cyclized the divinyl ketong22to thedesired 75 ring system
as 1:2 mixture of isome@25and323in good yield Separation of isomed25and323
was not easyTo our delightwhenamethanol solution 0825and323was stirredn the
presene of potassium carbonat®r 12 h, minor isomer 325 isomerized tothe

thermodynamically more stable ison833giving a single producGcheme 3.11
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Scheme3.11 Synthesis of bicyclo [5.3.0] decaB23from aldehyde309.

3.2.4.2 Route B (the acetylide addition route)

After the successful synthesis bicyclo-[5.3.0}deane 323 from aldehyde309,
reaction conditions required to transfotineisomeric318 derived from lthium acetylide
additionto cyclopropanone&04, to bicycle[5.3.0}de@ne327 were explored. Initially,

isomerization of secondary enyr@il8to dierone 326, a Nazarov cyclizatiosubstrate

was exploredScheme 3.12

TMS
// TMS deprotection = TMS
TMS HO and o) Nazarov )
\Y isomerization cyclization
. > —_—
Si~0O N HO N HO N_
o N o h 0
318 326 327
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Scheme3.12 Proposed synthesis of5/ring systen827from 318

Initially, several attempts were matteisomerize vinyl propargylic alcoh8L8by
using Wilkinsond satalystbut this failed to deliver the desired productVhile there is
literature precedence for isomerization and cyclizatiot) bfaryl propargyl alcohols to
indanonesusing Wilkinsond €atalyst unfortunatelythese did not workn our system
forcing us topursuea relativey longer rout¢* Removal ofthe alkyne TMS groupfrom
318 was achieved by stirring methanol solution o818 in the presence ofatalytic
potassium carbonate andthe diisopropylsilyl group was removed bysubsequent
hydrolyss, Scheme 3.13 The goton NMR spectrum of propargyhdgnyl alcohol 329
containedsurprisindy sharp and distinct peaks ftwo alcohol protonsindicating the

presencef astrong hydrogen bondingystemas shown irFigure 3.3

TMS
/I T™MS ™
HO
™S K2COs, MeOH 3/ HCIMeOH °
x . S —
Si~0 N 75% O
(0] N \< o
318 328
Lindlar ™S O TMS . TMS !
catalyst HO Mn02 O I
(0] [ :
78% 81% , HO N
N ! o] N
in two steps o N .
: 326 E

___________________
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Scheme3.13 Attempted synthesis of Nazarov precurd@6from propargylicvinyl
alcohol318

I

™S

o

|_‘| —

0 )N

H—-O \
329

Figure 3.3 A sequential strong Hhonding in329,

Propargylievinyl alcohol 329 was partially hydrogenated tbe desired divinyl
alcohol330usi ng Lindl ar 6s Attanpsted afiyicoxidation ofgdivioyd vy i e |
alcohol tothe desiredlivinyl ketone326 unexpectedlyesulted in cyclization and loss of
the vinyl carbongo lactone331, Scheme 3.13 During the MnQ oxidation, starting
material330was fully consumedver4 h yieldinga single product on TLC but had a very
mesy H-NMR spectrumsuggesting thait was a mixture of divinyl ketone 326 and
hemiacetal 332 Scheme 3.14 Lactone 331 presumably arises from the alcohol
transposition and a Babkrauber?Z type of oxidative rearrangement of hemiac8ge

as depicted ischeme 3.15
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Scheme 3.14 Proposed divinyl ketong26 and hemiaceta8832
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Scheme3.15 Proposed alcohol transptien mechanism and synthesis of lact@34.
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Although selective protection athe primary alcoholof 330 followed by MnQ
oxidation and Nazarov cyclization possibly would have delivered the desBefiséd
compound327, use ofaldehyde317 was gagedto be a shorter path the desired27.
Aldehyde317required two carbon homologation, oxidation and Nazarov cyclization to get
the desired327. Therefore, vinyl Grignard reagent was addeda tbHF solution of
aldehyde217at 0°C. Surprisingly,the deired divinyl alcohoB33was isolated ironly
trace amountanda 1:1 diasteromeric mixture of hydrolyzed prod380 was the major
product. Careful optimization allowed the isolation of one diasteromethefdesired
divinyl alcohol333 while another disteromer was hydrolyzed 830 when the reaction
was run in diethyl ether &t78°C. Needless to say only one diasteromer of divinyl alcohol

333was takentowardsthe Nazarovcyclizationdirection.

Table 3.3 Vinyl Grignard addition to aldehyd#&l7and optimization.

T™S
™S ~ /\MgBr TMS
N S
\<S|\O N Solvent, ~0

o \ Temperature
317
Solvent Temperature Product ratio
333 330
THF 0°C Trace 1:1
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THF -718 °C Trace 1:1
DCM -78 °C Trace (but 1:1) 1:1
Ether -78 °C Single isomer Single isomer

With one diasteromer of divinyl alcoh833 in hand, its allylic oxidation with
MnO:z proceeded smoothly giving divinyl ketoB84, a precursor for Nazarov cyclization,
Scheme 3.16 Nazarov cyclization 0834 was much fastethanthat ofthe nonsilyated
divinyl ketone322 (seeScheme 3.11land deliveed only one isome827, consistent with

Denmar kds e ar thesilicensdipetted Nazarov ayclizatiort?®

M 02 BFSCONIIEtz
333
87%
I\O "
TMS /)\ N 89%
334 327

Scheme3.16 Completion ofthe bicycloe[5.3.0}decanesynthesis from lithium acetylide
product
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3.3 Conclusion

A stable allene obtained from photocycloadditioraafonjugated enyne with a 2
pyridoneprovided an opportunity to explore its reactitttyough a sequence oxidation,
transannolar cyclization and Cope rearrangemei@xidation ofthe stable allene ave a
bicyclo-[5.1.0}octane cyclopropanonehosevery interesting electrocyclic ring opening
providedtwo different cycloheptenals niceket up for conversion to &5 fused ring
system Overall, arelectrocyclic ring opening d cyclopropyl aniorfollowed by single
functional group transformatioand Nazarov cyclizatignopensup avenues for total

synthesis othe pseudoguaiane family ofatural products
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3.4 Experimental

Summary of general techniques and instrumentation, reggemification can be

found on pageS31 54.

3-(((Diisopropyl(3-(trimethylsilyl)but -3-en-1-yn-1-yl)silyl)oxy)methyl)-1-

methylpyridin -2(1H)-one 146¢:The THF (30 mL)suspension oPd(PPB)-Cl> (63 mg,

0.09 mmol)in a 100 mL two neck r.b. flaskrgon was bubbled for 15 min before cooling

to 0 °C. Then1-bromovinyl)trimethylsilang0.33 mL, 2.16 mmol) was added followed

by triethylamine (1.25 mL, 9.0 mmol). To this mixture, copper (I) iodide (17.1 mg, 0.09
mmol) was added. The solution turned dark from yellowish. Fin&lHE (20 mL)
solution ofpyridonealkyne227 (0.5 g, 1.8 mmoljas added dropwise over 30 nviia a

syringe pump. The reaction mixture was stirred for additibriedt O °C and bubbling of

argon was continued during the whole reaction period. The reaction mixture was quenched
with satuated ammonium chloride (25 mL), layers were separated and aqueous layer was
extracted with ethyl acetatexd mL). Combined organics were washed with brine and
dried over anhydrous magnesium sulfate, filtered and concentrated under the reduced
pressureand the residue was purified with flash column chromatography using 1:1 mixture

of hexanes and ethyl acetétenishedthetitle compoundl46¢(0.62 g, 91%) as a colorless
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oil. Rr. = 0.25 in 1:1 ethyl acetate/hexan8d.NMR (500 MHz, CDC$) U 7 .J53 (dq,
6.9, 1.7 Hz, 1H), 7.19 (ddd,= 3.6, 1.9, 0.9 Hz, 1H), 6.21 @= 6.8 Hz, 1H), 6.15 (d] =

3.4 Hz, 1H), 5.74 (d] = 3.4 Hz, 1H), 4.80 (s, 2H), 3.55 (s, 3H), 1i16.02 (m, 14H), 0.14

(s,9H). ®*C NMR (125MHz CDCk) U 161. 5, 1 3183.90132.8119&%8, 6 , (I

105.8, 92.3, 61.8, 37.2, 17.6, 17.4, 1324].

hv

—_—>

=
(N\I\O \WTMS

| O

146¢

Bis-silyl pyridoneenynel46c¢(1.27 g, 3.39 mmol) solution in antaydrous toluene (135
mL) was injected in a flow reactweia a syringe pump with a 20 mL/hour flow rate. Crude
photo product was diluted with DCM (135 mL), cooled to 0 °C and DMDO (67.8 mL,
0.1M) was added slowly and stirrear 2 h at the same temperature andcentratinghe
resulting solution ireduced pressa gave the cyclopropano884. The cyclopropanone

304 was not stable in silica gahd other related chromatographic purification.

/k B— ™S
si
o)

N
o] N

306

129



Theoxidativedecarbonylatefi+4-1] product306was obtained while attempting the vinyl

Grignardaddition tothe cyclopropanon&04.

To the THF (1.5 mL)solution ofcyclopropanone&04 (15 mg, 0.038 mmol) at 0 °@as
addedvinylmagnesium bromide (42 pll, M solutionin THF, 0.042 mmol). The reaction
was slowly warmed t&RT and heated to60 °C andwasstirredfor 1 h at 60 °C The
resulting mixture was cooled to ambient temperatwes added aqueous satated
ammonium chloride solution. Layers were separated and aqueous layatraated with
ether. Combined organics were drieder anhydrousmagnesium sulfatefiltered and
concentrateth vacuoandthe residue was purified by flasblumn chromatographysing
1:3 ethyl acetate in hexantsyield the title compound04 (12 mg, 87%) as a colorless
solid. Rs. =0.35 in 3:7 ethyl acate/hexanes!H NMR (500 MHz, GDs) U 6 .J9 0
8.3, 1.5 Hz, 1H), 5.63 (dd,= 8.3, 6.4 Hz, 1H), 5.38 (dd,= 10.1, 0.3 Hz, 1H), 4.01 (dd,
J=10.1, 0.3 Hz, 1H), 3.002.95 (m, 1H), 2.71 2.66 (s, 3H), 2.16 (dd,= 18.8, 4.4 Hz,

1H), 1.81 (dd,) = 18.8, 2.5 Hz, 1H), 1.30 1.03 (m, 14H), 0.04 (s, 9H)3C NMR (125

(dd,

MHz,CDCk) U0 171.9, 153.5, 149.3, 140.2, 126.2

18.4, 18.3, 15.7, 15.20.3.

HO
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Aldehyde 309: To the THF (50 mL) solution of cyclopropanad@4 (665 mg, 1.70 mmol)
at’ 40°C was added TBAFZA.55mL, 1.0 M solution in THF2.55mmol) dropwise over
10 min andresulting mixture wastirredfor 1 h at the same temperatuferogress of the
reaction wa monitored by TLC and was complete in T'he reaction mixture was
concentratedn vacuq diluted with brine and extracted with ethyl acetate. Combined
organics were drgé over anhydrous sodium sulfaend purifed by flash column
chromatographyo yieldthetitle compound09(180 mg, 51% over 3 steps) as a yellowish
oil. Rr.=0.36in 100% ethyl acetatéH NMR (500 MHz,CDC$) 4 9. 30 ( s,
J=1.8 Hz, 1H), 6.26 (dd] = 8.3, 6.3 Hz, 1H), 6.04 (dd,= 8.3, 1.0 Hz, 1H), 4.09 (dd,
=11.1, 4.2 Hz, 1H), 4.084.05 (m, 1H), 3.87 (dd= 11.1, 9.5 Hz, 1H), 3.80 (dd= 9.5,

4.2 Hz, 1H), 3.03 (s, 3H), 2.68 (ddbiz 19.0, 4.6, 1.8 Hz, 1H), 2.40 (dt= 19.0, 2.0 Hz,
1H). 3C NMR (100 MHz CDCk) & 194. 7, 17 4. 029.3,6550558,,
50.3, 32.4, 24.4IR (neat) 3415, 2952, 2918, 2848, 1681, 1653, 1472, 1399, 1046 cm

HRMS (ESFTOF) m/z: [M+H+ Calcd for GiH1aNOs; 208.0973 found 208.0973

HO

HO

Divinyl alcohol 324: To the THF (6 mL) solution odldehyde (40 mg, 0.19 mmol) it
30°C, vinylmagnesium bromide (0.42 ml.92 Msolution in THF 0.38 mmol) was added

dropwise. The resulting mixture was stirred for 30 min at the same temperature and
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warmed tathe RT, andwas stirred foradditional30 min before adding saturated aqueous
ammonium chloride solution. The resulting mixture was extracted with ethyl acetate,
combined organics were dried over anhydrous magnesium sulfate, filtered, concemtrated
vacuoand residuevas purified by flash column chromatography to get divinyl alc8Rdl

(38 mg, 85%, 1:1.6 mixture of diastemers) as a colorless oiRs. = 0.27 in 100% ethyl
acetate.’3C NMR (100 MHz CDCk) U 175.9, 139.2, 138. 4,
77.4, 654, 56.3, 48.9, 32.2, 25.6R (neat) 3388, 2924, 2877, 1642, 1401, 1244, 1045,
993, 710 crit. HRMS (ESFTOF) m/z: [M+H+ Calcd for GsH1sNOs; 236.1286 found

236.1307

HO

Divinyl Ketone 322: To theDCM (3 mL) solution of dvinyl alcohol 324 (30 mg, 0.128
mmol) wasaddedMnO- (75 mg, 0.77 mmol) and the resulting suspension was storéd

h. Excess Mn@was filtered off through celite and the filtrate was concentrated in reduced
pressure and purification Ifkash column chromatographgsulted theitle compound322

(26 mg, 87%)as a colorless 0ilRs. = 0.54 in 100% ethyl acetatéH NMR (500 MHz,
CDCL) U 7J=1.8Hz(1H), 6.89 (dd] = 17.0, 10.6 Hz, 1H), 6.27 6.23 (m, 2H),

6.02 (ddJ = 8.3, 1.1 Hz, 1H), 5.75 (dd,= 10.6, 1.8 Hz, 1H), 4.114.03 (m, 2H), 3.88

3.81 (m, 2H), 3.03 (s, 3H), 2.77 (ddik 19.1, 4.6, 1.8 Hz, 1H), 2.49 (dt= 19.1, 2.1 Hz,
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1H). 3C NMR (100 MHz CDCk) U 191.6, 174.3, 1448, 2,
129.1, 64.9, 56.0, 49.6, 32.3, 25IR (neat) 3434, 2922, 2846, 1652, 1604, 1402, 1045,
688 cm!. HRMS (ESFTOF) m/z: [M+Ng+ Calcd for GsHi1sNOsNa; 256.0950 found

256.0942

HO

323

General procedure forNazarov cyclization:

To theDCM (2.2 mL) solution of divinyl ketone322 (25 mg, 0.107 mmol) waadded
BFs-OE® (132 pL, 1.07 mmol) dropwise. The reaction mixture was stirreé foat the

RT, diluted with DCM (3 mL) and quenched with saturated sodium bicarbonate solution.
Theresultingmixture was extracted with ethyl acetate, dried over anhydrous magnesium
sulfate, filtered and concentrateédvacua Crude NMR on residue showed that it is 2:1
mixture of title compound323 andisomer325 The crude product was dissolved in
anhydrous methanol (4 mL) and potassium carbonate (180 mg, 1.3 mmol) was added and
stirred for 12 h. Theesultingmixture was diluted with brine and extracted with ethyl
acetate (84 mL). Combined organics were dfi@ver anhydrous magnesium sulfate,
filtered and the residue was purified by flash column chromatograpigltb thetitle
compound323(20 mg, 80%) as a colorless oits. = 0.20 in 100% ethyl acetatéd NMR

(500 MHz, CDCY) U 6 .J2 84, .31 1H), 6.09 (dd) = 8.4, 1.1 Hz, 1H), 4.24
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(dd,J=11.6, 8.2 Hz, 1H), 4.10 (ddddl= 6.5, 4.4, 2.2, 1.2 Hz, 1H), 4.05 (dds 11.6, 5.3

Hz, 1H), 3.91 (ddJ = 8.0, 5.5 Hz, 1H), 3.1% 3.06 (m, 1H), 3.03 (s, 3H), 2.782.70 (m,

1H), 2.70i 2.62 (m, 18, 2.39i 2.34 (m, 1H), 2.33 2.28 (m, 2H).13C NMR (125 MHz,

cDCl) & 209.5, 173.6, 170.5, 137.0, 135. 2,
IR (neat) 3418, 2959, 2920, 2848, 1685, 1648, 1376, 1303, 1239, 1048, 74BIRMIS

(ESFTOF) m/z: [M+H]+ Calcd for GsH1eNOs; 234.1130 found 234.1125

TMS
TMS // ™S
HO
TMS
+ \ /
Si~0O
N N

General Procedure Please refer tdable 3.2for yield in different conditions.

To theTHF (14 mL)solution of TMS-acetylene (275 uL, 1.96 mmakti 78 °C,n-BulLi

was added360 uL, 0.54 mmol) dropwise. The reaction was stirred for 30 min to generate
lithium TMS acetylide. Finally,THF (10 mL)solutionof cyclopropanon&04 (300 mg,

0.77 mmol)was added in a one shot. The reaction was stirreddfditional 1.5 h at the
same temperature before quenching with saturated ammonium cldolidien Layers
were separated and agueous layer was extracted with ethyl acelften|3). Combined

organics were washed with brine and dried over anhydrousesagn sulfate, filtered and
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concentratedh vacuo Theflash column chromatograplof residueusing 1025% ethyl

acetate in hexanes resulted the following aldel34dand alcohoB18

TMS

N

Si~Q
(o] AN
317

Aldehyde 317: Rs. = 0.35 in 1:4 éhyl acetate/hexanesH NMR (500 MHz, CDC4) 0
9.69 (s, 1H), 6.53 (dd,= 8.4, 1.3 Hz, 1H), 6.18 (dd= 8.4, 6.3 Hz, 1H), 4.82 (d,= 11.1
Hz, 1H), 4.10 (dJ = 11.1 Hz, 1H), 3.75 (ddd,= 8.1, 4.0, 2.2 Hz, 1H), 3.00 (s, 3H), 2.70
(dd,J = 20.0, 4.3 Hz, 1H), 2.43 (dd,= 20.0, 2.4 Hz, 1H), 1.060.97 (m, 14H), 0.18 (s,
9H), 0.10 (s, 9H)3C NMR (125MHz CDCk) & 191.9, 172.8, 155.
117.8, 107.4, 63.1, 55.6, 52.3, 32.6, 32.3, 17.4, 17.2, 17.1, 13.0, 12.900.8R Qneat)
2948, 2897, 2845, 1750, 1671, 1222, 1157, 1043, 845 cRRMS (ESFTOF) m/z:

[M+Na]+ Calcd for GsH4aNO3SisNa; 512.2449 found 512.2440

TMS

HO

TMS\Y

Si~0O

TMS

V4

318
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Alcohol 318: Rt. = 0.30 and 0.2%or two diasteromerm 1:4 ethylacetate/hexanesH
NMR (400 MHz, CDC$) U0 6 J385, X.4d44,,1H), 6.08 (dd,= 8.5, 6.3 Hz, 1H),
5.22 (d,J = 3.0 Hz, 1H), 5.05 (d] = 9.5 Hz, 1H), 4.69 (d] = 9.6 Hz, 1H), 3.69 (dd] =

4.0, 2.3 Hz, 1H), 2.99 (s, 3H), 2.54 (m, 2H), 2.21 (@id,19.1, 2.2 Hz, 1H), 1.08 0.97

(m, 14H), 0.19 (s, 18H), 0.15 (s, 9HEC NMR (125 MHz CsDg) U 173 . 4, 146.

138.2, 124.9, 116.5, 109.9, 106.5, 92.2, 67.8, 64.8, 55.8, 55.3, 32.5, 32.2, 17.8, 17.7, 13.7,
0.5, 0.1, 0.0.IR (neat) 3350, 3056,958, 2899, 2867, 2171, 1650, 1250, 1085, 1049, 844

cml. HRMS (ESFTOF) m/z: [M+H+ Calcd for GoHsaNOsSis; 588.3181 found

588.3169.
N TMS
HO
TMS
\»/
Si~0
N
0 AN
333

Divinyl alcohol 333: To diethyl ether (3.5 mL}olution of aldehyd&17 (80 mg, 0.163
mmol) ati 78 °C was added vinyl magnesium bromi(45 pL, 1.0 M in THF,0.245

mmol) dropwise and stirred for onl{0 min at the same temperature. The reaction was
guenched with saturated ammonium chloride solution, warmed to the ambipetature,

layers were separated and aqueous layer was extracted with ethyl ace3atal{3
Combined organics were washed with brine, dried over anhydrous magnesium sulfate,

filtered and concentrated vacuo Flash column chromatography on residuelted title
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compound333 (34 mg, 40%) and addition/hydrolysis prod3&0 (19 mg, 38%).Rt. =

0.25 in 3:7ethyl acetate/hexanedd NMR (500 MHz, CDC4) U 6 J=385, 1(4dHd, ,

1H), 6.05 (ddJ = 8.5, 6.3 Hz, 1H), 5.96 (ddd= 17.9, 10.6, 2.5 Hz, 1H), 5.23 (tt= 3.1,

1.3 Hz, 1H), 5.20 (ddd = 3.9, 2.6, 1.3 Hz, 1H), 5.06 (ddi= 4.8, 2.4 Hz, 1H), 4.92 (d,

= 9.6 Hz, 1H), 4.26 (d) = 9.6 Hz, 1H), 3.71 3.67 (m, 1H), 3.00 (s, 3H), 2.57 (dii=

19.0, 4.4 Hz, 1H), 2.221¢,J = 19.0, 2.2 Hz, 1H), 2.13 (d,= 2.0 Hz, 1H), 1.05 ()= 6.8

Hz, 6H), 0.99 0.88 (m, 8H), 0.20 (s, 9H), 0.10 (s, 9HFC NMR (125 MHz CDCk)
173.9, 147.0, 140.0, 139.8, 138.6, 124.1, 116.2, 115.4, 109.0, 77.4, 63.8, 55.9, 54.8, 32.5,
32.4, 7.5, 17.4, 17.3, 13.5, 12.6, 1.0, 0.IR (neat) 3958, 1654, 913, 844, 747 tm

HRMS (ESFTOF) m/z: [M+Ng+ Calcd for G7H47NOsSisNa; 540.2762 found 540.2751

TMS
(e}
TMS
I~
0 N
334

Divinyl ketone 334: To DCM (2.3 mL) solution of divinylalcohol333 (30 mg, 0.08
mmol) wasaddedMnO- (57 mg, 0.58nmol) and the ragting suspension was stirrech6
atRT. The reaction mixture was directly subjectedlash column chromatography to get
titte compoun®34(26 mg, 87%) as a colorless.oRs. = 0.45 in 3:7 ethyl acetate/hexanes.
IH NMR (500 MHz, CDC}) U 6 J5&5, 1(4Hd, 1H), 6.41 (dd,= 17.7, 10.5 Hz,
1H), 6.18 (dd,) = 8.4, 6.3 Hz, 1H), 6.11 (dd,= 17.7, 0.9 Hz, 1H), 6.02 (dd= 10.5, 0.9

Hz, 1H), 4.11 (dJ = 10.2 Hz, 1H), 4.06 (d = 10.2 Hz, 1H), 3.82 3.74 (m, 1H), 3.04 (s,
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3H), 2.56 (dd,) = 18.8, 4.3 Hz, 1H), 2.22 (dd= 18.8, 2.4 Hz, 1H), 1.080.92 (m, 14),

0.17 (s, 9H)-0.01 (s, 9H). 5C NMR (125 MHz CDCk) & 197.6, 172. 1,
1380, 137.8, 131.9, 126.3, 117.0, 107.9, 63.6, 55.9, 52.3, 32.4, 28.8, 17.3, 17.2, 17.2, 12.9,
12.9, 0.0;0.1. IR (neat) 2954, 2895, 2868, 1664, 1464, 1398, 1248, 1103, 881, 845 cm

HRMS (ESFTOF) m/z: [M+Ng+ Calcd for G7HasNO3SisNa; 538.2605 found 538608.

—

HO N
o \

327

Nazarov product 327: Compound327was pepared by followinghe general pcedure

for Nazarov cyclizatiomsing334in 89%isolated yield Rs. = 0.10in 100% ethyl acetate

IH NMR (500 MHz, CDC}) U 6 .J6 &5, {.-dH¥,, 1H), 6.20 (dd,= 8.4, 6.4 Hz,

1H), 4.65 (dd,J = 12.5, 5.8 Hz, 1H}.02i 3.95 (m, 2H), 3.59dd, J = 9.4, 6.2 Hz, 1H),

3.00 (5 3H), 2.84 (ddJ = 19.8 4.4 Hz, 1H), 2.55 (dd,= 19.8, 1.9 Hz, 1H), 27 2.41(m,

2H), 2.381 2.27 (m, 2H). 13C NMR (125 MHz CDCk) & 207 .6, 174. 5,
138.2, 126.861.7, 55.0, 50.5, 33.5, 33.4, 32.4, 31IR (neat) 3458, 2924, 2884, 2847,
1657, 1601, 1440, 1396, 1298, 1238, 1066 cHRMS (ESFTOF) m/z: [M+N4g+ Calcd

for Ci13H1sNOsNa; 256.0950 found 256.0952.
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To methanol (6 mL)solution 0f318 (176 mg, 0.3 mmol) at 0°C was addeodtassium
carbonate (20.7 mg, 0.15 mmol) and the reaction mixture was slowly warmed to room
temperature and was run Wit LC monitoring. After 4 hreaction was diluted with brine

and extracted with DCM b mL). Combined organics were dried over anloydyr sodium

sulfate, filtered and concentrated in reduced pressure. Purificafimy wolumn
chromatography furnished tiide compound328(100 mg, 75%) as a colorless solig:.

0.2in 1:2 ethyl acetate/hexanes.p. 1487 150 °C H NMR (500 MHz, DCls) U 6. 46
(dd,J = 8.5, 1.4 Hz, 1H), 6.08 (dd,= 8.5, 6.3 Hz, 1H), 5.25 (8, = 2.2 Hz, 1H), 5.08 (d,

J=9.6 Hz, 1H), 4.83 (dJ = 9.6 Hz, 1H), 3.72 3.66 (m, 1H), 3.01 (s, 3H), 2.65 (@=

2.5 Hz, 1H), 2.64 (broad, 1H), 2.56 (dbk 19.1, 4.3 Hz1H), 2.44 (s, 1H), 2.20 (dd,=

19.1, 2.3 Hz, 1H), 1.181.04 (m, 7H), 1.04 0.95 (m, 7H), 0.16 (s, 9H%3C NMR (125

MHz, CDCk) ua 173. 7, 145. 1, 139. 6, 139. 4, 124. 4
55.8, 54.5, 32.6, 32.2, 17.3, 17.3, 11.2,2, 13.4, 12.7, 0.6IR (neat) 3286, 2947, 2029,

2848, 1651, 1466, 1250, 1084, 845 tmHRMS (ESFTOF) m/z: [M+H+ Calcd for

C24H3sNOsSiz; 444.2390 found 444.2374.
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329

To methanol (5 mL¥olution 0f328(30 mg, 0.068 mmol) at RT was added HGI5 mL,

3N in MeOH) and the resulting mixture was stirred for 0.5 Reaction mixture was
concentrated in reduced pressure and the residue was purified with flash column
chromatography using 1/1 mixture of hexanes eyl acetate as eluting solvent. The
product329was carried to further step without complete characterizaien= 0.5 in 2:1

ethyl acetate/hexane$H NMR (500 MHz, CDC}) U 7J=207 Hg,dH), 6.89 (dd,
J=10.7, 1.3 Hz, 1H), 6.11 (dd,= 8.4, 6.2 Hz, 1H), 5.94 (dd,= 8.4, 1.2 Hz, 1H), 3.90
(dd,J = 12.6, 1.2 Hz, 1H), 3.763.72 (m, 1H), 3.05 (s, 3H), 2.62 (dil= 19.1, 4.3 Hz,

1H), 2.58 (dJ = 2.5 Hz, 1H), 2.17 (dd] = 19.1, 2.6 Hz, 1H), 0.19 (s, 9H).

N TMs
HO

HO

330

Common product from hydrogenatiah 339 andvinyl Grignard addition/hydrolysisf
317 (please sedable 3.3. The crude produc839 form HCI/MeOH hydrolysis was
di ssolved in EtOH (3 mL) and Lindlarés <cat

balloon filled with hydrogen. Partial hydrogenation was complete in 12 hours. Solids were
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filtered off through a plug of celite and purdiiton using flash column chromatography
resultedthetitle compound330(16 mg, 786 over two steps) as colorless oRs. = 0.4 in
4:1 ethyl acetate/hexanesH NMR (500 MHz, CDCf) U 6 J4 &4, 1.4dHd,,1H),
6.18 (ddJ = 8.4, 6.2 Hz, 1H), 6.05¢ld,J = 17.5, 10.8, 2.9 Hz, 1H), 5.33 (ddbs 17.5,
2.5, 1.1 Hz, 1H), 5.27 (ddd,= 10.8, 2.7, 1.1 Hz, 1H), 5.09 @= 2.6 Hz, 1H), 4.42 (d]
=11.8 Hz, 1H), 4.15 (d} = 11.8 Hz, 1H), 3.72 (ddd,= 4.5, 2.6, 0.9 Hz, 1H), 3.01 (s, 3H),

2.50 (dd,J=19.0, 4.4 Hz, 1H), 2.31 (dd,= 19.0, 2.4 Hz, 1H), 0.14 0.12 (m, 9H).3C

NMR (125 MHz CDCBh) ua 174. 2, 147. 0, 139. 3, 139.

56.0, 54.1, 32.4, 32.0, 1.1R (neat) 3319, 2949, 2925, 2898, 1639, 1252, 1039, 843 cm

L. HRMS (ESFTOF) m/z: [M+H+ Calcd for GeH2sNOsSi; 308.1682 found 308.1683.

331

Lactone 331: To DCM (1.5 mL) solution of davinyl alcohol 330 (20 mg, 0.066nmol)
wasaddedMnO; (57 mg, 0.58mmol) was added and the v#ting suspension was stirred
at room temperature with TLC monitorintarting materials were atbnsumed in 4.5 h
giving a slightly non polar single produd®( 0.33in 7:3 ethyl acetate/hexanes'H NMR
revealed that it was the mixture of divinyl ketdd@ and hemiaceta332 The reaction
mixture was subjected with initial conditions for additionalhl4Solids were filtered off
andflash column chromatograplon residugesultedthe lactone831(14.8mg, 81%) as a
colorless oil Rs. =0.38in 7:3 ethyl acetate/hexanesH NMR (400 MHz, CDC$) U 6 .
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i 6.18 (M, 2H), 5.41 (d] = 9.4 Hz, 1H), 4.28 (d] = 9.5 Hz, 1H), 3.89 (s, 1H), 3.06 (s,
3H), 2.72 (ddJ = 20.3, 4.4 Hz, 1H), 2.51 (dd,= 20.3, 2.2 Hz, 1H), 0.17 (s, 9H)C
NMR (125 MHz, CDCk) i .4, 167.9 156.6, 138.7, 135.3, 129.1, 70.7, 56.6, 51.6, 33.0,
30.7,-0.9. IR (neat) 2952, 2916, 2848, 1749, 1670, 1222, 1157, 1043, 845 HRMS

(ESFTOF) m/z: [M+H+ Calcd for G4H20NOsSi; 278.1212 found 278.1214.
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CHAPTER 4
PHOTOCYCLOADDITION OF CONJUGATED ENYNES WITH

POLYCYCLIC AROMATICS

4.1 Introduction

Our exploration of conjugated enynes as photocycloaddition psnvidén 2-
pyridonesled to the discovery of its participationn both [4+4] and [2+2] pathways.
Conjugated enynes tethered wittp@ridones athe G3 positionon theeneend of the
enyne gavexclusivelycyclobutane structuresa a[2+2] cycloadditionpathway! These
cyclobutaneproducts have been elaboraiatb diversemolecular saffolds? In contrast,
irradiation of conjugated enynes tethered throutjie yne with 2-pyridones, gave
exclusively [4+4] cycloadditionesultinganunstableallene! Stabilization of such allenes
were realized by steric shielding around the allenic double bonds which suppresses
dimerizations® With the combination of diisopropylsilyl and methyl greum theenyne
unit, a 1,3hydrogen shifof cycloadduct allen&47aresultsin quantitative conersion to
1,3diene 1483 Scheme 4.2 The \ersatility of this enynesustitution in [4+4]
photocycloaddition with other unsaturated molecslésh as anthracene and naphthalene

derivativesare discussed in this chapter.
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Schemed.1 Intramolecular pyridonenyne [4+4] gcloaddition and 1 Biydrogenshift.

4.2 Result and discussion

Photoedimerization of anthracer#01 was thefirst organic photoreaction and the
first example of [4+4] pbtocycloaddition. It thereforecoupges a prestigious position in
the field of photocycloadditiorf Both inter and intramoleculaf4+4] cycloadditions of

anthracenes are well studizg.

The intermolecular photoreaction of enynegwaihthracene was studied previously
in the Sieburthab.” Irradiation ofa mixture of anthracend01 with 50 equialents of
enyne402at ambientemperature for 2 gaveanthracene dimet03asthe major product
(isolated yield 50%). An apparent [4+2] cycloaddd6d was isolated in 1% yield
alongsideavery small amount of symmetric dimeric compourdD6in 3% yield,Scheme
4.27 |solation ofthe dimeric compoundt06 suggestd that cross [4+4] cycloaddition

betweenarthracene and enyne to give allenic prodt@Foccurred as a minor pathway.
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Scheme4.2 Intermolecular photocycloaddition of anthracene and ehyne

Before moving into intramolecular anthracesr®yne photocycloaddition,
photoreactivity of anthracene with 2-pyridone wasinvestigatedin an intramolecular
setting usingt(9 as a substrateAnthracenepyridone photosubstratt®9was synthesized
by Williamson ether synthesis betwdamwn pyridone bromidet07 and commercially
available 9anthracenemethandD8 Scheme 43. Irradiation of anthracergyridone409
with aPyrexfiltered mercury lamgor 1 h ledto its quantitativeconversion into the cross
[4+4] adduct410, Scheme 4. Although both pyridone and anthracene are well known
for self-dimerization,dimers werenot observedwvhen the photoreaction a¢f09 was

conductedunderthe moderatelydilute (0.025M)conditions.

148



84%

Br OH O
X NaH, THF o Y
| ¥ . |
)

407 408 409

Schemed.3 Synthesis of anthracesgridone photosubstrat9.

hv 1h \ O
N :
4+4
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quantitative

410

Schemed.4 Intramoleculamanthracengyridone [4+4] photocycloaddition

For the studyf intramolealar photoreactivity betweesnthracene ananenyne,
diisopropylsilyl ethemphotosubstratéd13 was prepared. Preparation difsopropylsilyl
ether413 began with thexidative branination ofdiisopropykilane411 using NBS to give
the corresponding bromosilarEl2 Bromosilane412, without isolation was added to a
mixture of 3anthracenemethand08 triethylamine and DMAP tgive photosubstraté13

in good yield,Scheme 4.5
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\( ~ O 7 \(
67% O

411 X=H —
NBS 413

Schemed.5 Synthesis ointhracenenyne photosubstratd43.

Irradiation ofa benzeneals solution of413 for one hourusing a Pyrexfiltered
medium pressure mercury langonverted it intocycloadduct415 In contrast tothe
intermolecular reaction in whicthe [4+4] product was formed in very low yield (3%
isolated yield), the intramolecular reaction with diisopropylsilyl enyd®@ gave a
guantitative yield of [4+4] addugScheme 4. Analogous to our finding for cycloaddition
with 2-pyridonel46a, intermediate allend14was not detected. Isomerization4df4 by

1,3-hydrogen shift was too fast to obseresultingin 1,3-diene415as the only product.

~(r =

413 414 415

O /< L hv, 1h \;Q 1, 3 H-shift \;O
O O/Si\r [4+4] 0 quantitative

Scheme4.6 Intramolecular anthracerenyne [4+4] photocycloaddition.
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With a very promising [4+4] photocycloaddition of anthracengne413 photce
reactivity of lower homologue of anthracergjch asnaphthalenederivativeswere
investigatednext Diisopropysilyl ethers of both 1and 2naphthyl methanol416 and
417, were prepared analogously with anthracene silyl dth&rFigure 4.1 Irradiation of
416 and 417 did not resultin productive photochemistry with Pyrexfiltered medium
pressure mercury lampThis is presumably becauseahd 2alkyl substituted naphthyl
derivatives do not absorb the light above 290 nin. the literature,1-and 2 alkyl
substituted naphthyl compounds are reported to absorb in the range io28&0nm?e*°
So, a Vycor-filtered medium pressure mercury lamp was usstead. A Vycor-filter
allowswavelengtls above220 nmto reach the samplé Commonly used filters and their
light cutoffs areshown inFigure 4.2 Irradiation of CRCN or THRds soluions of silyl
ethers416 and 417 with a Vycor-filtered medium pressure mercury lajgven for
extended periazlof time, gave nochangein the starting material. A similar result was
obtainedwith a Rayonet photoreactor equipped with 254 nm lam$Bgarting materials

were completely recovered @verycase

416 417 418

Figure 4.1 Naphthalene derivativekl61 418tethered with diisopropylsilyl enyne.
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Figure 4.2 Transmission oEommonly useghhotochemistryilters.?

In the naphthalene series;ngthoxy naphthalene is known to undergo [4+4]
dimerization and its [4+4] phocycloaddition with 2pyridonewas studied earlier in the
Sieburth lakt?1® Therefore, dsopropylsilyl etherof 2-methoxynaphthyl methano#18
was synthesizedtilizing the protocol used fanthracene silyl ethél3 Whenabenzene
solution of 2methoxy silyl ethed18 was irradiated witla Pyrexfiltered mercury lampa
rapd photoreadbn was observednd a cleamtramoleculaf4+4] cycloadditionproduct
420wasobservedy H-NMR, Scheme 4.7 The1,3-hydrogen shift in intermediate allene
419was too quick to detect, similar tbe anthracen&13 and pyridonel46aexamples.
However, purification of cycloadduc#20 by chromatography over silica gel did not
yield 420 but instead gave the corresponding ket Scheme 4/. The very facile
hydrolysis of enol ethet20is well precedented in the literature of naphthalene

photodimerizabn reactions, and refledise strain inherent in these @hphotoproducts?
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Schemed.7 Cycloaddition of 2methoxy naphthalene with tethered enyne and subsequent
hydrolysis

With mixed resuk in the naphthalene serieswe turned our attentiorio
photochemical reactivity of substitutetherzenes with a tethered enyne The
photochemistry of benzene has been intensively studied for more than fiftyy€ans
the presence of alkene or alkytieree modes of cycloadditionrtho [2+2], meta[3+2],
para[4+2] are possie.l’ Among themmetacycloaddition has been deély studiecand
used in the synthesis obmplex natural products in a very step economical fagfidn.
However,exampeés ofpara [4+4] photocycloaddition of benzene or substituted benzenes
are rare (See Chapter @kumura andsilbertrepored thepara[4+4] photocycloaddition
of benzonitrile422 with 2,3-dimethyt1,3-butadienel23in a very regioselective fashioo

yield 4242%2! This irradiationwith an array of six 18W lovpressure 254 nm mercury
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lamps required 36 hours to achieve the cycloaddition across-2Zhand G5 positiors of

benzonitrile Scheme 43.21

° + i hv 254 nm 4
—_—
2
36 h Z /
CN

422 423 424

CN

Scheme4.8 para [4+4] Photocycloaddition of benzonitrile with 2,3 dimetk|3-
butadiené.

I nspired by Ok umu?i?asiyletber dBrietaderzonttri®425 r e p o r t
was prepared along with the lower homolog eh&thoxy naphthalene silyl ethed261
428 and furan silyl ether429 Figure 4.3 Furan is known to undergo [4+4]
photocycloaddition with both -pyridones and 2-pyronest® 22 Unfortunately,
photosubstrategl25 i 429 did not resultin any fruitful photochemistry. All these
compoundswere found to be photochemicalinert to both Pyrex and Vycefiltered

mediumpressure mercury lampradiationas wdl as a Rayonet photeactor equipped

with 254 nm lamps.
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Figure 4.3 Nitrile and methoxysubstituted benzenes and furan silyl etd&si 429,

In this chapter theparticipation ofdiisopropylsilyl enyne uniin higher order
photocycloadditionwith unsaturated wlecules other than-@yridone wa described.
Anthracene enyne 411 and 2methoxy naphthyl enynetl8 resulted in efficient
intramolecular [4+4] adductsin both casesa diisopropylsilyl group was found to be
sufficiently bulky enough to suppress the diination oftheintermediate alleneallowing
1,3-hydrogen migratioto competes astrainrelief pathyielding 1,3dienesn high yields
This allowedtheinvestigation othe participation obther unsaturated molecules[4+4]
cycloaddition with conjugated enyn&gpening up new avenues for the application of this
cycloaddition chemistry.  Utilization othis diisopropylsilyl enyne unit in [4+4]
photocycbaddition with 2-pyrones and its application in sesquiterpene synthesss

discussed ilChapter 5
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4.3 Experimental

Summary of general techniques and instrumentation, reagents, purification can be

found on pageS31 54.

1. n-BulLi )\SL
Si
H R

X
\\”/ 2. Diisopropylchlorosilane

THF, -78 °C to RT
100 % 411

2-methylbut-1-en-3-yne

Diisopropyl(3-methylbut-3-en-1-yn-1-yl)silane 411 n-Butyllithium (2.61 nL of 1.54 M
solution in hexanes, 4.03 mmol) was slowly addeaisolution of 2methylbutl-en3-yne

(0.4 m_, 4.2 mmol) in THF (6 rh) at-78°C. The reaction mixture was stirred hetsame
temperature for 30 min. Then, di@opylchlorosilane (0.72 im 4.2 mmol) was added
dropwise. The reaction was slowly warmed to the room temperature and stirred overnight
guenched with aqueous saturated ammonium chloride solutiobh)amd extrated with

ether (3x 5 mL). Washing the embined organicwith brine and concentratinig vacuo

gave compound411 (0.758 g, 100%) as colorless oil which equired no further
purification *H NMR (500 MHz, CDC#) U 5 J=270, 1(0dz, 1H), 5.315.21 (m,

1H), 3.75 (tJ = 2.3 Hz, 1H), 1.90 (dd] = 1.5, 1.1 Hz, 3H), 1.18 0.89 (m, 14H)C

NMR (125MHz,CDC$) : u 126. 9, .8,2223186,18.21109.. 3, 86
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3-((anthracen-9-ylmethoxy)methyl)-1-methylpyridin -2(1H)-one 409. To a suspension
of sodium hydride (38 m@0% suspension in mineral d.97 mmol)in THF (3 nL) at 0
°C, 9-anthracenemethan@50 mg, 0.72 mmol) was adde@he mixture was stirred fdr
h at 0 °C, thenpyridonebromide407 (160 mg, 0.80 mmol) in THF (3 In) was added
dropwise. The reaction mixture was allowed sdowly warm to RT and stirred for

additional 3 h before quenching with saturated aqueous ammonium cisiaatien The

reaction mixturevas extracted with ethycetate Thecombined organics were washed

with brine, concentrateth vacuoand purifiedby flash column chromatographtp give
409 (200 mg, 84%asa yellow solid, m.p. 119C, R: = 0.25 (methanol / dichtomethane;
1:33) H NMR (500 MHz, GDs) U 8J=4.9 Hz( aH), 8.17 (s, 1H), 7.79 (@= 8.3
Hz, 2H), 7.35 7.30 (m, 2H), 7.28 7.22 (m, 2H), 7.20 (d] = 6.3 Hz, 1H), 6.06 (d] =

6.5 Hz, 1H), 5.40 (s, 2H), 5.38 = 6.8 Hz, 1H), 4.89 (s, 2H), 2.86 (s, 3HFC NMR

(100 MHz, CDC}) d 161.91, 136. 65, 136. 01, 131.

128.53, 126.34, 125.07, 124.55, 105.77, 67.75, 65.50, 3IR6(heat): 3448, 3059, 2925,
2865, 2233, 1653, 1594, 1564091, 733 crl. Exact masscalculated folC2oH1oNO>Na*

(M+Na) 352.1314, found 352.180

General Procedure to Synthesize Photosubstratdd 3, 416/ 418, 425 429

)\s>\ 408 /< >\

X \( Et;N, DMAP A r/\o/Si\(
g X

41 X=H ——
412 X=Br =

_____________________________________________________________________

\
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O /<Si>\
Arets
s

413

(Anthracen-9-ylmethoxy)diisopropyl(3-methylbut-3-en-1-yn-1-yl)silane 413 To a
solution of411 (190 mg, 1.06 mmoljn DCM (5 mL), was added\NBS (205 mg, 1.15
mmol) in two portions and the mixture was stirred for 25 toigenerate corresponding
bromosilane.This bromosilane solution was transferted flask containinghe mixture

of 9-anthracenemethal 408 (200 mg, 0.96 mmol)riethylamine (147 u, 1.06 mmol)

and DMAP (11.7 mg, 0.09 mmalh DCM (5 mL). The reaction mixture as stirred for
additional 4h, transferred ird a separatory funnebiluted withDCM (10 mL), washed

with saturated aqueous ammonium chloride and brine, dried over anhydrous sodium
sulfate filtered and concentratedn vacua The residuewas purified by column
chromatography usinigexanes furnishing13 (250 mg, 67%)ysa yellow solid, m.p. 53

°C,R: = 0.46 (ethyhcetate / hexanes; 1:40H NMR (500 MHz, GDs) U 8J=8.8 ( d,
Hz, 2H), 8.17 (s, 1H), 7.81 (d,= 8.4 Hz, 2H), 7.46 7.34 (m, 2H), 7.26 (dd1= 7.7, 7.2

Hz, 2H),5.90 (s, 2H), 5.52 (dl = 0.8 Hz, 1H), 5.12 (d] = 1.4 Hz, 1H), 1.82 (s, 3H), 1.16

i 0.91 (M, 14H).3C NMR (125 MHz,CDC4) & 131.82, 131.65, 130.
126.94, 125.90, 125.07, 125.01, 123.62, 109.41, 88.00, 59.32, 23.46, 17.4713B3],

13.45. IR (neat): 2943, 2864, 2362, 2149, 1461, 1080, 1031, 883, 850 cm
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Diisopropyl(3-methylbut-3-en-1-yn-1-yl)(naphthalen-1-yImethoxy)silane 416:

Colorless liquid, 73% yieldx = 0.40 (ethyhcetate / hexas; 1:33)'H NMR (400 MHz,

CeDs) U 81=8B3 Hz 1H), 7.69 (d] = 7.1 Hz, 1H), 7.66 (d] = 8.1 Hz, 1H), 7.59

(d,J=8.1 Hz), 7.25 7.35 (m, 3H), 5.41 5.42 (m, 3H), 5.02 (m, 1H), 1.721.73 (dd J

=1.5,1.0 Hz, 3H), 1.1 1.20 (m, 14H).**C NMR (100 MHz,CDC$) U4 136. 48, 13
131.19, 128.65, 127.91, 126.75, 125.96, 125.68, 125.56, 124.70, 123.85, 123.68, 108.94,
87.50, 64.81, 23.47, 17.46, 17.32, 13.36, 121R7(neat): 2954, 2944, 2865, 2149, 1462,

1088, 847, 791, 759 ch Exact mass alculated for G:H290Si (M+H)" 337.1987, found

337.1987

Si
I o [

417

Vo
N

Diisopropyl(3-methylbut-3-en-1-yn-1-yl)(naphthalen-2-yImethoxy)silane 417:
Colorless liquid, 7% yield, Rr = 0.40 (ethylacetate / hexanes; 1:33) NMR (400 MHz,
ChDsg) U 7. 82 7i(7%69 (mI3H)) 7.50 (dd] 685, 1.6 Hz, 1H), 7.24 7.27 (m,

2H), 5.41i 5.40 (dd,J = 2.0, 1.0 Hz, 1H), 5.08 (s, 2H), 5.015.04 (m, 1H), 1.71 1.72
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(m, 3H), 1.15 1.24 (m, 14H).13C NMR (125 MHz, CDC§) U 661 B38.51, 132.91,
128.02, 127.97, 127.80, 126.71, 126.03, 125.64, 125.19, 125.06, 123.66, 108.88, 87.48,
66.54, 23.42, 17.45, 17.32, 13.3R (neat): 2943, 2864, 2149, 1462, 1092, 848, 811, 749

cml. Exact mass alculated for GH290Si (M+H)" 337.1987 found 337.2003

Diisopropyl((2-methoxynaphthalen1-yl)methoxy)(3-methylbut-3-en-1-yn-1-yl)silane

418: Colorlesssolid, 70% yield, m.p.56 °CR: = 0.31 (ethylacetate / hexanes; 1:40

NMR (500 MHz, GDe) U 8J=36 HZ 1H), 7.65 (d] = 8.2 Hz, 1H), 7.56 (d] =

9.0 Hz, 1H), 7.44 (ddd] = 8.3, 6.8, 1.3 Hz, 1H), 7.22 (dd#i= 8.0, 6.8, 1.1 Hz, 1H) 6.88

(d,J = 9.1 Hz, 1H), 5.62 (s, 2H), 5.45.47 (m, 1H), 5.05 5.07 (m, 1H), 3.44 (s, 3H),
1.78(dd,J=1.6, 1.1 Hz, 3H), 1.70.1.72 (m, 3H), 1.16 1.21 (m, 14H).13C NMR (100

MHz, CDCbh) a4 154. 95, 133.91, 130. 00, 129. 40,
123.37,121.47,113.91, 108.55, 88.03, 57.04, 56.92, 23.55, 17.44,17.30, 13.29R.3.20
(neat): 2942, 2864, 2149, 1596, 1514, 1462, 1269, 1250, 1069, 1045, 847;'8@xaut

masscalculated for @zHz102Si (M+H)" 367.2093, found 367.2090
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3-(((Diisopropyl(3-methylbut-3-en-1-yn-1-yl)silyl)oxy)methyl)benzonitrile 425

Colorless liquid, 8% yield, Rr = 0.25 (ethylcetate / hexanes; 1:481 NMR (500 MHz,

CDCls) U 7. 67 { %59 (ML), 7.43 ®)=3.4Hz, 1H), 5.39 5.40 (m, 1H),

5.31 (p,Jd = 1.7 Hz, 1H), 4.88 (s, 2H), 1.90 (dbt 1.6, 1.1 Hz, 3H), 1.07 1.09 (m, 14H).

3C NMR (100 MHz,CDC}) UG 142.73, 130.86, 130.80, 13
119.20, 112.38, 109.22, 86.80, 65.26,323.17.37, 17.21, 13.21R (neat): 2944, 2866,

2230, 2150, 1464, 1106, 1086, 848, 686'cnExact masscalculated forCigHsNOSI*

(M+Na)* 312.1783, found 312.1774

Diisopropyl((3-methoxybenzyl)oxy)(3methylbut-3-en-1-yn-1-yl)silane 426. Colorless
oil, 79% yield,Rr = 0.40 (ethyl acetate / hexanes; 1)33'H NMR (500 MHz, CDC}) a
7.29 (ddJ = 8.3, 7.4 Hz, 1H), 7.03 (s, 1H), 6.99 (d; 7.5 Hz, 1H), 6.85 (dd] = 8.0, 2.4

Hz, 1H), 5.50i 5.37 (m, 1H), 5.35 (dd] = 2.6, 1.0 Hz, 1H), 4.92 (s, 2H), 3.86 (s, 3H),
1.96 (dd,J = 1.5, 1.1 Hz, 3H), 1.18 1.07 (m, 14H). 13C NMR (125MHz, CDCk) U

159.77, 142.88, 129.27, 126.70, 123.63, 118.74, 112.79. 111.85, 108.81, 87.38, 66.17,
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55.23, 23.41, 17.41, 17.27, 13.3R (neat): 2945, 2866, 2061603, 14631267, 1105,

1062, 84&cmt,

Diisopropyl((4-methoxybenzyl)oxy)(3methylbut-3-en-1-yn-1-yl)silane 427: Colorless

oil, 81% yield,Rr = 0.40 (ethyl acetate / hexanes;3B)'*H NMR (500 MHz,CDC$) U4 7 .

(d,J = 8.7 Hz, 2H), 6.89 (d] = 8.7 Hz , 2H), 5.48 5.37 (m, 1H), 5.33 5.31 (m, 1H),
3.81 (s, 3H), 1.97 1.88 (m, 3H), 1.101.02 (m, 14H).13C NMR (125MHz, CDCk) i
158.88, 133.36, 128.22, 126.74, 123.54, 113.70, 1087738, 66.09, 55.33, 23.43, 17.36,

17.26, 13.30.R (neat): 2944, 2867, 2150613, 1514, 14641246, 1038, 848m*,

Diisopropyl((2-methoxybenzyl)oxy)(3methylbut-3-en-1-yn-1-yl)silane 428 Colorless

oil, 78% vyield,Rr = 0.40(ethylacetate / hexane$;33) 'H NMR (500 MHz,CDC4) U 7.

(d,J=7.5Hz, 1H), 7.29 (dd}= 8.6, 6.9 Hz, 1H), 7.04 (8,= 7.5 Hz, 1H), 6.89 (d] = 8.2
Hz, 1H), 5.49 5.40 (m, 1H), 5.39 5.27 (m, 1H), 4.98 (s, 2H), 3.88 (@= 0.7 Hz, 3H),

2.047 1.87 (m, 3H), 1.27 1.07 (m, 14H).13C NMR (125MHz, CDCk) 1%6.25, 129.63,
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127.75, 127.20, 126.83, 123.43, 120.48, 109.67, 108.45, 87.69, 61.34, 55.22, 23.42, 17.46,

17.32, 13.31IR (neat): 2945, 2866, 2061604, 1492 1240,1086 cn™.

(Furan-2-ylmethoxy)diisopropyl(3-methylbut-3-en-1-yn-1-yl)silane 429  Colorless
oil, 79% vyield,R: = 0.46 (ethylacetate / hexanes; 1:40%H NMR (500 MHz, CDC$) U
7.38 (dd,J = 1.8, 0.9 Hz, 1H), 6.32 (dd,= 3.2, 1.8 Hz, 1H), 6.28 (ddd,= 3.2, 1.4, 0.6
Hz, 1H), 6.28 (dddJ = 3.2, 1.4, 0.6 Hz, 1H), 5.42 (d§= 2.1, 1.0 Hz, 1H), 5.31 (dd,=
3.3, 1.6 Hz, 1H),, 4.78 (s, 2H), 1.93 (dd; 1.6, 1.1 Hz, 3H), 1.08 0.98 (m,14H). 13C
NMR (125MHz,CDC})) 0 154. 21, 142. 23, 126. 72, 123.
59.28, 23.42, 17.23, 17.11, 13.2R. (neat): 2945, 2925, 2866, 2150, 1463, 1275, 1151,

1061, 848, 740 crh

Photocycloadditions:

General Procedure A solution ofthe photosubstrate in benzedgor toluene (c= 0.02b

0.030 M) was dexygenated by bubbling argaghrough the solutioior 30 min, loaded
into NMR tubes and irradiated fori115 hours at 4 8 °C with a water cooled Pyrex
filtered 450 W medium pressure mercury lampThe progress othe reaction was

periodically monitored byH-NMR andbr TLC. For compound416, 417, 425, 426, 427,
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428and429the photoeaction was alsmvestigated using ¥ycor-filtered 450 W medium
pressure mercurifamp and Rayonet reactor equipped with 254 nm lamps. #&feer
reaction was complete, solvent was evaporatedicuoandthe residue wapurified by

flashcolumn chromatography usirige solvent mixturespecified.

Ul DO
| —
O N 4+4 |
quantitative

409 410

Cycloadduct 410: Reacton was complete withith handthe photoproduct was isolated in
quantitative yield as eolorlesssolid, m.p, 56 °CRs = 0.18 (ethylacetate / hexanes; 1:33)

IH NMR (500 MHz, CDC}) U 7 .J4 B.7, Q.6lHE, 1H), 7.37 (dd,= 7.5, 0.8 Hz,

1H), 7.25 7.10 (m, 6H), 5.93 (dd}= 8.3, 6.8 Hz, 1H), 5.47 (dd= 8.3, 1.4 Hz, 1H), 4.86

(d, J= 9.1 Hz, 1H), 4.70 (qJ = 10.2 Hz, 2H), 4.46 (d] = 10.0 Hz, 1H), 4.17 (ddd, =

10.0, 6.8, 1.4 Hz, 1H), 3.78 (@1= 9.1 Hz, 1H), 2.44 (8H). 3C NMR (100 MHz, CDC})

a 172.81, 144. 31, 142. 72, 142. 11, 142. 08,
126.57, 124.78, 124.36, 75.96, 71.60, 64.89, 64.14, 61.36, 53.75, BR.{Qeat): 3467,

2921, 2247, 1656, 1473, 1081, 911, 727*crExact masscalculated forCH19NO,Na"

(M+Na) 352.1314, found 352.1302.
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PN N\

O
O \<Si7/ - \<Si7/
413 414 415

Cycloadduct 415: Reaction was complete in 1 fhe crude reaction mixture was
concentrated angburification by column chromatography using 5% wtlacetate in
hexanes furnished17 as a white solid (isolated yield 67%W,.p.82°C, Rr = 0.7 (ethyl
acetate / hexanes; 1:1000H NMR (500 MHz, CDC}) U 7 .J5 5.6, 3.6dHE,,2H),
7.29i 7.27 (m, 2H), 7.20 7.22 (m, 4H), 6.20 (1] = 1.3 Hz, 1H), 4.90 (s, 2H), 4.714.72
(m, 1H), 4.56 (tJ= 1.7 Hz, 1H), 4.34 () = 4.9 Hz, 1H), 2.98 (d] = 4.9 Hz, 2H), 1.07
1.11 (m, 8H), 1.00 1.02 (m, 6H).13C NMR (100MHz,CDC}) U 148.54, 144.
141.16, 136.71, 127.53, 126.826160, 126.41, 119.86, 74.46, 53.77, 49.54, 46.02, 17.86,
17.64, 13.94.IR (neat): 2941, 2863, 2362, 1480, 1456, 1032, 993, 881, 789, 745 cm

Exact masscalculated for GeHz10Si (M+H)" 387.2144, found 387.29.
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1,3 H Shift

.

O,Si hv, 2 h
A —
[4+4]

MeO Silica gel 0 ; O
N XSi; I ;

420 421
Cycloadduct 421 Reaction took 2 hto complete. The crude reaction mixture was
concentratedn vacuoandpurified by flashcolumn chromatography, furnishirti9as a
colorless oil 4% isolated yield)Rr = 0.30 (ethylcetate / hexanes; 1:20H NMR (500
MHz, CDCk) U 7 J5®1, .8cHd, 1H), 7.1 7.26 (m, 3H), 6.43 (s, 1H), 5.18 (m,
1H), 4.93 (dd) = 3.0, 1.4 Hz, 1H), 4.90 (d,= 10.3 Hz, 1H), 4.48 (d] = 10.3 Hz, 1H),
3.451 3.48 (m, 1H), 2.87 (dd] = 14.4, 8.1 Hz, 1H), 2.83 (dd,= 17.9, 1.6 Hz, 1H), 2.63
(dd,J=14.4, 0.9 Hz, 1H), 2.58 (ddd=17.9, 6.4, 1.0 Hz, 1H), 1.131.19 (m, 4H), 1.09
(d,J=6.0 Hz, 3H), 0.96 1.01 (m, 1H), 0.94 (d] = 6.8 Hz, 3H), 0.90 (d] = 6.8 Hz, 3H).
13C NMR (100 MHz, CDC%) U 211. 84351, 141447, 1887, 138.27, 128.43,
127.24, 127.17, 126.52, 121.91, 74.45, 62.85, 43.91, 42.91, 36.72, 17.81, 17.52, 13.62,
13.00. IR (neat): 2942, 2864, 1706, 1462, 1077, 1004, 881, 793, 763 Exact mass

calculated for GoH290,Si (M+H)* 353.1937, found 353.1952
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CHAPTER 5
ENYNET 2-PYRONE [4+4] PHOTOCY CLOADDITION: AN APPR OACH TO

SESQUITERPENE SYNTHESIS

5.1 Introduction

The photochemistry of-pyrones hasbeenextensively sidied for more than 70
years. The aromatic-yroneitself underges awide range of photochemical reactions,
such aglectrocyclicring opening $01to ketenes02), valence isomerizatio(b04to 505)
and dimerization(501 to 507 and 508), Scheme 5.1 and5.2! Unlike 2-pyridones, 2
pyrones serves am excellent dienén Diels-Alder reactios andthis reactivityhas been
elegantly utilized in the synthesis of many natural products such as bafeiene
colchicine® In this chapter[4+4] photocycloadditiorof 2-pyrones withl,3-enyne and

theutilization ofthe resultingcycloadduct irsesquiterpene synthesis isalissed.

a)
C o

501 502 503

b)

(@) (@) Pyrex
504 505 506

Schemeb.1 Two modes of potochemical reactivity of-pyrores (a) electrocyclic ring

opening and (byalence isomerization
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510

Schemeb.2 Dimerizationof 4,6-dimethyt2H-pyran2-one501and thermal expulsion of
COryielding cyclooctatetraengl 0.

5.2 [4+4] Photocycloaddition with dene:

The ability of 2pyrones to participate in [4+4}cloaddition with a diene such as

furan wadirst reportedby West and coworkers in 1998/hen a pyrongvastethered with

a furan 511, was irradiateda diastereomerianixture of lactone bridgedcross [4+4]
cycloadducts12aand512b were isolated imgoodyield, Scheme 5.8 Sincethis initial
report,the West grouphas beercontinuouslyexploringpyronefuran photocycloaddition
by varying the tethering position (3 or 6) and utilizing different pyrone derivatives.
Irradiation ofpyronefuran513 with thefuran connected &he pyrone8-position,resulted

in an excellent yield of cyclooctanoids4a and 514b favoring the &o adduct514b,
Scheme 5.38 Such a clean photochemical transfiation also ppmpted the desigthe
total synthesis of cyclooctanoid containing natural products such)asayersianal

utilizing cyclopentane annulated pyroB&5 Scheme 5.4 Alternately,the cycloadduct
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can be tailoredor triqguinane synthesis after the thermal expulsion o & treatment

with abase, like MeLiScheme 5.8

KL o Y 4 o : o
[4+4] 0
511 v 1 © o=/

LiCl
66% 512a 512b
b) endo
m wa QF Qf
91% 0™ orf o" orf
514a - 514b
endo €xo

Schemeb.3We s t damolecutat [4+4] cycloaddition of@yrone with pendant furan
(a) tethered at osition (b) tethered-Bosition**

/
o) WOR ~OR
[4+4]

515

O I,

516a 516b

(-)-traversianal

Schemeb.4We st 6 s a f)ptraveraiandd synthesis(usifigran-2-pyrone
photocycloadditior.
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A = 1. hv, [4+4] 1. MeLi-78C o
0~ ~O0 2.A 2.A HO

AcO
517 518 519

Schemes.5 Triquianines synthesis by pyrofieran [4+4] photocycloaddition.

5.3 EnyneT pyrone [4+4] photocycloaddition

As discussed i€hapter 2, riradiation of enynes tethered with pyridones lethto
highly strained 1,2 yclooctratrieneswhich that underwenta rapid thermal [2+2]
intermolecular dimerization giving complex mixture. However, dimerizationwas
prevented by steric &lding ofthe reactiveallene intermediateln the case of substrate
146a a combination of steric shieldinigy a bulky diisopropylsilyl groupand methyl
substitutiongavean allene intermdiate 147athat underwent 1,3hydrogenmigration
pathway to releasehe strain resultingin the more stable 1;8lienel48ain quantitative
yield, Scheme 5.6 Intrigued by this clean transformatidhjs enyne unit was tested with
other substratdehown to participate in [4+4] cycloaddition and falto react cleanly with

anthracene and naphthalene derivat{@sapter 4

Schemeb.6 Intramolecular pyridonenyne [4+4] photocyclatdition followed by al,3
hydrogen shift.
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An investigation ofa 2pyrone photoreactivitywith an enyneflanked by a
diisopropylsilyl anda methyl group to give [4+4] cycloadditionproductssimilar to the
pyridone exampld46aand its application in cyclooctanoid natural product synthssis
described hereUnlike the pyridone exampl®f general reactivitythis investigation of
pyronei enynephotoreativity started asn approach tthe total synthesis dhe natural
product, ¢)-dactylol Scheme 5.7 Retrosynthetically, (+@lactylol was envisioned to
derive from cyclooctanoid520 after reductive isomerization ofthe C12 7 C5 diene
(dactylol numbering directed hydrogenation ofthe C7 7 C8 double bondand
deoxygenations.Lactonebridged gclooctanoid520, in turn, was anticipated toesult
from an intramoleculamphoto [4+4] cycloadditioriollowed by a 1,3hydrogen shiftof a
pyroneenyne photcsubstrate522, Scheme 5.7 This methodologywould provide a
straightforwardsynthesis of+)-dactyloland many other cyclooctanoid ¢aiming natural
products To study this possibilitywe used theimplified pyroneenyne substrate?23that

lacked theC9 methylgroup

SiJ\ S'J\
0 — O
o)
O., e} 3 o)
(+)-dactylol 520 521
Sij\ <J\
(0 N _Si
— SO0y oo
o~ o o0 X0
522 523
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Schemeb.7 Retrosynthesis of (¥lactylol using pyronenyne photocycloaddition.

5.4 (+)-Dactylol

The marine sesquiterpene {dpactylol was first islolated in 1978 by Schmitz and
coworkers fromthe Caribbean sea hawplysia dactylomeland was found ¢ inhibit
pentobarbital metabolism in mié. Its structure was confirmed by NMR studies and
found to possess amcommor6.3.0] undecane skeletonts absolute configuration was
confirmed byORD/CD studiesof its degradation produdf. Seveal syntheses of (+)
dactylol have beereportedt*'® Shirahamaet al. reported the first synthesis of dactylol
using a biomimetic approach from humulene in 1988.year laterGadwoodsynthesized
(x)-dactylol in 21 steps using axy-Cope rearrangemeas a key stepo consgruct the
cyclooctaneing.!? Furstned § and Vanderwaal'§ synthess of racemic dactylaltilized
a metathesis approach to construct the awgiinbered carbocyclef-eldmancompleted
the synthesis off)-dactylolin six stepsising a tropanalkene [6+2] photocycloadditiott.

In 1995Molanderreportedhe firstasymmetric synthesis of (f)actylolin six stepsising

a novel [3+5] annulation approathHarma a0s asymmetriedagy8nt hesi
cycloaddition of a cyclopentenyllyl cation with butadiené’ In spite of the many
cycloaddition approache® dactylo| a [4+4] cycloaddition strategyrguably the best

strategy® that dissecs the eight membered carbocycle into two halvess notbeen

utilized reported.
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5.5 Resultsand Discussion

The first goal of this study was to test the feasibility of intramolecular pyrone
enyne [4+4] photocycloaddition as a strategy to constigtitmembered ring in the
context of cyclooctanoidatural productsin a relevanstudy, West and coworkerstudied
intramolecular pyroriduran photocycloadditios with a setof electron withdrawing
substituents o4 of the pyrone, such as OAc, OPiv, OTf, OTs and OMs, (Ssheme
5.3). All of these cycloadditions worked well aseynificant differencein theendo/ex
product was observed Theseendo/exoproductratios, however, were inconsequential
for our synthesis. A photosubstrate carrying an electron donatnaghoxysubstituenb24
was elected fostudy along withthe originally proposed photosubstréig3 Figure 5.1.
Synthesis of photosubstraté23 and 524 started with the knowmd-hydroxy-6,7-
dihydrocyclopenta[b]pyra2(5H)-one (525.2! The literaturemethod reportings25 in
72% vyield, however required 5 folexcess ofcyclopentenyTMS-enol ether 52621

Optimizationof this reaction and a search &dternativeroutes were essential.

S. o

Figure 5.1 Pyroneenyne photosubstrates with and without an oxygen substiai the

pyrone C4 position.

176



5.5.1 Synthesis ofthe photosubstrates

Optimizationof the synthesis of-hydroxyl pyrone525was attempted* Adding
a THF solution of cyclopentenoriEMS-enol ether526 to a THF solution ofmalonyl
dichloride at -78 °C allowed the isolation of-Aydroxyl pyrone525in 50% vyieldafter
recrystallizationScheme 5.8 This method was reprodibte and was easily scaled up to
multi-gram quantitiesvithout affecting the yield. One drawback of this method wse
neessityto use malonyl dichloridewhich was very sensitive to moisturdhe use of
malonyl dichloride could be avoided by utilizing ethyl malmyl chloride to give a
tricarbonyl527, which upon refluxing in toluene in the presence of DBU cyclipeithe
desired 4hydroxy pyrones25in slightly higher yield,Scheme 5.9 West and coworkers

had utilizeda closely related cyclizatich

o o
0 Et;N, Nal OTMS OH
TMSCI f CI)J\/U\CI Cﬁi
— > |
83% -78° C to RT o X0
o)
526 °0% 525

Schemeb.8 Synthesis of cyclopemdnnulated ydroxyl 2pyrone 525,

Morphollne w dl
PhCH3 reflux

CI 52 % in two steps

Schemeb.9 An improved synthesis &25
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This readily prepared intermediaté25 required the installationof 3-
hydroxylmethyl group to reach the required pyr@methanolss30and535 After O-
methylation of pyron®&25with methyl tosylate, oxidative iodination with NIS resulted in
aryl-iodide 529 a precursor foa Stille cross coupling reactionAn attempted alladium
catalyzed cross coupling reactibowever failed to deliver the desired pyrone methanol
530 An alternativerouteutilizied Rieche formylation.To our delight, titaniummediated
Rieche formylation and subsequent reduction of aldebgderoceeded smoothindin

a reasonably satisfying yiel8cheme 5.10

~ ~ (0]
© 0 Pd(PPhs),
N NIS X! n-BuzSnCH,OH | X" “OH
| 60° C | 0" o
K,COs, o o o o
TeOMe | 93% 86% 530
528 529
_ ~ NaBH,
OH TiCly ? CH;0H
Cl,CHOCH, \\-CHO 0°C
X - | 80%
| 70% BRSM oo
oo
531
525
ot Et3S|H AN Br2/A|203
Tf,0, EtzN N Pd(PPhs), | Microwave
_— —_—
85% | 82% O 0 gy
(o) (o]
o 0 ’ 533
532
Pd(PPhy)
Br 3/4 AN
B
oo
SIS 75 %
535
534

Schemeb.10 Preparation ofyclopentytannulated pyrone methars85and its 4
methoxy varian630
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For the preparation dhe 4unsubstituteeB-hydroxylmethyl pyroné&35, removal
of 4-hydroxyl group of525 was readily accomplisheoh two stepsby a palladium
catalyzed reduction @hecorresponding triflat&32 Bromination of pyron&33was best
achieved by Krheanethoalblizing dronhine adsdrbed on neutral alumina
and microwave activatioff. It waslater realized that the santomination could be
accomplished in a comparable yield¢hout microwave assistance by vigorouslixing a
mixture of bromine adsorbed on neutral alumina and pyr&@33 adsorbed on neutral
aluminawith the aid of vortexstirrer. Coupling of bromide534 with hydroxymethw
stannane delivered the desiretiy&iroxylmethyl pyroné&35 Scheme 5.10 Alternately,
3-iodo pyronecould be used, but bromid84 gave asuperioryield for the Stille cross
coupling step. The synthesis of pyron833 was further shortenetly using Wittig

olefination and cyclization d¥-formyl cyclopentenon&36, Scheme 5.1%°

0 o _PPh,

NaH, ethylformate
CHO CO,Me

DCM
68% 74%
536
Q DBU (2 eq) N
s L
— CO2Me PhCHS’ reflux 0 e}
4h
537 60% 533

Schemeb.11 An improved synthesis @, 7-dihydrocyclopenta[b]pyra(5H)-one533
using Wittig olefination.
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The 3hydroxylmethyl pyrone$30 and 535 were coupled with diisopropylsilyl
enyne 411 using the protocol developed earliecheme 5.13 Treatment of
diisopropylsilyl enyned11 with NBS oxidatively converted ib thecorresponding silyl
bromide 412 which was added ta solution of 3hydroxylmethyl pyronesontaining
triethylamine and DMAPto give photosubstrate$23 and 524 in an excellent yields

Scheme 5.12

{

R . X
X OH 412 X O,Si N ,Si>\
| _ M (T N X~ N\
0~ ~0 Et;N, DMAP 0

0
DCM
R = OMe 530 R=0Me,85% 524 411 X=H —]
R=H 535 R=H, 8% 523 412 X=Br - 00

Schemeb.12 Syntheses of photosubstrai3and524.

5.5.2 Photocycloaddition

With the pyroneenyne photosubstraté3and524in hand,benzenels solutions
were prepared anavere irradiated under our standard photochemical conditioas
describedin previous chapters.To our surprise, the photochemical outcomes were
completely diferent Scheme 5.13 For pyrone523irradiation for 1.25 h gave complete
conversion of starting material anlde desired 1,3liene 538 was isolated as a single
product in 81% vyieldconsistent with our previously studied substréfesn contrast, 4
methoxy pyroné24 underwent rapid cycloadditipmequiringonly 35 min of irradiation

for complete cosumption of starting materjahnd gavean apparent [2+2] cyclobutane
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product539 as the only produt in 78% vyield. The structure of both products were

unequivocallyconfirmed by Xray crystallographyfigure 5.2.

peN

Si\
S0

538
[4+4] followed by
1,3-hydrogen shift

R=H, 523
R = OMe, 524

Schemeb.13 Divergent photochemical results fo23and524.

538 X-ray 539 X-ray

Figure 5.2 X-ray aystal structures of 1;8iene538and cyclobutan&39(dactylol

numbering)
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5.5.3 Low temperature Coperearrangement

Surprisingly, when the cyclobutane addG89was allowed to stand a20 °C in
CDCls it slowly converted to the desired trieb40, Scheme 5.14 The isolated yield of
this product was 50% afterfour weeks at-20 °C in CDCk and after colum
chromatographic purificationHeating the CDGlsolution ofcyclobutanég39to ca. 60°C
for 12 haccelerated the process ded to the complete conversion to -Higne540in

much improved yield (76%).

— S,‘J\ CDCls, - 20 °C, 28 days Sij\
50% 2 oY
OR
MeO CDCls, 60 °C, 12h  MeO
539 76% 540

Schemeb.14 Low temperature Cope rearrangement of cyclobuf@®e

Severalparameterf the crystal structures 0538 and 539 are relevant tothis
unusual transformatiaable 5.1 In triene538 the torsional angle about the central bond
of the 1,3-diene is out of planarity by 35 In the structure of the cyclobutab89, the
allylici propargylic cyclobutandond was found to be lond.616 A) relative to other
cyclobutane bonds (1.572, 1.537 @n870A). The alkyne was far from linear, with the

Ci Ci C and G Ci Si bond angles 18%nd 160 respectively.
182



Table 5.1 Key Measurements from Crystal Structure$88 and539

structure angle/distances Measuement
538 Cl2C3iC4iC5 144.5°
539 ClLiC2 1.537A
539 C3iC8 1.616A
539 C3iC4iC5 165.4
539 C4i C5' Si 159.6
539 C5i C6 3.108A

It seemedunlikely that the cyclobutane539 resulted from a direct [2+2]
cycloaddition between remotle pyrone alkene and enyne alkene5@# leading toa
clearly strined ninemembered silyl etheiThe dichotomy observed in the photochemistry
of 523and524, as well as conversion of cyclobutasi@9 to triene540 can beexplained
by the mechanism outlined Bcheme 5.15* Irradiation of bott623and524 led to the
[4+4] adductsH41and542 respectively. In the caseof unsubstituted photosubstrd&i23
allenic intermediat®41 underwenta 1,3-hydrogen shift resulting in the observed triene
538 On the other handnethox-substituted photosubstrat?4 producedallenic
intermediate542 which thenunderwenta Cope rearrangement instead of-hygirogen

shift, resulting incyclobutanes39,

Computational studies carried by Houk and Aviyente suggests that electron

donating #&oxy groups decrease the actieat barrier and thus acceleraf8,3]
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sigmatropic rearrangementshile electron withdrawing groups such a&yano and
trifluoromethyl increasehe activation barriet>?® In the case of allen®42 the methoxy
substituent presumably lowered thetivation barriefor [3,3] sigmatropic rearrangement
yielding cyclobutan®39. Cope rearrangements avell known for their reversibility since
their discovery in 1946/ If the rearrangement of the alleBé2to cyclobutané&39was
reversible, allene 542 would eventually undergo an irreversible -hyglrogen shift
resulting in more stable trier@40 The long cybutane bond found in the crystal
structure 0639, the rather close positioning of the carbons at the reactive end of the alkyne
(C571 C6, Table 5.1) and distortion of the alkyne are all consistent with the postulated
reversible Cope rearrangemericceleration of the transformatiaf 539to triene540is
consistent with the proposed pathway between cyclob&adeo triene540 via allene

542

el

Si
\

T

)\ | \( _/ R

si hv s 4 s stj\ R=H 538

di[\ TN ——o[.0b R=0Me 540
o) e [4+4] 3 NS

Schemeb.15 Mechansm for the observed dichotomy of photoreactivitp@8and524,
andthermal transformations &f38 539and540.
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5.5.4 Towards the total synthesis of+)-dactylol

For the synthesis ot}-dactylol, a photosubstrak22carryinga methyl substituent
ontheannulated cyclopentane was requjigdneme 5.16Use ofE f f e n b*pyrane r 6 s
synthesiautilizing trimethyl((3-methylcyclopentl-en1-yl)oxy)silane (543) and malonyl
dichloride 6eeScheme 5.8 only delivered trace amownbf pyrone547. Therefore, a
Wittig olefinationcyclization strategy (similar t&cheme 5.1 lwas usedas depicted in
Scheme 5.16 Synthesis of pyronB47 started with conjugate addition of methylcuprate
to cyclopentenontollowed by enolate trapping with TMS® yield TMS-enolether543
guantitatively. Regenerating the enolate and its addition to trimethyl orthoformate gave
acetal544in a reasonably satisfying yieldAcetal deprotection withhmberlys® 15 gave
aldehyde 545 in 72% vyield which was added to (carbanethoxymethylene)
triphenylphosphorant® furnish a dicarbonyl compourtdi6, a precursor for pyrong4?.
Refluxingatoluene solution 0546with two equivalerg of DBUcyclizedit to pyroneb47.

C3 Bromination of pyron®47 was best achieved by vigordysnixing the mixture of
bromine adsorbed on neutral alumina and py&stiéwith the aid ofa vortex mixer for 5
min.  Palladiumcatalyzed cross coupling of bromid&48 with hydroxymethw
tributylstannane delivered the desiretiyiroxylmethyl pyron®49. Tethering of grone
3-methanol549 with the diisopropylsilyl enyneusing our standard protocol used earlier

completed the synthesis of photosubst(ajes22 Scheme 5.6.
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O OTMS o~
MelLi, Cul 1. MelLi Amberlyst® 15
EE—— — -

TMSCI, Et,0 BF,-OEt, Acetone
Trimethyl ortho 24 h
543 -formate 544
63%
o o _PPhg o
OH CO,Me
CHO — - - =\_-CO,Me
DCM
o)
545 95 % 6
72%
Br
DBU (2 eq) N Br, - Al,O4 A
- 5 | >
3h 547 , 548
62% ~50%
(1+Bu)sSnCH,OH @fr gjjr s|
Pd( PPh3)4 Et3N DMAP
Dioxane 88 %
~70% 549 (¥)-522

Schemeb.16 Preparation ofhe methyl substitutephotosubstrate for the synthesis of
(x)-dactylol.

A benzene solution of photosubstrat®-$22 when irradiated undesur standard
photochemical conditienfor 1.5 h resulted ina nearly 1:1diastereomerignixture of
cycloadducts%)-520in excellent yieldScheme 5.17A [4+4] cycloadditiorto giveallene
(x)-521followed bya1,3-hydrogen shiftvasthesole pathway in this case, consistent with

previously studied substra&23and pyridoneanalogl46a
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(+)-520

(¥)-521

Schemeb.17 Photocycloaddition of pyrorenyne £)-522resulting in 1:1diastereomeric

mixture ofcycloadducs ()-520.

5.5.4.1 Further transformation of the cycloadducts

With a successful cycloaddition and -hfdrogen shift of photosubstrat@g-522
and523 with and withoutamethyl substituen excellent yieldstheadductét)-520and
538were both used to explore to thatural productf)-dadylol. Thecycloadduct without
a methyl substitueri38 wasstudiedfirst. Treatingcycloadduct38with TBAF cleanly

removed the silicarfurnishing alcohob50in excellent yield Scheme 5.18

TBAF, THF

- =

\\\OH
90% X

551

Schemeb.18 Silicon removal and desmethyl dactyik@l
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Conversion of alcohol550 to desmethyl dactylol551 seemed potentially
straightforward. In principle, alcoh&@50 was three major transformations away from
desmethyl dactylob51; a reductive isomerization ahe C12 7 C5 diene (dactylol
numbering), directed hydrogenation thfe C7 i C8 alkene and deoxygenation. An
attempted directed hydrogenationtbé C71 C8 double bond using a Crabtree catalyst
(CeH12lrP(CsH11)3CsHsNPFs) did not reduce the desired alkene, but instead reduced the
rather remote exocyclic alkene along wttre C4 i C5 double bond upon prolonged
reaction time (2 dayscheme 5.19 Looking & a model of alcohob50 suggested that
alcohol was litte far way to direct th@ydrogenation othe C77 C8 alkene. Therefore,
the C12 1 C5 diene was reductively isamzed first to seaf it would changethe

conformation of the molecule.

Crabtree catalyst

>

Crabtree catalyst
> HO

H,, DCM
2 days

H,, DCM
2h

Schemeb.19 Attempted directed hydrogenations80.

Attempted reductiorof C127 C5 dieneunder Birchconditiors did not give the
desired product 554 but instead resulted in hemiacetah5 Scheme 5.20 When
cycloadducb38was subjected to tleameBirch reduction conditions, similar results were
obtained and hemiacet@b6was isolated in good yieldStructures of hemiacetéi®5and
556 were confirmed by NMR studiesHemiacetalsvere formedbecauseof the close

proximity of thebridging lactone witlthediene as evident in the crystal structur&88&.
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t-BuOH

Li, Lig. NH;  HO @
@

555

Li, Lig. NH5 o @
@

t-BuOH

556

Schemeb.20 Birch reduction of alcohd50and cycloadducdd38 gavehemiaetals.

Reductive isomerization ahe C127 C5 dienen 550was eventually achieved by
adding thiophenol across the diefalowed by desulfurizatiorwith Raneynickel 28
Unfortunately whendiene554was subjectetb adirectedhydrogenatiortonditions using
a Crabtree cataly$CsH12lrP(CsH11)3CsHsNPFes), compoundb53wasisolatedagainas the
only product Scheme R21. The poposed directed hydrogen did not reduce the desired
C71 C8 alkene but reducetthe C3 17 C4 alkene instead A potential ®lution to this
problem would be to design a synthetic route where9ame@thyl goup (dactylol
numbering) carried directing group for hydrogenationtbEC71 C8 alkenesuch a$58
Figure 5.4 The pesence of hydroxyl group on C9 wuld also possiblyimprove the

diastereoselectivityof the cycloaddition. A proposed plan to prepe 558 and its
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retrosynthetic analysiwhich follows a route similar t&cheme 5.16utilizing a known

aldehydes62 is shown inFigure 5.3.

Raney-Nickel

_—
Acetone

557

Crabtree catalyst

H,, DCM

@)
559
— O
AN CHO
— | p—
o O —
560 561 562

Figure 5.3 Proposed cycloaddubb9 carryingadirectinggroup at C9 and its
retrosynthesiso known aldehgle 562

190



5.5.5 Synthesis of other photosubstrates and photocycloaddition

Along with the total synthesis of dactylol, screening of pyrone derivatives that can
engage in [4+4] photocycloaddition with enynes was anpéugrally important goal this
project. The \ery interesting dichotomy of pyrorieenyne cycloaddition described in
Scheme 5.13s additional incentive foscreaing pyrone derivatives$or their capablility
for participationin photocycloaddition with enynesA series of photosubstrategere
therefae, including the gnplest pyrone563a 6-methyl substituted substra&63b, 4-
methoxy6-methyl substituted substra&63¢ cyclohexytannulated substrate63d and

coumarin based substré&ié3eand their photochemistry was investigated.

() Ly A

563a 563b 563c

Figure 5.4 Photosubstrates prepared for photoreactivity studies
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Syntheses athe 3-hydroxymethyl pyrone and pyrone derivatives requifedthe
photosubstrates listad Figure 5.5aresummarized irscheme 5.22 For the preparation
of photosubstraté63g pyrone3-methanolb64awas required.Synthesis ob64abegan
with the pyrolysis of commercially available mucic atidyield 3hydroxypyrone565in
a modest yield a known proced@ which was then converted into corresponding triflate
5662° The desired 3hydoxymethyl pyrones64a was achievedin 78% yield with a
palladiumcatalyzed Suzuk coupling between triflate 566 and potassium
acetomethoxyboratd?otassium acetomethoxyborate was prepared following the literature
procedure® For the synthesis of compouls@4b, a reaction sequenc@milar to that
described irbcheme 5.1@vas used Commercially available 4ydroxy-6-methyl pyrone
567 was reduced to -fhethyl pyrone568 by palladiumcatalyzed eduction of its
corresponding triflate.Oxidative iodination followed by Stille cross coupling furnished
the desired dydroxymethyl6-methyl pyrone564b. Compoud 564c is a known
compound and wasreparedising the literature procedute Reactions utilized ilscheme
5.16 were repeated starting with cyclohexanotte furnish compound564d  3-
Hydroxymethyl coumarib64ewas prepared by solvent free brominatsod Stille cross

couplingwith (tributylstanny)methanal

Tethering of grone methanol$64ai 564eto diisopropylsilyl enyne witlour
standardprocedurdurnished the desired photosubstréié8ai 563ein excellent yields

Scheme 5.23
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é NaH, ethylformate CHO CO,Me _~_COMe = 9,
“Dem PhCHj, reflux
65 % DM 4h
78 % s
571 572 b
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n-BusSnCH,OH
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80%

575 576

|
Lk, —m

573 574
L

n-Bu3SnCH,0OH

o™
Pd(PPhs), 0" o
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Schemeb.22 Syntheses dfiydroxyl methyl pyrone§63ai 563dand 3hydroxylmethyl

coumarins563e
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);/Si " LN 5632 89%
S 564a-e, ELN, DMAP o Sin 563b 96%

- \ﬂ/ 563c 88%

M1 XeH —— 563d 78%
563a-e 563e 89%

412 X=Br «— ) \BS °

Schemeb.23 Syntheses of photosubstraiSe i 563eutilizing pyrone methanols64a
i 564e and their corresponding yields

With substratess63ai 563ein hand, theirCeDe solutions were prepared and
irradiatedwith theusual photochemical conditionBhotosubstrat®63a which carrieso
substitution orC41 C6, after3.5 h irradiationisomerizedquantitatively toDewar pyrone
577. None ofthe anticipated photochemistry were observed: [4+4] cycloadditiwong
dimerization or pyroné alkene/alkyne [2+2] cycloadditien Similarly, photosubstrate
563 also resultedh the corresponding Dewar pyros&8but required 8 h of irradiation.
Interestingly, whera CeDs solution ofthis Dewar pyrone was storediaR0 °C for 12 h, it
revertedto substraté63b. Irradiation of substraté63cresulted in a coplex mixture.
NMR studies orthe crude product mixture suggesteulltiple products. Irradiation of
563d required 3.5 h to fully consume starting materials andlidt undergo[4+4]
cycloaddition and 1;Biydrogen shift resultingn the desired cycloaddudi79, Scheme
5.24 Compared to cyclopentdnnulated substrat®23 photocycloaddition 0563d
requireda longer irradiation time and gavéoaver yieldof the productThe final example,

coumarin substrateé63ewas virtually unchanged even affgolongedrradiation.
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X O/SI . hv, 8 h
| N .
0" ~0 |K—O
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Schemeb.24 Divergent photoreactivity of substrate§3ai 563e
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5.5.6 Experimental

Summary of general techniques and instrumentation, reagents, purificatioe amd

on page$3i1 54.

OTMS

526

(Cyclopent-1-en-1-yloxy)trimethylsilane 526 (cyclopentl-en-1-yloxy)trimethylsilane

was prepared using literature procedtfreSodium iodide (@5 g, 424 mmol) was
dissolved in 50 mL acetonitrile in a 250 mL rb flask. To this solution was added
cyclopentanone (B0 mL, 339 mmol), followed by triethylamine (5.9 mL, 42mmol).
Finally, chlortrimethylsilane (4.95 ml,30 mmol) was added dropwise over 3nmAfter

1 h of stirring at ambient temperature, resulting solution was diluted with pentane (50 mL).
The biphasic mixture was std vigorously for 10 min. The phases were separated and the
acetonitrilelayer was extracted witpentane 3x20 mL). The conbined organics were
successively washed with water, brimed dried over anhydrous sodium sulfate.
Concentrationn vacuogavethetitle compound aacolorless oil (4.45 g, 83%) which was

used withoupurification.

4-Hydroxy-6, 7-dihydrocyclopenta[b]pyran-2(5H)-one 525 4-hydroxy pyroneb25was
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prepared by modifying the procedwkEffenbergef! To a solution of(cyclopentl-en
1-yloxy)trimethylsilane (3.32 g 21.28 mmol) THF (5 mL) at-20 °C wasaddeddropwise
malonyl dichloride (1.5 g, 10.64 mmal} a solution in THF (5 mL)'he reaction mixture
was stirredor 1 h at the same temperature amdadditional 2 h aRT before quenching
with water (10 mL).The layers were separated ati@é aqueousdyer was extracted with
ethyl acetate (3X10 mL)The @mbined organics were washed with brine, dried over
anhydrous sodim sulfate, filtered andoncentratedh vacuo.Recrystallization using 1:

1 mixture of hexane and ethyl acetate yielded 0.8 g (50%itl®@ compound525 as
yellowish solid. m.p. 1937 195°C (lit.*3 1937 194°C). 'H NMR (500 MHz, CDC}) i

10.73 (br 1H), 5.55 (s, 1H), 2.81 (d,= 7.7 Hz, M), 2.72 (tt,J = 7.3, 1.3 Hz, 2H), 2.16

2.05 (m, 2H).13C NMR (100MHz,CDC¥) & 171.0, 169.3, 166.

20.1.

Alternative synthesis of4-hydroxy pyrone 525

To cyclopentanone (1.5 mL, ¥mmol) as asolution in anhydrousoluene(50 mL) was
added morpholine (1.65 mL, 19mmol) andpTSA (0.34 g, 1.95 mmol). The reaction

mixture was refluxed usin@eanStark apparatus for 4 h until no further water was

collected. The ®lvent was removed under reduced pressure and the residue was

redissolved in ether (50 mL), cooled468 °C andethyl succinyl chlorid€1.78 mL, 14.2

mmol) was added dropwise over 30 min. The resulting mixture was slowly warmed to

ambient temperature and stirred for 12 h. Water (25 mL) was added and stirred for

additonal 2 h.The phases were separated dhd ethereal layer was washed with brine,
dried over anhydrous magnesium sulfate] concentrated to gieetricarbonyl compound

thatwas used in next step without purificatiofhe ticarbonyl compound was disseld

197



in toluene (70mL), DBU (4.2 mL, 28.4 mmol) was added and the reaction mixture was
heated to reflux for 4 MAfter cooling to rf the mixture wasliluted with DCM (150 mL)
washed with 1N HCI and brine, dried over anhydnmagnesium sulfatepncentrated and
the residue wasecrystallized using ethylacetate/hexanes tdlge#thydroxy pyroneb25

asa yellowish solid1.12 g, 52%or two steps).

4-Methoxy-6,7-dihydrocyclopenta[b]pyran-2(5H)-one 528 : To the DMF (6.5 mL)
solution of 4hydroxy pyrone525 (200 mg, 1.31 mmolat 0 °C were added potassium
carbonate (364 mg, 2.63 mmol) and metiybluenesulfonate (490 mg, 2.63 mmol). The
reaction mixture was slowly warmed to ambient temperature and stirredghtdsafore

diluting with water.The mxture was extracteavith ethyl acetate (3 X 5 mL) and the
combined ethyl acetate fract®werewashed with brine, dried over anhydrous magnesium
sulfate and concentrat@avacua The pure product28(202 mg, 93%) s obtained after
column chromatography as a colorless soiRg.= 0.52 in 1:1 ethyl acetate/hexanes.p.

101°C 'HNMR (500 MHz,CDC}) U 5.36 (s, 1HJ)=7.68z,84), (s,
2.63 (t,J= 7.3 Hz, 2H), 2.08 (q] = 7.5 Hz, 2H).3C NMR (125 MHz,CDC}) & 170. 0,
166.5, 164.7, 111.5, 86.4, 55.9, 31.3, 25.5, 2(R0(neat) 3076, 2979, 2959, 2862, 1702,
1645, 1477, 1458, 1347, 1254, 1075, 945, 846 diRMS (ESFTOF) m/z: [M+Naf

Calcd for GH100sNa 189.0528; found 189.0551.
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531

4-Methoxy-2-0x0-2,5,6, #tetrahydrocyclopenta[b]pyran-3-carbaldehyde 531 To the
solution of4-methoxy6, 7-dihydrocyclopenta[b]pyrai2(5H)one528(100 mg, 0.6 mmol)

in dichloromethoxymethan@.2 mL, 13.25 mmol) at5 °C, TiCls was added dropwise

HCI gas produced during the reaction was continuously removaglby stream of argon

The reaction mixture was slowly warmemlambient terperature and stirred 12 h at that
temperature before heating to 85 foranadditional 2 h. Tie reaction mixture was cooled

to room temperaturand carefully added to ie@ater, extracted with DCM (3X5 mL),
dried over anhydrous sodium sulfate, concentrated and purified using flash column
chromatography to gehe title compound31 as acolorlesssolid (58 mg, 70% BRSM,;

70% conversion)Rs: = 0.47 in 100% ethyl acetaten.p. 139 °C H NMR (500 MHz,
CDCk) U 10.14 (s, 1HYs7.341.41H9, 2H),s2.90 2378I(m, 2H)3 . 0 O
2.13 (m, 2H). 13C NMR (125 MHz, CDCk) & 1 8 7 179.3, 168.7, 310.5,,102.4,
61.5, 32.1, 29.3, 19.9IR (neat) 2915, 2851, 1746, 1507 ¢mHRMS (ESFTOF) m/z:

[M+Na]* Calcd for GoH1004Na; 217.0477 found 217.0459.
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3-(Hydroxymethyl) -4-methoxy-6, 7-dihydrocyclopenta[b]pyran-2(5H)-one 530 To

the methanol (5 mLgolution of pyronealdehydes31(100 mg, 0.52 mmol) in atTC, was
addedNaBH: (58.4 mg, 1.54 mmol) and the reaction mixture was stirred for 30 min at the
same temperature. Excess borohydride was quershadiding acetonghe mixture was
concentratean vacuoandwaspurified by flash column chromatography to githe title
compound30as a colorless soli@1.6 mg, 80%) Rs: = 0.46 in 100% ethyl acetaten.p.

91 °C. 'H NMR (500 MHz,CDC}) U 4.55 (s, 2H) J=88 4068 (s,
1.7 Hz, 2H), 2.92 (bs, 1H), 2.812.74 (m, 2H), 2.15 2.05 (m, 2H).13C NMR (125 MHz,

CDCk) U 166.6, 166.6, 166.3, 11 (tkat)32505. 4,
(broad), 2963, 1703538, 1466, 1369, 1364, 1073 ¢nHRMS (ESFTOF) m/z: [M+Na]

Calcd for GoH1204Na; 219.0634 found 219.0652.

2-0Ox0-2,5,6, #tetrahydrocyclopenta[b]pyran-4-yl trifluoromethanesulfonate 532: To

the DCM (2 mL) solution of 4-hydroxy-pyrone 525 (50 mg, 0.33 mmo))was added
triethylamine (55 pL, 0.39 mmol) followed by triflic anhydride (64 pL, 0.38 mmol)
dropwise over 7 min (10 uL/min)After addition was complet¢hereaction mixture was
stirred another 10 min before quéing with saturated ammonium chloride solution (2
mL). The layers were separated ahéaqueous layer was extracted twice with DOMe
combined organics were dried over anhydrous sodium sulfate, concemratioand

the residue was purifidaly a flashcolumn chrom#ography to givehe titlecompounb32
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as a yellowish oil (80 mg, 85%Rs: 0.4 in 1:4 ethyl acetate/hexanébl NMR (500 MHz,

CDCk) U 6J=1.DHz,(1H), 2.96 2.84 (m, 2H), 2.79 (ddf = 7.7, 5.8, 1.7 Hz, 2H),

2.18 (dddJ) =14.8,11.0, 7.6 Hz, 2H!C NMR (125MHz CDCk) U 168 . 6, 163 . ¢
118.6 (q, 320 Hz), 111.4, 101.4, 32.1, 26.1, 20RL(neat)2960, 1751, 1563, 1433, 1249,

1218, 990, 815 cth HRMS (ESFTOF) m/z: [M+Na[ Calcd for GH7FsOsSNa; 308.9864

found308.9867.

L

0" o

533
6,7-Dihydrocyclopenta[b]pyran-2(5H)-one 533 To the DMF (15 mL) solution ofa
pyrone triflate532 (650 ng, 2.28 mmolwereaddedPd(PPB)4 (527 mg, 0.46 mmol) and
triethylsilane (0.73 mL, 4.56 mmauccessivelyandthe resulting mixture was heateul
60°C for 2 h.The reaction mixture was diluted with water and extracted with ethyl acetate.
The ombined organics were washed with water, dried over anhydrous sodium sulfate,
concentratedinderreducedpressure and purified usingadh column chromatography to
give the tite compoundb33 as a colorless solid (255 mg,%2 R:: = 0.47 in 1:1 ethyl
acetate/hexanes.p. 90 °C(lit.3*83°C). THNMR (500 MHz,CDC$) U 7J=208, (dt ,
0.4 Hz, 1H), 6.10 (dt) = 9.3, 1.1 Hz, 1H), 2.81.2.74 (m, 2H), 2.68 2.61 (m, 2H), 2.16
i 2.07 (m, 2H).23C NMR (125MHz CDCk) & 165.0, 163.8, 142. 7,
28.0, 20.9.IR (neat) 2862, 1712, 1550, 1342, 850°criiRMS (ESFTOF) m/z: [M+Na]*

Calcd for GHsO2Na; 159.0422 found 159.0415.
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An alternative synthesis of pyrone 533ising Wittig olefination-cyclization method:

O o
o

536a

2-Oxocyclopentanecarbaldehydé36 was prepared by following a literatupeocedure

from cyclopentenone in 68% yietd.

O

é&cone

537

Methyl 3-(2-oxocyclopentylidene)propanoate 537:Dicarbonyl compound537 was
synthesized using a literature procedure and was usayciization with complete
characterizatioR® To a DCM (40 mL) solution of aldehyd86(1.26 g, 10 mmol) at RT,
methyl (triphenylphosphoranylidene)acetate (4.0 g, 12.0 mmol) was added and the
resulting mixture was stirred for 4 h at the ambieemperature before concentrating the
volatilesin vacuo The residue was purified by flash column chromatography to furnish

the E/Z mixture of itle compoundb37(1.24 g, 74%ps a colorless all

L

o” "0
533
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6,7-Dihydrocyclopentgb]pyran-2(5H)-one 533  Toluene (30 mL) solution of
dicarbonyl compoun837(1.0 g, 6.0 mmol) was heated to reflux, then DBU (1.3 mL, 9.0
mmol) was added and the resulting mixture was refluxed for Réaction solution was

cooled to ambient temperature, dilutedhW2CM and vashed with 1N. HCI, and brine,

dried over anhydrous sodium sulfate, concentrated in reduced pressure and the residue was
purified by flash column chromatography to furnish theopg533(0.49 g, 60%)as a

colorless solid.

ahd

0~ 0
534
3-Bromo-6,7-dihydrocyclopenta[b]pyran-2(5H)-one 534  Bromopyrone 534 was

prepared by using solvent free protocol developelgnna®?

Preparation of Brz in a neutral alumina: In a vial, bromine (1 mL) was added to neltra

alumina (10 g), capped, shaken well and allowed to star@idays.

Pyrone533 (136 mg, 1 mmol) was dissolved in DCM (4 mL) and neutral aluming) (1
was added.The DCM was evaporated carefully using rotavap andthe solid was
transferredo a microwave tubeThen, theBr> i Al>.O3 mixture (1 g, 2 mmol) was added
and the mixture was shakandthemicrowave irradiated for 5 min at 30 °&fter adding
15 mL of acetongthe sdids were removed by filtratiorThe filtrate wasconcentratedn
vacua Column chromatographiaupification using 1:4 ethyl acetatekanes affordethe

title compound534 (107 mg, 50%) as yellowish solid. Rf = 0.4 in 1.5:8.5 ethyl
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acetate/hexanesn.p. 1387 140 °C 'H NMR (500 MHz,CDC$) U 7. 67 i( s, 1H
2.73 (m, 2H), 2.71 2.66 (m, 2H), 2.15 (td] = 14.7, 7.5 Hz, 2H)13C NMR (125 MHz,
CDCk) U 164. 4, 1509.,8009 27.9 21.11R (nedt)13U60,3Q15, 296853 . 5
1717, 1340,959, 749 crmt. HRMS (ESFTOF) m/z: [M+H* Calcd for GHsBrOy;

214.9707 found 214.9713.

n-BusSNCH,OH |

(Tributylstannyl) methanol:  (Tributylstannyl) methanol was prepared usitige

literature proceduré

o O
535

3-(Hydroxymethyl) -6, 7-dihydrocyclopenta[b]pyran-2(5H)-one 535  Bromo-pyrone
534 (100 mg,0.46 mmol) wasazeotropically dried using toluemeior to cross coupling
reaction. To thel,4 7 dioxane (9mL) solution of bromepyrone 535 were added
tetrakis(trphenylphosphine)palladium 58 mg, 0.046 mmol) and (tributylstannyl)
methanol 443mg, 138 mmol) successively anti¢ resulting mixture was heated to 60 °C
for 6 h before cooling to ambient temperature and concentriatvaecuo The residue was
purified by column chromatography ing 1:1 ethyl acetate/hexanesftonish the title
compound535 as a colorless solid (57 mg/5%) yield. Rs = 0.28 in 3:2 ethyl

acetate/hexanesn.p. 807 81°C.*HNMR (500 MHz,CDC§) U 7. 32 (&= 1H),
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4.3 Hz, 2H), 2.96 () = 5.3 Hz, 1H), 2.78 (1] = 7.6 Hz, 2H), 2.65 (t] = 7.3 Hz, 2H), 2.10
(,J=7.7Hz, 2H).®C NMR (125 MHz,CDC}) U4 164.1, 163.2, 138
61.5, 31.0, 28.1, 20.8R (neat)3421, 2958, 2925, 2862, 1712, 1637, 1571, 1372, 1078,

1007, 976 crd. HRMS (ESFTOF) m/z: [M+Na] Calcd for GH100sNa; 189.0628found

189.0525.
O O oH
&CHO —_— &/
545

Methyl lithium (112 mL, 1.6 M solution i&t.O, 178.8 mmol) was added toetislurry of
Cul (17.1 g, 89.6 mmol) in ED (500 mL)ati 5 °C and the resulting mixture was stirred
for 1 h at the same temperature before adding ¢ B0 mL) solution of cyclopentenone
dropwise over 10 minvia addition funnel. The mixture was stirred for additional 10 min.
at the same temperature before TMSCI (15.1 mL, 119.4 mmol) and triethylamine (33 mL)
being added in the interval of 10 mirThe reaction mixture was diluted witlqueous
saturatedNH4Cl and water, extractedith hexanesind combined organics wettded over
anhydrous N£5Qs, filtered and concentrated in reduced pressufide residue was
dissolved in E4O (300 mL) and MeLi (47 mL, 1.6 M in O, 75 mmol) wasdded at RT
and stirred for 1 h at ambient tempera before cooling to 78 °C. Methyl orthoformate
(8.53 mL, 78 mmol) anBFs-OEb (9.6 mL, 78 mmol) were addedia?8 °C successively,
stirred for 1 h at the same temperature before adding aqueous saturateéld NHe
resulting mixture was extractedtiv Et:O, combined organics were dried over anhydrous

NaSQq, filtered and concentrated in reduced pressufée residue was dissolved in
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acetone 40 mL), then Amberlys® 15 (2.4 g) and ED (3.6 mL) were addeand stirred

for 24 h. Solids were fteredoff and the filtrated was concentrated in reduced pressure
and purified by flash column chromatography gave the title compound as as®kulid.

Rr: 0.32in 1:4 ethyl acetate/hexanes.p. 557 56°C.'"H NMR (400 MHz,CDC$) U 7. 11
(d,J=1.7 Hz,1H), 2.88 (dd,J = 13.6, 7.0 Hz1H), 2.37 (ddd,) = 23.8, 11.6, 6.6 HZH),

2.2071 2.11 (m,1H), 1.47 (dddJ = 17.9, 12.5, 8.6 HZH), 1.15 (d,J = 6.7 Hz,3H). 13C

NMR (100 MHz CDCk) U ,25B.6,.11D, 37.0, 32.7, 30.7, 20.5

!

o "0
547

5-Methyl-6,7-dihydrocyclopenta[b]pyran-2(5H)-one 547 Methyl pyrone was
synthesized using Witting olefinatiazyclization method used for pyroB83in 62% yield

from dicarbonyl compoun8@46 as a colorless 0ilRs: = 05 in 1:4 ethyl acetate/hexanes

IH NMR (500 MHz, CDC#) U 1 7.24218, 1H), 6.12 (dt] = 9.4, 1.1 Hz, 1H), 3.07

2.95 (m, 1H), 2.81 2.69 (m, 2H), 2.33 (dtd] = 13.2, 8.3, 5.2 Hz, 1H), 1.63 (dddbz=
13.0,9.2,7.5,6.2 HAH), 1.18 (dJ=6.9 Hz, 3H).'3C NMR (125MHz CDCk) U4 ,164 . 6
163.8, 141.8, 120.6, 112.6, 35.4,8@0.2 20.7. IR (neat) 2958, 2869731, 1633, 1546,

823cmt. HRMS (ESFTOF) m/z: [M+H* Calcd for GH1102; 151.0759 found 151.0756
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3-Bromo-5-methyl-6,7-dihydrocyclopenta[b]pyran-2(5H)-one 548 Pyrone bromide

548was synthesized from pyrobd7following the solvent free bromination method used

to synthesize534, as a yellowish solid in 50% vyield.Rs: 0.3 in 1:4 ethyl

C«

acetatéhexanesm.p. 511 53°C. *H NMR (500 MHz, CDC#) 7.64 (s, 1H),
=14.6, 6.7 Hz, 1H), 2.802.67 (m, 2H), 2.36 (dtd] = 13.2, 8.3, 5.1 Hz, 1H), 1.711.61

(m, 1H), 1.20 (d,J) = 6.9 Hz, 3H).23C NMR (100 MHz CDCk) & 1631482, 159.
121.7, 108.9, 35.4, 30.80.0, 20.7 IR (neat) 29582926,2869 173, 163, 1531, 1343,

913, 750cm?. HRMS (ESFTOF) m/z: [M+H™* Calcd for GH10BrO2; 228.9864found

228.9865

o "0

549

3-(Hydroxymethyl)-5-methyl-6,7-dihydrocyclopenta[b]pyran-2(5H)-one 549 Pyrone
3-methanolb49was synthesized by following a Stille coupling method to synthédse
using bromidé48in 70% yield as a colorless oiRs: = 0.5 in 1:1 ethyl acetate/hexanes
'H NMR (500 MHz, CDC}) U 1 7.293n2, 1H), 4.48 (s, 2H), 3.03 (ddbs 13.2, 6.6,
1.5 Hz, 1H), 2.84 2.68 (m, 3H), 2.41 2.27 (m, 1H), 1.63 (dddd,= 13.1, 9.2, 7.5, 6.2

Hz, 1H), 1.19 (d,) = 6.9 Hz, 3H). 3C NMR (125 MHz CDCk) U ,163.@, 132.8,
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124.2, 120.9, 61.9, 35.5, 3030.0 20.7 IR (neat)3412,2957, 2928 2867, 1715 163,
1571, 1364, 98%m?. HRMS (ESFTOF) m/z: [M+Na]* Calcd for GoH10sNa; 203.0684

found 203.0685

(\IOH

() (@]
565

3-Hydroxy -2H-pyran-2-one565: 3-Hydroxy pyrone565was synthesized using literature
procedure’ To the finely ground mixture of mucic acid (30 g, 142.7 mmol), potassium
phosphate monobasic (30 g, 220 mmol) and phosphorous pentoxide (6g), in a 100 mL
round bottom flask, short path with relatively longer condenseraasasmbled. The solid
mixture was heated with meeker burner continuously for a period of 1 h. Collected distillate
was diluted with 1 M KOH until pH ~6 6.5. The mixture was continuously extracted
using 2 batches of ether. The ether extract was driedamNgmdrous sodium sulfate and
removal of ethein vacuoafforded565as a yellowish solid (6.4 g, 40%WRy: 0.36 in 1:1

ethyl acetate/hexanesn.p. 76 °C. 'H NMR (500 MHz, CDC4$) U 7 J2%2,1.7d d,
Hz, 1H), 6.67 (ddJ = 7.1, 1.7 Hz, 1H), 6.21 (dd = 7.1, 5.2 Hz, 1H), 6.10 (d,= 5.3 Hz,

1H). ®*C NMR (125 MHz,CDC$) 4 161.8, 142.5, 142.3, 114

O O
566

208



2-Oxo-2H-pyran-3-yl trifluoromethanesulfonate 566: was prepared using literature
procedure? To the 0 °C solution of-Bydroxy 2H-pyran-2-one 565(1.0 g, 8.9 mmol) in

DCM (25 mL), 2,4,6 collidine (1.3 mL, 9.8 mmol) was added followed by dropwise
addition of triflic anhydride (1.57 mL, 9.35 mmol). The reaction mixture was stirred at the

same temperature for additional 2 h, conedett invacuoand purification by column
chromatography using 2:3 ethyl acetate/hexanes afforded title comp66rat a pale

yellow solid (1.75 g, 80%)Rs: 0.55 in 1:1 ethyl acetate/hexanes.p. 55 °C. 'H NMR

(400 MHz, CDC#) U 7 J5822, 1.8Ht, 1H), 7.36 (dd,= 7.2, 1.8 Hz, 1H), 6.31
(dd,J=7.2,5.2 Hz, 1H)’3C NMR (125MHz,CDC}) U 156 . 4, 3313511865, 136

(9, 321 Hz), 105.0.

o)
)J\O/\BFg,K

Potassium acetomethoxyborate salt was synthesizegl litsirature procedur®.

To the mixture o666 (244 mg, 1 mmol), potassium acetomethoxyborate (270 mg, 1.5
mmol), Pd(dba)(28.8 mg, 0.05 mmol), Rphos (56 mg, 0.12 mmol), sodium carbonate
(159 mg, 1.5 mmol); 1,4 dioxane (7.5 mL) and water (0.L»were added. The reaction

mixture was heated to reflux for 6 hours, cooled, concentrated and purified by flash column
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chromatography using 1:1 ethyl acetate hexanes to get title coohpbdaas white solid
(98 mg, 78%).Rs: 0.14 in 1:1 ethyhcetate/hexanesm.p. 817 83 °C. 'H NMR (400
MHz, CDCk) U 7 J4%1, 2.00Hd,,1H), 7.38 7.31 (m, 1H), 6.27 (dd] = 6.5, 5.2
Hz, 1H), 4.52 (d,) = 6.4 Hz, 2H), 2.49 (t) = 6.5 Hz, 1H).13C NMR (125 MHz, CDC})

U 162. 4, 150 .064, 613 RFnedt); 3392,8B13, 2926, 4875, 1699, 1567,
1633, 778 ct. HRMS (ESFTOF) m/z: [M+N4g* Calcd for GHsO3Na; 149.0215 found

149.0229

oTf
I
o "0
BK S51

6-methyl-2-oxo-2H-pyran-4-yl trifluoromethanesulfonate BK S51  4-hydroxy-6-
methyt2H-pyranone (1.26 g, 10 mmol) was dissolved in methylene chloride (50 mL).
Triethylamine (1.57 mL, 12 mmol) was added followed by triflic anhydride (1.94 mL, 11.5
mmol) dropwise over 30 min. After addition was complete, reaction mixtasestirred
another 30 min before quenching with saturated ammonium chloride solution (50 mL).
Layers were separated and aqueous layer was extracted twice with DCM. Combined
organics were dried over anhydrous sodium sulfate, concentrataduoand theresidue

thus obtained was purified using column chromatography to get the title compound as a
yellowish oil (2.58 g, 100%). The spectral data were identical with those reported in the

literature®® Ry: 0.43 in 1:3 ethyl acetate/hexané$! NMR (500 MHz, CDC$) G i6. 13
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6.11 (m, 1H), 6.06 (dg}= 1.8, 0.9 Hz, 1H), 2.33 (3,= 0.8 Hz, 3H).3C NMR (125 MHz,

CDCl) U 165. 7, Bgq)l1025 99176205.1, 118.

L
(@) (@]

6-methyl-2H-pyran-one 568 : To the solution @énethyl2-oxo-2H-pyran4-yl
trifluoromethanesulfonate (2.58 g, 10 mmol) in DMF (66 mL), Pd¢RRB78 mg, 0.50
mmol) and triethylsilane (3.1 mL, 20 mmol) were added successively and heatetCto 60
for 2 h. Reaction mixture was diluted with water and extracted with ethyl acetate.
Combined organics were washed with water, dried over anhydrous soditate,s
concentrated in reduced pressure and purified using flash column chromatography to get
6-methyl2H-pyranone 568 as a colorless solid (815 mg, %% Rf: 0.34 in 2:3 ethyl
acetate/hexanesH NMR (500 MHz, CDC$) U 7 .J2=4.0,4.d,d.4dKzH), 6.14

(d, J = 9.4 Hz, 1H), 5.99 5.95 (m, 1H), 2.24 (s, 3H)!3C NMR (125 MHz, CDC}) U
163.0, 162.8, 143.9, 112.9, 103.4, 20IR. (neat) 3576, 3089, 1732, 1713, 1636, 1558,
1339, 1096, 856, 798 clm HRMS (ESFTOF) m/z: [M+Na] Calcd for GHsO:Na;

133.0266 found 133.0267
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3-lodo-6-methyl-2H-pyran-2-one 569: To the solution of 6 methyl pyrong68(200 mg,

1.82 mmol) in DMF (4 mL)NIS (818 mg, 3.64 mmol) was added and the mixture was

heated to 60 °C for 18 h, then cooled to ambient temperature, diluted with water (10 mL),
extracted with ethyl acetate (3X10 mL). Combined organics were washed successively

with water, saturated sodium d¢isulfate solution and brine, dried over anhydrous sodium

sulfate, concentrated wacuoand purification using flash column chromatography gave

titte compoundb69as a yellowish solid (180 mg, 54% BRSM, 78% conversiéti) 0.5

in 2:3 ethyl acetate/hexamem.p. 1097 111 °C *H NMR (400 MHz,CDC$) U 7. 83 (
J=7.0 Hz, 1H), 5.80 (dJ = 7.0 Hz, 1H), 2.23 (s, 3H)13C NMR (125 MHz, CDC}) i

163.6, 159.7, 152.6, 105.2, 81.8, 19R.(neat): 3085, 1734, 1628, 1529, 1334, 1106, 833

cml,

e
(@) (@)
564b

3-(Hydroxymethyl)-6-methyl-2H-pyran-2-one 564b: By using same general method of
Stille-coupling with (tributylstannyl)methanol. Isolated yield962 Rs: 0.25 in 3:2 ethyl
acetate/hexanesn.p. 65 °C. 'H NMR (500 MHz, CDC}) U 7J=35, 1.0 Hz 1H),

6.01 (dgJ = 6.6, 0.9 Hz, 1H), 4.48 (d,= 6.2 Hz, 2H), 2.55 () = 6.5 Hz, 1H), 2.27 (d]

= 0.4 Hz, 3H). 3C NMR (125 MHz, CDC$) & 163.4, 161.7, 139. 6,
19.9. IR (neat): 3407, 2922, 2864, 171499, 1637, 1582, 1107 cth HRMS (ESF

TOF) m/z: [M+NaJ Calcd for GHgO3Na; 163.0371 found 163.0372
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4-M ethoxy-6-methyl-2H-pyran-2-one 570: Pyrone570 was synthesized following the
proceduré! The spectral data were identical with reported in literatdi@ the solution

of 4-hydroxy-6 methyt2H pyran2-one (2.52 g, 20 mmol) in DMF (100 mL) afQ were
added potassium carbonate (5.53 g, 40 mmol) and netbidenesulfonate (6.06 mL, 40
mmol). The reaction mixture was slowly warmed to ambient temperature and stirred
overnight before diluting with water. Mixture was extracted with ethyl acetate (3 X 50 mL),
combined ethyl acetate fraction was washed with bdried over anhydrous magnesium
sulfate and concentrated vacua Pure product (2.60 g, 93%) was obtained after column
chromatography as a colorless solRk: 0.36 in 1:1 ethyl acetate/hexanes.p. 861 88

°C. IH NMR (500 MHz, CDC$) U 5J=1.9 Hz( IH), 5.40 (s, 1H), 3.78 (@= 1.9

Hz, 3H), 2.20 (s, 3H)3C NMR (125 MHz, CDC$) 4 171. 4, 165.0, 162

55.9, 19.9.

4-M ethoxy-6-methyl-2-oxo-2H-pyran-3-carbaldehyde To 4-methoxy6 methyi2H
pyran-2-one (1.0 g, 7.14 mmol), dichloromethoxymethane (12.9 mL, 142.80 mmol) was

added at5 °C followed by dropwise addition of TiCl4 (7.85 mL, 71.4 mmol). HCI gas
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produced during the reaction was continuously removed by argon flow. The reaction
mixture was slowly warmed to the ambient temperature and stirred 12 h at the same
temperature before heating to 85 for additional 2 h. The reaction mixture was cooled
down and carefully added to iweater, extracted with DCM (3X50 mL), dried over
anhydrous sodm sulfate, concentrated and purified using flash column chromatography
to get colorless solid (695 mg, 58%n.p. 1711 174 °C 'H NMR (500 MHz, CDC4) 0
10.13 (dJ = 0.5 Hz, 1H), 6.14 (s, 1H), 4.05 (s, 3H), 2.36Jd; 0.8 Hz, 3H).13C NMR

(125MHz,CDC$) U0 186 . 8, 174. 3, 170. 8, 162. 3, 101

~o

f\f o
O O
564c

3-(Hydroxymethyl)-4-methoxy-6-methyl-2H-pyran-2-one 564c: To the solution of 4
methoxy6-methyl2-oxo-2H-pyran3-carbaldehyde (1.4 g, 8.33 mmot) methanol (75

mL) at 0°C, NaBH; (945 mg, 25 mmol) and the reaction mixture was stirred for 30 min at

the same temperature. Excess borohydride was quenched adding acetone, concentrated in
vacuoand purified by flash column chromatography to get the ptadu2 g, 85%) Rt:

0.45 in 1:3 ethyl acetate/hexanes.p. 1447 146 °C 'HNMR (500 MHz,CDC4) U 6. 05
(s, 1H), 4.54 (s, 2H), 3.89 (d,= 1.8 Hz, 3H), 2.90 (s, 1H), 2.29 (s, 3HFC NMR (125

MHz,CDCk) U 166. 9, 165.5,547®36.5, 103.8, 95. 2,
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5,6,7,8Tetrahydro-2H-chromen-2-one 573 Pyrone 573 was synthesized with a
common Witting olefinatiorcyclization sequence from d@icarbonyl compound72 in
68% yield as a colorless solidks: = 0.31in 1:3 ethyl acetate/hexanes.p. 581 61 °C.
IH NMR (500 MHz, CDC}) U i 7.061(r, 1H), 6.13 (d] = 9.4 Hz, 1H), 2.52 (] =
6.0 Hz, 2H), 2.39 (tt) = 6.1, 1.8 Hz, 2H), 1.84 1.76 (m, 2H), 1.75 1.68 (m, 2H).C
NMR (100 MHz CDCk) U 1601134, 112.8,@7.5525.6, 2221.7. IR (neat)
2946, 2868, 1708, 1639, 1360, 85842 cmt. HRMS (ESFTOF) m/z: [M+H]* Calcd for

CoH1102; 151.0579 found 151.0757

Cﬁ\f
O O
564d

3-(hydroxymethyl)-5,6,7,8tetrahydro-2H-chromen-2-one 564d:  Synthesized by
general procedure of Stille cross coupling in 47% yield as a colorless sofd7471 76

°C. IHNMR (400 MHz,CDC$) U 7. 10 ( 356.1HH2H), 2.85.(t1=15.3( d ,
Hz, 1H), 2.53 (dJ = 6.1 Hz, 2H), 2.41 (d] = 6.0 Hz, 2H), 1.81 (ddl= 11.3, 6.1 Hz, 2H),
1.767 1.66 (m, 2H)13C NMR (125 MHz, CDCk) U 3,1%83,.142.1, 124.8, 112.8,
61.0, 27.2, 25.6, 22.1, 21.1R (neat)3403, 2932282, 1708 1644, 15791373, 1009

cmt. HRMS (ESFTOF) m/z: [M+Na]* Calcd for GoH1202Na; 203.0684, found 203.0678
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Synthess of Photosubstrates
o~ )\
N /oéSi
| R
0~ o
524

Photosubstrate524: Synthesis 0624is given as general procedure.

NBS (146 mg, 0.82 mmol) was added in two portitnasolution of enyn&11(138 mg,
0.76 mmol) in DCM (3 mL) over 10 min artdenstirred for 15 additional mito prepare
bromosilanet12 In a separate flaskp theDCM (3 mL) solution ofpyrone methand»30

(115 mg, 0.59 mmol) were addB#IAP (7.2 mg, 0.06 mmolyiethylamine (15 pL, 0.82
mmol) successively After ca. 15 minthe bromosilane412 was addedo the solution
dropwise. The resulting mixture was stirred for 3 h and transferred sgjparatory funnel
and diluted with DCM (10 mL), washed with saturated aqueous ammonium chloride and
brine. Organic layer was dried over anhydrous sodium sulfate, concernitratemlioand
purified using flash column chromatography teegtitte compoundb24 as a colorless oil
(187 mg, 85%) Rt = 0.45 in 3:7 ethyl acetate/hexané$él NMR (500 MHz, CDC}) U
5.38 (m, 1H), 5.3 (quin] = 1.6 Hz, 1H), 4.71 (s, 2H), 4.06 (s, 3H), 2.90Jtt 7.2, 1.6

Hz, 2H), 2.76i 2.72 (m, 2H), 2.10 2.04 (m, 2H), 1.96 1.81 (m, 3H), 1.09 1.03 (m,
14H). 13C NMR (125MHz, CDC4) u 168. 2, 166. 0, 165. 8,
105.0, 88.1, 59.1, 57.0, 31.2, 29.0, 23.5, 20.3, 17.4, 17.3, |IBB(2eat) 2943, 2864, 2144,
1699, 1539, 1467, 861, 849, 689 tmHRMS (ES-TOF) m/z: [M+Na] Calcd for

C21H3004SiNa; 397.1811 found 397.1812.
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Photosubstrate523 Prepared byollowing generalprocedurdo using pyrone methanol

535 (98 mg, 0.588 mmol) as a colorless oil (180 mg, 89%iRs: 0.22 in 1:4 ethyl
acetate/hexanesH NMR (500 MHz, CDC4$) U 7J= #.74Hz,(1H), 5.38 (dql= 2.1,

1.0 Hz, 1H), 5.31 5.28 (m, 1H), 4.67 (g1 = 1.5 Hz, 2H), 2.82 2.74 (m, 2H), 2.72 2.63

(m, 2H), 2.11 (dg) = 8.5, 7.5 Hz, 2H), 1.89 (dd,= 1.6, 1.1 Hz, 3H), 1.1D 1.05 (m,

14H). 3C NMR (125 MHz,CDC}) & 163.1, 161.8, 136.7, 12
109.0, 86.8, 61.5, 31.0, 28.4, 23.4, 20.9, 17.4, 17.3, IR2(neat) 2945, 2926, 2865,

2149, 1720, 1576, 1112, 978, 849"tmHRMS (ESFTOF) m/z: [M+Na] Calcd for

C20H2803SiNa; 367.1706 found 367.1717.

Photosubstrate ¢)-522: Ry: 0.59in 1:.5ethyl acetate/hexanes

IS

563a
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Prepared by using general procedure using pynoethanol564a(40 mg, 0.317 mmol).

Isolated yield 86 mg (89%) as a colorless di: 0.3 in 1:4ethyl acetate/hexanedd

NMR (500 MHz, CDC$) U 7 J#655, 1(9dHr, 1H), 7.487.39 (m, 1H), 6.29 6.25

(m, 1H), 5.37 (dgJ = 2.1, 1.0 Hz, 1H), 28 (dg,J = 3.3, 1.6 Hz, 1H), 4.69 (ddd= 1.7,

1.1, 0.5 Hz, 2H), 1.88 (dd,= 1.6, 1.1 Hz, 3H), 1.11 1.04 (m, 14H). *3C NMR (125
MHz,CDCk) u 161. 4, 149. 35=, 136. 3, 129. 3, 126
17.4, 17.2, 13.1IR (neat):2946, 2866, 2147, 1719, 1570, 1122, 1095, 1033, 992, 849,

773 cmt. HRMS (ESFTOF) m/z: [M+Na] Calcd for G7H2403SiNa; 327.1393 found

327.1392.

Prepared by using general procedure using pyrone metbG@#bl50 mg, 0.57 mmol).

Isolated yield 100 mg96%) as a colorless 0ilRs: 0.5 in 3:7 ethyl acetate/hexane$d

NMR (500 MHz, CDC¥) U 1 7.354n1, 1H), 6.04 5.99 (m, 1H), 5.38 (dg}= 2.1, 1.0

Hz, 1H), 5.29 (dgJ = 3.2, 1.6 Hz, 1H), 4.6 4.66 (m, 2H), 2.25 (d] = 0.8 Hz, 3H), 1.89

(dd,J = 1.6, 1.1 Hz, 3H), 1.11 1.04 (m, 14H).23C NMR (125 MHz CDCk) U 162 . 3,
160.1, 137.7, 126.5, 125.2, 123.9, 108.9, 103.6, 86.7, 61.0, 23.3, 19.7, 17.4, 17 R 13.1.

(ned): 2946, 2866, 2152, 1722, 1587, 1114, 1099, 1034. ciRMS (ESFTOF) m/z:

[M+Na]" Calcd for GgH2603SiNa; 341.1549 found 341.155.
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563c

Prepared by using general procedure using pyrone metbé#o{100 mg, 0.588 mmol).

Isolated yield 180 mg (88%) as a colorless soRJ: 0.26 in 2:3 ethyl acetate/hexanes.

m.p. 827 84 °C. 'H NMR (500 MHz, CDC}) & 5J=98 HZ, tH), 5.38 (dq] =

2.1, 1.0 Hz, 1H), 5.27 (dd,= 3.2, 1.6 Hz, 1H), 4.68 (s, 2H), 3.88 (s, 3H),5(&,J=0.8

Hz, 3H), 1.91 (ddJ= 1.6, 1.1 Hz, 3H), 1.081.02 (m, 14H)X3C NMR (100 MHz, CDC})

a 168. 4, 164. 7, 163. 6, 127. 0, 123. 2, 108. 0
17.3, 13.2. IR (neat): 2945, 2866, 2147, 1702, 1563, 128832, 1018, 998, 848 chm

HRMS (ESFTOF) m/z: [M+Na] Calcd for GeH2804SiNa; 371.1655 found 371.1650

Igs

563d

Prepared by using general procedure using pyrone metbéddlin 78% yieldas a
colorlessoil. Rf: 0.38in 1:9 ethyl acetate/hexanedH NMR (500 MHz, CDC$) G 7. 22
(s, 1H), 5.38 (ddJ) = 1.9, 1.0 Hz, 1H), 5.3 5.27 (m, 1H), 4.68 (d] = 1.2 Hz, 2H), 2.52

(d,J=6.2 Hz, 2H), 2.42 (t) = 6.0 Hz, 2H), 1.92 1.87 (m, 3H), 1.80 (dd} = 7.6, 3.6 Hz,

2H), 1.75i 1.70 (m, 2H), 1.17 0.97 (m, BH). 13C NMR (125 MHz CDCk) U0 162. 3,
157.2, 140.3, 126.6, 125.6, 123.9, 112.6, 109.0, 86.8, 61.0, 27.2, 25.9, 23.4, 22.2, 21.9,
17.4 17.3 13.2 IR (neat) 2944, 2862893, 2147, 1719, 1584, 11,1860cm*. HRMS

(ESFTOF) m/z: [M+Naf Calcd for GiH3105Si; 359.2042%ound 359.2047
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Photoreaction

General Procedure A solution of the photosubstrate in benzede(c= 0.01 M) was
degassed by bubbling argon through the solution for 30 min, transferred to NMR tubes and
irradiated for specified time afi48 °C with a water cooleByrex©-filtered 450 W medium
pressure mercury lamp. The progress of the reaction wasdjwadly monitored byH-

NMR and/or TLC. After the reaction was complédtes solvent was evaporatéd vacuo

and the residue was purified by column chromatography using the specified solvent
mixtures. During the scale up, anhydrous toluene was usedals@nt andaflow reactor

used instead of NMR tubes. ThHew reactor set ugonsisted of a 1360 cm lor€EP
Tubing OCO0OX1®7d260 | D) wraquuea @yrex watemolirgi ngl e
jacket. The tubing length was such that it had an inteoiame (in contact with the light
source) of 45 mL. A KD Scientific syringe pump was used to drive the photosubstrate

solution and control thitow rate (iradiation time).

Photoreaction 0f523

1L

Si\
S

538

Reaction 0523 (100 mg) required 75 min of irradiation for completion. Removahef
solvent in vacuo and purification by column chromatographysing 1:4 ethyl

acetate/hexanes furnished cycloaddiB®as a colorless solid ¢8ng, 8%). Ry 0.35 in
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1:4 ethyl acetatefixanes.m.p. 721 74°C. *"H NMR (500 MHz,CDC§) U 6. 54
5.61 (t,J = 2.2 Hz, 1H), 5.15 (m, 1H), 5.04 (s, 1H), 4.65J¢; 9.9 Hz, 1H), 3.88 (d] =
9.9 Hz, 1H), 3.14 (d] = 15.6 Hz, 1H), 2.82 (d = 15.6 Hz, 1H), 2.56 2.39 (m, 2H), 2.06

i 2.09 (m, 2H), 1.97 1.86 (m, 1H), 1.81 1.67 (m, 1H), 1.17 1.10 (m, 2H), 1.08 1.02

(s,

(m, 12H). 3C NMR (125 MHz,CDCY) 4 172.7, 145.0, 143.2, 1:¢

88.7, 76.0, 53.6, 51.0, 40.4, 27.2, 21.6, 17.6, 17.4, 17.4, 17.2, 13.1)RABeat) 2944,
2865, 1733, 1462, 1141, 1092, 1030, 800'criRMS (ESFTOF) m/z: [M+Na] Calcd

for CooH2803SiNa; 367.1706 found 367.1705.

Photoreaction of 524

L
——Si
O O\o

MeO
539

Reaction 0624 (100 mg) required only 35 min of irradiatiéor completion. Removal of
the solvent in vacuo and purification by column chromatography using 1:4 ethyl
acetate/hexandsirnished529 as a colorless solid (85 mg5%). Rf: 0.21 in 1:4 ethyl
acetate/hexanesm.p. 104107 °C 'H NMR (500 MHz, GDs) U 5J=412.2 Hzd ,
1H), 4.90 (dJ = 12.2 Hz, 1H), 3.38 (s, 3H), 2.54 (dbz 13.8, 1.1 Hz, 1H), 1.61 1.53
(m, 2H), 1.47 (d) = 13.8 Hz, 1H), 1.43 1.29 (m, 4H), 1.28 1.24 (m, 6H), 1.19 (d] =

7.3 Hz, 3H), 1.14 (d) = 7.3 Hz, 3H), 1.06 0.99 (m, 1H), 0.97 0.91 (s, 1H), 0.80 (m,
3H). 3C NMR (125 MHz,CDC$) & 171.3, 165.3, 118. 7,
51.3, 47.5, 38.9, 38.7, 29.8, 22.5, 19.8, 17.4, 17.3, 17.2, 17.2, 13.1)RA@eat) 2945,
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2864, 2141, 1720, 1620, 1342, 11072, 1051, 643 cth HRMS (ESFTOF) m/z:

[M+Na]" Calcd for Gi1H3004SiNa; 397.1811 found 397.1821.

Cycloadduc639(10 mg) was dissolved in 0.8 mL Cx@hd was allowed to sit #20 °C

for 4 weeks. Concentratiom vacuofollowed by column chromatograplof theresidue

using 1:4 ethyl acetate/hexanes affedtriene540(5 mg, 50%) as a colorless oRs: 0.42

in 1:4 ethyl acetate/hexane$d NMR (400 MHz, CDC§) U4 6.58 (s, 1H),
5.03 (s, 1H), 4.60 (d] = 9.8 Hz, 1H), 4.53 (d) = 9.9 Hz, 1H), 3.71 (s, 3H), 3.17 @&~

16.1 Hz, 1H), 2.78 (d] = 15.9 Hz, 1H), 2.67 (m, 2H), 2.G82.00 (m, 1H), 1.93 2.0 (m,

2H), 1.67i 1.77 (m, 1H), 1.10 1.01 (m 14H). 13C NMR (100 MHz, CDC$) U 172. 2,
147.6, 143.0, 142.9, 140.9, 122.1,115.7, 87.5, 71.0, 59.6, 56.5, 52.2, 40.0, 25.8, 21.4, 17.6,
17.4,17.3,17.2,13.2, 12.8R (neat) 2944, 2865, 2147, 1733, 1242, 1073, 1031, 801 cm

1. HRMS (ESFTOF) m/z: [M+Na]* Calcd for GiHs004SiNa; 397.1811 found 397.1807
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Photoreaction of ¢)-522

Reaction of+)-522 (10 mg) required only 1.5 &f irradiation for completion. Removal of

the solvent in vacuo and purification by column chromatography using 1:4 ethyl
acetate/hexandarnishedthe 1:1diastereomerienixture of(+)-520 as a colorless oil (8.9

mg, ®%). Rs: 0.46in 15 ethyl acetate/hexanedH NMR (500 MHz, CDC4) U 6. 54
1H), 5.60 (d,J = 2.2 Hz,1H), 5.157 5.11 (m,1H), 5.05 (d,J = 0.9 Hz,1H), 4.63 (d,J =

9.9 Hz,1H), 3.88 (d,J = 9.9 Hz,1H), 3.16 (dJ = 15.6 Hz,1H), 2.80 (dd,J = 12.6, 8.7 Hz,

1H), 2.79i 2.71 (m,1H), 2.167 1.98 (m,3H), 1.33 (tddJ = 12.7, 9.7, 6.7 HZIH), 1.12

(d,J = 7.0 Hz,3H), 1.107 1.02 (m,14H). 13C NMR (125 MHz CDCk) U ,1402. 8
142.5, 142.3, 139.8, 122.9, 121.6, 88.6, /63)5, 51.7, 40.3, 34.80.9 20.4 17.6, 174,

174, 17.2, 13.0, 12.8IR (neat) 29562891, 2866, 17321463, 11471036, 881 cm™.

HRMS (ESFTOF) m/z: [M+Na] Calcd for GiH3103Si; 359.204%ound 3$9.2042
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Photoreaction of 563d:

Reaction 0f563d (20 mg) required 3.5 bf irradiation for completion. Removal tiie

solvent in vacuo and purification by column chromatography using 1:4 ethyl
acetate/lhexane879 as a colorlesssolid (11.2 mg, 566). Rf: 0.29 in 1.9 ethyl
acetate/hexanesn.p. 8071 82°C. 'HNMR (500 MHz,CDC4) U 6.54 (3§, 1H),
= 2.6 Hz, 1H), 5.15 (s, 1H), 5.03 (s, 1H), 4.67Xd,9.9 Hz, 1H), 3.79 (d] = 9.9 Hz, 1H),

3.06 (s, 2H), 2.38 (s, 1H), 2.12.02 (m, 2H), 1.90 (s, 2H), 1.74 @= 14.5 Hz, 3H), 1.10

i 0.98 (m, 14H).HRMS (ESFTOF) m/z: [M+H* Calcd for G1H310sSi; 359.204%ound

359.2015

Further transformations on cycloadduct:
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Alcohol 550: To the THF (5 mL) solution of cycloaddug38(45 mg, 0.13 mmol) at &C

was added TBAF (0.31 mL,AM solution in THF, 0.16 mmol) and stirred for 1.5 h at the
same temperature before concentratngacuo Column chromatographic purification on
residue furnished the title compouB80 (27 mg, 90%) as a colorless liquidH NMR

(500 MHz, CDC}) @9 (6J = 12.1 Hz, 1H), 5.64 (d] = 12.1 Hz, 1H), 5.50 (] = 2.1

Hz, 1H), 5.08 5.01 (m, 1H), 5.00 4.96 (m, 1H), 3.89 3.70 (m, 2H), 3.16 (d] = 15.9

Hz, 1H), 3.12 (s, 1H), 2.79 (d,= 15.9 Hz, 1H), 2.56 2.41 (m, 2H), 2.08 2.04 (m, 1H),
1.99% 1.92 (m, 1H), 1.8% 1.72 (m, 1H), 1.04 1.00 (m, 1H). 13C NMR (125 MHz
CDClz) U 5,1454141.1,134.0,128.5, 121.6, 119.5, 89.7, 67.6, 50.8, 48.7, 39.8, 26.7,
21.3 IR (neat) 3446, 3059, 2954, 2917, 171838, 1265, 1146071, 74lcm®. HRMS

(ESFTOF) m/z: [M+H]" Calcd for G4H170s; 233.1177 found 233.1177

" ®.

Birch reduction: Synthesis of hemiacet&8b5was given as general procedurasedto

gethemiacetal®55and556

Hemiacetal 555:To the THF (1.0 mL) solution of alcohdb0 (20 mg, 0.86 mmo))t-
BuOH (40uL) was added. In a separate flask containing liquid (3.0 mL) afi 78°C
was added Na (~50 mg). Then, THF solution of mixturgs@fandt-BuOH was added to

this flaski 78°C and was stirred for 1 h before diluting with saturated ammonium chloride
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solution. The resulting mixture was extracted with DCM. Combined organics were dried
over anhydrous sodium sulfate, filtered, concentrated in reduced pressure and the residue
waspurified by a column chromatography to furnish title hemiadeal(14.4 mg, 71%)

as a colorless foanRs: 0.35in 1:1 ethyl acetate/hexane$H NMR (500 MHz, CDC4) U

5.69 (s, 1H), 5.38 (s, 1H), 3.86 (t= 11.6 Hz, 1H), 3.72 (s, 2H), 2.412.30 (m, 2H), 2.24

(d,J = 5.9 Hz, 1H), 2.13 2.05 (m, 1H), 1.85 (d) = 12.4 Hz, 1H), 1.74 (ddd, = 22.7,

14.2, 8.6 Hz, 2H), 1.601.63 (m, 1H), 1.60 (d] = 12.4 Hz, 2H), 1.16 (s, 3H}*C NMR

(125 MHz CDCk) 1%1.2, 138.2,134.9, 123.0, 114.6, 85.4, 65.1,,5%40, 45.2, 36.3,

30.0, 23.5, 21.0 IR (neat) 3384, 3043, 2952917,2869, 1455, 1113, 1020, 760n™.

HRMS (ESFTOF) m/z: [M+Na]* Calcd for GaH1s0sSiNa; 257.11540und 257.1156

Hemiacetal 556: Hemiacetal556 was obtained from a Birch reduction conditions of
cycloadduct38in (81% vyield) as a colorle$sam. Rt: 0.39in 1:1 ethyl acetate/hexanes

IH NMR (500 MHz,CDC$) 4 6. 03 (s, 1H)J=129H3 4H),382 1H) ,
(s, 1H), 3.71 (dJ = 12.1 Hz, 1H), 2.36 2.30 (m, 1H), 2.21 2.16 (m, 1H), 2.10 2.05

(m, 1H), 1.85 (dJ = 12.3 Hz, 1H), 1.77 1.69 (m, 3H), 1.67 1.63 (m, 1H), 1.61 (d] =

12.3 Hz,1H), 1.14 (s, 3H), 1.09 0.96 (m,14H). 13C NMR (125 MHz CDCk) & 152. 0,

149.8, 144.2123.0 115.9, 84.9, 64.4, 61.1, 54.6, 45.2, 36.1, 2834 21.3, 17.8, 17.6,
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17.3 17.2 13.9, 13.2 IR (neat) 3372, 2952, 2924, 2891, 2864, 1459, 1023,c884

HRMS (ESFTOF) m/z: [M+H]" Calcd for GoH310sSi; 347.2042found347.2033
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CHAPTER 6
PARA[4+4] PHOTOCYCLOADDI TION OF SUBSTITUTED BENZENES

WITH 2 -PYRIDONES

6.1 Introduction

Before 1956, benzene was reported to be photochemically inert and isopropyl
benzene hateen often used as a solvent in photochemical reactibater, benzene was
discoveredo isomerize intaherather unstabléulvenestructurewhenit was irradiated at
254 nm or into Dewar benzene at 203 Brh Attempts to utilizethe unstable (reactive)
fulvene in DielsAlder reaction with maleic anhydride ledtteenovel and stable 2:1 maleic
anhydride and benzene addu#®2 which was suggested to arise from sequential

photochemtal [2+2] and thermal[4+2] addition stepsScheme 6.%
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