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GENERAL INTRODUCTION

Heterocyclic and carbocyclic compounds are of immense importande find
applications in a variety of areasg. agricultural chemicals, materials, pharmaceuticstis,
The establishment of innovative and efficient synthetic methods f@inolg important
heterocycles and carbocycles is an area of active reseaynthetic organic chemistry.
Over the vyears, the Larock group has investigated several palladiaigzed
transformations and electrophilic cyclization reactions for thehggis of these important
classes of compounds. This thesis describes the development of sexgrand useful
approaches for the synthesis of important heterocyclic and calicoggg systems, which
take advantage of very efficient and versatile palladium-cadlyand electrophilic
cyclization reactions.

Dissertation organization

This dissertation is organized into four chapters. Each of thetliree chapters
presented herein is written following the American Chemicale®pguidelines for a full
paper in theJournal of Organic Chemistryvhile the fourth chapter is written following the
guidelines for a full paper in thdournal of Combinatorial ChemistryEach chapter is
composed of an abstract, introduction, results and discussion, conclusionsmexizedr
section, acknowledgments, and references.

Chapter 1 describes the results of competitive electrophilitzations where the
relative reactivity of various functional groups towards alkynectedphilic cyclization
reactions has been studied. The required diarylalkynes have beeregrbpaconsecutive
Sonogashira reactions of appropriately substituted aryl halides fadcdmpetitive

cyclizations have been performed usindCl, NBS and PhSeCl as electrophiles. The results
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of these competition studies indicate that various factagg,the nucleophilicity of the
competing functional groups, polarization of the alkyne triple bond, andati@ic nature
of the intermediate, influence the outcome of these reactions.

Chapter 2 describes various strategies for the synthesisnedr|and fused
polyheterocyclic compounds (PHCs). The general method to prepare fiokdabterocyclic
compounds involves iterative cycles of palladium-catalyzed Sonogashipding, followed
by iodocyclization using.lor ICI. A variety of heterocyclic units, including benzofurans,
benzothiophenes, indoles and isocoumarins, can be efficiently incorporated mihdie
reaction conditions. Several variations of this methodology have beennmmmbith other
efficient transformations.g. click chemistry, palladium-catalyzed Ullmann reaction, a&ky
annulation reactioretc, to generate interesting linked and fused ring polyheterocyclic
systems.

A simple and mild method for the preparation of a variety of iodohsgtelioethers,
e.g.isochromenes, dihydroisobenzofuraet, by the iodocyclization of easily accessible 2-
(1-alkynyl)benzylic alcohols is described in Chapter 3. Theoodgimistry of the reaction
products has been studied and it has been found to be dependent upon themupstitern
of the starting material.

Synthesis of a good sized library of potential pharmacophoressiialole for their
biological evaluation. Chapter 4 describes the solution-phase pawiithesis of a 71-
member library of highly-substituted cyclic imidates with fadiversity points. The 3-
iodomethylene cyclic imidates are readily prepared in good tellext yields by the
palladium/copper-catalyzed cross-coupling of variomsodobenzamides and terminal

alkynes, followed by electrophilic cyclization with,. | Diversification of these 3-
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iodomethylene cyclic imidates has been accomplished by pallachtatyzed Sonogashira,
Suzuki, carbonylative amidation and Heck coupling reactions using camatheavailable
building block sublibraries.

Finally, all of the*H and **C NMR spectra for all previously unknown starting

materials and products are compiled in appendices A-D, following erajesonclusion for

this dissertation.
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CHAPTER 1. Competition Studies in Alkyne Electrophilic Cyclizaion Reactions
Based on a paper published in floeirnal of Organic Chemistfy
Saurabh Mehta, Jesse P. Waldo and Richard C. Larock*
Department of Chemistry, lowa State University, Ames, lowa 50011

larock@iastate.edu

XR RY
_ E* X
CO—=+ ) - U<
RY E

XR, YR = CHN-t-Bu, CHO, COMe, CONH,, CONHPh, CO,Me, NMe,, OAc, OBn, OMe, Ph, SMe, SeMe
E =1y, ICI, NBS, PhSeCl

Abstract

The relative reactivity of various functional groups towards alkgtextrophilic
cyclization reactions has been studied. The required diarylalkyanes been prepared by
consecutive Sonogashira reactions of appropriately substituted adgshand competitive
cyclizations have been performed usindCl, NBS and PhSeCl as electrophiles. The results
indicate that the nucleophilicity of the competing functional groymdarization of the
alkyne triple bond, and the cationic nature of the intermediatthamnost important factors

in determining the outcome of these reactions.

Introduction
Alkynes are versatile building blocks in organic synthesis. A widege of
carbocycles and heterocycles have been prepared by theoptelic cyclization of
functionally-substituted alkynésand by transition metal-catalyzed annulatibiecently,

we and others have reported that the electrophilic cyclization yriedkusing halogen, sulfur
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and selenium electrophiles can be a very powerful tool for the ptepanf a wide variety
of interesting carbocyclic and heterocyclic compounds (Schemacl)ding benzofurans,
furans® benzothiophenes thiophene$, benzopyran$, benzoselenophen@sselenophenes,
naphthols® indoles™™ quinolinest? isoquinolines? a-pyrones:* isocoumaring?
isochromene¥® cyclic imidates® naphthalené$ and polycyclic aromatics® isoxazoles?
chromoneg? bicyclic p-lactams’* cyclic carbonate® pyrroles?® furopyridines?*
spiro[4.5]trienone$> coumestrol and coumestdfds, furanone$’ benzothiazine-1,1-

dioxides®® etc?®

Scheme 1. Electrophilic Cyclization

oo _X-LG -
- | E* T X
Gal > . QR
AN v
R E
LG = leaving group
X=0,N, S, etc.

R = alkyl, aryl, vinylic
E =1, Br, SAr, SeAr
In general, these electrophilic cyclization reactions are eéfigient, afford clean

reactions, proceed under very mild reaction conditions in shortopaatnes, and tolerate
almost all important functional groups. Furthermore, the iodine-contapriogucts can be
further elaborated to a wide range of functionally-substituted/ateres using subsequent
palladium-catalyzed processes. These reactions are genbediyed to proceed by a
stepwise mechanism involving electrophilic activation of the alkgadoon-carbon triple
bond, intramolecular nucleophilic attack on the cationic intermediatd, subsequent

dealkylation (Scheme 2).
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Scheme 2. General Mechanism

LGy R
@/ E*

X=0, S, Se, N, etc.

Nu”

R LG, , R
X? -LG-N ijg
\ £ <« 2N \ £

The success of this reaction prompted us to establish the rekdstevity of various
functional groups towards cyclization. This has been accomplishetulying competitive

cyclizations using halogen and selenium electrophiles.

Results and Discussion
This electrophilic cyclization methodology has been applied to a tyaoé
unsymmetrical functionally-substituted diarylalkynes and the tiagul products
characterized in order to determine the relative reactiviafesarious functional groups
towards electrophilic cyclization. The required diarylalkynes aeadily prepared by
consecutive Sonogashira reactidnof appropriately substituted aryl halides. Thus,
Sonogashira substitution with trimethylsilyl acetylene, removahefTMS group, followed

by a second Sonogashira reaction, generally affords moderate dtbeekgields of the
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desired diarylalkynes. The results for the preparation of tleenediate terminal alkynes

and the subsequent diarylalkynes are summarized in Tables 1 and 2 respectively.

Table 1. Preparation of the Requisite Terminal Alkyne$

1

1
@EXR . — TMS cat. Pd/Cu ©< Deprotection XR
! X X

T™MS H
terminal
ety xR Rone (oyeld  conditons (% overal
yield)
1 SMe A 1(97) aq KOH/MeOH 5(83)
0.5 h/25°C
2 COMe A 2 (100) KF-2HO/MeOH 6 (82)
36 h/25°C
3 Ph A ¢ - -
4 CONHPh B 3(80) KF-2HO/MeOH 7(71)
0.5 h/25°C
5 NMe C 4(74) ag NaOH/MeOH/ether 8 (48)
0.16 h/25°C

2All reactions have been run with 5 mmol@fodoarene’Reaction conditions: (A) 1.2 equiv of alkyne,
2 mol % PdGI(PPh),, 1 mol % Cul, 20 mL of EN, 25°C. (B) 1.3 equiv of alkyne, 3 mol % Pd(RPh),,
2 mol % Cul, 4 equiv of DIPA, DMF, 6%C. (C) 1.2 equiv. of alkyne, 1 mol % Pd(EPh),, 3 mol % Cul,
0.9 equiv of BN, DMF, 25°C. °See the Experimental Section for the experimengtaits.°A complex
reaction mixture was obtained.
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Table 2. Preparation of the Diarylalkyne$

1 XR!
. ©i cat. PdiCu S
N
A |
H
R2Y

entry XR YR? time (h) tempiC) product yield (%)

1 SMe SeMe 24 25 9 80
2 SMe OMe 6 60 10 90
3 SMe CQMe 14 25 11 08
4 SMe CONHPh 1 25 - L

5 SMe NMe 24 25 - .

6 COMe SeMe 10 60 12 87
7 COMe  CONH 2 25 13 83
8 COMe  CONHPh 4 60 14 62
9 COMe NMe, 8 25 15 78
10 CQOMe OMe 4 25 16 74
11 CQOMe CHO 14 25 17 84
12 CQOMe COMe 4 25 18 88
13 CQOMe Ph 2 25 19 70
14 CONHPh  SMe 3 65 - e
15 CONHPh  SeMe 18 65 - ok
16 NMe Ph 3 75 20 35
17 NMe Ph 2 110 20 74
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18 OMe NMe 24 25 21 70
19 OMe CHO 7 25 22 80
20 OMe OBn 8 60 23 72
21 OMe Ph 2 25 24 94
22 CHO NMe 6 60 - P

2All reactions were run using 1 mmol of iodoarend ar2 equiv of alkyne, 2 mol % P(®Ph),, 1 mol
% Cul, and 5 mL of BN. "An inseparable mixture was obtainé@he desired compound was not
observedFour mol % of Cul was usefTwo mililiters of DMF were used to dissolve the yalle. The
reaction was carried out in toluene using a modifieocedure; see the Experimental Section.

The diarylalkyne25 containingt-butyl imine functionality was prepared by further
derivatization of diarylalkyn@2 using a known procedure(Scheme 3). However, similar

derivatization starting with the diarylalkyd& resulted in a complex reaction mixture.

Scheme 3. Imine formation

In addition to the above substrates, a different type of diarylalRgmearing both of
the competing groups (OMe and Ph) on the same aromatic ringebasprepared as shown

in Scheme 4. The requisite iodoarene was prepared using a previously reported pfocedure
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Scheme 4. Preparation of diarylalkyne 26 with both competing groups on the samag

Ph  Ph—=
@\ a) PhLi in ether @[ cat. Pd/Cu o
F b) I, I
X
OMe OMe OMe Ph
36% 26
52%

After preparing the desired diarylalkynes, we subjected thesgaunds to the
previously established and already optimized electrophilic cydizaconditions for each
class of heterocycle being prepared (Table 3). In most casetipmeeonditions that are
appropriate for both of the competing functional groups present in Hrgladkyne in
guestion have been used (entries 1-3). In those cases where comation iEnditions for
both functional groups have not been previously reported, more than one rsactoin
conditions has been tried in order to allow the functional groups to wadetr supposedly
“optimal” conditions. For example, entries 4 and 5 in Table 3 involveahe sliarylalkyne
12, yet each entry uses varying amounts of different electropinilesmpliance with the
previously reported reaction conditions for methylseleno and carbometioxcgional

groups, respectiveR#**
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Table 3. Results of the competitive cyclizatiofis

time yield
entry substrate electrophile product(s)

(h) (%)

SeMe MeS
Se
1 A 9 11,  0.16 O p 27 82
MeS !
SMe MeO
S
2 A I 10 12p 1 O P O 28 96
MeO !
SeMe MeO
Se
3 A 1.1k 0.5 O p O 91°
MeO !

SeMe MeO,C
Se
4 %12 1.2 b 1 |O p 029 og"
|

5 12 1.2 ICl 29 *kx
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12

6 O SMe MeO,C
S 93
T 1 124 1 30

M902C +
.
7 11 1.2 ICl 0.5 30 93
+
31 7
MeO,C
S 56°
8 11 1.5 PhSeCl 1 / 32
SePh
+
(@)

33 449
SePh
OMe
s s

O 35 70
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13

-

11 1.2 b 1 -
12 13 3 1 - 19
O
O NHPh
X 45
AN 14
13 O 1.2 b 1
MeOZC
18
14 14 1.2 ICl 1 36 35
+
37 30

COoMe (@)
‘ (@) NMe
O ’38 57"

N
15 A 15 1.2 1.5 P
Me,N ‘ ! ‘
0
COZMe
O O O OMe
7
16 AN 16 1.2 b 1 39 o8
® E
MeO
E=|I
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17 16

18 16
D

19 X

l 17
MeOzC

20 17

21 17

X
MeO,C O
23 18
24 18

14

2 ICl 0.5 39

1.5PhSeCl 0.5 E = SePh

40

1.2b 2 -
1.2 ICI 0.5
OMe
O O CO,Me
1212 10 P 2
MeOH/1.0 ' O
K,CGO3 +
41
1.2b 1 -
1.2 ICl 0.5 -
1.2, 1.2 2 -
MeOH/1.0
K,COs
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OMe BnO
» o
25 AN 23 21, 3 O y O 43 44
» K
n

BnO
MeO
(@)
-0«
|
26 23 1.2 ICl 3 43+ 44 6:1

OMe
AcO
C o
27 A 21 3 O p O 95"
AcO !
NMe,
& e
28 X 20 21 2 O / O 45 78
Ph O !

29 20 1.2 ICl 0.5 - t

30 20 1.2 NBS 1 - L
O COzMe

31 A 19 21Cl 3 90

32 O 24 21 3 -

T
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47
33 24 1.2 IC 0.5 i O 49
MeO
+
Ph |
.
o 33F
Ph Ph%
34 S 26 6 I 2 Ay 49 gdf
OMe Ph OMe |
35 26 1.2 ICl 1 - ar

®Unless otherwise stated, all reactions have beatedaout on a 0.25 mmol scale in 5 ml of methylene
chloride at room temperature. All yields are isetayields after column chromatograpfg.small amount

of the corresponding benzothiophene product (~7%g wbserved by GC-MS analysis; however, it could
not be isolated’This result has previously been reported in therditire (see reference 8)his reaction
hasf been carried out on a 0.10 mmol scHlke reported yield is the average of two rufikis reaction
resulted in a complex mixture of unidentifiable guots.°MeCN was used as the reaction solvent and 3
equiv of NaHCQ were added as a ba§éhe corresponding indole (~8%) was also observeGGyMS
analysis. However, it could not be isolatédo reaction occurred; the starting material wagveced. A
complex mixture was obtained upon longer reactibhis was the only isolated product. The rest of the
product mixture was complex and inseparabiléis product decomposed quickly; see the Experiatent
Section for details'/An inseparable complex mixture was obtained. Thiforis based on GC-MS data.
™This result has previously been reported in therdiure (see reference 3bJAn alkyne ICI addition
product whose structure is similar to compodfdn entry 34 was obtained.

The results of the competition studies are summarized in TaBlef@re discussing
individual results, it should be noted that a close examination okethdts suggests that a
number of factors affect the cyclization. These include electi@eiative nucleophilicity of
the functional groups, polarization of the carbon-carbon triple bond, anatibaic nature
of the intermediate) and steric factors (hindrance and geomeiligrament of the functional
groups), as well as the nature of the electrophile. Three kingswits have been observed

for these competitive cyclizations. (1) Only one of the two pdessproducts has been
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obtained. This is most common, indicating that there is a hierastHynctional group
reactivity toward the electrophilic cyclizations. Assuming that various factors mentioned
above may affect the cyclization, the dominance of one functional grouaieetiter can be
attributed to any one or a combination of two or more factors opetatifayor of the one
functional group over the other. (2) A mixture of both possible prochagseen observed.
This occurs less commonly, but even in these cases, one product ilafsemed in a
significantly higher yield than the other, indicating that one greupsually significantly
more reactive towards cyclization. (3) A complex reaction mexisiobtained. Although this
does not provide any substantial information about the relativevigadt points to the fact
that either the more reactive functional group is not compatitile tive particular reaction
conditions or neither of the two functional groups involved has a dominaniiviga thus
resulting in a complex reaction mixture.

It also should be noted that since these reactions are very fgehéral, and may
involve multiple steps and intermediates, it is quite difficubttectly assign the reactivity of
any particular functional group to any one factor mentioned aboveednde assume that in
some cases one or more factors are operating in opposition Hootrer, resulting in a
mixture of products. However, in the following discussion, we wikrapt to ascribe the
relative reactivity of various functional groups to what we beli@vbe the most important
factors.

With regard to the results of individual experiments, entry 1 (Tapldemonstrates
the competitive cyclization of a methylsulfanyl group versus ahygeleno group.
Benzoselenophen27 was isolated as the major product of the reaction usirgs Ithe

electrophile. In another experiment (not shown in Table 3 as the produltt not be
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purified completely), when PhSeCl was used as the electrophile,cdalresponding
benzoselenophene was again formed as the major product in HajhTyiese results can be
attributed to the higher nucleophilicity of selenium compared to sulfue to its lower
electronegativity and higher polarizability. Similarly, in entry vihen diarylalkynel0
(containing methylsulfanyl and methoxy as competing functional groups)subjected to
electrophilic cyclizationpenzothiophen@8 was formed exclusively in an excellent yield. It
is a general observation that the nucleophilicity increases adestends a column in the
periodic tablé”? This trend is also observed when examining the results of entids 3
where the nucleophilicity of the competing functional groups governs rekalting
cyclization. Thus, methylseleno is more reactive than methoxyy(8htand carbomethoxy
functional groups (entries 4 and 5).

Entries 6-8 involve the competition between a methylsulfamdug and a
carbomethoxy group under different conditions. In all three cases, beaptathe
derivatives are the major but not exclusive products, again suggd¢btn the greater
nucleophilicity of sulfur over oxygen controls the reaction. It is wotéhy, however, that
changing the electrophile to PhSeCl in entry 8 significarffgces the product distribution,
presumably because of the nature of the electrophile.

When competing nucleophilic atoms are in the same row in the petaiue;, the
results show that the nucleophilicity still governs the outcoméhefcyclization. Thus,
nitrogen nucleophiles are more reactive than oxygen nucleophilessExemplified by the
cyclization of diarylalkyne€1 bearing an NMggroup and a methoxy group (entry 9), which
leads to exclusive formation of the corresponding in8dlm an excellent yield. Similarly, a

t-butyl imine group was found to be more reactive than a methoxy funcgomap (entry
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10). Cyclization reactions involving diarylalkyrd (entries 11 and 12) resulted in complex
reaction mixtures. It has been observed previously by us that arpramide does not afford
the desired cyclized product and generally results in a come#etion mixture® On the
other hand, the related diarylalkyfé containing arN-phenyl amide undergoes cyclization
cleanly with }, affording two regioisomeric products, both resulting from cyabraby the
CONHPh group (entry 13). Using ICI (entry 14) also resultechénsdame set of products,
although with reduced regioselectivity in accordance to our previously repcstets T2

Entry 15 involving a competition between a carbomethoxy group andl,i¥n
dimethylamino group represents a special case where thesjgonding isocoumarid8 was
isolated as the major product of the cyclization. Formation ofsth@umarin product is
presumably the result of one (or a combination) of the two factorkinvgoin favor of the
carbomethoxy group: (1) The electronics of the two substituentszedfehe carbon-carbon
triple bond in a way that leads to a more cationic C2 and anionidhQ4, facilitating
nucleophilic attack at the more electrophilic C2 position (Figyrend/or (2) there seems to
be a more favorable geometrical alignment of the ester funktiomdnen compared to the

N,N-dimethylamino group.

Figure 1. Carbomethoxy versus arN,N-dimethylamino group

OMe OMe OMe
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Entries 16-27 involve competitions among various oxygen nucleophiles. In a
competition between a methoxy group and a carbomethoxy group (entri€y W6ing 4,
ICl and PhSeCl as the electrophiles, the corresponding isocoumasiatides are formed
exclusively in excellent yields. Analogous to the previous cas&y( 15 and Figure 1),
formation of the isocoumarin products is again presumably due to ttieorle polarization
of the triple bond, which increases the electrophilicity of théaabeing attacked by the
carbomethoxy group, and also a more favorable geometrical alignaiethe ester
functionality when compared to the methoxy group.

Entries 19-21 involve the competitive cyclization of an aldehydeaanedster group
under different reaction conditions. When iodine is used as the elettrgphiry 19), the
starting material was recovered after 2 h. If the reactialNlawed to stir for a longer time,
a complex reaction mixture was obtained. Using ICl as thérepdtle (entry 20), a complex
mixture was obtained and only isocoumarin derivatitewas isolable in a 25% yield. It
should be noted that the aldehyde group after nucleophilic attack becatioesc and needs
an external nucleophile to neutralize the positive charge. Thus, the ismwtion was
performed with methanol as an external nucleophile (entry 21). firhes isochromene
derivative 42 was isolated as the major product, indicating the impact oexaernal
nucleophile on the cyclization. Similar reactions involving a metkgtone and a
carbomethoxy group as competing entities resulted in complex mixtéiresidentifiable
products (entries 22-24).

The cyclizations reported in entries 25 and 26 involving methoxy and begzyl
functional groups resulted in inseparable complex mixtures. HowdneeGE-MS analyses

of the product mixtures indicated the presence of two benzofuran protiietsd 44 in
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varying ratios, the major product resulting from cyclizationh®y ®Me group. These results
are presumably a consequence of the greater steric hindrance of the begaylgxy

Entry 27 involves a competition between a methoxy group and a rejasiesitron-
poor acetoxy group. As the reaction outcome, the methoxy cyclization prsdtarmed
exclusively in high yield. The result of this reaction again ssiggthat electronic factors
play a crucial role in these cyclization reactions. We hakentaadvantage of this high
selectivity and subsequent palladium-catalyzed carbonylation t@aneremumestrol and a
variety of related coumestaffs.

Entries 28-35 involve competition of an aryl ring versus nitrogen andretfitfe
oxygen nucleophiles. In the cyclization of diarylalky2@containing an NMggroup and a
phenyl ring (entries 28-30), the corresponding indiaes obtained when,lis used as the
electrophile, presumably due to the more nucleophilic NMgeup. The reaction of
diarylalkyne 20 with ICI or NBS resulted in complex reaction mixtures. Howewveass
spectral analysis of the mixture resulting from the NBSizgtibn (entry 30) indicated the
presence of the corresponding indole, an observation that is in accord with that of eimtry 28.
a competition between a carbomethoxy group and a phenyl group (entripe8&xdusive
formation of isocoumarin derivativ6 can be explained based on the greater nucleophilicity
of the carbomethoxy group when compared to the electron-poor phenyl ring.

The cyclization of diarylalkyn@4 bearing a phenyl ring and armethoxy group has
also been studied (entries 32 and 33). Using iodine as the electr@shilied in a complex
mixture of inseparable products, but analysis of the ctHdBIMR and mass spectral data
suggested preferential cyclization on the phenyl ring. Aromatgsrhave previously been

observed by us to give complex reaction mixtures upon reaction witheiddising ICI as
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the electrophile (entry 33) resulted in a mixture of productstreguirom participation by
both the phenyl ring and the methoxy group, with the phenyl cyclizedapti@ene
derivative47 being the major product. Presumably, the cationic character oftéieediate
and/or the higher nucleophilicity of the phenyl ring when compardtieanethoxy group
account for this observation. In competition studies employing dikyyla substrate26
containing both of the competing functional groups (Ph and methoxy) orarhe ghenyl
ring (entries 34 and 35), the only products observed using ejtloerlCl were products of
addition of the iodine-containing reagent to the carbon-carbon triple bbede results can
again be rationalized by assuming the cationic nature and theoelestof the intermediates

involved in these reactions.

Conclusions

The results of competitive electrophilic cyclizations using d¢eho and selenium
electrophiles on a wide variety of functionally-substituted didicytees have been reported.
The results suggest that a number of factors affect the atyohiz These include electronic
(the relative nucleophilicity of the functional groups, and the catigrature of the
intermediate) and steric factors (hindrance and geometrigainant of the functional
groups), and the nature of the electrophile. It should be noted that althbegh t
nucleophilicity of the participating functional groups, the polarizatbthe carbon-carbon
triple bond, and the cationic nature of the intermediate seem tiheberucial factors
determining the outcome of these reactions, the possibility of ses&ons being reversible
(Figure 2) before the loss of-Rr R? cannot be ruled out. Thus in such cases, the selectivity

might also be controlled by the relative stability of the cyclized intdiae ions (A and B).
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Figure 2. Possible equilibrium among reaction intermediates

E
— O
@Y
XR'1R?
B

The following pattern has been observed for the relative végctif various functional

groups (Figure 3).

Figure 3. Relative reactivity of the functional groups towards cyclization

SeMe > SMe > CO,Me > NMe, > ArylI(Ph) > OMe > OBn
CH=N-t-Bu > OMe > OAc
CONHPh > CO,Me < CHO

Experimental Section

General. The'H and**C NMR spectra were recorded at 300 and 75.5 MHz or 400 and 100
MHz respectively. Thin layer chromatography was performed usingnesomlly prepared
60-mesh silica gel plates and visualization was effected with slamelength UV light (254
nm). DCM was distilled over CalHAnhydrous MeCN was used as received. Purification of
the compounds has been performed by column chromatography. All metints are
uncorrected.

Reagents. All reagents were used directly as obtained commercially urddssrwise

noted.
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Preparation of the non-commercial aryl iodides.2-lodophenyl methyl selenide was
prepared using a modified literature procedure.®® In a 100 ml round bottom flask, 8.0
mmol of the 2-iodoaniline was dissolved in 5 ml of HBEE8% solution) and the mixture
was stirred for 15 min and then allowed to cool f€0To this solution, an aqueous solution
of NaNG, (8.0 mmol in 3 mL of water) was added dropwise to the reactisturei The
mixture was allowed to warm to room temperature, filtered andhedagiith cold ethanol.
The diazonium salt was dried under vacuum and used for the next dteptwatrification.

A suspension of 8.0 mmol of the crude diazonium salt in 25 mL of €etkaining 10 mol

% of 18-crown-6 and 9.0 mmol of dimethyl diselenide was stirredi®&t To this mixture,
16 mmol of KOAc was added in small portions over a period of 10 min anceshéing
solution was allowed to stir for 4 h and then filtered. Thedsmsidue was washed with
chloroform and the resulting filtrate was washed with water (2 x 5 mled anwer anhydrous
MgSQO,, and concentrated under vacuum. The crude product obtained was then purified by
flash chromatography on silica gel using ethyl acetateffesxas the eluent. The product was
obtained as a yellow oil (yield = 35%) with spectral propertiestical to those previously
reporte?® N-Phenyl-2-iodobenzamide® and N,N-dimethyl-2-iodoaniline*> were

prepared according to literature procedures.

Preparation of the TMS-protected alkynes.
SMe
%
1 TMS
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o-(Trimethylsilylethynyl)thioanisole (1). This compound was prepared according to a
modified literature procedur8.To a solution ob-iodothioanisole (5.0 mmol), PAQPPh),
(0.07 g, 2 mol %), and Cul (0.01 g, 1 mol %) in TEA (20 mL) (stirriog 5 min
beforehand), 6.0 mmol of trimethylsilylacetylene (1.2 equiv) in 5 shlTEA was added
dropwise over 15 min. The reaction flask was flushed with argonh&nehixture was stirred

at room temperature for 20 h. The resulting solution was filteredhedawith brine, and
extracted with diethyl ether (2 x 10 mL). The combined ethetifnas were dried over
NaSQO, and concentrated under vacuum to yield the crude product. Puoifidayi flash
chromatography afforded the product (yield = 97%) as a yellowvithl spectral properties

identical to those previously reportd.

Methyl 2-(trimethylsilylethynyl)benzoate (2). This compound was prepared using the
procedure (reaction time: 15 h) used for compodndifter flash chromatography, the
compound was isolated as a colorless oil (yield = 100%) with sppotgzerties identical to

those previously reported.
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N-Phenyl 2-(trimethylsilylethynyl)benzamide (3).To a solution of the iodobenzamide (5.0
mmol) in DMF (20 ml) were added Pd(®Ph3) (3 mol %), Cul (2 mol%) and DIPA (4
equiv). A solution of trimethylsilylacetylene (1.3 equiv) in 5ehDMF was added dropwise

and the resulting mixture was then heated underairilat 65°C. After 4 h of stirring, the
mixture was allowed to cool to room temperature and 25 ml of satdHaGIMind 25 ml of

ethyl acetate were added. The organic layer was separatddeaadqueous layer was back
extracted with ethyl acetate. The combined organic layers washed with brine and water
and dried over anhydrous Mga('he solvent was removed under reduced pressure and the
residue was purified by column chromatography on silica gel todaff@ product (80%) as

a colorless solid with spectral properties identical to thosequrslyi reported’ mp 96-97 °C

(lit. mp*’ 95-96 °C).

NM62
Ny

T™S
4

N,N-Dimethyl-2-(trimethylsilylethynyl)aniline (4). This compound was prepared according
to a literature procedur& Purification by flash chromatography afforded the product as a

yellow oil (yield = 74%) with spectral properties identical to those prewaeglorted®®
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Preparation of the terminal alkynes.

2-Ethynylthioanisole (5). A modified literature procedufé was used to prepare this
compound. A solution of KOH (0.45 g, 8.0 mmol, 2 equiv) in 2 mL of water adaled
dropwise too-(trimethylsilylethynyl)thioanisole (0.88 g, 4.0 mmol) in 20 mE ©@H;OH
under an argon atmosphere at’€5 The mixture was stirred for another 0.5 h af@5and
the CHOH was removed under vacuum. The residue was added to 20 mL ofdmihthe
mixture was extracted with EtOAc (3 x 20 mL), dried {81&), filtered, and the solvent
removed under vacuum. Purification by flash chromatography affordgoradect (yield =
86%) as a yellow oil'H NMR (400 MHz, CDCJ) § 2.49 (s, 3H), 3.47 (s, 1H), 7.08 (til=
0.8, 7.2 Hz, 1H), 7.16 (d,= 7.6 Hz, 1H), 7.31 (td]= 1.2, 7.6 Hz, 1H), 7.46 (dd,= 1.2, 7.6
Hz, 1H); **C NMR (100 MHz, CDGJ) 5§15.3, 81.2, 83.7, 120.3, 124.38, 124.41, 129.5,
133.3, 142.90IR (in CH.Cly, Cm'l) 3288, 3049, 2922, 2102, 1436; HRMS Calcd faHsS:

148.0347. Found: 148.0334.

A

6
Methyl 2-ethynylbenzoate (6)A modified literature procedure was uséd.o a solution of
compound2 (4.0 mmol) in methanol (20 mL), KF-28 (2.26 g, 24 mmol, 6 equiv) was

added and the reaction mixture was stirred for 36 h &C2R\fter the reaction was over,
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methanol was removed under vacuum and the residue was extracted@#tb B x 20
mL), washed with 0.1M HCI and brine, dried ¢S&), filtered, and the solvent removed
under vacuum. Purification by flash chromatography afforded the prodelctt € 82%) as a

colorless oil with spectral properties identical to those previously repBrted.

O
NHPh

A
7

N-Phenyl-2-ethynylbenzamide (7)This compound was prepared according to the modified
literature procedure used for compouhi@bove, except that the reaction time was 0°% h.
Purification by flash chromatography afforded the product (ye&9%) as a yellow solid:

mp 95-98°C; *H NMR (300 MHz, CDCJ) 6 3.57 (s, 1H), 7.11-7.16 ({,= 7.2 Hz, 1H), 7.24-
7.46 (m, 4H), 7.55-7.58 (m, 1H), 7.66 (b5 7.8 Hz, 2H), 7.96-7.99 (m, 1H), 9.02 (br s, 1H);
13C NMR (75 MHz, CDCJ) 6 82.0, 84.4, 118.6, 120.1, 124.7, 129.2, 129.7, 130.0, 130.9,
134.2,136.9, 138.1, 164.4; IR (in &y, Cm'l) 3295, 3054, 2305, 1672, 1265; HRMS Calcd

for C15H11NO: 221.08406. Found: 221.08437.

A

8

7

N,N-Dimethyl-2-ethynylaniline (8). This compound was prepared according to a literature
procedure® Purification by flash chromatography afforded the product yalaw oil (yield

= 65%) with spectral properties identical to those previously repdtted.
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Preparation of the diarylalkynes.

General procedure used for the Sonogashira Coupling@.he following procedure has been
used for the preparation of all of the diarylalkynes. Slight neatibns were made wherever
required (Table 2). To a solution of iodoarene (1.0 mmol), #BEHK), (0.014 g, 2 mol %),
and Cul (0.002 g, 1 mol %) in TEA (4 mL) (stirring for 5 min beforeh)a 1.2 mmol of
trimethylsilylacetylene (1.2 equiv) in 1 mL of TEA was added dispvover 10 min. The
reaction flask was flushed with argon and the mixture was stirred at thet@atdiemperature

for the indicated time (Table 2). After the reaction was otlez, resulting solution was
filtered, washed with brine, and extracted with EtOAc (2 x 10.rihe combined extracts
were dried over MgS© and concentrated under vacuum to yield the crude product.

Purification was performed by flash chromatography.

O SeMe

X

MeS I

9
2-[(2-(Methylselenyl)phenyl)ethynyl]thioanisole (9).The product was obtained as a white
solid: mp 105-107C; *H NMR (400 MHz, CDC}) 6 2.37 (s, 3H), 2.52 (s, 3H), 7.10-7.19
(m, 3H), 7.24-7.33 (m, 3H), 7.54 d,= 6.4 Hz, 2H);**C NMR (100 MHz, CDGCJ) & 6.5,
15.5, 92.6, 94.2, 121.4, 123.7, 124.3, 124.4, 125.3, 127.5, 129.10, 129.11, 132.77, 132.81,
136.5, 141.8JR (in CH,Cl,, cm®) 3053, 2986, 2305, 1266; HRMS Calcd fosid;4SSe:

317.99814. Found: 317.99874.
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O SMe

A

MeO I

10
2-[(2-Methoxyphenyl)ethynyl]thioanisole (10).The product was obtained as a white solid:
mp 117-119C; *H NMR (400 MHz, CDCY) 6 2.52 (s, 3H), 3.93 (s, 3H), 6.89-6.96 (m, 2H),
7.11 (t,J= 7.5 Hz, 1H), 7.18 (d] = 8.0 Hz, 1H), 7.26-7.33 (m, 2H), 7.51-7.56 (m, 2K,
NMR (100 MHz, CDCGJ) 615.4, 56.1, 91.1, 92.5, 110.9, 112.6, 120.6, 122.0, 124.41, 124.43,
128.7, 130.1, 132.5, 133.8, 141.7, 16@RL (in CH,Cl,, cm’) 3053, 2986, 2305, 1265;

HRMS Calcd for GgH140S: 254.07654. Found: 254.07689.

O SMe

X

MeOzC

11
Methyl 2-[(2-(methylthio)phenyl)ethynyl]lbenzoate (11).The product was obtained as a
colorless solid: mp 73-7%C; *H NMR (400 MHz, CDGJ) § 2.49 (s, 3H), 3.96 (s, 3H), 7.11
(t, J= 7.2 Hz, 1H), 7.16 (dJ= 7.6 Hz, 1H), 7.30 (t) = 7.6 Hz, 1H), 7.37 () = 7.6 Hz, 1H),
7.48 (t,J= 7.8 Hz, 1H), 7.54 (dJ = 7.8 Hz, 1H), 7.72 (d) = 7.6 Hz, 1H), 7.97 (d) = 8.0
Hz, 1H);: **C NMR (100 MHz, CDGJ) §15.2, 52.4, 91.9, 94.6, 121.4, 123.6, 124.1, 124.3,
128.1, 129.1, 130.5, 131.6, 131.8, 132.8, 134.4, 141.9, ;186 CH,Cl,, Cm'l) 3054,

2986, 2305, 1727, 1265; HRMS Calcd farld:40,S: 282.07145. Found: 282.07178.
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O SeMe

A

MeOZC

12
Methyl 2-[(2-(methylselenyl)phenyl)ethynyl]lbenzoate (12)The product was obtained as a
yellow gel: *H NMR (300 MHz, CDCJ) 6 2.37 (s, 3H), 3.97 (s, 3H), 7.14-7.20 (m, 1H),
7.24-7.32 (m, 2H), 7.36-7.42 (m, 1H), 7.48-7.55 (m, 2H), 7.73Jdd).9, 7.8 Hz, 1H), 7.98
(dd,J=0.9, 7.8 Hz, 1H),13C NMR (75 MHz, CDCJ) 6 6.3, 52.5, 92.9, 93.9, 123.7, 123.9,
125.4, 127.6, 128.3, 129.3, 130.6, 131.8, 131.9, 132.9, 134.5, 136.7, 166.9; IR,@h,CH
cm®) 3053, 2928, 2305, 1729, 1262; HRMS Calcd farHz,0,Se: 330.01590. Found:

330.01629.

Cc

B
MeO,C

13
Methyl 2-[(2-carbamoylphenyl)ethynyllbenzoate (13).The product was obtained as a
colorless solid: mp 122-12€; *H NMR (300 MHz, CDCJ) § 3.93 (s, 3H), 6.48 (br s, 1H),
7.39-7.57 (m, 4H), 7.65-7.70 (m, 2H), 8.03 @@t 0.9, 8.1 Hz, 1H), 8.21-8.24 (m, 1H), 8.37
(br s, 1H):*C NMR (75 MHz, CDC}) §52.6, 92.7, 94.6, 120.3, 123.2, 128.8, 129.2, 130.75,
130.82, 130.9, 131.0, 132.3, 134.2, 134.3, 134.7, 166.3, 167.8; IR é'@IZCHm'l) 3486,
3370, 3054, 2987, 2305, 1722, 1670; HRMS Calcd foHGNO;: 279.08954. Found:

279.08994.
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o)

O NHPh

X

MeOZC

14
Methyl 2-[(2-(phenylcarbamoyl)phenyl)ethynyllbenzoate (14)The product was obtained
as a yellow solid: mp 117-17€; *H NMR (400 MHz, CDC}) 6 3.78 (s, 3H), 7.10-7.14 (m,
1H), 7.28-7.32 (m, 2H), 7.44 (td= 1.2, 7.6 Hz, 1H), 7.49-7.53 (m, 3H), 7.60-7.63 (m, 3H),
7.69-7.71 (m, 1H), 8.03-8.05 (m, 1H), 8.16-8.19 (m, 1H), 9.45 (br s, FE)NMR (100
MHz, CDCI3)¢s 52.5, 92.1, 95.2, 119.8, 121.4, 123.0, 124.7, 128.96, 129.03, 129.4, 130.8,
131.0, 131.1, 131.5, 132.4, 133.9, 134.3, 135.9, 138.2, 164.7,; I®iA CH,Cl,, cm)
3350, 3053, 2985, 2306, 1719, 1665, 1265; HRMS Calcd f##;@NO3: 355.12084. Found:

355.12145.

O CO,Me
1

Methyl 2-[(2-(dimethylamino)phenyl)ethynyl]benzoate (15).The product was obtained as

MezN
15

a yellow oil (strongly fluorescent under UV NMR (300 MHz, CDCY) § 3.00 (s, 6H),
3.93 (s, 3H), 6.86-6.91 (m, 2H), 7.21-7.27 (m, 1H), 7.32Jtd 1.5, 7.8 Hz, 1H), 7.45 (td,
= 1.5, 7.5 Hz, 1H), 7.55 (dd,= 1.8, 6.9 Hz, 1H), 7.64 (df,= 0.6, 7.8 Hz, 1H), 7.95 (dd,=

1.5, 7.8 Hz, 1H)}*C NMR (75 MHz, CDCI3) 43.6, 52.2, 93.6, 94.1, 114.9, 116.8, 120.4,
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124.4, 127.6, 129.6, 130.5, 131.5, 131.7, 133.7, 134.9, 154.7, 166.9; IR @i, Ctiri")

2948, 2835, 2207, 1728, 1251; HRMS Calcd fegHz/NO,: 279.12593. Found: 279.12658.

O CO,Me

A

MeO I

16
Methyl 2-[(2-methoxyphenyl)ethynyl]benzoate (16)The product was obtained as a light
brown solid: mp 62-64C; 'H NMR (300 MHz, CDCJ) 6 3.89 (s, 3H), 3.94 (s, 3H), 6.86-
6.96 (M, 2H), 7.26-7.36 (m, 2H), 7.45 Jt= 7.5 Hz, 1H), 7.55 (d) = 7.5 Hz, 1H), 7.67 (d]
= 7.5 Hz, 1H), 7.96 (dJ = 7.8 Hz, 1H);**C NMR (75 MHz, CDCI3)s 52.3, 56.0, 91.2,
92.5, 111.0, 112.8, 120.7, 124.2, 128.0, 130.3, 130.6, 131.8, 131.9, 134.1, 134.3, 160.3,
167.1 IR (in CHyCly, cm'l) 3054, 2951, 2838, 2306, 2216, 1716, 1270; HRMS Calcd for

C17H1403: 266.09429. Found: 266.09468.

O CHO

X
MeO,C O
17
Methyl 2-[(2-formylphenyl)ethynyllbenzoate (17).The product was obtained as a white
solid that turned gray upon exposure to air: mp 8?@&9*H NMR (300 MHz, CDC}) ¢
3.95 (s, 3H), 7.40-7.61 (m, 4H), 7.67-7.71 (m, 2H), 7.95-8.03 (m, 2H), 10.76 (s:CH);

NMR (75 MHz, CDC}) 652.6, 90.1, 95.1, 123.1, 127.16, 127.24, 128.9, 129.0, 130.9, 131.9,
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132.1, 133.6, 133.9, 134.5, 136.5, 166.4, 192.6; IR (ipGGHcmi') 3054, 2987, 2306, 1727,

1696, 1264, HRMS Calcd for@H1,03: 264.07864. Found: 264.07909.

DA
A

MeO,C ‘

18
Methyl 2-[(2-acetylphenyl)ethynyl]lbenzoate (18)The product was obtained as an orange
solid: mp 68-70°C; 'H NMR (400 MHz, CDCY) d 2.79 (s, 3H), 3.93 (s, 3H), 7.36-7.40 (m,
2H), 7.46-7.49 (m, 2H), 7.66-7.76 (m, 3H), 7.96 (d& 1.2, 7.8 Hz, 1H)*C NMR (100
MHz, CDCk) 629.8, 52.1, 93.2, 93.7, 121.6, 123.3, 128.2, 128.4, 128.6, 130.4, 131.2, 131.5,
131.7, 133.9, 134.1, 140.3, 166.2, 1989(in CH,Cl,, cmi*) 3055, 2952, 2305, 1730, 1678,

1270; HRMS Calcd for ¢gH1403: 278.09429. Found: 278.09473.

Methyl 2-(biphenyl-2-ylethynyl)benzoate (19).The product was obtained as a colorless
solid: mp 67-69C; *H NMR (300 MHz, CDCJ) 6 3.82 (s, 3H), 7.29-7.47 (m, 9H), 7.68-7.74
(m, 3H), 7.92 (dJ = 7.8 Hz, 1H);**C NMR (75 MHz, CDCJ) 6 52.3, 91.2, 94.5, 121.8,

124.1, 127.3,127.7, 128.0, 128.2, 129.1, 129.67, 129.73, 130.6, 131.77, 131.82, 133.7, 134.1,
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140.7, 144.0, 166.9; IR (in GRI,, cm') 3053, 2987, 2303, 2212, 1727, 1268; HRMS Calcd

for szH]_eOz: 312.11503. Found: 312.11564.

O NMe2

A

Ph

20
N,N-Dimethyl-2-(biphenyl-2-ylethynyl)aniline (20). This compound was obtained in a 35%
yield following the general procedure mentioned above. The followimdtkti modified
literature procedure resulted in a significantly increasedl §&ll,N-Dimethyl-2-iodoaniline
(2.0 mmol), 42 mg of PdgPPh), (0.06 mmol, 3.0 mol %), and 12 mg of Cul (0.06 mmol,
3.0 mol %) were placed in a dry reaction flask. Next, 5 mL of toluemk 0.6 mL of
diisopropylamine were added to the flask, followed by 0.22 g of 2-m8tbyityn-2-ol (2.6
mmol, 1.3 equiv). The reaction mixture was stirred at’80under argon for 1 h. As
monitored by TLC, the first acetylene coupling was complete.r&hetion temperature of
the oil bath was increased to 190, and 96 mg of NaH (120 mg of 80% dispersion, 4.0
mmol, 2.0 equiv) was added slowly to the mixture. After 5 min ofirstiyr0.560 g (2.0
mmol, 1.0 equiv) of 2-iodobiphenyl was added to the reaction mixturethanstirring was
continued. After 25 min, 48 mg of NaH (another 60 mg portion of 80% disper&dn)
mmol, 1.0 equiv) was added carefully, and the solution was stirretoaC for 1 h. After
cooling to room temperature, the suspension was filtered, and perawsl amine-
hydrochloride was washed with toluene. Evaporation of the combined tadoknmn gave

a crude product, which was purified by column chromatography usixenbesthyl acetate
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mixtures to afford the product as a yellow ot NMR (300 MHz, CDCJ) § 2.79 (s, 6H),
6.78-6.85 (m, 2H), 7.16-7.45 (m, 9H), 7.66 (U= 6.9 Hz, 2H);**C NMR (100 MHz,
CDCh) & 43.4, 91.8, 94.6, 115.4, 116.9, 120.4, 122.4, 127.2, 127.5, 128.1, 128.4, 129.3,
129.6, 129.7, 132.9, 134.4, 140.9, 143.6, 1.3KRgin CHCI,, cm'l) 3051, 2984, 2304, 2207,

1269; HRMS Calcd for &H1gN: 297.15175. Found: 297.15210.

O NMe,

A

MeO I

21
N,N-Dimethyl-2-[(2-methoxyphenyl)ethynyl]aniline (21). The product was obtained as a
green liquid (fluorescent under UVYH NMR (300 MHz, CDCJ) ¢ 3.01 (s, 6H), 3.88 (s,
3H), 6.86-6.94 (m, 4H), 7.20-7.30 (m, 2H), 7.48-7.53 (m, 2B& NMR (75 MHz,
CDCl3) 643.8, 55.9, 91.5, 93.1, 110.8, 113.4, 115.7, 117.1, 120.59, 120.64, 129.3, 129.6,
133.3, 134.6, 154.8, 160.IR (in CH.Cly, Cm'l) 3054, 2986, 2305, 1265; HRMS Calcd for

C17H17NO: 251.13101. Found: 251.13138.

O CHO

A

MeO I

22
2-[(2-Methoxyphenyl)ethynyllbenzaldehyde (22)The product was obtained as a colorless

solid: mp 82-84C; 'H NMR (300 MHz, CDCJ) 6 3.91 (s, 3H), 6.90-6.98 (m, 2H), 7.31-7.44
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(M, 2H), 7.49-7.58 (m, 2H), 7.62-7.65 (m, 1H), 7.94 (¥id,1.2, 7.8 Hz, 1H), 10.74 (s, 1H);
3C NMR (75 MHz, CDCJ) §55.9, 89.2, 93.2, 110.8, 111.7, 120.7, 127.1, 127.5, 128.5,
130.7, 133.1, 133.4, 133.8, 136.0, 160.5, 192.7; IR (isdBHcniY) 3053, 2987, 2305, 2215,

1694, 1271; HRMS Calcd forigH120,: 236.08373. Found: 236.08409.

1-Benzyloxy-2-[(2-methoxyphenyl)ethynyl]benzene (23)The product was obtained as a
white solid: mp 77-79C; *H NMR (400 MHz, CDC}) ¢ 3.80 (s, 3H), 5.18 (s, 2H), 6.85-6.95
(m, 4H), 7.22-7.30 (m, 3H), 7.35 (= 7.2 Hz, 2H), 7.49 (d) = 7.2 Hz, 1H), 7.54-7.55 (m,
3H); **C NMR (100 MHz, CDGJ) § 56.0, 70.6, 90.1, 90.3, 110.9, 113.0, 113.1, 113.9,
120.6, 121.0, 127.2, 127.8, 128.5, 129.6, 129.7, 133.6, 133.7, 137.3, 159.3JREMO
CH,Cl,, cm’) 3052, 2984, 2306, 1266; HRMS Calcd fosid;s0,: 314.13068. Found:

314.13110.

Ph

A

MeO I

24

2-[(2-Methoxyphenyl)ethynyllbiphenyl (24). The product was obtained as a white solid:

mp 69-71°C; 'H NMR (300 MHz, CDCJ) 6 3.78 (s, 3H), 6.78-6.86 (m, 2H), 7.18-7.45 (m,
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8H), 7.66-7.72 (m, 3H)*C NMR (75 MHz, CDCJ) § 56.0, 89.1, 93.6, 111.0, 113.0, 120.7,
122.2, 127.2, 127.6, 128.1, 128.6, 129.7, 129.8, 129.9, 133.4, 133.6, 140.8, 143;9R160.2

(in CH.Cly, cmi') 3052, 2965, 2304, 2212, 1263; HRMS Calcd fofHzsO: 284.12012.

Found: 284.12065.

K
N
A

MeO l

25

N-[2-((2-Methoxyphenyl)ethynyl)benzylidene]-2-methylpropan-2-atme  (25). The
compound was prepared according to the literature procedure Bevagieand the spectral

properties were found to be identical to those previously reprted.

Ph

A

OMe O

26
3-Methoxy-2-(phenylethynyl)biphenyl (26).The product was obtained as yellow ge:
NMR (400 MHz, CDCJ) ¢ 3.97 (s, 3H), 6.91 (d] = 8.8 Hz, 1H), 7.03 (dJ = 7.6 Hz, 1H),
7.25-7.26 (m, 3H), 7.31-7.46 (m, 6H), 7.65 (M= 7.2 Hz, 2H);**C NMR (100 MHz,
CDClL) 6 56.4, 85.6, 97.1, 109.4, 111.3, 122.1, 124.0, 127.7, 128.0, 128.1, 128.3, 129.3,
129.7, 131.5, 140.7, 146.1, 160IR (in CHCl,, cmi®) 3052, 2986, 2305, 1265; HRMS

Calcd for GiH150: 284.12012. Found: 284.12053.
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Electrophilic cyclization of the diarylalkynes.

General procedure for iodocyclization.To a solution of 0.25 mmol of the diarylalkyne in 3
mL of CH,CI, was added gradually thgICI (amounts as indicated in Table 3) in 2 mL of
CH.Cl,. The reaction mixture was flushed with argon and allowed taas®5 °C for the
indicated time (the reaction was monitored by TLC for completidhg excesslICl was
removed by washing with satd aq JSg0;. The mixture was then extracted by EtOAc or
diethyl ether (2 x 10 mL). The combined organic layers were dwed anhydrous MgSQ
and concentrated under vacuum to yield the crude product, which was pbsifitash

chromatography on silica gel with ethyl acetate/hexanes as the eluent.

General procedure for the PhSeCl cyclizationsTo a solution of 0.25 mmol of the
diarylalkyne in CHCI, (3 mL) was added the PhSeCl (amount as indicated in Tabhe23) i
mL of CH,Cl,. The mixture was flushed with argon and allowed to stir at 25 °Ghtor
indicated time. The reaction mixture was washed with 20 mL oématd extracted with
EtOAc or diethyl ether. The combined organic layers were driedanlgrdrous MgS@and
concentrated under vacuum to yield the crude product, which was fprthéed by flash

chromatography on silica gel with ethyl acetate/hexanes as the eluent.

General procedure for bromocyclization.To a solution of 0.25 mmol of the diarylalkyne
in 3 mL of CHCI, was added gradually 1.2 equiv of NBS dissolved in 2 mL ofGTHThe
reaction mixture was allowed to stir at 25 °C for 1-4 h. Tkeess NBS was removed by
washing with satd aq N&0s;. The mixture was then extracted by diethyl ether (2 x 10 mL).

The combined ether layers were dried over anhydrous Mg®8@ concentrated under
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vacuum to yield the crude product, which was purified by flash chraragiby on silica gel

using ethyl acetate/hexanes as the eluent.

3-lodo-2-(2-methylsulfanylphenyl)benzop]selenophene (27)The product was obtained as
a white solid: mp 116-11%; *H NMR (400 MHz, CDGJ) 6 2.43 (s, 3H), 7.24-7.38 (m, 4H),
7.42-7.50 (m, 2H), 7.85-7.90 (m, 2H}’C NMR (100 MHz, CDG)) §16.0, 87.2, 124.7,
125.2, 125.6, 125.9, 126.1, 128.8, 129.8, 131.0, 135.6, 139.3, 141.4, 142.9]R4H1

CH,Cl,, cmi') 3054, 2986, 2925, 1264; HRMS Calcd forsdi11SSe: 429.87914. Found:

429.88004.

3-lodo-2-(2-methoxyphenyl)benzdjjthiophene (28).The product was obtained as a yellow
solid: mp 104-106C; 'H NMR (400 MHz, CDC}) ¢ 3.83 (s, 3H), 7.00-7.08 (m, 2H), 7.35-

7.40 (m, 2H), 7.45 (t) = 8.0 Hz, 2H), 7.79 () = 7.6 Hz, 2H)*C NMR (100 MHz, CDGJ)

555.8, 82.9, 111.6, 120.6, 122.3, 123.7, 125.3, 125.4, 126.1, 130.9, 132.7, 139.6, 139.8,

141.4, 157.3; IR (in CbCly, cmi') 3052, 2980, 1432, 1264; HRMS Calcd foysi10OS:

365.95764. Found: 365.95825.
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M902C

Methyl 2-(3-iodobenzop]selenophen-2-yl)benzoate (29)Ihe product was obtained as a
white solid: mp 113-115C; *H NMR (400 MHz, CDCY) J 3.69 (s, 3H), 7.32-7.35 (m, 1H),
7.42-7.55 (m, 3H), 7.60 (td,= 1.2, 7.6 Hz, 1H), 7.85 (= 7.2 Hz, 2H), 8.04 (dd] = 1.2,

7.6 Hz, 1H);13C NMR (100 MHz, CDGJ) 652.6, 85.3, 125.3, 125.8, 125.9, 128.6, 129.1,
130.7, 131.2, 131.9, 132.2, 138.2, 140.9, 142.8, 144.2, 167.1; IR (;iﬁl{;ldm’l) 3054,

2984, 1727, 1266; HRMS Calcd foidEl1110,Se: 441.89690. Found: 441.89743.

MeO,C
S
DV,
|
30
Methyl 2-(3-iodobenzop]thiophen-2-yl)benzoate (30).The product was obtained as a
colorless solid: mp 111-11%; *H NMR (400 MHz, CDC})  3.68 (s, 3H), 7.38-7.39 (m,
3H), 7.53-7.64 (m, 2H), 7.76-7.81 (m, 2H), 8.05 Jd&; 7.6 Hz, 1H);"*C NMR (100 MHz,
CDCl) 6 52.6, 82.2, 122.3, 125.5, 125.6, 126.0, 129.4, 130.8, 131.7, 132.0, 132.6, 135.9,
139.4, 141.1, 142.2, 167.IR (in CH,Cl,, cmi?) 3053, 2952, 1729, 1264; HRMS Calcd for

C16H11102S: 393.95245. Found: 393.95324.
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4-lodo-3-[2-(methylthio)phenyllisocoumarin (31).The product was obtained as a colorless
solid: mp 128-130C; 'H NMR (400 MHz, CDCY) & 2.48 (s, 3H), 7.28 (t] = 7.6 Hz, 1H),
7.34-7.40 (m, 2H), 7.46 (8= 7.2 Hz, 1H), 7.60-7.63 (m, 1H), 7.82-7.85 (m, 2H), 7.33)(d,
= 8.0 Hz, 1H);13C NMR (100 MHz, CDGJ) 616.7, 80.1, 120.7, 125.4, 127.1, 129.7, 130.1,
130.5, 130.8, 131.3, 135.5, 135.9, 137.8, 138.9, 154.6, ;IR CH,Cl,, cmi') 3054,

2987, 1735, 1264; HRMS Calcd foidB1110,S: 393.95245. Found: 393.95324.

MeO,C

SePh
32

Methyl 2-[3-(phenylselenyl)benzap]thiophen-2-yl]benzoate (32). The product was
obtained as a yellow gelH NMR (300 MHz, CDC}) 6 3.59 (s, 3H), 7.07-7.12 (m, 5H),
7.36-7.39 (m, 3H), 7.48-7.53 (m, 2H), 7.80-7.87 (m, 2H), 7.97-8.00 (m, IEINMR (75

MHz, CDCk) 652.3, 118.0, 122.3, 125.0, 125.16, 125.19, 126.2, 129.07, 129.11, 130.0,
130.05, 131.5, 131.8, 132.2, 132.8, 135.2, 139.7, 141.1, 147.9; i@ CH,Cl,, cm®)

3055, 2987, 1727, 1263; HRMS Calcd fopldi60.SSe: 424.00362. Found: 424.00442.
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3-[2-(Methylthio)phenyl]-4-(phenylselenyl)isocoumarin (33)The product was obtained as

a white solid: mp 111-11%C; *H NMR (400 MHz, CDCJ) 6 2.43 (s, 3H), 7.13-7.23 (m, 6H),
7.29-7.35 (m, 2H), 7.39-7.43 (m, 1H), 7.52-7.56 (m, 1H), 7.68-7.72 (m, 1H), 8.06 @L0

Hz, 1H), 8.37 (ddJ = 0.8, 8.0 Hz, 1H)**C NMR (100 MHz, CDG)) § 16.8, 108.0, 121.4,
125.1, 126.7, 126.9, 128.2, 129.1, 129.4, 129.9, 130.0, 130.2, 130.5, 131.5, 134.2, 135.5,
137.9, 139.1, 158.3, 162.IR (in CH,Cl,, cmi?) 3056, 2987, 1743, 1262; HRMS Calcd for

CooH1602SSe: 424.00362. Found: 424.00442.

Me OMe
N
|
34
3-lodo-2-(2-methoxyphenyl)-1-methylindole (34)The product was obtained as a white oil:
'H NMR (400 MHz, CDG}) 6 3.60 (s, 3H), 3.79 (s, 3H), 7.04 (& 8.4 Hz, 1H), 7.10 () =
7.6 Hz, 1H), 7.19-7.36 (m, 4H), 7.46-7.50 (m, 2t NMR (100 MHz, CDGJ) §31.8,
55.8, 59.4, 109.8, 111.4, 120.4, 120.77, 120.79, 121.5, 122.7, 130.4, 131.1, 133.6, 137.6,

139.5, 158.0; IR (in CkCl,, cm®) 3053, 2939, 1465, 1265; HRMS Calcd forsd4INO:

363.01202. Found: 363.01255.
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3-(2-Methoxyphenyl)-4-(phenylselenyl)isoquinoline (35)The product was obtained as a
yellow gel:'H NMR (400 MHz, CDCJ) 6 3.66 (s, 3H), 6.94 (d] = 8.0 Hz, 1H), 7.02-7.05

(m, 6H), 7.35-7.40 (m, 2H), 7.60 (t= 7.6 Hz, 1H), 7.67 (td) = 1.2, 8.0 Hz, 1H), 8.00 (d,

= 8.0 Hz, 1H), 8.36 (d] = 8.4 Hz, 1H), 9.36 (s, 1H}*C NMR (100 MHz, CDGCJ) §55.4,

110.6, 120.6, 124.0, 126.1, 127.5, 128.3, 128.46, 128.49, 129.1, 129.8, 130.2, 130.8, 131.6,
131.7, 133.3, 138.1, 153.5, 156.1, 156.9; IR (in,Clk cm') 3053, 2985, 1265; HRMS

Calcd for GoH17NOSe: 391.04753. Found: 391.04826.

MeOzC
36

Methyl 2-((1E)-iodo(3-(phenylimino)isobenzofuran-1(81)-ylidene)methyl)benzoate (36).

The product was obtained as a yellow &i: NMR (400 MHz, CDCY) 6 3.76 (s, 3H), 7.02

(t, J=7.1 Hz, 1H), 7.10-7.18 (m, 4H), 7.37-7.43 (m, 2H), 7.54-7.62 (m, 2H), 7.7& (.5

Hz, 1H), 7.97-8.02 (m, 2H), 8.81 (d,= 8.0 Hz, 1H);**C NMR (100 MHz, CDGJ) §52.4,

71.2, 124.0, 124.7, 125.1, 125.2, 128.5, 128.6, 129.3, 130.7, 130.8, 131.0, 132.0, 132.2,
132.9, 135.1, 141.8, 144.7, 147.5, 151.9, 166.8; IR (iEOT,ZHcml) 3054, 2986, 1726, 1689,

1265; HRMS Calcd for §H16INO3: 481.01750. Found: 481.01876.
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methyl 2-(4-iodo-1-(phenylimino)-H-isochromen-3-yl)benzoate (37)The product was
obtained as a white solid: mp 112-1%% *H NMR (400 MHz, CDCJ) 6 3.79 (s, 3H), 6.98

(t, J= 7.3 Hz, 1H), 7.09-7.11 (m, 2H), 7.21 Jt= 7.7 Hz, 2H), 7.46-7.52 (m, 3H), 7.57-7.68

(m, 3H), 8.04 (dJ = 7.7 Hz, 1H), 8.39 (dJ = 7.8 Hz, 1H);**C NMR (100 MHz, CDG)

052.7, 76.6, 123.0, 123.9, 124.1, 127.8, 128.7, 129.2, 130.0, 130.1, 130.7, 130.9, 132.1,
132.4, 133.1, 134.5, 137.1, 145.9, 148.7, 153.8, 166.1; IR (bClgHm?) 3052, 2985,

1725, 1664, 1263; HRMS Calcd fop#16INO3: 481.01750. Found: 481.01876.

3-[2-(Dimethylamino)phenyl]-4-iodoisocoumarin (38) The product was obtained as a light
green solid: mp 103-10%; *H NMR (400 MHz, CDC}) § 2.78 (s, 6H), 6.95-7.02 (m, 2H),
7.32-7.40 (m, 2H), 7.58 (§ = 7.2 Hz, 1H), 7.79-7.87 (m, 2H), 8.31 (= 7.6 Hz, 1H);*°C
NMR (100 MHz, CDC4) 643.4, 79.5, 117.8, 120.0, 120.2, 126.7, 129.2, 129.9, 131.16,
131.21, 132.2, 135.8, 138.6, 152.0, 156.2, 162.3; IR (inQGHcm®) 3056, 2989, 1731,

1265; HRMS Calcd for GH14INO2: 391.00693. Found: 391.00772.
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4-lodo-3-(2-methoxyphenyl)isocoumarin (39)The product was obtained as a white solid:

mp 166-168C; 'H NMR (400 MHz, CDCJ) 6 3.85 (s, 3H), 6.96-6.98 (m, 1H), 7.05Jt

7.6 Hz, 1H), 7.37 (d) = 7.2 Hz, 1H), 7.46 (t) = 7.2 Hz, 1H), 7.56-7.60 (m, 1H), 7.79-7.85

(m, 2H), 8.31 (dJ = 7.6 Hz, 1H):**C NMR (100 MHz, CDGJ)) §55.8, 79.8, 111.5, 120.5,
120.6, 125.1, 129.3, 129.9, 131.2, 131.4, 132.0, 135.7, 138.2, 153.8, 157.2, 162.2; IR (in
CHCly, cm'l) 3054, 2928, 1735, 1265; HRMS Calcd forgld:1103: 377.97530. Found:

377.97601.

0]

O O OMe

=

LT

©/ 40

3-(2-Methoxyphenyl)-4-(phenylselenyl)isocoumarin (40)The product was obtained as a
yellow solid: mp 113-116C; *H NMR (400 MHz, CDCJ) 6 3.71 (s, 3H), 6.92 (d] = 8.0

Hz, 1H), 6.99 (tJ= 7.6 Hz, 1H), 7.12-7.15 (m, 3H), 7.19-7.21 (m, 2H), 7.35-7.43 (m, 2H),
7.51 (t,J=7.6 Hz, 1H), 7.67 ()= 7.6 Hz, 1H), 7.96 (d] = 8.0 Hz, 1H), 8.35 (d] = 8.0 Hz,
1H); **C NMR (100 MHz, CDGJ) §55.5, 107.7, 111.0, 120.2, 121.2, 123.9, 126.5, 128.0,

128.7, 129.3, 129.6, 129.9, 131.0, 131.6, 131.8, 135.3, 138.2, 157.27, 157.35, 162.4; IR (in
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CH,Cl,, cm') 3057, 2985, 1735, 1265; HRMS Calcd forldic0sSe: 408.02647. Found:

408.02699.

3-(2-Formylphenyl)-4-iodoisocoumarin (41).The product was obtained as a white solid:
mp 146-148C; 'H NMR (400 MHz, CDCJ) 6 7.57 (d,J = 7.2 Hz, 1H), 7.62-7.77 (m, 3H),
7.82-7.88 (m, 2H), 8.04 (dd,= 1.2, 7.6 Hz, 1H), 8.34 (d,= 7.6 Hz, 1H), 10.08 (s, 1H}°C
NMR (100 MHz, CDC4) 679.6, 120.7, 129.9, 130.2, 130.4, 131.0, 131.3, 131.6, 134.1,
134.2, 136.1, 137.3, 137.5, 152.9, 161.3, 190.2; IR (ipGlcm™) 3054, 2985, 1740, 1706,

1265; HRMS Calcd for ¢HolO3: 375.95965. Found: 375.96067.

Methyl 2-(4-iodo-1-methoxy-H-isochromen-3-yl)benzoate (42).

A modified literature procedure was used to prepare this compdiha.a solution of the
diarylalkyne 15 (0.25 mmol), KCO; (0.25 mmol, 1.0 equiv) and methanol (0.3 mmol, 1.2
equiv) in CHCI, (5.0 mL), iodine (0.3 mmol, 1.2 equiv) was added and the solution was
stirred at room temperature for 10 h. The reaction mixture exs quenched with satd aq

NaS,05, extracted using EtOAc and washed with water. The combined orgatracts
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were dried over anhydrous Mgs@nd concentrated under vacuum. Following flash column
chromatography, compoun86 was isolated as the major product. The compound was
unstable and decomposed during rotary evaporation (in order to removactharnounts of
solvent). The NMR data showing the presence of the compound (note thattableed
spectrum shows extra peaks because of the solvent and a slight impurity) iscohevittH

NMR (400 MHz, CDC}) 6 3.56 (s, 3H), 3.80 (s, 3H), 6.06 (s, 1H), 7.21 Jdt,0.8, 7.2 Hz,
1H), 7.31 (td,J = 1.2, 7.2 Hz, 1H), 7.40-7.45 (m, 2H), 7.48-7.52 (m, 2H), 7.61J(td1.6,

7.6 Hz, 1H), 8.05 (dt) = 0.8, 8.0 Hz, 1H)**C NMR (100 MHz, CDCJ) §52.5, 56.0, 74.9,

100.5, 125.7, 127.1, 127.8, 129.0, 129.4, 130.0, 130.4, 130.5, 131.0, 131.3, 132.4, 138.8,

152.3, 166.7.
BnO MeO
O O
O+ T
43 and 44
2-[2-(Benzyloxy)phenyl]-3-iodobenzofuran (43) and 3-iodo-2-(2-

methoxyphenyl)benzofuran (44).The reaction resulted in a complex inseparable mixture.

However, these two products were observed by GC-MS analysis.

www.manaraa.com



49

2-(Biphenyl-2-yl)-3-iodo-1-methylindole (45).The product was obtained as a yellow gel:

'H NMR (400 MHz, CDCJ) 6 3.15 (s, 3H), 7.07-7.09 (m, 1H), 7.13-7.23 (m, 7H), 7.46-7.48
(m, 3H), 7.55-7.58 (m, 2H)*C NMR (100 MHz, CDGJ) §31.6, 60.4, 109.8, 120.6, 121.3,
122.6, 127.3, 127.5, 128.4, 128.8, 130.0, 130.2, 130.3, 130.4, 133.4, 137.1, 140.6, 141.7,

142.8; IR (in CHCI,, cm?) 3052, 2984, 1463, 1265; HRMS Calcd foridi¢IN: 409.03275.

Found: 409.03326.

3-(Biphenyl-2-yl)-4-iodoisocoumarin (46).The product was obtained as a white solid: mp
132-134°C; *H NMR (400 MHz, CDC)) § 7.22-7.28 (m, 3H), 7.38-7.39 (m, 2H), 7.44-7.57

(m, 5H), 7.67-7.75 (m, 2H), 8.22 (d= 7.6 Hz, 1H);*3C NMR (100 MHz, CDG)) §79.8,

120.2, 127.4, 127.6, 128.4, 128.8, 129.4, 129.9, 130.3, 130.5, 130.8, 131.0, 134.6, 135.8,
137.8, 140.2, 142.2, 155.7, 161.5; IR (in £MH, cm?) 3055, 2985, 1736, 1266; HRMS

Calcd for GiH1310,: 423.99603. Found: 423.99687.

MeO
47
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9-lodo-10-(2-methoxyphenyl)phenanthrene (47)The product was obtained as a colorless
solid: mp 135-137C; *H NMR (400 MHz, CDC}) § 3.69 (s, 3H), 7.09 (d] = 8.4 Hz, 1H),
7.14-7.15 (m, 2H), 7.40-7.42 (m, 2H), 7.49-7.53 (m, 1H), 7.62-7.70 (m, 3H), 8.44-8.46 (m,
1H), 8.66-8.72 (m, 2H)**C NMR (100 MHz, CDG) §55.9, 107.5, 111.6, 121.0, 122.8,
122.9, 127.2, 127.3, 127.5, 128.0, 128.3, 129.8, 130.5, 130.8, 131.6, 132.4, 132.8, 134.3,

134.7, 142.8, 157.0; IR (in GBI, cm') 3052, 2985, 1492, 1266; HRMS Calcd for

C21H1510: 410.01677. Found: 410.01757.

Ph |
(O~

O

48
2-(Biphenyl-2-yl)-3-iodobenzofuran (48).The product was obtained as a yellow déi:
NMR (400 MHz, CDC}) ¢ 7.31-7.39 (m, 8H), 7.48-7.51 (m, 1H), 7.54-7.58 (m, 1H), 7.64-
7.66 (m, 2H), 7.82 (dJ = 7.6 Hz, 1H);**C NMR (100 MHz, CDGJ) §65.7, 111.4, 121.6,
123.4, 125.4, 127.17, 127.21, 128.3, 128.5, 128.8, 130.3, 130.6, 131.5, 132.0, 140.9, 142.7,
154.3, 156.0; IR (in CkCl,, cm*) 3053, 2984, 1449, 1263; HRMS Calcd fosgtdslO:

396.00112. Found: 396.00172.

Ph

Ph
OMe |

49
2-(1,2-Diiodo-2-phenylvinyl)-3-methoxybiphenyl (49)The product was obtained as a dark

yellow solid: mp 102-104C; *H NMR (CD.Cl,, 400 MHz)é 4.00 (s, 3H), 6.98-7.01 (m,
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2H), 7.10 (dJ = 7.2 Hz, 2H), 7.28-7.35 (m, 3H), 7.43-7.50 (m, 4H), 7.63 6.4 Hz, 2H);
13%C NMR (100 MHz, CDGJ) 656.4, 95.5, 101.2, 110.7, 123.0, 127.7, 127.9, 128.0, 128.3,
128.5, 129.7, 130.1, 140.5, 141.6, 147.4, 155.6; IR (inGGH cm’) 3053, 2986, 1422,

1265; HRMS Calcd for &H16l,0: 537.92907. Found: 537.92995.
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CHAPTER 2. lodine/Palladium Approaches to the Synthesis of Polyheteroclc

Compounds

Based on a paper to be published inXbernal of Organic Chemistty

e A =R’ X! coupling (A) and
cat. Pd/Cu R2— | P R! cyclization (B)
— N e
B. |
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Abstract

iterative cycles of

| R4_

X', X2, x3=0, S, NMe, CO,

MeXx?3 -
:_R3-4
R! = TMS, Ph, % XX

R? R3 R*=H, functional groups

A simple, straightforward strategy for the synthesis of polybeyelic compounds

(PHCs) is reported, which involves iterative cycles of palladbatalyzed Sonogashira

coupling, followed by iodocyclization using br ICI. A variety of heterocyclic units,

including benzofurans, benzothiophenes, indoles and isocoumarins, can be gfficientl

incorporated under mild reaction conditions. In addition, variations of tfategy afford a

variety of linked and fused PHCs.
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Introduction

The iodocyclization of alkynes has emerged as an efficientfaodghe synthesis of
important heterocycles and carbocydledle and others have utilized this methodology
(Scheme 1) for the synthesis of benzofurarfarans® benzothiophenés,thiophenes,
benzopyran§, benzoselenophenés,selenophenés, naphthols, indoles'® quinolines:!
isoquinolines? a-pyrones:® isocoumaring® naphthalenéd8 and polycyclic aromatic’,
isoxazoles? chromones! bicyclic B-lactams® cyclic carbonate¥ pyrroles®
furopyridines”  spiro[4.5]trienone$® coumestrol and coumestafs, furanones?

benzothiazine-1,1-dioxided isochromene® etc?’

SCHEME 1. lodocyclization Reaction

~
-
>

L_X-LG .
| I” f’/

|X
R
A vQ

R I

Y

/7

LG = leaving group
X =0, NMg, S, CO,, CONHR, C=N efc.
R = alkyl, aryl, vinylic, TMS

In general, iodocyclization is a very efficient reaction, procaaus$er very mild
reaction conditions and exhibits a very broad scope in terms of thetiofsd
group/substituent compatibility. As iodine is known to be an excellent édodlfurther
elaboration through transition metal-catalyzed cross-couplingseciedly palladium-
catalyzed transformatiorf§,the iodocyclization products are ideal substrates for further

functionalization and a rapid increase in molecular diversity. Tfeggares prompted us to
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test the applicability of this strategy for building more comgstems containing multiple
heterocyclic units. Polyheterocyclic compounds (PHCs) of this ihgve found applications

12° as well as materials chemisfyWe here present several versatile synthetic

in biologica
strategies involving iodocyclization and subsequent palladium-cataisemesformations for

the synthesis of PHCs.

Results and Discussion

The general scheme employed by us for polyheterocycle sythesilves the
Sonogashira couplifiof a functionally-substituted haloarene with a functionalized alkyne
(Scheme 2). The alkyne is then subjected to iodocyclization and thdtirg 3-
iodoheterocycle is generally isolated in good to excellentlyiak reported previously. The
resulting iodine-containing heterocycle is then used as the startatgrial for further
iterative cycles of Sonogashira coupling and iodocyclization to genethe desired
polyheterocyclic molecule.

Repetitive cycles of Sonogashira coupling, followed by iodocyalizahave proven
quite efficient and lead to PHCs bearing 2 or 3 linked hetelesyao moderate to good
yields. Representative heterocycles and the corresponding intetesedi@pared by this
general strategy are listed in Scheme 2. For preparatitie afitermediate alkynes, the usual
Sonogashira coupling conditions have been somewhat modified, as theyehavally been
performed in DMF (see the Experimental Section). The interneedlynes have generally
been prepared in good to excellent yields (Scheme 2). The iodatiymlizeactions have
been performed using our previously published procedures for the corresponding

heterocycles.
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SCHEME 2. Generation of Polyheterocyclic Compounds by the General Stragg®

X'Me =—R!
AL e
[ cat.Pd/Cu

X"Me
%

X1
- o @R1

1 3 R 4
X! R' vyield (%) X' R' yield (%)
3a O Ph 72 4a O Ph 81
3b S Ph 100 4h S Ph 99
3c S TMS 97 4¢c S TMS 99
4d S H o5
Tdliew
1
e g
2
R N -
5 o \\
cat. Pd/Cu X2Me
6 R2

xI RE X2 RZ yield (%) XX R® X* R® yield (%)
6Ga O Ph CQ H 98 7a O Ph CO, H 91
6b O Ph S H 84 7b O Ph S H 98
6c O Ph NMe H 81 7c O Ph NMe H 96
6d S Ph ®) H 65 7d S Ph O H 67
6e S H e OMe 05 7¢e S H O OMe 66
6f S TMS CO H 79

5% o I* _
cat. Pd/Cu -

X' R xX* R*  X® yield (%) X' RT X* R® X® yield (%)
8a O Ph CO, H NMe 79 92 O Ph CO, H NMe 91
8b O PhCO, H O 75 9 O PhCO, H O 70
8 O PhCO, H S 55 9¢ O PhCO, H S 96
8d O Ph S H CQ 89 9d O Ph S H CQ 63
8¢ S H O OMe CO 81 9¢ S H O OMe CO 71
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Conditions: ®All Sonogashira reactions were carried out on &2 mmol scale and the iodocyclization
reactions were carried out on a 0.10-0.25 mmolescalng 4 or ICI (see the Experimental Sectiofifhis

compound was prepared frata by desilylation.

Various 5- and 6-membered ring heterocycles linked through diffeasitions have
been conveniently synthesized by this general strategy. Wevéelhat this basic
methodology can be extended to all other functional groups and substitbantsave
previously been shown to undergo facile iodocyclizatibhAn interesting feature of this
approach is the fact that after starting the reaction sequesitag ano-haloarene, only one
other type of building block, namely a readily available functiaealiterminal alkyn&, is
required for polyheterocycle generation and different heterocyclts uan be successfully
inserted at the desired positions in the PHC by simply chgngie sequence of
functionalized alkyne building blocks. The iterative nature of thisagmbr to linked PHCs
lends itself well to the automated synthesis of large heteliocsequences of varying
complexity. The solubility issues in larger heterocyclic eyst should be resolved by
adjusting the polarity of the individual alkyne building blocks.

After successful implementation of this general strategyherefficient synthesis of
PHCs, several variations in the approach have been exploredutttar fhighlight the
versatility and scope of this methodology. First, iodocyclization cacabeed out quite
selectively affording a variety of intermediates, which should pouie versatile for further
elaboration (Scheme 3). For example, 2-silyl-3-alkynylbenaptieéne derivativéf can be

converted to the benzothiophene-isocoumarin di-heterogydie one step in excellent yield
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or 6f can be very efficiently cyclized to the corresponding silicontaining

iodoisocoumarirlQ, allowing for further selective functionalization and/or iodocyclization.

SCHEME 3. Simultaneous and Stepwise Diiodination

6.0 ICI/DCM
25°C, 4h
91%
S S
/) TMS O /) TMS
2.2 ICI/DCM 1.1 ICI/DCM
\\ 25°C,3h  |—/ O  .78°C, 1h
CO,Me @) 95%
6f 10 substrates for further 11

metal-catalyzed couplings
92% y 9

As noted earlier, a variety of heterocyclic units are readitgessible by this
iodocyclization strategy. This approach can be combined with otheeeftftransformations
to broaden the scope of the methodology and allow easy access tayoésrthat are not
presently accessible by iodocyclization. For example, alkyhkas been subjected to well
known click chemistry using benzyl azidad the desired triazolE3 was obtained in good
yield (Scheme 4¥ Upon iodo-desilylation, the iodotriazol®4 was obtained, providing
avenues for the further introduction of heterocycles using our Sonogashira
coupling/iodocyclization methodology or other coupling reactions, such as Sugkira

couplings®
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SCHEME 4. Click Chemistry Followed by lodo-desilylation

S
™S
cat Pd/Cu BN 4.01CIDCM %
Toluene / NBn 25°C, 24 h / ~NBn
115°C, 24 h _N l N
N

12 14
88% 73% 39%

In an effort to synthesize fused polyheterocyclic compounds, the berzothie
derivative 4c was subjected to silyl-iodine exchange (Scheme The resulting 2,3-
diiodobenzothiophene 1) on double Sonogashira coupling with an appropriete
functionalized terminal alkyne, followed by double cyclization, quidt&bds to a compound

17, having three linked heterocyclic units and two iodine handles.

SCHEME 5. Double Sonogashira Coupling, Followed by Double lodocyclization

cat. PdClz(PPh3)2
ICI/DCM / | cat. Cul, DIPA
4c —> —_—
-78°C,1h DMF

15 | 2 h, 65°C
88%

62%
The diiodo compoundl7 was then subjected to a palladium-catalyzed Ulimann
reaction leading to the formation of fused heterocyie(Scheme 6§* Similar fused
heterocyclic systems have been shown to exhibit interestingoglectand luminescent
properties® This approach can be conveniently extended to the synthesis of sjcametr
fused heterocycles as well. PHCs such as these should prove useful as ligandBriatmor

and organometallic chemistry.

www.manaraa.com



64

SCHEME 6. Palladium-catalyzed Ullmann Reaction

10 mol % Pd(OAc),
20 mol % dppf

5 KOAc _
DMF
100°C, 3 h
18
64%

The above variations in our basic strategy (Schemes 4 and 6) highlkgability to
couple our methodology with other efficient methodologies to synthesaecules with
diverse functionalities quickly and efficiently. In another vamiatithe cyclization of 1,3-
diynes has been explored. Efficient examples of homo 1,3-diyne ayafizhave been
reported (Scheme 7) previously by us and otffets’@13:3¢

SCHEME 7. Previously Reported Examples of 1,3-Diyne Cyclization

COzMe

IC/DCM
(@)

=
®
o
N
(@]
Y
o

19 20
XMe MeX
@ _ @ — 2/DCM O >> O << o
21,X=0 ! |
22X = Se 23, X =0; 97%

24, X = Se; 88%
In an effort to cover other functional groups and heteroatom-containinges]iy
several additional 1,3-diynes have been synthesized using our optirSB@eogashira

conditions (Scheme 8). The hetero-1,3-diynes were obtained in only mogetd&eas the
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cross-coupling suffers from formation of homocoupling by-products. Norsthehe homo-
and hetero-1,3-diynes were subjected to iodocyclization and the doubtedyiroducts30-
32 were obtained in good to excellent yields (Scheme 9). Furthermaitee case of hetero-
1,3-diyne 27, the reaction conditions were tuned to achieve single or doublezatyath
(Scheme 10). Thus, symmetrical, as well as unsymmetrical, thiskhgclic units with
dihalide functionality are readily accessible using our methodoRggently, similar dihalo
compounds have been used as precursors for the synthesis of more consplex

heterocycles exhibiting potential applications as organic field effewtistars (OFETs)’

SCHEME 8. Preparation of 1,3-Diynes

A

OMe
3 mol % PdC|2(PPh3)2 O
4 mol % Cul
OMe 1 BULiITHF -78°C OMe P DIPA A
g DME X
X 2 1.4 1,/THF N
N 2 N, 35h65% O
25 MeX
100% 26, X = S; 60%

27, X = C(=0)0; 55%

www.manaraa.com



66

SCHEME 9. lodocyclization of Homo- and Hetero-1,3-diynes

X'R |
X1
I 7
C S - )<
A

|
RX2 O 30, X'=0, X?=S; 94%

31, X'=X2=0; 76%
32, X'=x2=5:98%

26, X'R = OMe, X?R = SMe
28 X'R = X?R = OMe
29 X'R= X?R = SMe

SCHEME 10. Tuning of Reaction Conditions for Single or Double Cyclization

O OMe
AN 3 1,/DCM 1.1 ICI/DCM
A 25°C, 1h 25°C, 2h
35%
MeO,C
27
2.2 ICI/DCM T

25°C,5h
54%

As observed in all of the processes outlined above, the end products ooahitzen
an important handle for further modifications. Thus, these heterodgdiaes can either be
subjected to reductive hydrodehalogenatforor they can be used to introduce further
diversity and polarity into the molecules using conventional palladatalyzed
transformations (Scheme 11), for example Suzuki-Miyaura coupliegs { and 2) and

Sonogashira alkynylation (eq 3).
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SCHEME 11. Elaboration of the lodine-containing Products

o)
O Vauu 5 mol % PdCl
mol 7o 2
) (HO)ZB\CE\> 14 KHCO;
— S N 4:1 DMF/H,0
O H 80°C,2h

s
O / 5 mol % PdCl,
B(OH .
N BOH) 14KHCO; ~ N .
— 9+ PP 41DMFH0  Meo—/
-

MeO™ N 80°C,2h
O » O

MeO 86% MeO
Te
S
@) 2 mol% Cul
0] 4 DIPA
O P OH >
// { ’ //\ DMF ®)

Q O 4 equiv. 85°C, 2 h

|

Finally, palladium-catalyzed annulations have been examined in ardetend the
scope of this methodology for the generation of complex fused PHC®xample, in an
attempt to perform the cyclocarbonylation reaction, bisheterocydimpound7b was
subjected to our previously published conditions (Schem& H®)wever, neither of the two
expected regioisomeric annulated products was formed presumably the riag strain.

Instead, the reaction led to the corresponding carboxylic 38idwvhose structure was
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confirmed by single crystal X-ray analysis, in 61% yield.l@aylic acid formation probably
happens because of nucleophilic attack by the pivalate anion on tladlyinibrmed
acylpalladium intermediate, which leads to the corresponding anhydotdewed by

hydrolysis during aqueous work up of the reaction mixture (Scheme 12).

SCHEME 12. Cyclocarbonylation Attempt

/

CO (1 atm) Did not form
10 mol % Pd(PCys), (probably due of the ring strain)
2 CsPiv
DMF
8h,110°C O Q
2~ ~Ph
OH
7b
SN
0]
38
59%
O
O O
0 CsPi
ArPdl —2 > ArCOPdI ~—> % Ar)J\PdO\H)< Y Ar)J\O — > ArCOH
o - Pd® work-up

On the other hand, the alkyne annulation of polyheterocyclic compooradfords
the fused ring heterocycR9 in 52% vield (Scheme 13Y.The regioisomeric assignment is

based on X-ray crystallographic data. Such annulation processes ongiderable scope
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in terms of the types of heterocycles that can be included erefiff positions, the ring size,

etc, allowing one to introduce a wide variety of heterocycles in desired positions.

SCHEME 13. Alkyne Annulation Reaction Leading to a Fused PHC

o 2 PhC=CPh 0O O
O p O 5 mol % Pd(OAc), /
2 NaOAc ’
3TBAC . Ph A
/S DMF o
O 24 h, 100 °C O

7b

Conclusions

Several iodocyclization/palladium-catalyzed approaches have beenetepar the
generation of linked and fused polyheterocyclic compounds. The atwlityuickly put
together multiple heterocyclic rings and accommodate various osudsequent
transformations adds to the synthetic utility and scope of the metlyydahaking this a
very practical approach for PHC synthesis. In some cases, tlmtipbtexists for
combinatorial automated synthesis. Considering the broad scope and @aisitflexibility
of this methodology and the widespread potential applications of thengsuivducts, rapid

advances in this area of research are anticipated.
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Experimental Section

General

The'H NMR and**C NMR spectra were recorded at 25 °C at 300 MHz or 400 MHz
and 75 MHz or 100 MHz, respectively, with Mg as an internal standard. The chemical
shifts @) and coupling constantg)(are given in ppm and in Hz, respectively. Thin layer
chromatography was performed using commercially preparedeSb-silica gel plates and
visualization was effected with short wavelength UV light (254 niuyification of the
compounds has been performed by column chromatography and/or razatstall All
melting points are uncorrected. HRMS data: the electron impaehitm experiments were
performed on a Finnigan TSQ700 triple quadrupole mass spectromiet@géh MAT, San
Jose, CA) fitted with a Finnigan EI/CI ion source. The samples wéroduced to the mass
spectrometer using a solids probe. The probe was heated gréedwall$00 to 400C. The
instrument was used as a single quadrupole and scanned from 5@ tdalidds. Accurate
mass measurements were conducted using a manual peak matchimguie with the
KRATOS MS50 double focusing mass spectrometer.
Reagents All reagents were used directly as obtained commercially unless otberaied.
Solvents.All solvents were used directly as obtained commercially except for DCiMvids
distilled over Cakl
Terminal alkyne building blocks (5). Commercially available terminal alkynes were used
as received. Non-commercial terminal alkynes were prepaired tie two-step approach,
which involves Sonogashira coupling of the commercially availabl@ahethe with

trimethylsilyl acetylene, followed by removal of the TMS group (Sch&he®
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Scheme S1. Preparation of the Requisite Terminal Alkynes

1

1 1
@EXR . — TMs cat. Pd/Cu ©< Deprotection xR
= - —
! X A

5.0 mmol TMS H

XR' = SMe, 83% (overall yields)
CO,Me, 82%
NMe,, 48%

MeO OMe

Tl

T™S

[(2,4-Dimethoxyphenyl)ethynyl]trimethylsilane. To a solution of 1-iodo-2,4-
dimethoxybenzené.0 mmol), PAG(PPH), (0.07 g, 2 mol %), and Cul (0.02 g, 2 mol %) in
TEA (20 mL) (stirring for 5 min beforehand), 6.0 mmol of trime#iiyl acetylene (1.2
equiv) in 5 mL of TEA was added dropwise over 10 min. The reaction flask was flughed wi
Ar and the mixture was stirred at room temperature for 1.5 h. dhdting solution was
filtered, washed with brine, and extracted with ethyl acetatg {0 mL). The combined
fractions were dried over MgS@nd concentrated under vacuum to yield the crude product.
Purification by flash chromatography afforded the product (yie88%) as a brown solid:
mp 45-47°C; *H NMR (400 MHz, CDCJ) 6 0.25 (s, 9H), 3.72 (s, 3H), 3.78 (s, 3H), 6.34 (s,
1H), 6.36 (dJ = 8.0 Hz, 1H), 7.32 (d] = 8.0 Hz, 1H):}*C NMR (100 MHz, CDGJ) 6 0.16,
55.2, 55.6, 96.3, 98.1, 101.6, 104.6, 104.7, 134.8, 161.2, 161.4; HRMS Calcd for

ClgH]_stSi: 234.10760. Found: 234.10815.
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1-Ethynyl-2,4-dimethoxybenzeneA solution of NaOH (24.0 mmol, 6 equiv) in 5 mL of
water was added dropwise to [(2,4-dimethoxyphenyl)ethynyl]thgigilane (4.0 mmol) in
15 mL of CHOH:diethyl ether (1:1). After stirring the reaction mixture foh at 25°C,
CH;OH was removed under vacuum, the reaction mixture was dilutédethier and the
excess NaOH was neutralized with 2M HCI. The ether layes washed with water, dried
(N&S(Oy), filtered, and the solvent removed under vacuum. Purification bgh fla
chromatography afforded the product (yield = 92%) as a cledt Bi: NMR (400 MHz,
CDCl) § 3.25 (s, 1H), 3.78 (s, 3H), 3.84 (s, 3H), 6.41 (s, 1H), 6.42 8.4 Hz, 1H), 7.36
(d,J=8.4 Hz, 1H),’13C NMR (100 MHz, CDG) ¢ 55.4, 55.8, 79.7, 80.2, 98.2, 103.6, 104.8,

134.8, 161.5, 161.8; HRMS Calcd foigH1002: 162.06808. Found: 162.06848.

Synthesis of Compounds 3-9 by the General Strategy.

General Sonogashira Coupling Procedure Used for the Preparatioof 3a-c. To a
solution ofo-iodoarenel (5.0 mmol), PAG(PPhR), (0.07 g, 2 mol %), and Cul (0.01 g, 1 mol
%) in TEA (20 mL) (stirring for 5 min beforehand), 6.0 mmol of terremaetylene? (1.2
equiv) in 5 mL of TEA was added dropwise over 10 min. The reaction flask was flushed wi
Ar and the mixture was stirred at room temperature for 3 h. @helting solution was
filtered, washed with brine, and extracted with EtOAc (2 x 10.rmbe combined fractions
were dried over MgS© and concentrated under vacuum to yield the crude product.

Purification of the products was performed using flash chromatography.
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OMe
%
Ph

2-(Phenylethynyl)anisole (3a)This compound was isolated (reaction time: 2 h; yield: 72%)

as a yellow oil. The spectral properties were identical to those previepsigted™

SMe
%
Ph

2-(Phenylethynyl)thioanisole (3b).This compound was isolated (yield: 100%) as a yellow

oil. The spectral properties were identical to those previously regérted.

SMe
©/\
TMS

2-(Trimethylsilylethynyl)thioanisole (3c). This compound was isolated (yield: 97%) as a

yellow oil. The spectral properties were identical to those previouslyteetiBr

General lodocyclization Procedure for the Synthesis of 4a-cThe iodocyclization
reactions have been performed using our previously published procedurethefo
corresponding heterocycl&s* To a solution of the starting alkyr8(4.0 mmol) in DCM
(30 mL) was gradually added the(1.5-2.0 equiv) dissolved in 10 mL of DCM. The reaction
mixture was allowed to stir at 25 °C and the reaction was modityd LC for completion.

The excess,lwas removed by washing with satd aq.$§®s;. The mixture was then
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extracted by EtOAc or diethyl ether. The combined organic $ayere dried over anhydrous
MgSO, and concentrated under vacuum to yield the crude product, which wagdgiyfi

flash chromatography on silica gel using hexane-EtOAc as the eluent.

o)
@Ph

|
3-lodo-2-phenylbenzop]furan (4a). This reaction was performed using 2.0 equiv of iodine.
This compound was obtained as a yellow oil (reaction time: 3 Hg:y8d1%). The spectral

properties were identical to those previously repdted.

S
@Ph

|
3-lodo-2-phenylbenzop]thiophene (4b). This reaction was performed using 1.5 equiv of
iodine. This compound was obtained as a yellow oil (reaction tinie:yleld: 99%). The

spectral properties were identical to those previously repdtted.

S
@TMS

|
3-lodo-2-(trimethylsilyl)benzo[b]thiophene (4c). This reaction was performed using 1.5
equiv of iodine. This compound was isolated as a yellow oil (@ad¢ime: 0.5 h; yield:

99%). The spectral properties were identical to those previously refidrted.
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S
Qe
|
3-lodobenzop]thiophene (4d). To a solution o#4c (4 mmol) in THF (13 mL) was slowly
added TBAF (3.0 equiv, 1M solution in THF, 13 mL) and the reaction mixtaseallowed
to stir at 25°C for 3 h. The reaction was worked up using satd aq NaH®@&shed with
brine and water, extracted with ether, and dried withS®p After purification by flash

chromatography, the compound was isolated as a yellow liquidi:(y8&P6). The spectral

properties were identical to those previously repdfied.

Preparation of 6a-f by Sonogashira Coupling.

@)
O / Ph
W
COo,Me

O

Methyl 2-[(2-phenylbenzofuran-3-yl)ethynyl]benzoate (6a)A solution of4a (0.47 g, 1.48
mmol), PdC}(PPh), (0.042 g, 4 mol %), and Cul (0.012 g, 4 mol %) in TEA (15 mL) was
stirred for 5 min. The reaction flask was flushed with Ar andoltion of methyl 2-
ethynylbenzoate (0.36 g, 2.22 mmol, 1.5 equiv) in 5 mL of TEA was added deopvas 10
min. The reaction mixture was stirred at ®€Dfor 21 h. The resulting solution was filtered,
washed with brine, and extracted with EtOAc (2 x 10 mL). The coeabiractions were

dried over MgS®@ and concentrated under vacuum to yield the crude product. After
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purification by flash chromatography, the product (yield = 98%) oldained as an orange
solid: mp 73-76C; 'H NMR (400 MHz, CDCJ) 6 3.88 (s, 3H), 7.28-7.49 (m, 8H), 7.66 (d,

J = 8.0 Hz, 1H), 7.84-7.86 (m, 1H), 7.94-7.96 (m, 1H), 8.40-8.42 (m, PB)NMR (100

MHz, CDCk) ¢ 52.2, 86.5, 96.1, 99.4, 111.2, 120.6, 123.5, 123.9, 125.4, 126.2, 127.9, 128.7,
129.3, 130.0, 130.2, 130.6, 131.2, 131.8, 134.1, 153.5, 156.6, 166.3; HRMS Calcd for

C24H1603: 352.10994. Found: 352.11081.

@)
/Ph

W
SMe

O

3-[(2-(Methylthio)phenyl)ethynyl]-2-phenylbenzofuran (6b). To a solution of4a (1.0
mmol) in DMF (8 mL) were added Pd{®Ph), (21.0 mg, 3 mol %) and Cul (8.0 mg, 4 mol
%). The reaction vial was flushed with Ar and the reactiontumixwas stirred for 5 min at
room temperature. DIPA (405 mg, 4.0 equiv) was added by syringere@bgon mixture
was then heated to 80 °C. A solution of 2-ethynylthioanisole (1.2 equidMiF (2 mL) was
added dropwise over 10 min, and the mixture was allowed to stir 4@ 8 3.5 h. After
cooling, the reaction mixture was diluted with EtOAc, and washéd seitd aqg NECI and
water. The organic layer was dried over Mg2(@d concentrated under vacuum to give the
crude product, which was purified by column chromatography on silicasiyed hexane-
EtOAc as eluent. After purification, the product was obtaineeldyiB84%) as a white solid:
mp 110-112C; *H NMR (400 MHz, CDCJ) § 2.53 (s, 3H), 7.14 (td] = 1.2, 7.6 Hz, 1H),

7.19-7.21 (m, 1H), 7.29-7.41 (m, 4H), 7.47-7.52 (m, 3H), 7.56-7.58 (m, 1H), 7.84-7.86 (m,
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1H), 8.41-8.44 (m, 2H)}*C NMR (100 MHz, CDG) 6 15.5, 87.7, 94.7, 99.4, 111.3, 120.8,
121.7, 123.6, 124.5, 124.6, 125.5, 126.3, 128.8, 129.0, 129.3, 130.17, 130.22, 132.6, 141.5,

153.6, 156.4; HRMS Calcd for,gH160S: 340.09218. Found: 340.09304.

O
‘ / Ph

A\

NMe,
O

N,N-Dimethyl-2-[(2-phenylbenzofuran-3-yl)ethynyllaniline (6c). Starting with the iodo
compound4a and the corresponding terminal alkyne, the reaction was run by tisn
procedure used for the preparation6bf above, except that the reaction was run on a 0.5
mmol scale and the reaction time was 2 h. After purificationptbduct was obtained (yield
= 81%) as a Yyellow solid: mp 66-6€; 'H NMR (400 MHz, CDCJ) 6 3.00 (s, 3H), 6.91-
6.96 (M, 2H), 7.24-7.30 (m, 3HJ,31-7.37 (m, 1H)7.43-7.50 (m, 3H), 7.56-7.58 (m, 1H),
7.74-7.76 (m, 1H), 8.41 (d,= 7.6 Hz, 2H):*C NMR (100 MHz, CDGJ) ¢ 44.1, 86.4, 96.5,
99.9, 111.3, 115.9, 117.4, 120.5, 120.9, 123.5, 1254, 126.1, 128.7, 129.2, 129.6, 130.2,
130.4, 134.3, 153.6, 154.9, 155.9; HRMS Calcd fonH&NO: 337.14666. Found:

337.14717.

S
/Ph

A\
OMe

O
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3-[(2-Methoxyphenyl)ethynyl]-2-phenylbenzob]thiophene (6d). Starting with the iodo
compound4b and the corresponding terminal alkyne, the reaction was run by trsng
procedure used for the preparation6bf except that the reaction was run on a 0.5 mmol
scale. The product was obtained (yield = 65%) as a white sofid®0-92°C; *H NMR (400

MHz, CDCE) & 3.96 (s, 3H), 6.92-6.98 (m, 2H), 7.31-7.41 (m, 3H), 7.45-7.50 (m, 3H), 7.54
(dd,J = 7.6, 2.0 Hz, 1H), 7.81 (d,= 8.0, 1H), 8.11 (d] = 8.0, 1H), 8.19 (d] = 7.6 Hz, 2H);

3C NMR (100 MHz, CDGJ) § 56.0, 88.4, 91.9, 110.9, 112.9, 114.1, 120.7, 122.2, 123.7,
125.1, 125.4, 128.6, 128.76, 128.82, 130.0, 133.4, 134.1, 137.6, 141.5, 145.7, 160.4; HRMS

Calcd for GaH160S: 340.09219. Found: 340.09269.
S
)
OMe

OMe
3-[(2,4-Dimethoxyphenyl)ethynyl]benzop]thiophene (6e). Starting with the iodo
compound4d and the corresponding terminal alkyne, the reaction was run hy tse
procedure used for the preparation6if The product was obtained (yield = 95%) as a
yellow gel:*H NMR (400 MHz, CDCY) J 3.85 (s, 3H), 3.95 (s, 3H), 6.52 (s, 1H), 6.54)(d,
= 1.6 Hz, 1H), 7.42 (t) = 7.2 Hz, 1H), 7.47-7.53 (m, 2H), 7.68 (s, 1H), 7.88](d,8.0 Hz,
1H), 8.13 (d,J = 7.6 Hz, 1H);**C NMR (100 MHz, CDGJ) s 55.6, 56.0, 85.8, 88.5, 98.6,
105.01, 105.04, 119.1, 122.7, 123.4, 124.7, 125.1, 128.8, 134.4, 138.9, 139.5, 161.40,

161.44; HRMS Calcd for gH140,S: 294.07145. Found: 294.07216.
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S
O )—TMS

A\

CO,Me
O

Methyl 2-[(2-(trimethylsilyl)benzo][ b]thiophen-3-yl)ethynyl]lbenzoate (6f). Starting with
the iodo compoundc and the corresponding terminal alkyne, the reaction was run iy usi
the procedure used for the preparatiorblef The product was obtained (yield = 79%) as a
yellow oil: *H NMR (400 MHz, CDCJ) 5 0.59 (s, 9H), 4.02 (s, 3H), 7.42 Jt= 7.6 Hz, 2H),
7.51-7.57 (m, 2H), 7.75 (d, = 7.6 Hz, 1H), 7.90 (dJ = 8.0 Hz, 1H), 8.05 (d] = 8.0 Hz,
1H), 8.36 (dJ = 8.0 Hz, 1H)*C NMR (100 MHz, CDCJ) ¢ -0.36, 52.4, 90.2, 92.4, 122.1,
123.4, 124.1, 124.81, 124.83, 125.0, 127.9, 130.7, 131.6, 131.9, 133.8, 141.8, 142.1, 146.4,

166.6; HRMS Calcd for £H>00,SSi: 364.09532. Found: 364.09634.

General lodocyclization Procedure for the Synthesis of 7a-eThe iodocyclization
reactions have been performed using our previously published procedurethefo
corresponding heterocycl&s?1°43The appropriate alkyne starting matera(0.25-0.30
mmol) in 4 mL of CHCI, was placed in a 4-dram vial and flushed with Ar(2l equiv) [ICI

(1.2 equiv) in the case @8] in 2 mL CH,CI, was added and the reaction was stirred at room
temperature for the indicated time. After the reaction was dkeryeaction mixture was
diluted with 30 mL of EtOAc, washed with 25 mL of satd ag®@s, dried (MgSQ), and
filtered. The solvent was evaporated under reduced pressure gmobdhet was isolated by

chromatography on a silica gel column.
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4-lodo-3-(2-phenylbenzofuran-3-yl)-H-isocoumarin (7a). For this reaction, the ICI (1.2
equiv) in 1 mL of CHCI, was added dropwise to the reaction vial with a syringe (reaction
time: 30 min). After purification, the product was obtained (yielél186) as a white solid:

mp 204-207°C; *H NMR (400 MHz, CDCJ) 6 7.30 (t,J = 8.0 Hz, 1H), 7.36-7.41 (m, 4H),

7.51 (d,J = 8.0 Hz, 1H), 7.60 (dJ = 8.0 Hz, 1H), 7.64-7.68 (m, 1H), 7.76-7.78 (m, 2H),
7.85-7.86 (m, 2H), 8.37 (dl = 8.0 Hz, 1H);**C NMR (100 MHz, CDG)  81.6, 111.7,

112.4, 120.6, 120.9, 123.7, 125.5, 126.75, 126.81, 128.1, 129.2, 129.8, 130.0, 130.2, 131.5,
136.0, 138.0, 149.6, 153.8, 154.4, 161.9; HRMS Calcd $aH&0O3: 463.99094. Found:

463.99233.

3-(3-lodobenzop]thiophen-2-yl)-2-phenylbenzofuran (7b).Reaction time: 30 min. After
purification, the product was obtained (yield = 98%) as a whitel:soip 158-161°C; 'H
NMR (400 MHz, CDCY) 6 7.24-7.52 (m, 8H), 7.60 (d,= 8.4 Hz, 1H), 7.68-7.70 (m, 2H),

7.85 (d,J = 8.8 Hz, 2H);"*C NMR (100 MHz, CDGJ) ¢ 84.5, 110.7, 111.5, 120.7, 122.7,
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123.5, 125.3, 125.6, 125.9, 126.3, 126.9, 128.9, 129.2, 129.9, 130.2, 134.6, 140.3, 141.7,

153.2, 153.9; HRMS Calcd for,@H1310S: 451.97318. Found: 451.97428.

3-lodo-1-methyl-2-(2-phenylbenzofuran-3-yl)-H-indole (7c). Reaction time: 1 h. After
purification, the product was obtained (yield = 96%) as a white:goid201-204C (turns
black); '"H NMR (400 MHz, CDCJ) § 3.52 (s, 3H), 7.23-7.39 (m, 9H), 7.57-7.64 (m, 4H);
¥c NMR (100 MHz, CDdJ) ¢ 31.6, 61.4, 107.6, 110.2, 111.6, 120.9, 121.0, 121.6, 123.2,
123.6, 125.3, 126.2, 129.1, 129.3, 129.8, 130.2, 130.9, 134.0, 138.1, 153.9,HR¥];

Calcd for GsH16INO: 449.02767. Found: 449.02867.

3-lodo-2-(2-phenylbenzop]thiophen-3-yl)benzofuran (7d). Reaction time: 3 h. After
purification, the product was obtained (yield = 67%) as a brown: sojid134-137°C; *H
NMR (300 MHz, CDCY) 6 7.23-7.45 (m, 10H), 7.49-7.51 (m, 1H), 7.63-7.66 (m, 1H), 7.87-

7.90 (m, 1H);™*C NMR (75 MHz, CDCJ) ¢ 68.1, 111.7, 121.0, 121.8, 122.4, 123.7, 123.9,
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125.1, 125.2, 125.8, 126.86, 128.97, 129.1, 131.6, 134.0, 138.6, 140.1, 146.7, 151.9, 154.9;

HRMS Calcd for G,H1310S: 451.97319. Found: 451.97380.

MeO

2-(Benzop]thiophen-3-yl)-3-iodo-5-methoxybenzofuran (7e)Reaction time: 3 h. After
purification, the product was obtained (yield = 66%) as a yellow :soij 63-66°C; *H
NMR (400 MHz, CDC}) ¢ 3.90 (s, 3H), 7.02 (dd, = 2.0, 8.4 Hz, 1H), 7.12 (d,= 2.0, 1H),
7.36 (d,J = 8.4, 1H), 7.46-7.53 (m, 2H), 7.95 @= 8.0, 1H), 8.25 (s, 1H), 8.42 (d= 8.4

Hz, 1H):;*C NMR (100 MHz, CDGJ) § 55.9, 63.3, 95.7, 112.9, 121.9, 122.7, 124.6, 124.86,
124.96, 125.1, 125.8, 128.2, 137.3, 139.8, 150.4, 154.7, 159.1; HRMS CalggHoil @,S:

405.95245. Found: 405.95354.

General Sonogashira Coupling Procedure for the Preparation of 8a-d.0 a solution of
the appropriate iodo starting matef7al0.2 mmol) in DMF (3 mL) were added PdEPh)
(3 mol %) and Cul (4 mol %). The reaction vial was flushed witlad the reaction mixture
was stirred for 5 min at room temperature. DIPA (4.0 equiv) wlded by a syringe. The
reaction mixture was then heated to 80 °C. A solution of the correspaedmupal alkyne
(1.2 equiv) in DMF (1 mL) was added dropwise over 5 min, and the raixtas allowed to

stir at 80°C for 2-4 h (the reaction progress was monitored by TLC). Afoaling, the
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reaction mixture was diluted with EtOAc, and washed with satildgCl and water. The
organic layer was dried over Mg@nd concentrated under vacuum to give the crude
product, which was purified by column chromatography on silica gegjusxane-EtOAc as

the eluent.

4-[(2-(Dimethylamino)phenyl)ethynyl]-3-(2-phenylbenzofuran-3-y1H-isocoumarin

(8a). After purification, the product was obtained (yield = 79%) as mwesolid: 'H NMR

(400 MHz, CDC}) 6 2.61 (s, 3H), 6.72 (td] = 0.8, 7.6 Hz, 1H), 6.79 (d, = 8.4 Hz, 1H),
6.84-6.86 (m, 1H), 7.16 (td,= 2.0, 7.6 Hz, 1H), 7.27-7.29 (m, 1H), 7.34-7.38 (m, 4H), 7.58

(d, J = 8.0 Hz, 1H), 7.64 (td] = 1.2, 7.6 Hz, 1H), 7.75 (dd,= 0.8, 7.6 Hz, 1H), 7.82-7.89

(m, 3H), 8.15 (dJ = 7.6 Hz, 1H), 8.41 (ddJ = 0.8, 7.6 Hz, 1H)*C NMR (100 MHz,

CDCl) ¢ 43.5, 86.4, 98.4, 104.7, 109.8, 111.4, 114.7, 117.1, 120.3, 120.5, 121.4, 123.7,
125.3, 125.7, 127.3, 128.4, 128.8, 129.2, 129.69, 129.72, 129.9, 130.2, 134.2, 135.4, 137.0,
151.3, 153.9, 154.8, 155.1, 161.6; HRMS Calcd fagHeNOs: 481.16779. Found:

481.16886.
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4-[(2-Methoxyphenyl)ethynyl]-3-(2-phenylbenzofuran-3-yl)-H-isocoumarin (8b). After
purification, the product was obtained (yield = 75%) as a yelloid:swlp 159-161°C; 'H

NMR (400 MHz, CDC}) § 3.74 (s, 3H), 6.74-6.78 (m, 3H), 7.18-7.21 (m, 1H), 7.27-7.38 (m,
5H), 7.57-7.63 (m, 2H), 7.78 (d,= 7.6 Hz, 1H), 7.82-7.87 (m, 3H), 8.21 (= 8.0 Hz, 1H),

8.40 (d,J = 7.2 Hz, 1H);13C NMR (100 MHz, CDQ) ¢ 55.8, 85.6, 95.9, 104.3, 109.7,
110.5, 111.3, 111.8, 120.2, 120.3, 121.6, 123.5, 125.2, 125.9, 127.4, 128.4, 128.8, 129.2,
129.6, 129.8, 130.2, 130.3, 132.9, 135.4, 137.0, 151.5, 153.9, 155.2, 160.0, 161.6; HRMS

Calcd for GoH»004: 468.13616. Found: 468.13682.

4-[(2-(Methylthio)phenyl)ethynyl]-3-(2-phenylbenzofuran-3-yl)-1H-isocoumarin ~ (8c).
After purification, the product was obtained (yield = 55%) as awe#olid:'H NMR (400
MHz, CDCk) 6 2.38 (s, 3H), 6.66 (d] = 7.2 Hz, 1H), 6.91 () = 7.2 Hz, 1H), 7.07 (d] =
8.0 Hz, 1H), 7.21 (t) = 8.0 Hz, 1H), 7.30-7.39 (m, 5H), 7.59 (& 8.0 Hz, 1H), 7.66 (1] =

7.6 Hz, 1H), 7.76 (d] = 7.6 Hz, 1H), 7.83-7.85 (m, 2H), 7.91t= 7.6 Hz, 1H), 8.30 (d
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= 8.0 Hz, 1H), 8.41 (dJ = 7.6 Hz, 1H):HRMS Calcd for GH,¢0sS: 484.11332. Found:

484.11396.

Methyl 2-[(2-(2-phenylbenzofuran-3-yl)benzob]thiophen-3-yl)ethynyl]benzoate (8d).

After purification, the product was obtained (yield = 89%) as aweflemisolid:'H NMR

(400 MHz, CDC}) 5 3.78 (s, 3H), 6.89-6.91 (m, 1H), 7.24-7.38 (m, 7H), 7.46 7.2 Hz,

1H), 7.53-7.60 (m, 2H), 7.74 (d,= 7.6 Hz, 1H), 7.80 (d] = 6.4 Hz, 2H), 7.85-7.87 (m, 2H),

8.28 (d,J = 8.0 Hz, 1H);13C NMR (100 MHz, CDd) ¢ 52.2, 88.3, 94.8, 109.8, 111.3,
118.2, 121.2, 122.5, 123.4, 123.6, 123.9, 125.2, 125.3, 125.6, 127.5, 127.9, 128.6, 129.2,
129.9, 130..37, 130.43, 131.4, 131.6, 134.3, 137.9, 139.2, 140.5, 153.2, 154.2, 166.7; HRMS

Calcd for GoH»00sS: 484.11331. Found: 484.11445.

MeO

Methyl 2-[(2-(benzolb]thiophen-3-yl)-5-methoxybenzofuran-3-yl)ethynyllbenzoate (8e).
After purification, the product was obtained (yield = 81%) as @awediolid: mp 173-175C;

'H NMR (400 MHz, CDC}) & 3.91 (s, 3H), 3.94 (s, 3H), 7.01 (dbk 2.0, 8.4 Hz, 1H), 7.14
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(d,J = 2.0, 1H), 7.39-7.43 (m, 2H), 7.51-7.53 (m, 2H), 7.69-7.74 (m, 2H), 7.92(c8.0,
1H), 8.00-8.03 (m, 1H), 8.69 (d,= 8.0, 1H), 8.84 (s, 1H}°C NMR (100 MHz, CDG) 6
52.5, 56.0, 86.9, 95.8, 96.1, 99.9, 112.9, 120.7, 122.7, 122.8, 124.1, 124.95, 124.98, 125.0,
126.2, 127.8, 128.1, 130.7, 131.4, 132.0, 134.4, 136.8, 140.2, 154.3, 154.5, 158.9, 166.6;

HRMS Calcd for G;H1804S: 438.09257. Found: 438.09418.

General lodocyclization Procedure for the Synthesis of 9a-élhe appropriate alkyne
starting materia8 (0.10 mmol) in 1.5 mL of CpCl, was placed in a 2-dram vial and flushed
with Ar. I, (2 equiv) [ICI (1.2 equiv) in the case 88 and9¢] in 0.5 mL of CHCIl, was
added and the reaction was stirred at room temperature for thatalicme. After the
reaction was over, the reaction mixture was diluted with 15 mEtGAc, washed with 10
mL of satd aq N#&5,0s;, dried (MgSQ), and filtered. The solvent was evaporated under
reduced pressure and the product was isolated by chromatography lma gedi column

and/or recrystallization.

4-(3-lodo-1-methyl-1H-indol-2-yl)-3-(2-phenylbenzofuran-3-yl)-H-isocoumarin ~ (9a).
Reaction time: 1 h. The product was obtained (yield = 91%) as a brownrspl241-243C
(turns black)H NMR (400 MHz, CDC}) 6 3.01 (s, 3H), 6.87 (dl = 7.2 Hz, 1H), 7.02 (d]

= 8.0 Hz, 1H), 7.13 (t) = 7.2 Hz, 1H), 7.18-7.33 (m, 7H), 7.38-7.43 (m, 3H), 7.59-7.66 (m,
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2H), 7.72 (dJ = 7.6 Hz, 1H), 8.49 (d] = 7.6 Hz, 1H);**C NMR (100 MHz, CDGJ) ¢ 31.9,
63.0, 109.9, 111.1, 111.4, 120.6, 120.8, 121.4, 121.7, 123.2, 123.4, 125.3, 125.4, 128.2,
128.4, 128.8, 129.3, 129.7, 129.9, 130.2, 130.4, 133.4, 135.4, 137.4, 137.5, 150.6, 154.1,

155.2, 162.0 (one signal missing due to overlap); HRMS Calcdft,§INO3: 593.04880.

Found: 593.04960.

4-(3-lodobenzofuran-2-yl)-3-(2-phenylbenzofuran-3-yl)-H-isocoumarin (9b). Reaction
time: 24 h. This product could not be completely purified (yield: approx. 7844}MR (400
MHz, CDCk) 6 7.11-7.28 (m, 6H), 7.30-7.39 (m, 2H), 7.45-7.47 (m, 2H), 7.52-7.65 (m, 5H),
7.68-7.72 (m, 1H), 8.47 (d,= 8.0 Hz, 1H); HRMS Calcd for £H1704: 580.01716. Found:

580.01799.

4-(3-lodobenzop]thiophen-2-yl)-3-(2-phenylbenzofuran-3-yl)-H-isocoumarin (9c¢).
Reaction time: 1 h. The product was obtained (yield = 96%) adawysblid: mp 210-213

°C: *H NMR (400 MHz, CDCJ) § 7.14 (d,J = 8.0 Hz, 1H), 7.21 (t) = 7.6 Hz, 1H), 7.24-
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7.29 (m, 1H), 7.32 (d] = 7.6 Hz, 1H), 7.35-7.38 (m, 4H), 7.43 (s 8.0 Hz, 1H), 7.57 (d]
= 8.0 Hz, 1H), 7.60-7.72 (m, 6H), 8.50 (= 8.0 Hz, 1H);**C NMR (100 MHz, CDGJ) 6
86.5, 109.3, 111.4, 114.9, 120.8, 121.0, 122.3, 123.4, 125.2, 125.4, 125.9, 126.0, 126.1,
127.5, 128.9, 129.1, 129.3, 129.8, 129.9, 130.2, 134.2, 135.3, 136.7, 139.9, 140.8, 149.2,

153.9, 154.9, 162.HRMS Calcd for GiH17103S: 595.99432. Found: 595.99538.

4-lodo-3-(2-(2-phenylbenzofuran-3-yl)benzdjjthiophen-3-yl)-1H-isocoumarin (9d). For

this reaction, the ICI (1.2 equiv) in 0.5 mL of g, was added dropwise to the vial by
syringe (reaction time: 30 min). The product was obtained (yiél8%) as a white solid: mp
249°C (became a brown gel that completely melted at®@§5'H NMR (400 MHz, CDC})

§ 7.19 (t,J = 7.6 Hz, 2H), 7.27-7.29 (m, 1H), 7.33 §t= 7.6 Hz, 1H), 7.43-7.61 (m, 8H),

7.70 (t,J = 7.2 Hz, 2H), 7.80 (d] = 7.6 Hz, 1H), 7.94 (d] = 6.8 Hz, 1H), 8.10 (d] = 8.0

Hz, 1H); 3¢ NMR (100 MHz, CDGJ) ¢ 80.9, 109.4, 111.4, 120.4, 120.9, 122.5, 123.6,
123.7, 125.2, 125.3, 125.4, 127.7, 128.6, 129.46, 129.54, 129.7, 131.4, 135.5, 137.1, 137.7,
138.7, 139.6, 150.4, 153.6, 154.3, 160.9 (three signals missing due to overlap); HRMS Calcd

for C31H17103S:595.99431. Found: 595.99628.
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MeO
3-(2-(Benzop]thiophen-3-yl)-5-methoxybenzofuran-3-yl)-4-iodo-H-isocoumarin ~ (9e).

For this reaction, the ICI (1.2 equiv) in 0.5 mL of £Hp was added dropwise to the vial by
syringe (reaction time: 30 min). The product was obtained (yield%) as a yellow solid:

mp 148-152°C; 'H NMR (400 MHz, CDCY) 6 3.91 (s, 3H), 6.98 (dl = 8.4 Hz, 1H), 7.18 (s,

1H), 7.38-7.47 (m, 3H), 7.61 @,= 7.2 Hz, 1H), 7.70 (s, 1H), 7.76-7.83 (m, 2H), 7.87)(d,

7.6 Hz, 1H), 8.31-8.33 (m, ZHPC NMR (100 MHz, CDG) 656.0, 81.4, 96.2, 113.0,
113.6, 120.6, 120.7, 121.0, 122.9, 124.1, 125.1, 125.2, 126.3, 127.7, 129.9, 130.1, 131.5,
135.9, 136.9, 138.0, 140.2, 149.6, 150.8, 155.0, 158.9, ;18RIIS Calcd for GeH15104S:

549.97359. Found: 549.97467.

Simultaneous and Stepwise Diiodination: Synthesis of 10 and 11.

4-lodo-3-(2-(trimethylsilyl)benzolb]thiophen-3-yl)-1H-isocoumarin  (10). The alkyne
starting materiabf (0.25 mmol) in 4 mL of ChLCl, was placed in a 4-dram vial and flushed

with Ar. ICI (2.2 equiv) in 1 mL of ChkLCl, was added slowly and the reaction was stirred at
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room temperature for 3 h. After the reaction was over, thdéioeanixture was diluted with
25 mL of EtOAc, washed with 15 mL of satd ag,8&s, dried (MgSQ), and filtered. The
solvent was evaporated under reduced pressure and the product waisd isoy
chromatography on a silica gel column. The product was obtained &i@2%) as a white
solid: mp 168-17£C; 'H NMR (400 MHz, CDCJ) 6 0.33 (s, 9H), 7.36-3.38 (m, 2H), 7.56-
7.58 (m, 1H), 7.62-7.66 (m, 1H), 7.86 (= 4.0 Hz, 2H), 7.90-7.92 (m, 1H), 8.36 (d] =

7.6 Hz, 1H);**C NMR (100 MHz, CDGJ) §-0.07, 81.2, 120.6, 122.5, 122.9, 124.7, 124.9,
129.8, 130.2, 131.2, 136.0, 137.8, 137.9, 139.1, 142.6, 144.9, 151.7%,HBM3® Calcd for

Con17|OsziI 475.97633. Found: 475.97746.

4-lodo-3-(2-iodobenzop]thiophen-3-yl)-1H-isocoumarin ~ (11). The trimethylsilyl-
containing starting materidl0 (0.10 mmol, 48 mg) in 0.7 mL of GBI, was placed in a 2-
dram vial and flushed with Ar. The vial was cooled to ®Z8and ICI (0.11 mmol, 1.1 equiv,
18 mg) in 0.3 mL of CkCl, was added slowly and the reaction was stirred atG7®r 1 h.
After the reaction was over, the reaction mixture was dilutéld ¥6 mL of EtOAc, washed
with 5 mL of satd ag N&,0s;, dried (MgSQ), and filtered. The solvent was evaporated
under reduced pressure and the product was isolated by chrombhtogmra a silica gel
column. The product was obtained (yield = 95%) as a white solid: 36228°C (turns

black); '"H NMR (300 MHz, CDCJ) 6 7.32-7.39 (m, 2H), 7.53-7.56 (m, 1H), 7.65-7.70 (m,

www.manaraa.com



91

1H), 7.80-7.85 (m, 1H), 7.88-7.89 (m, 2H), 8.37 Jd; 7.8 Hz, 1H);"*C NMR (100 MHz,
CD.Cly) 682.4, 87.2, 121.4, 122.3, 122.7, 125.8, 130.3, 130.6, 131.8, 136.4, 137.9, 138.0,
138.6, 144.2, 150.8, 161.8 (one signal missing due to oveH&WNS Calcd for G/Hgl,0,S:
529.83345. Found: 529.83470.

Alternatively, diiodo compoundll can be prepared from alkyn&f using the
following procedure. The alkyne starting mate@{0.1 mmol, 36 mg) in 0.7 mL of CE&l,
was placed in a 2-dram vial and flushed with Ar. ICI (2.2 equiv) in 0.30MCH,CI, was
added slowly and the reaction was stirred at room temperaiur@ . Additional ICI (4
equiv) in 0.5 mL CHCI, was added slowly and the reaction was stirred at room temperatur
for 1 h. After the reaction was over, the reaction mixture wiasgedi with EtOAc, washed
with satd aq Ng5,0;, dried (MgSQ), and filtered. The solvent was evaporated under
reduced pressure and the product was isolated (yield = 91%) by ¢tbgpapdy on a silica
gel column. The'H and **C NMR data matched that dfl prepared from compountiO

above.

Click Chemistry, Followed by lodo-desilylation: Synthesis of 12-14

S
Y

W\

TMS
(Benzop]thiophen-3-ylethynyl)trimethylsilane (12). This reaction was run usirgl (1.0 g,
3.85 mmol) as the starting material and following the Sonogashira oguymocedure used

for the synthesis dBb. The product was obtained (yield = 88%) as a yellow ligtHdNMR
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(400 MHz, CDC}) 6 0.50 (s, 9H), 7.47 (] = 7.6 Hz, 1H), 7.58 (t) = 7.6 Hz, 1H), 7.77 (s,
1H), 7.91 (d,J = 8.0Hz, 1H), 8.14 (dJ = 8.0 Hz, 1H):*C NMR (100 MHz, CDGJ) 0.3,
97.2, 98.7, 118.5, 122.6, 123.1, 124.8, 125.1, 130.8, 138.8, ;8BS Calcd for

C13H14SSi: 230.05854. Found: 230.05905.

S
Y

74 NBn
Nﬁ

T™MS

5-(Benzop]thiophen-3-yl)-1-benzyl-4-trimethylsilyl-1H-1,2,3-triazole (13). A modified
literature procedure was us&In a round bottom flask, compoui@ (270 mg, 1.17 mmol)
was dissolved in 9 mL of reagent grade toluene. Benzyl aziden@282.12 mmol, 1.81
equiv) was added and the reaction mixture was refluxed for 24 h.e@hgon mixture was
concentratedn vacuoand the crude product was purified by column chromatography. The
product was obtained (yield = 73%) as a yellow solid: mp 58B%H NMR (400 MHz,
CD,Cl,) § 0.05 (s, 9H), 5.20 (d] = 14.8 Hz, 1H), 5.43 (d] = 14.8 Hz, 1H), 6.90-6.92 (m,
2H), 7.13-7.17 (m, 4H), 7.28-7.31 (m, 2H), 7.4Q( 7.6, 1H), 7.94 (dJ = 8.0 Hz, 1H)}°C
NMR (100 MHz, CDC}) 6-1.1, 51.9, 122.3, 122.7, 123.6, 124.8, 125.0, 127.7, 127.9, 128.4,
128.5, 135.2, 136.9, 138.4, 139.3, 146IRMS Calcd for GoH21N3SSi: 363.12254. Found:
363.12326.

An HMBC NMR experiment was carried out to confirm the regiotsé&y of the
product13 (Figure S1).Observation: An HMBC correlation was observed from the TMS

group ¢ 0.05) to C-4 [§ 146.6); assignment based on literature data].
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Figure S1. HMBC NMR Observation

S
/

74 l}an
N=N

I
5-(Benzop]thiophen-3-yl)-1-benzyl-4-iodo-H-1,2,3-triazole  (14). The trimethylsilyl
starting materiall3 (60 mg, 0.17 mmol) in 1.0 mL of GBI, was placed in a 2-dram vial
and the vial was cooled to -78. ICI (110 mg, 0.68 mmol, 4 equiv) in 0.5 mL of &3
was added slowly and the reaction was stirred at°@&or 0.5 h and then at room
temperature for 21 h. The reaction was periodically monitored by. After 21 h, the
reaction mixture was diluted with EtOAc, washed with satd a&p/a, dried (MgSQ), and
filtered. The solvent was evaporated under reduced pressure gmmodiet was isolated by
chromatography on a long silica gel column. The product was obtajredd: (39%) as a
white solid: mp 114-116C; *H NMR (400 MHz, CDCJ) 6 5.27 (d,J = 14.8 Hz, 1H), 5.59
(d, J = 14.8 Hz, 1H), 6.90 (dl = 8.0 Hz, 2H), 7.15-7.20 (m, 3H), 7.25-7.28 (m, 2H), 7.36 (t,
J=7.6 Hz, 1H), 7.44 () = 7.6 Hz, 1H), 7.93 (dJ = 8.0 Hz, 1H);**C NMR (100 MHz,
CDCl) 653.6, 92.2, 121.2, 122.7, 123.2, 125.2, 125.5, 127.8, 128.6, 128.9, 129.9, 134.7,

135.7, 137.1, 139;83{RMS Calcd for G7H12N3S: 416.97967. Found: 416.98064.
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Double Sonogashira Coupling, Followed by Double lodocyclization: Synthesi$ 15-17.

w|

2,3-Diiodobenzop]thiophene (15).This diidobenzothiophene was prepared fréousing

an iodination procedure from the literatdfeTo a solution ofdc (0.315 g, 0.95 mmol) in
CH.CI, (2 mL) was added ICI (0.170 g, 1.04 mmol) in £ (3 mL) at -78°C. The reaction
mixture was stirred at -7& for 1 h. Then the excess ICl was destroyed by adding satd aq
NaS,03 (15 mL) and diluted with 50 ml of EtOAc. The organic layer wasdl{MgSQ),
filtered, and the solvent removed under reduced pressure. The crude comjasupurified

by column chromatography using 20:1 hexanes/ethyl acetateotd 8318 g (88%) of the
desired compount5 as a white solid: mp 58-6C; *H NMR (400 MHz, CDC}) § 7.30-7.40

(m, 2H), 7.67-7.73 (m, 2H)*C NMR (100 MHz, CDG) 589.5, 95.3, 121.6, 125.5, 125.9,

126.8, 141.5, 143;HRMS Calcd for @GH4l,S: 385.81232. Found: 385.81336.

2,3-Bis((2-methoxyphenyl)ethynyl)benzdjjthiophene (16).To a solution ofl5 (97 mg,
0.25 mmol) in DMF (3 mL) were added PdEPh). (11 mg, 6 mol %) and Cul (4 mg, 8
mol %). The reaction vial was flushed with Ar and the reaatiotiure was stirred for 5 min

at room temperature. DIPA (202 mg, 8.0 equiv) was added by syrTing reaction mixture
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was then heated to 65 °C. A solution of 2-ethynylanisole (79 mg, 0.6,i2Md equiv) in
DMF (1 mL) was added dropwise over 10 min, and the mixture waseallto stir at 65C

for 1 h. After 1 h, another batch of 2-ethynylanisole (40 mg, 0.3 mmolgii2)en DMF (1
mL) was added dropwise over 5 min, and the mixture was allowedt tat §5°C for 1 h.
After cooling, the reaction mixture was diluted with EtOAd avashed with satd aq NEl,
brine and water. The organic layer was dried over Mg8@ concentrated under vacuum to
give the crude product, which was purified by column chromatographyioa gel using
hexane-EtOAc as the eluent. After purification, the product wasnebitdyield = 65%) as a
yellow solid: mp 103-108C; *H NMR (400 MHz, CDCJ) 6 3.88 (s, 3H), 3.91 (s, 3H), 6.90-
6.98 (M, 4H), 7.33 () = 7.6 Hz, 2H), 7.41-7.46 (m, 2H), 7.58-7.63 (m, 2H), 7.79 (7.6
Hz, 1H), 8.04 (d)) = 7.6 Hz, 1H);*C NMR (75 MHz, CDC}) §56.0, 56.1, 86.9, 87.2, 93.0,
96.4, 111.01, 111.03, 112.2, 112.8, 120.67, 120.70, 122.2, 123.2, 123.8, 125.2, 126.2, 130.1,
130.6, 133.9, 134.0, 138.7, 139.1, 160.29, 160.32 (one signal missing due to pM&MP)

Calcd for GeH150,S: 394.10274. Found: 394.10362.

2,2'-(Benzop]thiophene-2,3-diyl)bis(3-iodobenzofuran) (17)The alkyne starting material
16 (59 mg, 0.15 mmol) in 4 mL of Gi&l, was placed in a 4-dram viabh (152 mg, 0.60
mmol, 4 equiv) in 1 mL of CkCl, was added and the reaction was stirred at room

temperature for 2 h. After the reaction was over, the reactioturaixvas diluted with
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EtOAc, washed with satd aq p®RO; dried (MgSQ), and filtered. The solvent was
evaporated under reduced pressure and the product was isolatedimatolgraphy on a

silica gel column. The product was obtained (yield = 62%) asi@wsblid: mp 211-213C;

'H NMR (400 MHz, CDCJ) 6 7.25-7.50 (m, 9H), 7.52-7.58 (m, 1H), 7.92Jt 7.6 Hz,

2H); **C NMR (100 MHz, CDGJ) §68.0, 68.6, 111.5, 111.6, 122.0, 122.3, 122.4, 122.5,
123.7, 123.9, 124.7, 125.5, 125.9, 126.3, 126.6, 131.9, 132.2, 138.8, 139.6, 149.6, 151.2,
154.6, 154.9 (one signal missing due to overlBiYMS Calcd for G4H121,0,S: 617.86476.

Found: 617.86583.

Palladium-catalyzed Ullmann Reaction: Synthesis of 18.

A modified literature procedure was us&d mixture of diiodo compound? (0.09
mmol), Pd(OAc) (2 mg, 10 mol %), dppf (10 mg, 20 mol %), and KOAc (44 mg, 0.45
mmol, 5 equiv) was stirred in DMF (0.7 mL) at 1D for 3 h. The reaction was monitored
by TLC (the compound looks fluorescent blue under UV). The mixturedmated with
EtOAc, washed with aq NJ&I, satd ag NaCl and water. The organic layer was dried over
anhydrous MgS@and evaporated under vacuum. The residue was purified by flash column
chromatography (hexane/ethyl acetate) to afford the progiait = 64%) as a white solid:

m.p. 258-261°C (turns black)*H NMR (400 MHz, CDC} + CD,Cl,) & 7.57-7.63 (m, 5H),
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7.67 (t,J = 7.6 Hz, 1H), 7.79 (d] = 8.0 Hz, 1H), 7.86 (d] = 8.0 Hz, 1H), 8.02 (d] = 8.0
Hz, 1H), 8.54 (dJ = 7.2 Hz, 2H), 8.94 (dJ = 8.0 Hz, 1H);**C NMR data could not be
obtained because of the poor solubility of the product in common NMR sqN#RMS

Calcd for G4H1,0,S: 364.05580. Found: 364.05669.

Preparation of 1,3-Diynes: Preparation of 25-27.

OMe
Ce
1-lodoethynyl-2-methoxybenzene (25 literature procedure was us&dn a 6-dram vial,
2-alkynylanisole (132 mg, 1.0 mmol) was dissolved in 2.5 mL of dry.THiE vial was then
sealed, purged with Ar and cooled to °Z8 BulLi (0.5 mL of 2.5 M solution in hexanes, 1.2
equiv) was added dropwise by syringe through the septum anedbBon mixture was
stirred for 30 min at -78C. |, (356 mg, 1.4 mmol, 1.4 equiv) dissolved in 1.5 mL of THF
was added and the reaction mixture was stirred for 30 min &(G-#hd warmed to room
temperature. The reaction was quenched with satd g&0O&(20 mL), extracted with ether,
washed with water, and dried (}0,). The crude product was purified by column
chromatography.The product was obtained (yield = 100%) as a yellow'BilNMR (300
MHz, CDCk) & 3.79 (s, 3H), 6.79-6.87 (m, 2H), 7.23 (i 1.5, 8.4 Hz, 1H), 7.36 (dd,=

1.5, 7.8 Hz, 1H)*C NMR (75 MHz, CDC}) §10.1, 55.7, 90.4, 110.5, 112.3, 120.3, 130.3,

134.2, 160.8HRMS Calcd for GH,IO: 257.95417. Found: 257.95450.
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X

MeS O
2-[(2-Methoxyphenyl)buta-1,3-diynyl]thioanisole (26).In a 6-dram vial, iodo alkyn@5
(65 mg, 0.25 mmol) was dissolved in DMF (2 mL) and 2-alkynylthioanié®demg, 1.2
equiv) in 1 mL of DMF was added. Pg@Ph), (5 mg, 3 mol %) and Cul (2 mg, 4 mol %)
were added, the reaction vial was flushed with Ar, and the reactidarenwas stirred for 5
min at room temperature. DIPA (101 mg, 4.0 equiv) was added throughngeswmd the
reaction mixture was then heated at 70 °C for 1 h. After coolggrdaction mixture was
diluted with EtOAc, washed with satd aq R, brine and water. The organic layer was
dried over MgSQ@ and concentrated under vacuum to give the crude product, which was
purified by column chromatography on silica gel using hexane-Et@Athe eluent. The
product was obtained (yield = 60%) as a yellow solid: mp 788*H NMR (300 MHz,
CDClL) § 2.47 (s, 3H), 3.86 (s, 3H), 6.84-6.92 (m, 2H), 7.04-7.14 (m, 2H), 7.26-7.33 (m,
2H), 7.44-7.48 (m, 2H)**C NMR (100 MHz, CDCJ) 515.2, 55.9, 77.5, 79.5, 80.2, 80.4,
110.8, 110.9, 120.1, 120.6, 124.4, 129.6, 130.9, 133.5, 133.6, 134.4, 143.2HRAI3

Calcd for GgH140S: 278.07654. Found: 278.07715.
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X
MeO,C O

Methyl 2-[(2-methoxyphenyl)buta-1,3-diynyl]benzoate (27).The reaction was run by

using the procedure used for the preparatiob6above.The product was obtained (yield =

55%) as a white solid: mp 89-9C; 'H NMR (400 MHz, CDCY) ¢ 3.86 (s, 3H), 3.94 (s,

3H), 6.86-6.92 (m, 2H), 7.31 (,= 7.6 Hz, 1H), 7.38 (t] = 7.6 Hz, 1H), 7.45-7.49 (m, 2H),

7.63 (d,J = 7.6 Hz, 1H), 7.96 (d] = 7.6 Hz, 1H);*C NMR (100 MHz, CDGCJ) 552.3, 55.8,

77.9, 79.2, 80.0, 80.4, 110.7, 110.9, 120.5, 122.7, 128.6, 130.5, 130.9, 131.8, 132.4, 134.4,

135.1, 161.4, 166;(HRMS Calcd for GgH1405: 290.09429. Found: 290.09488.

X

MeO O
1,4-Bis(2-methoxyphenyl)buta-1,3-diyne(28). This compound was isolated as a side
product (32% with respect to the 2-ethynylanisole starting mBtduring the preparation of
16. The product was obtained as a colorless solid: mp 135@3%H NMR (400 MHz,
CDCl) & 3.89 (s, 6H), 6.86-6.92 (m, 4H), 7.31Jt= 7.6 Hz, 2H), 7.47 (d] = 7.6 Hz, 2H);
¥C NMR (100 MHz, CDGJ) 656.0, 78.2, 78.9, 110.9, 111.5, 120.7, 130.7, 134.6,

161.5 HRMS Calcd for GgH140,: 262.09937. Found: 262.10004.
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X

MeS O
1,4-Bis(2-(methylthio)phenyl)buta-1,3-diyne (29)This compound was isolated as a side
product (34% with respect to the 2-ethynylthioanisole startingemadit during the
preparation o26. The product was obtained as a yellow solid: mp 98°093H NMR (400
MHz, CDCk) & 2.51 (s, 6H), 7.09 (] = 7.6 Hz, 2H), 7.17 (d] = 8.0 Hz, 2H), 7.70 (s, 1H),
7.32 (t,J = 7.6 Hz, 2H), 7.49 (d] = 7.6 Hz, 2H):}*C NMR (100 MHz, CDGJ) 515.5, 80.1,
80.9, 120.3, 124.6, 124.7, 129.8, 133.8, 148KRMS Calcd for GgH14S,: 294.05369.

Found: 294.05431.

lodocyclization of Homo- and Hetero-1,3-diynes: Synthesis of 30-34.

3-lodo-2-(3-iodobenzaop]thiophen-2-yl)benzofuran (30). The alkyne starting materi@6
(70 mg, 0.25 mmol) in 3 mL of CGi&l, was placed in a 4-dram vial and stirred at room
temperature to get a clear solution(254 mg, 4 equiv) in 1 mL of Ci€l, was added and
the reaction was stirred at room temperature for 40 min. Aftereaction was over, the
reaction mixture was diluted with EtOAc, washed with satd a&J/g, dried (MgSQ), and
filtered. The solvent was evaporated under reduced pressure gmobdhet was isolated by

recrystallization from hexanes/EtOAc. The product was obtainettd(y 94%) as a yellow
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solid: mp 164-166C; 'H NMR (400 MHz, CDCY) 6 7.37 (t,J = 7.6 Hz, 1H), 7.42-7.56 (m,
5H), 7.84 (dJ = 7.6 Hz, 1H), 7.89 (d] = 7.6 Hz, 1H);**C NMR (100 MHz, CDGJ) §69.1,
84.7, 111.8, 122.3, 122.4, 124.1, 125.9, 126.76, 126.80, 126.9, 130.6, 131.7, 139.7, 141.3,

149.5, 154.7HRMS Calcd for GgHgl,OS: 501.83854. Found: 501.83912.

I
(L~
O
I
3,3'-Diiodo-2,2'-bibenzofuran (31).Using the starting diyn28, the reaction was run using
the same procedure used for the preparati@®aibove (reaction time: 2 h). This compound

was obtained (yield = 76%) as a white solid: mp 208-Zt1(turned dark brown). The

spectral properties were identical to those previously repdtted.

3,3'-Diiodo-2,2'-bibenzop]thiophene (32).Using the starting diyn29, the reaction was run
using the same procedure used for the preparati®0 @bove (reaction time: 1 hThe
product was obtained (yield = 98%) as a brown solid: mp 215Q1*H NMR (400 MHz,
CDCly) 6 7.45-7.54 (m, 4H), 7.85 (§ = 7.6 Hz, 4H);**C NMR (100 MHz, CDCJ) §86.7,
122.5, 125.9, 126.6, 126.7, 135.5, 140.3, 14HARMS Calcd for GeHgl,Sp: 517.81569.

Found: 517.81698.
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4-lodo-3-[(2-methoxyphenyl)ethynyl]-H-isocoumarin (33). The hetero diyne starting
material27 (73 mg, 0.25 mmol) in 3 mL of Gi&l, was placed in a 4-dram via}. (191 mg,

0.75 mmol, 3 equiv) in 1 mL of Ci&l, was added and the reaction was stirred at room
temperature for 1 h. The reaction mixture was diluted with E{QGwashed with satd aq
NaS,0s, dried (MgSQ), and filtered. The solvent was evaporated under reduced pressure
and the product was isolated by column chromatography, followed lygtatzation using
hexanes/EtOAc. The product was obtained (yield = 85%) as@awsdlid: mp 223-225C;

'H NMR (400 MHz, CDC}) § 3.94 (s, 3H), 6.92-6.99 (m, 2H), 7.40Jt& 7.6 Hz, 1H), 7.56

(t, J = 8.0 Hz, 2H), 7.74-7.82 (m, 2H), 8.27 @= 7.6 Hz, 1H);"*C NMR (100 MHz,
CDCl3) 656.1, 83.2, 88.7, 94.9, 110.5, 111.2, 120.8, 121.3, 129.8, 130.2, 131.6, 131.8, 134.1,
135.9, 137.9, 141.1, 161.1, 161HRMS Calcd for GgH;1103: 401.97529. Found:

401.97606.

4-lodo-3-(3-iodobenzofuran-2-yl)-H-isocoumarin (34). The alkyne starting materiéd3

(40 mg, 0.1 mmol) in 2 mL of Ci&l, was placed in a 4-dram vial. ICI (18 mg, 0.11 mmol,
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1.1 equiv) in 0.5 mL of CkCI, was slowly added and the reaction was stirred at room
temperature for 2 h. The reaction mixture was diluted with E{QGwashed with satd aq
NaS,0s, dried (MgSQ), and filtered. The solvent was evaporated under reduced pressure
and the product was isolated (yield = 35%) by column chromatogramiyg
hexanes/EtOAc.

Alternatively, diiodo compoun84 can be prepared directly from the diy2i2using
the following procedure. The alkyne starting mate#al(0.25 mmol, 73 mg) in 2 mL of
CH.Cl, was placed in a 4-dram vial and the reaction mixture wasdttrroom temperature
to obtain a clear solution. ICI (89 mg, 0.55 mmol, 2.2 equiv) in 1 mL ofGGHvas added
dropwise and the reaction was stirred at room temperature for. ®ur standard
iodocyclization work-up was followed and the product was isolated mnetography on a
silica gel column using hexanes/EtOAc. The product was obtayneld € 54%) as a white
solid: mp 173-175C; *H NMR (400 MHz, CDC)) 6 7.40 (t,J = 7.6 Hz, 1H), 7.46-7.57 (m,
3H), 7.67 (t,J = 7.6 Hz, 1H), 7.85-7.92 (m, 2H), 8.35 (= 7.6 Hz, 1H);"*C NMR (100
MHz, CDCk) 671.0, 82.2, 112.1, 121.5, 122.7, 124.3, 127.6, 130.2, 130.7, 132.2, 136.0,
137.4, 145.8, 149.2, 154.4, 160.7 (one signal missing due to ovétRP)S Calcd for

C,7Hsgl,03: 513.85630. Found: 513.85756.

General Procedure for Suzuki-Miyaura Cross-coupling. A literature procedure was
used®® To a 4-dram vial was added the appropriate iodoheterocycle (0.128)nhe
boronic acid (1.4 equiv, 0.175 mmol), KHg(.4 equiv, 0.175 mmol) and Pd&b mol %)

in 4:1 DMF:HO (2.5 mL). The solution was stirred for 5 min at room tempezasund
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flushed with Ar and then heated to 8D for 2 h. After cooling, the reaction mixture was
diluted with EtOAc, washed with satd aq M, brine and water. The organic layer was
dried over MgS® and concentrated under vacuum to give the crude product, which was

purified by column chromatography on silica gel using hexane-EtOAc akitd.e

6-[2-(2-Phenylbenzofuran-3-yl)benzdjjthiophen-3-yl]-1H-indole (35). The product was
obtained (yield = 71%) as a brownlid: mp 226-228C; *H NMR (400 MHz, CDCJ) 6 6.37

(s, 1H), 7.04-7.06 (m, 2H), 7.12 (t,= 8.0 Hz, 2H), 7.19-7.25 (m, 4H), 7.34-7.45 (m, 4H),
7.50 (s, 1H), 7.67-7.68 (m, 2H), 7.81 {c& 8.0 Hz, 1H), 7.92 (d] = 7.2 Hz, 1H), 7.96 (br s,

1H); *C NMR (100 MHz, CDGJ) §103.07, 103.12, 110.5, 110.9, 111.1, 120.6, 121.9,
122.6, 123.2, 124.1, 124.4, 124.7, 124.8, 126.5, 127.0, 127.9, 128.6, 128.7, 129.1, 130.4,
130.8, 135.2, 138.2, 140.6, 140.8, 153.1, 153.9 (one signal missing due to oHRIsID

Calcd for GgH1gNOS:441.11873. Found: 441.12003.
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5-[2-(Benzop]thiophen-3-yl)-5-methoxybenzofuran-3-yl]-2-methoxypyrimidine (36).

The product was obtained (yield = 86%) as a yellow semistliddMR (400 MHz, CDC})

5 3.91 (s, 3H), 4.04, (s, 3H), 6.98 (di= 2.4, 8.4 Hz, 1H), 7.16 (d,= 2.0 Hz, 1H), 7.38-

7.40 (m, 2H), 7.46 (d) = 8.4 Hz, 1H), 7.50 (s, 1H), 7.88-7.90 (m, 1H), 7.97-8.00 (m, 1H),
8.61 (s, 2H):**C NMR (100 MHz, CDGCJ) §55.3, 56.0, 96.3, 111.9, 112.9, 115.5, 119.7,
120.8, 121.7, 122.9, 124.0, 125.0, 125.2, 125.9, 127.5, 137.0, 140.3, 147.4, 155.7, 158.9,

159.3, 164.9HRMS Calcd for GoH16N20sS: 388.08816. Found: 388.08932.

3-[2-(Benzop]thiophen-3-yl)-5-methoxybenzofuran-3-yl]-4-(3-hydroxyprop-1-ynyl)-H-
isocoumarin (37).To a solution of the iodo starting materésd (55 mg, 0.1 mmol) in DMF
(2 mL) were added Pd&PPh), (4 mg, 5 mol %) and Cul (1 mg, 5 mol %). The reaction
vial was flushed with Ar and the reaction mixture was stifoedd min at room temperature.
DIPA (40 mg, 0.4 mmol, 4.0 equiv) was added by syringe. The reactixtrmiwas then
heated to 85 °C. A solution of the terminal alkyne (4 equiv) in DMF [} was added
dropwise over 5 min, and the mixture was allowed to stir &C8for 2 h. The reaction was
worked up and the product was purified by column chromatography on gélcasing

hexane-EtOAc as the eluent. The product was obtained (yield =&2%)ellow solid: mp
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234-236°C; 'H NMR (400 MHz, CDCY) 5 1.61 (br s, 1H), 3.68 (s, 2H), 3.91 (s, 3H), 7.00

(d, J = 8.4 Hz, 1H), 7.15 (s, 1H), 7.43-7.45 (m, 2H), 7.56-7.59 (m, 1H), 7.74-7.76 (m, 4H),
7.92-7.94 (m, 1H), 8.15-8.18 (m, 1H), 8.35 (= 7.6 Hz, 1H);**C NMR (100 MHz,

CDCl3) 651.2, 56.0, 77.4, 96.0, 96.9, 101.9, 111.3, 113.1, 119.8, 120.7, 121.8, 123.1, 123.7,
125.2, 125.39, 125.44, 127.1, 128.1, 129.1, 129.8, 135.4, 136.9, 140.3, 150.7, 152.9, 155.3,
159.0, 161.3 (one signal missing due to overldp) (CHCk, cm‘) 3454, 3018, 2359, 1720;

HRMS Calcd for GoH1805S: 478.08749. Found: 478.08846.

Palladium-catalyzed Cyclocarbonylation.
2-(2-Phenylbenzofuran-3-yl)benzdj]thiophene-3-carboxylic acid (38). A literature
procedure was uséd DMF (4 mL), Pd(PCy), (5 mg, 0.008 mmol, 5 mol %), anhydrous
cesium pivalate (0.075 g, 0.32 mmol, 2 equiv), and the iodo starting rmater{@.070 g,
0.16 mmol) were stirred under an Ar atmosphere at room tempei@tdrenin. The mixture
was flushed with CO and fitted with a CO filled balloon. The tieaanixture was heated to
110 °C with vigorous stirring for 8 h. The reaction mixture was thesled to room
temperature, diluted with EtOAc (25 mL), and washed with agQlltbrine and water. The
agueous layer was reextracted with EtOAc (15 mL). The ordapers were combined,

dried (MgSQ) and filtered, and the solvent was removed under reduced pressure. The
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residue was purified by column chromatography on a silica gel collitm.product was
obtained (yield = 61%) as a yellow solid: mp 258-261turned black)*H NMR (400 MHz,
DMF-d;) § 7.34 (t,J = 7.2 Hz, 1H), 7.43-7.45 (m, 5H), 7.57 Jt= 7.6 Hz, 1H), 7.63 () =

7.6 Hz, 1H), 7.73-7.77 (m, 3H), 8.16 (0= 7.6 Hz, 1H), 8.64 (d] = 8.0 Hz, 1H)*C NMR

(100 MHz,d-DMF) ¢ 111.7, 112.4, 121.1, 123.7, 124.8, 126.3, 126.5, 126.6, 126.7, 127.7,
128.4, 130.0, 130.4, 130.9, 131.4, 139.7, 140.5, 142.6, 152.8, 154.7, 165.2; IR, (@H]O;I

3463, 1642, 1110; HRMS Calcd fop4E1403S: 370.06636. Found: 370.06721.

Palladium-catalyzed Alkyne Annulation. (39).A literature procedure was us&drhe iodo
starting materialb (50 mg, 0.11 mmol), Pd(OA£)2.4 mg, 0.012 mmol), NaOAc (18 mg,
0.22 mmol, 2 equiv)n-BusNCI (92 mg, 0.33 mmol, 3 equiv), diphenyl acetylene (39 mg,
0.22 mmol, 2 equiv), and 2.2 mL of DMF were placed in a 2-dram vial, whishheated at
100 °C for 24 h. The reaction mixture was allowed to cool, diluted WillAEt washed with
satd aq NHCI, dried over anhydrous MgQQand filtered. The solvent was evaporated under
reduced pressure and the product was isolated by chromatographyodhet pvas obtained
(yield = 52%) as a yellow solid: mp > 276; 'H NMR (400 MHz, CRQCl,) § 6.65 (d,J =

7.6 Hz, 1H), 6.75 (d) = 8.4 Hz, 1H), 6.82 (] = 7.6 Hz, 1H), 7.02-7.06 (m, 5H), 7.12-7.14

(m, 4H), 7.20-7.33 (m, 4H), 7.48 (@= 7.6 Hz, 1H), 7.58-7.61 (m, 3H), 8.03 (& 4.0 Hz,
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2H); °C NMR (100 MHz, CBCl,) §110.5, 114.9, 121.9, 124.0, 124.6, 125.25, 125.31,
125.8, 126.6, 126.8, 127.5, 128.5, 129.1, 129.9, 130.5, 131.20, 131.24, 133.5, 133.7, 135.4,
136.9, 137.2, 138.9, 140.3, 142.5, 142.8, 144.1, 151.1, 154.3 (three signals missing due to

overlap) HRMS Calcd for GgH2,0S: 502.13913. Found: 502.14038.

X-ray Crystallographic Data for Compounds 38 and 39

Data Collection for 38

A very small crystal was selected under ambient conditions. fijs@atwas mounted
and centered in the X-ray beam by using a video camera. Thel @yataation and data
collection were performed at 153K on a APEX2 CCD diffractometgh Mo K, (A =
0.71073 A) radiation and the detector to crystal distance of 5.03 cnmiliakecell constants
were obtained from three series@fcans at different starting angles. Each series consisted
of 30 frames collected at intervals of 0.3° in a 10° range abuwith the exposure time of 40
seconds per frame. The obtained reflections were successfullyethd®yy an automated
indexing routine built in the SMART program. The final cell constardgse calculated from
a set of strong reflections from the actual data collectibe. data were collected using the
full sphere routine by collecting four sets of frames with 0.8hsdnw with an exposure
time 40 sec per frame. This dataset was corrected for zoagnt polarization effects. The
absorption correction was based on a fit of a spherical harmonicdurtctithe empirical
transmission surface as sampled by multiple equivalent measutemsing SADABS

software?®*
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Structure Solution and Refinement

The systematic absences in the diffraction data were cansistethe space groups

P1 and P1.*” The E-statistics strongly suggested the centrosymmetric space @ﬁ)up
yielded chemically reasonable and computationally stable regui$§inement. The position
of almost all non-hydrogen atoms were found by direct methods. enmag atoms were
located in an alternating series of least-squares cyclediti@ence Fourier maps. All non-
hydrogen atoms were refined in full-matrix anisotropic approxmnathll hydrogen atoms
were placed in the structure factor calculation at idealizedigosiand were allowed to ride
on the neighboring atoms with relative isotropic displacement caafts. The H-atom of
CO(OH) was not located, but was included in calculations of thecnmarameters. The
ORTEP diagram was drawn at the 50% probability level. H-atoers wmitted for clarity.
The resulting CIF file has been tested with PLATON softWiEhe results and comments

have been included in the output package (Platon_Lar35.doc.).

Figure S2. Molecular structure of 38.
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Table S1. Crystal data and structure refinement for 38.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z
Density (calculated)

Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections

Completeness to theta = 22.61°

GaH1403S
370.40
153(2) K
0.71073 A
Triclinic
P-1
a=7.407(2) A
b =8.400(2) A
c=13.789(4) A
841.1(4) R
2

1.463 Mgfn

0.215 mrh

384

0.22 x 0.14 x 0.08 Mm

1.50 to 22.61°.

-8<=h<=7, -9<=k<=9, -

5269
2200 [R(int) = 0.0384]

99.3 %

o = 81.428(4)°
B = 82.824(4)°

v = 86.874(4)°

1l4<=|<=14
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Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.9830 and 0.9543

Refinement method Full-matrix least-squares én F
Data / restraints / parameters 2200/0/ 244

Goodness-of-fit on 1.069

Final R indices [I>2sigma(l)] R1 =0.0695, wR2 = 0.1664

R indices (all data) R1 =0.0926, wR2 = 0.1830
Largest diff. peak and hole 1.306 and -0.6463.A

Rl =3 | Fol = Fel | /2 [Fol and VR2 = {Z [ W(F>FA?] /2 [W(FA)?] }*2

Data Collection for 39

A well-shaped crystal was selected under ambient conditions. fstalc was
mounted and centered in the X-ray beam by using a video camerery$ted evaluation and
data collection were performed at 173K on a Bruker APEX2 diffraetenwith Mo K, (A =
0.71073 A) radiation and the detector to crystal distance of 5.03 cnnifiakcell constants
were obtained from three series@fcans at different starting angles. Each series consisted
of 30 frames collected at intervals of 0.3° in a 10° range abuwith the exposure time of 10
seconds per frame. The obtained reflections were successfullyethdy an automated
indexing routine built in the SMART program. The final cell constardgse calculated from
a set of strong reflections from the actual data collectibe. data were collected using the

full sphere routine by collecting four sets of frames with 0.8hsdn® with an exposure
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time 10 sec per frame. This dataset was corrected for zoagwt polarization effects. The
absorption correction was based on a fit of a spherical harmonicdurtctithe empirical
transmission surface as sampled by multiple equivalent measutemsing SADABS

software?®*

Structure Solution and Refinement

The systematic absences in the diffraction data were consistetiite space group
P2,/c and yielded chemically reasonable and computationally stabldts of refinement.
The position of almost all non-hydrogen atoms were found bytdimethods. The remaining
atoms were located in an alternating series of least-sxjeges and difference Fourier
maps. All non-hydrogen atoms were refined in a full-matrixa@roepic approximation. All
hydrogen atoms were placed in the structure factor calculatiahealized positions and
were allowed to ride on the neighboring atoms with relative ipmiralisplacement
coefficients. The ORTEP diagram was drawn at the 50% probalaligl. H-atoms were
omitted for clarity. The resulting CIF file has been testath PLATON software. The

results and comments have been included in the output package (Platon_Jeft¥3.doc.).
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Figure S3. Molecular Structure of 39.
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Table S2. Crystal data and structure refinement for 39.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z
Density (calculated)

Absorption coefficient

GeH220S

502.60

153(2) K

0.71073 A

Monoclinic

P2(1)/n

a=13.3780(15) A  a=90°
b =11.9434(14) A B =91.457(2)°
c = 15.3988(18) A y=90°
2459.6(5) R
4

1.357 Mghn

0.161 mrh
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F(000) 1048

Crystal size 0.27 x 0.22 x 0.18 m

Theta range for data collection 1.99 to 28.27°.

Index ranges -17<=h<=17, -15<=k<=15, -20<=I<=20
Reflections collected 24165

Independent reflections 6079 [R(int) = 0.0408]
Completeness to theta = 28.27° 99.8 %

Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.9715 and 0.9577

Refinement method Full-matrix least-squares én F
Data / restraints / parameters 6079/0/ 343

Goodness-of-fit on & 0.980

Final R indices [I>2sigma(l)] R1 = 0.0445, wR2 =0.1138

R indices (all data) R1=0.0619, wR2 = 0.1293
Largest diff. peak and hole 0.435 and -0.3362.A

RL =2 | Fol = Fdl | /2 [Fol and WR2 = {2 [W(F™FA)?] /= [ W(FA)?] }*?
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CHAPTER 3. A Simple and Mild Synthesis of H-Isochromenes and Z)-1-Alkylidene-
1,3-dihydroisobenzofurans by the lodocyclization of 2-(1-Alkynyl)benzylic kkohols
Based on a paper to be published inXbernal of Organic Chemistry
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Abstract

R2 R3 R2 RS R?2 R3

i = OH /B i N 0 R =

ase

| 2, | _ and/or | @)

\Y \\ MeCN Y Z R4 Y
R4 | L )

R

Y =CH, N; R" =H, OMe, NO,; R?, R3= H, alkyl; R* = alkyl, aryl, thienyl

A variety of iodo-substituted isochromenes, dihydroisobenzofurans, and
pyranopyridines are readily prepared in good to excellent yiglder mild conditions by the
iodocyclization of readily available 2-(1-alkynyl)benzylic @bols or 2-(1-alkynyl)-3-
(hydroxymethyl)pyridines. The regiochemical outcome of theti@a strongly depends on

the substitution pattern of the starting material.
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Introduction

The iodocyclization of alkynes has emerged as a powerful tool aniargynthesis.
Recently, we and others have utilized this methodology to accomplish effgr@heses of a
wide variety of interesting carbocyclic and heterocyclic compaundkiding benzofurans,
furans® benzothiophenées thiophenes, benzopyran§, benzoselenophenésselenophenes,
naphthols, indoles'® quinolines® isoquinolines? a-pyrones:® isocoumaring?
naphthalenéd and polycyclic aromatics, isoxazoles® chromones! bicyclic B-lactams'®
cyclic carbonate¥’ pyrroles®® furopyridines®* spiro[4.5]trienone$’ coumestrol and
coumestang® furanones$? benzothiazine-1,1-dioxidés, and other$® In general, these
electrophilic cyclization reactions are very clean and efficiand tolerate a wide variety of
functional groups. Furthermore, the iodine-containing products can beerfudiversified
using a number of subsequent palladium-catalyzed processes.

Herein we report a simple and efficient method for the syntloédikl-isochromene
and/or @)-1-(1-iodoalkylidene)-1,3-dihydroisobenzofuran derivatives, based on the
iodocyclization of readily available 2-(1-alkynyl)benzylic@ols (Eq 1). Isochromenes and
1,3-dihydroisobenzofurans are important heterocyclic compounds, and tieerse\eeral
examples of naturally occurring and biologically active compoundsacong these ring

systems.” 28

R2 RS R2 R3 R? r3
R! R! R’
= OH  I,/Base N 0 =
| | andlor | I O
Y T MeCN VY Y
R* | I

(Y = CH, N; R =H, OMe, NO,; R?, R3= H, alkyl; R* = alkyl, aryl, thienyl)
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Over the years, several groups have reported a variety of syndipgtioaches to
isochromene and dihydroisobenzofuran derivatives by the heterodgelizat acyclic
precursor$? In particular, w& and Barluenga and co-work&rave independently reported
the formation of 4-iodoH-isochromenes by the iodocyclization of 2-(1-

alkynyl)benzaldehydes in the presence of suitable nucleophiles (Eq 2).

R1 R! Nu
l,/Base
O L, NnH /2 o @ )
\\ CH,Cl, = R2
R? I

R'=H, Me; NuH = MeOH, EtOH, PhNMe,, PhOH:; R? = alkyl, aryl, heteroaryl

We have also previously disclosed the Pd(ll)-catalyzed cycloispatien of 2-(1-
alkynyl)benzylic  alcohols to H-isochromenes  and/or 2Z)-1l-alkylidene-1,3-
dihydroisobenzofurans, depending on the nature of the substrate and tia reaaditions

(Eq 3)>*

R! R2 R! R? R? R2

OH (0]
_cat Pd(ll) @ and/or o (3
dioxane % R3

% or MeOH
R3 R3

R', R? =H, alkyl; R® = alkyl, aryl

The new methodology reported in this work is complementary to thoseysby

reported procedures, and allows the direct synthesis of 3-iddsethromenes,Z)-1-(1-
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iodoalkylidene)-1,3-dihydroisobenzofurans, and iodopyranopyridines by the ioatici
of variously substituted 2-(1-alkynyl)benzylic  alcohols or 2-fayl)-3-

(hydroxymethyl)pyridines under mild conditions (see Eq 1).

Results and Discussion
2-(2-Phenylethynyl)benzyl alcohold, Y = CH, R = R = R = H, R* = Ph) was
chosen as a model substrate for determining the optimum condiiotie iodocyclization
reaction. A range of iodine sources, solvents, bases and reactiomemgescreened and the

results of these optimization studies are shown in Table 1.

Table 1. lodocyclization of 2-(2-Phenylethynyl)benzyl Alcohol: OptimizatiorStudies'

OH +/Base @Q\
solvent

X
1a Ph
total
entry I base t?@? " time (h) solvent yiflgagga ?:t/i:f)?
(%)
1 15%b - 25 72 CHCN - -
2 3.0b - 25 15 CHCN - -
3 15} 1.5 NaHCQ 25 72 CHCN 49 29/20
4 205D 2.0 NaHCQ 25 72 CHCN 56 42/14
5 20D 3.0 NaHCQ 25 72 CHCN 56 40/16
6 3.0b 3.0 NaHCQ 25 3 CHCN 31 23/4
7 3.0b 3.0 NaHCQ 25 8 CHCN 61 56/5
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8 3.0bL 3.0NaHCQ 25 15 CHCN 71 65/6
9 30bL 3.0NaHCQ 25 24 CHCN 62 59/3
10 3.04 3.0NaHCQ 25 15 CHCI, 45 45/0
11 3.0 3.0NaHCQ 25 15 EtOH 45 45/0
12 3.0,L 3.0NaHCQ 25 15 CHCN 33 21/12
1¥ 3.0L 3.0NaHCQ 40 3 CHCN - -
14 304 3.0KCO; 25 24 CHCN 56 27/29
15 304 3.0KHCQ 25 24 CHCN 46 22/24
16 3.0} 3.0 NaH 25 24 CECN 10 10/0
17 304 3.0 25 24 CHCN : :
Morpholine

18 3.0ICl 3 NaHC@ 25 1.5 CHCN 38 38/0
19 3.0ICl 3 NaHCQ@ 25 1.5 CHCl, 25 25/0

2Unless otherwise noted, all reactions were camigdon a 0.3 mmol scale in 6 mL of acetonitrfisolated

yield of 2a + 3a, based on startinfja. In most cases, an inseparable mixture of the regioisomers was
obtained from column chromatograplifhe 2:3 ratio is based ofH NMR spectroscopic dat4The reaction
was carried out in 2.5 mL of acetonitrif@he reaction led to a complex reaction mixture.

As can be seen from Table 1, the isochromene derivativierived from a @&ndoe
dig cyclization was consistently obtained in higher yield than thgddidssobenzofuran
derivative 3a derived from a Zexodig cyclization® The optimal reaction conditions in
terms of total yield for the iodocyclization té are those reported in entry 8 (Substrate: |
NaHCGQ; molar ratio = 1:3:3, T = 25 °C, substrate concentration = 0.05 M gCQHtime =
15 h). Under these conditionka was converted into approximately an 11:1 mixtur@af
and3ain a total yield of 71%. On the other hand, no formatioBanivas observed using |

as the iodine source in GEl, or EtOH as the solvent (entries 10 and 11) or using ICI as the
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iodine source either in MeCN or in GEl, (entries 18 and 19, respectively). However, the
yields of2a obtained under these conditions ranged from only 25 to 45%.

A variety of 2-(1l-alkynyl)benzylic alcoholslb-t were then subjected to
iodocyclization under the conditions of Table 1, entry 8. The results obtained arer&zedma

in Table 2.

Table 2. Synthesis of 3-lodoHi-isochromenes and 1-(1-lodoalkylidene)-1,3-

dihydroisobenzofurans by the lodocyclization of 2-(1-Alkynyl)benzylic alohols'

R? R® R? R3 R? o3
RNA OH R’ R’
| 3.0 15/3.0 NaHCO; | A e = T o
NS o - s — + ~
YT 25°C,15h Y R*
1 R* o | 3 o I
R

isolated yield (%)

enry 1 Y R R R R

2 3
1 1la CH H H H Ph 7% (11:1¥
2 b CH H H H 4-methylphenyl 92 -
3 lc CH H H H 4-methoxyphenyl 85 -
4 1d CH H H H 3,5-dimethoxyphenyl 41 35
5 1le CH H H H 4-chlorophenyl 85(3:1f
6 1f CH H H H 4-nitrophenyl 88(1:3f
7 1g CH H H H 3,5- 74 (1:4f

bis(trifluoromethyl)phenyl

8 lh CH H H H 3-thienyl 82 -
9 li CH H H H 1-cyclohexenyl 80 -
10 1) CH H H H n-Bu 57 -
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11 1k CH H H H t-Bu - -

12 11 CH H H H TMS - -

13 1m CH H H H H - -

14 1n CH OMe H H Ph 51

15 10 CH OMe H H 4-methylphenyl 61

16 1p CH NO, H H 4-methylphenyl 92

17 1q N H H H Ph 98

18 1r N H H H 4-methylphenyl 92

19 1s CH H Bu H Ph 76 (3:1f

20 1t CH H Bu H 4-methylphenyl 72

21 1u CH H Et Et Ph - 70
22 1v CH H Et Et 4-methylphenyl - 70
23 1w CH H Bu Et Ph - 82

%Unless otherwise noted, all reactions were cardiedon a 0.3 mmol scale in 6 mL of acetonitrile.eTh
reactions were allowed to stir at room temperatiore 15 h. All yields are isolated yields after cain
chromatographyPAn inseparable mixture of the two regioisomers whsined from column chromatography.
°The2:3 ratio is based ofH NMR spectroscopic datiThis reaction resulted in a complex reaction mitur

As can be seen from the results reported in Table 2, the regimstheof the process
strongly depends on the substitution pattern of the substrate. Imghgstihe presence of a
electron-donating group in thgara position of a phenyl ring conjugated with the triple bond
(R* = p-MeCgH4 or p-MeOGsH., substrateslb and 1c, respectively) led to preferential
formation of the isochromene derivative (compare entries 2 and 3atty 1). In fact, the
electron-donating effect of thgara substituent should increase the electron density on C-1 of
the arylethynyl group, thus favoring intramolecular nucleophilecatof the hydroxyl group
on C-2. As expected, this effect was not observed when the substiarenin themeta

positions, as shown by the results obtained in the case of substta(®’ = 3,5-
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dimethoxyphenyl), whose iodocyclization led to a mixure of the isoctmemand
isobenzofuran derivatives (entry 4). A mixture2efand3e was also obtained in the case of a
p-chloro substituent (R= p-CICsH., substratele, entry 5). On the other hand, the presence
of a nitro group in theara position (R = p-O,NCgHa, substratelf, entry 6) significantly
augments the electrophilicity of C-1 of the arylethynyl group, teusrsing the selectivity of
the reaction in favor of the 5-membered ring pro@icA similar effect is observed wherf R

is a 3,5bis(trifluoromethyl)phenyl substituent (substrdig entry 7). When the triple bond is
substituted with a 3-thienyl, 1-cyclohexenyl, or butyl group, theti@a consistently follows

a 6endadig pathway, with selective formation of the corresponding isochromene derivatives
2h-2j (entries 8-10). Substrates bearing a sterically demandintjtaehs [R* = t-butyl (1k)

or TMS (), entries 11 and 12)] led to complex reaction mixtures. The osadid not
proceed well with a terminal triple bond“(R H, 1m, entry 13), and partial decomposition of
the substrate occurred. Interestingly, the presence of eitheleatron-donating or an
electron-withdrawing groupnetawith respect to the hydroxymethyl group!(R OMe or
NO,, substratesln-1p) also tended to favor selective formation of the 6-membereg rin
products2n-2p (entries 14-16). Excellent yields of pyranopyridine derivati2gsand 2r
were obtained by @éndodig iodocyclization of the corresponding 2-(1-alkynyl)-3-
(hydroxymethyl)pyridined.q and1r (entries 17 and 18).

Substrates bearing a secondary alcoholic grdigpa(d 1t) behaved similarly to
substrates with a primary alcoholic group, as can be seen lyadog entries 19 and 20
(Table 2) with entries 1 and 2 (Table 2). On the other hand, as expectew of thegem
dialkyl effect®” and in agreement with what has been previously observed in the- Pd(ll)

catalyzed cycloisomerization of 2-(1-alkynyl)benzylic alcstidf substratedu-1w, bearing
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a tertiary alcohol group, selectively proceed byex&4ig cyclization, with formation of the
corresponding dihydroisobenzofura®is-3w in good yields (70-82%, entries 21-23). In fact,
in the presence af,a-dialkyl substitution, the hydroxyl group is forced closer to tipdet
bond, thus favoring the &xodig pathway with respect to theghdedig pathway.

X-ray crystallographic experiments were performed in ortler confirm the
regiochemistry of the cyclized produéfs. Interestingly, the 1-alkylidene-1,3-
dihydroisobenzofuran produBu was found to be th&-isomer, instead of thE-isomer that
would be expected from amti-5-exodig cyclization (Figure 1). ThiZ-stereochemistry was
also found in other 5-membered ring products {HyNMR spectral data correlation with
3u).

Given the unexpected stereochemistry, an immediately reasdmgii¢hesis was
that the predicted stereoisomer is originally formed, and theilirates to the observed
isomer. This would imply that the obsenigasomer would need to be more stable than the
expectede-isomer. In order to substantiate this idea, computations weredcatieat MP2
and B3LYP levels of theory using a 6-31G(d) basis set on carbonyanolglen atoms, and
an approximately equivalent electron core potential and valencededasis |. (Details are
given in the Experimental Section) At both levels of theoryZAieomer was favored, by

3.6 and 3.9 kcal/mol using B3LYP and MP2, respectively.
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Figure 1. X-ray Evidence for the Structural Assignment of 1-Akylidene-1,3-

dihydroisobenzofurans

iodocyclization

Tu 3u 70%
(Z-stereochemistry observed)

Expected product from O

anti-5-exo-dig cyclization X-ray structure evidence for 3u

On the basis of these observations, the following reaction mechacan be
proposed for the iodocyclization @f(Scheme 1§* Coordination of an*lequivalent to the
alkyne leads to electrophilic activation of the alkyne carbohesatriple bond generating
iodonium intermediat@. Nucleophilic attack by the hydroxyl group may then take place by
either of two intramolecular cyclization modeen{(i-6-endodig or anti-5-exadig, pathsa
andb, respectively) to give intermediatBsor B’ respectively. Deprotonation of intermediate
B leads to the isochromene prodacthat is isolated as the major product in most cases.
However, dihydroisobenzofuran derivative’ with E stereochemistry derived from
intermediateB’ was not isolated. Presumably, isomerization of the inititdlyned E-

isobenzofuran ') leads to the more stablg-isomer @). A few examples of the
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isomerization of substituteris-alkenes to the more stable correspondiiagsisomers in the
presence of iodine are knowhin order to demonstrate the feasibility of the isomerization,
cis-stilbene was subjected to our reaction conditions and partial iszatien was observed.
The ratio ofcisitrans stilbene was found to be 1:0.6 at 10 h and 1:0.9 at 19K INMR

spectral data.

Scheme 1. Proposed Mechanistic Pathway for the lodocyclization oR-(1-

Alkynyl)benzylic alcohols (1)

R2 R3 R2 R3
RZ RS 4

R\©§</O!'| 1
—»
4| -BH
R2 R3 o path a
R1 OH |+ \G@j
—_—
N 3
N 4 @ R4\ 2 R %
1 R path b R? 3
A R'
"
OH
3 R4

| R* more stable
B' \ y(
- isomerization
R1
0
3 /R
not isolable

Conclusions
A simple and mild synthesis of 6- and 5-membered iodoheterocyicc @erivatives
(2 and3, respectivelyyia iodocyclization of readily available 2-(1-alkynyl)benzylic@thols
1 is reported. The nature of the substituents in the startingriadatgoverns the

regiochemistry of the reaction products. The 5-membered ring psochitained (1-
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alkylidene-1,3-dihydroisobenzofuran®) exhibit unexpectedz-stereochemistry, and are
presumably derived from the initially formed less stdblsomers through iodine-mediated
isomerization.

Experimental Section
General. TheH NMR and**C NMR spectra were recorded at 25 °C in CD&tl300 MHz
or 400 MHz and 75 MHz or 100 MHz, respectively, with /8leas an internal standard.
Chemical shiftsq) and coupling constantdg)(are given in ppm and in Hz, respectively. The
IR spectra were taken with an FT-IR spectrometer. Alttreas were analyzed by TLC on
silica gel 60 [visualization was effected with short wavelleridV light (254 nm)], and by
GLC using a gas chromatograph and capillary columns with polyisgitgne + 5%
phenylsilicone as the stationary phase. Column chromatography vi@saet on silica gel
60 (70-230 mesh). All melting points are uncorrected. HRMS dataelgwtron impact
ionization experiments were performed on a Finnigan TSQ700 triple upa@dr mass
spectrometer (Finnigan MAT, San Jose, CA) fitted with a Finnigd@I&bn source. The
samples were introduced to the mass spectrometer using a pallis The probe was
heated gradually from 100 to 48G. The instrument was used as a single quadrupole and
scanned from 50 to 1000 daltons. Accurate mass measurements weretetbndicg
manual peak matching technique with the KRATOS MS50 double focusing mass

spectrometer.

Preparation of the Non-commercial o-Haloarenes. 2-lodobenzyl alcohol 4) was

commercially available and used as received; all of the otbeursors-7 were prepared as

described below.
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General Procedure for Preparation of the 2-Bromobenzylic Alcohols 5 and EQ 1)

(@]
1 R’
R~ | H NaBH, \(E\/\OH )
N
Sy Br EtOH Y Br

25°C
5Y=CH, R'=0Me
7Y=N,R'=H
To a stirred solution of commercially available 2-bromo-5-methoxyhbdezgde or

2-bromopyridine-3-carboxaldehyde (4.06 mmol) in EtOH (10.7 mL) was addB&iN4.87
mmol). After being stirred at 25 °C for 1 h (2-bromopyridinea@boxaldehyde) or 3 h (2-
bromo-5-methoxybenzaldehyde), the cooled mixture (0 °C) was addiith 0.1 N HCI
with stirring. After additional stirring at 0 °C for 15 min,,Btand satd ag NaHGQvere
added. The phases were separated, and the aqueous layer wasdextidc E}O. The
combined organic layers were washed with satd ag NaHD@ then with KO to neutral
pH. After drying over Ng50Oy, the solvent was removed by rotary evaporation, and the crude

products5®’ and 7*° thus obtained were used as such for the next Stephfte solid, 3.96

mmol, 860 mg, 91%7: white solid, 2.72 mmol, 511 mg, 67%).

Procedure for the Preparation of 2-Bromobenzylic Alcohol 6

O

N
ON OH DIBAL O OH
(2)
Br THF Br

25°C
6

To a cooled (0 °C), stirred solution of commercially availablenités-2-
bromobenzoic acid (2.32 mmol) in THF (5 mL) was added DIBAL (5.09 mrAfi¢r being

stirred at 0 °C for 4 h, the mixture was acidified with 0.1 N HC0 °C with stirring. After
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additional stirring at 0 °C for 15 min, £ and satd ag NaHGQvere added. The phases
were separated, and the aqueous layer was extracted y@thTEe combined organic layers
were washed with satd aq NaHg@nd then with KO to neutral pH. After drying over
Na,SQs, the solvent was removed by rotary evaporation, and the crude p@dubus
obtained was purified by column chromatography on silica gel usidg t®: 4:1

hexane/EtOAc as the eluent (white solid, 188 mg, 35%).

Preparation of the 2-(1-Alkynyl)benzylic Alcohols
Preparation of Substrates Bearing a Primary Alcohol (1a-r)
Substratesla-10 were prepared by Sonogashira coupfingf the appropriateo-

halobenzylic alcoholgl-6 or (hydroxymethyl)pyridine7 and terminal alkynes (Eq 3 and

Table S1).
R R3 R2 R3
RU_~ OH cat. PACIy(PPhy),, cat. Cul R\~ oH
| F N DIPA > (3)
vox R DMF YN

R4

4 Y=CH R'=R?=R3=H
1a-r (35-99%)

5 Y=CH,R"=0Me, R2=R3=H
6 Y=CH,R"=NO,, R?=R3=H
7 Y=N,R'=R?=R3=H

General Procedure for the Sonogashira CouplingTo a mixture of theo-halobenzylic
alcohol 4-6 or 2-bromo-3-(hydroxymethyl)pyridine7( 2.0 mmol) in DMF (10 mL) were
added PdG(PPh), (14.0 mg, 0.02 mmol), and Cul (3.8 mg, 0.02 mmol) under argon. After
the reaction mixture was stirred for 5 min at room temperaieA (809 mg, 4.0 equiv)

was added by a syringe. The reaction mixture was then hdai@d°&€. A solution of the
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alkyne (1.2 equiv) in DMF (2 mL) was added dropwise over 10 emd, the mixture was
allowed to stir at 76C for 2 h. After cooling, the reaction mixture was washed witti ag
NH4Cl and water, and then extracted with EtOAc (2 x 15 mL). The combanganic
extracts were dried over Mgg@nd concentrated under vacuum to give the crude pragduct

which was purified by column chromatography on silica gel using®4t1 hexane-EtOAc

as eluent.
TABLE S1
RZ2 R® R2 R3
RL_~ oH cat. PdCly(PPhs),, cat. Cul R _ OH
- | N ) DIPA e |
Y X R DMF Y %
R4
o-halo- isolated
entry benzyic X Y R' R R R? 1 vyield (%)
alcohol 1
1 4 I CH H H H Ph la 80
2 4 Il CH H H H 4-methylphenyl 1b 98
3 4 | CH H H H 4-methoxyphenyl 1lc 7
4 4 I CH H H H 3,5-dimethoxyphenyl  1d 93
5 4 | CH H H H 4-chlorophenyl le 99
6 4 I CH H H H 4-nitrophenyl 1f 99
4 | CH 3,5- 1g
! H H H istrifluoromethyl)phenyl 86
8 4 |l CH H H H 3-thienyl 1h 94
9 4 I CH H H H 1-cyclohexenyl 1i 90
10 4 |l CH H H H n-Bu 1j 71
11 4 I CH H H H t-Bu 1k 81
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12 4 I CH H H H T™MS 1 86
13 5 Br CH OMe H H Ph 1In 35
14 5 Br CH OMe H H 4-methylphenyl 10 91
15 6 Br CH NO, H H 4-methylphenyl 1p 80
16 7 Br N H H H Ph 1q 80
17 7 Br N H H H 4-methylphenyl 1r 92
O OH

X
&

[2-(Phenylethynyl)phenyllmethanol(1a). This reaction was run using TEA (10 mL) as the
solvent. Also, TEA (2 mL) was used for alkyne addition to the m@aanixture. After
purification, the product was obtained as a yellow solid (yield: 33480%); mp 65-66 °C,
lit. mp 65-66 °C% IR (KBr) 3210 (br s), 2065 (w), 1598 (w), 1571 (w), 1491 (m), 1453 (m),
1368 (w), 1191 (w), 1097 (w), 1039 (m), 987 (w), 919 (W), 757 (s), 692 (3) 4hNMR
(300 MHz, CDC}) 6 7.55-7.40 (m, 4H, aromatic), 7.38-7.19 (m, 5H, aromatic), 4.87 (s, 2H,
CH,), 2.60 (br s, 1H, OH)}*C NMR (75 MHz, CDC}) §142.5, 132.1, 131.5, 128.7, 128.5,
128.4,127.3,127.1,122.9, 121.1, 94.2, 86.7, 63.8; GGrlizS 208 (M, 11), 180 (24), 178
(29), 165 (18), 152 (20), 149 (22), 130 (38), 79 (19), 78 (78), 77 (100); HRMS calcd f

C15H120 208.08881. Found 208.08909.
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O OH
%
Me

[2-(p-Tolylethynyl)phenyllmethanol (1b). Colorless solid (205 mg, 92%): mp 102-103 °C,

lit. mp 102-103 °¢% IR (KBr) 3346 (s), 3256 (s), 1949 (w), 1511 (s), 1479 (w), 1451 (m),
1336 (w), 1250, (w), 1192 (w), 1097 (w), 1041 (s), 1034 (s), 1021 (m), 990 (w), 950 (w), 819
(w), 760 (s), 754 (s) cth *H NMR (400 MHz, CDC}) & 7.55-7.50 (m, 1H, aromatic), 7.47-
7.40 (m, 3H, aromatic), 7.32 (tdi= 7.5, 0.9 Hz, 1H, aromatic), 7.28-7.24 (m, 1H, aromatic),
7.15 (d,J = 7.5 Hz, 2H, aromatic), 4.91 (d= 6.1 Hz, 2H, CH), 2.37 (s, 3H, Me), 2.23 (4,

=6.1 Hz, 1H, OH),13C NMR (100 MHz, CDG) 6142.7, 139.0, 132.3, 131.7, 129.4, 128.8,
127.7, 127.5, 121.7, 120.0, 94.7, 86.3, 64.3, 21.8; GQwWiS= 222 (M, 9), 178 (19), 131

(22), 130 (89), 115 (79), 111 (20), 110 (35), 103 (22), 102 (100), 92 (66), 91 (70), 89 (32);

HRMS calcd for GgH140 222.10446. Found 222.10486.

OH
X
O OMe
[2-(4-Methoxyphenylethynyl)phenyllmethanol (1c). Pale orange solid (377 mg, 77%); mp
99-100 °C, lit. mp 102-10%*% IR (KBr) 3348 (br s), 3382 (br s), 2956 (m), 1909 (w), 1605
(m), 1569 (w), 1512 (s), 1469 (m), 1366 (w), 1288 (m), 1248 (s), 1181 (m), 1108 (w), 1045
(m), 1031 (m), 948 (w), 840 (s), 760 (s) EmMH NMR (400 MHz, CDCJ) §7.52 (d,J = 7.2

Hz, 1H, aromatic), 7.47-7.41 (m, 3H, aromatic), 7.33J( 7.2 Hz, 1H, aromatic), 7.26 (,
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= 7.2 Hz, 1H, aromatic), 6.87 (d,= 7.2 Hz, 1H, aromatic), 4.90 (s, 2H, &§H3.83 (s, 3H,
OMe), 2.24 (br s, 1H, OH}?C NMR (100 MHz, CDGJ) §159.8, 142.3, 133.0, 131.9, 128.4,
127.4, 127.2, 121.6, 114.9, 114.0, 94.2, 85.4, 64.1, 55.3; G@MS 238 (M, 18), 179
(36), 167 (36), 166 (100), 152 (63), 149 (27), 135 (25), 129 (39) ; HRMS calcdsti.0;

238.09937. Found 238.09980.

[2-(3,5-Dimethoxyphenylethynyl)phenyllmethanol(1d). Brown solid (499 mg, 93%); mp
71-72 °C; IR (KBr) 3324 (br s), 2965 (m), 1969 (w), 1590 (s), 1451 (m), 1416 (m), 1449 (w)
1357 (m), 1368 (w), 1235 (w), 1208 (s), 1158 (s), 1154 (m), 1066 (m), 928 (w), 846 (m), 825
(m), 759 (m) crt; *H NMR (400 MHz, CDCJ) 6 7.54 (dd,J = 7.5, 2.4 Hz, 1H, aromatic),
7.46 (dd J=7.5, 2.4 Hz, 1H, aromatic), 7.36 (td= 7.5, 1.2 Hz, 1H, aromatic), 7.29 (id,

= 7.5, 1.2 Hz, 1H, aromatic), 6.68 @@= 2.3 Hz, 2H, aromatic), 6.47 @,= 2.3 Hz, 1H,
aromatic), 4.91 (dJ = 6.4 Hz, 2H, Ch), 3.82 (s, 6H, OMe), 2.20-2.09 (m, 1H, OHic

NMR (100 MHz, CDC}) ¢ 160.5, 142.5, 132.2, 128.8, 127.4, 127.2, 124.1, 121.1, 109.3,
101.9, 94.1, 86.2, 64.0, 55.5; GC-M8Bz= 268 (M', 100), 267 (36), 240 (16), 239 (45), 238
(18), 224 (17), 209 (16), 208 (21), 164 (27); HRMS calcd fgHGO; 268.10994. Found

268.11032.
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O OH
%
cl

[2-(4-Chlorophenylethynyl)phenyllmethanol (1€). Yellow solid (480 mg, 99%); mp 90-92
°C; IR (KBr) 3314 (br s), 2921 (m), 2216 (W), 1492 (s), 1449 (w), 1398 (w), 1368 (w), 1239
(w), 1119 (w), 1093 (s), 1044 (s), 1015 (m), 942 (w), 830 (s), 757 (3) BNMR (400
MHz, CDCk) 6 7.55-7.43 (m, 4H, aromatic), 7.40-7.24 (m, 4H, aromatic), 4.90 (s, 25, CH
2.17 (br s, 1H, OH)}*C NMR (100 MHz, CDGJ) §142.4, 134.5, 132.7, 132.1, 128.9, 128.7,
127.5, 127.2, 121.3, 120.9, 92.3, 87.6, 63.9; GCMB242 (M', 100), 241 (28), 239 (18),
208 (22), 207 (38), 179 (57), 178 (68), 177 (18), 176 (42); HRMS calcd ft, IO

242.04984. Found 242.05022.

O OH
b ®
NO,

[2-(4-Nitrophenylethynyl)phenyllmethanol (1f). Reaction time: 3bAfter purification, the
compound was obtained as an orasgkd (501 mg, 99%): mp 114-115 °C; IR (KB325

(br s), 2935 (m), 2217 (w), 1592 (m), 1514 (s), 1447 (w), 1342 (s), 1289 (w), 1192 (w), 1108
(w), 1031 (m), 983 (w), 852 (s), 758 (s) nfH NMR (400 MHz, CDCJ) §8.22 (d,J = 8.5

Hz, 2H, aromatic), 7.67 (distorted &= 8.5 Hz, 2H, aromatic), 7.60-7.52 (m, 2H, aromatic),
7.44 (t, J = 7.5 Hz, 1H, aromatic), 7.29 (distortedX= 7.5 Hz, 1H, aromatic), 4.94 (s, 2H,

CH,), 2.05 (m, 1H, OH)}3C NMR (100 MHz, CDGJ) § 147.0, 142.3, 132.4, 132.2, 129.8,
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129.7, 127.6, 127.3, 123.7, 120.1, 92.03, 92.00, 63.7; G@ak2S 253 (M, 43), 207 (12),
206 (13), 179 (32), 178 (100), 177 (43), 176 (26), 165 (18), 152 (21), 151 (16); HRMS calcd

for Ci5H11NO3 253.07389 Found 253.07419.

o

A

O CF3

CFg

[2-(3,5-Bis-trifluoromethylphenylethynyl)phenyllmethanol (1g). Pale yellowsolid (104

mg, 74%): mp 105-106 °C; IR (KBr) 3341 (m), 3324 (m, br), 2957 (w), 22251467 (w),

1435 (w), 1386 (s), 1284 (s), 1192 (m), 1169 (m), 1129 (s), 1043 (w), 1006 (w), 923 (m), 902
(m), 847 (w), 763 (m) cit *H NMR (400 MHz, CDC}) & 7.97-7.92 (m, 2H, aromatic),
7.86-7.81 (m, 1H, aromatic), 7.56 (= 7.8 Hz, 2H, aromatic), 7.44 (t) = 7.8 Hz, 1H,
aromatic), 7.32 (distorted t) = 7.8 Hz, 1H, aromatic), 4.95 (d,= 5.4 Hz, 2H, CH), 1.99
(distorted t,J = 5.4 Hz, 1H, OH)**C NMR (100 MHz, CDGJ) §142.8, 132.5, 132.2, 131.8,
131.3, 129.7, 127.6, 127.3, 125.3, 121.8, 119.8, 90.8, 90.1, 63.7; QG834 (M, 100),

343 (26), 325 (20), 323 (23), 296 (29), 295 (24), 275 (78), 247 (25), 246 (48), 227 (29), 225

(22), 178 (31), 131 (33), 103 (21); HRMS calcd foi#GoFsO 344.06358. Found

344.06398.
OH
X
A\
\
S
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(2-Thiophen-3-ylethynylphenyl)methanol (1h).Orange solid (402 mg, 94%): mp 78-80 °C,;
IR (KBr) 3350 (m), 3323 (m), 2918 (w), 1961 (w), 1517 (w), 1479 (s), 1450 (m), 1365 (m),
1238 (w), 1205 (w), 1100 (w), 1045 (s), 990 (w), 941 (w), 868 (m), 785 (w), 76fn(s)H

NMR (400 MHz, CDCY) 6 7.54-7.49 (m, 2H, aromatic), 7.47-7.44 (m, 1H, aromatic), 7.37-
7.24 (m, 3H, aromatic), 7.21-7.17 (m, 1H, aromatic), 4.89 (s, 2H),@H.7 (br s, 1H, OH);

¥C NMR (100 MHz, CDGJ) 6142.4, 132.1 129.7, 128.8, 128.6, 127.4, 127.2, 125.5, 121.9,
121.2, 89.2, 86.2, 64.0; GC-M8/z214 (M, 36), 213 (22), 186 (25), 185 (100), 184 (84),
183 (29), 171 (20), 152 (40), 151 (23), 141 (37), 139 (32) ; HRMS calcd ;#phOS

214.04523. Found 214.04559.

O OH

X

$

(2-Cyclohex-1-enylethynylphenyl)methanol (1i)Yellow oil*?®* (394 mg, 90%): IR (KBr)
3391 (br s), 2931 (s), 2859 (m), 2200 (w), 1481 (w), 1449 (m), 1436 (w), 1373 (w), 1241
(m), 1091 (w), 1044 (s), 919 (w), 842 (w), 758 (s)’criH NMR (400 MHz, CDCY) §7.30
(t, J=7.2 Hz, 2H, aromatic), 7.32-7.26 (m, 1H, aromatic), 7.26-7.20 (m, 1H, aronta?s)
6.19 (m, 1H, C=CH), 4.80 (s, 2HH30OH), 2.30-2.21 (m, 3H, C8,CH,CH,CH,CH + CH),
2.19-2.10 (m, 2H, CCHH,CH,CH,CH), 1.73-1.60 (m, 4H, CCGi€H,CH,CH,CH); *C
NMR (100 MHz, CDCY) 6142.2, 135.6, 131.9, 128.1, 127.4, 127.2, 121.8, 120.5, 96.2, 84.1,

64.1, 29.2, 25.8, 22.3, 21.4; GC-M&z212 (M, 100), 178 (33), 165 (43), 164 (91), 156
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(66), 155 (53), 154 (51), 152 (56), 140 (65), 130 (62), 129 (42), 127 (71); HRMS calcd for

C15H160 212.12011. Found 212.12047.

OH
A
Bu

(2-Hex-1-ynylphenyl)methanol(1j). Yellow oil*** (267.3 mg, 71%): IR (KBr) 3398 (br s),

2957 (w), 2871 (w), 2227 (w), 1482 (m), 1453 (m), 1383 (m), 1041 (m), 757 (§)’em

NMR (300 MHz, CDC}) & 7.42-7.34 (m, 2H, aromatic), 7.25 (td] = 7.7, 1.6 Hz, 1H,
aromatic), 7.18 (td,J = 7.7, 1.6 Hz, 1H, aromatic), 4.76 (s, 2H{0OH), 2.57 (br s, 1H,

OH), 2.46 (tJ = 7.1 Hz, 2H, El,CH,CH,CH3), 1.67-1.53 (m, 2H, B,CH,CHs), 1.53-1.40

(m, 2H, CHCH,CHs), 0.95 (t,J = 7.3 Hz, 3H, Me)®*C NMR (75 MHz, CDCJ) § 142.4,

132.1, 127.9, 127.2, 127.0, 122.0, 95.4, 78.1, 63.9, 30.8, 22.0, 19.2, 13.6; GC-MS m/z 188
(M*, 80), 155 (64), 145 (100), 144 (27), 132 (29), 131 (24), 128 (32), 117 (33), 116 (28), 115

(58), 114 (23); HRMS calcd for;gH160188.12011. Found 188.12046.

Alcohol 1k was isolated as a yellow if (305 mg, 81%)1l was isolated as a yellow
0il** (351 mg, 86%). The spectral data for these compounds matched thogedén the

literature.

Preparation of (2-Ethynylphenyl)methanol (1m)
To a stirred solution ol (300 mg, 1.59 mmol) in MeOH (8.3 mL) was added KF
(5.68 mmol). The mixture was allowed to stir at rt for 3 h, and tilated with CHCI, and

guenched with water. The phases were separated, the aqueouxtia@aed with CHCI,,
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and the combined organic layers were dried oveiSRa After removal of the solvent by
rotary evaporation, the crude product was purified by column chromptogom silica gel
using 6:4 hexane-EtOAc as the eluent to give a yellow solid, whashtien further purified
by repeated crystallization (hexane) to give pure (2-efpiweynyl)methanol m) as a

colorless solid®™ (147 mg, 70%).

MeO
S0y

X
&

[5-Methoxy-2-(phenylethynyl)phenyllmethanol (1n).This reaction was run by following
the general Sonogashira procedure above, except for a few differehcenol %
PdCL(PPh), (28.1 mg) and 3 mol % Cul (5.7 mg) were used and the reaction mxasre
heated at 100C for 2 h. After purification, the product was obtained as a brawd €152
mg, 35%): mp 79-80 °C; IR (KBr) 3266 (br s), 2208 (w), 1605 (m), 1566 (w), 1454363,
(W), 1294 (m), 1266 (s), 1226 (m), 1160 (m), 1105 (m), 1050 (s), 895 (w), 817 (s), 807 (m),
737 (s) crit; *H NMR (400 MHz, CDCJ) § 7.56-7.43 (m, 3H, aromatic), 7.39-7.30 (m, 3H,
aromatic), 7.05 (br s, 1H, aromatic), 6.81 {d&s 8.0 Hz, 1H, aromatic), 4.89 (s, 2H, gH
3.84 (s, 3H, OMe), 2.21 (s, 1H, OHC NMR (100 MHz, CDGJ) & 160.0, 144.4, 133.5,
131.3, 128.4, 128.2, 123.2, 113.1, 112.5, 92.8, 86.7, 81.8, 64.0, 53.4; GC-MS m/z'238 (M
100), 237 (38), 223 (35), 217 (27), 215 (24), 195 (22), 194 (27), 165 (22); HRMS calcd for

C16H1402238.09937. Found 238.09979.
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MeO
o

X
O Me

[5-Methoxy-2-(p-tolylethynyl)phenyllmethanol (10). Reaction time: 14 h. After
purification, the compound was obtained as an orange solid (459 mg, 91%): mp 92-100
IR (KBr) 3341 (s), 2213 (w), 1607 (m), 1565 (w), 1497 (s), 1364 (m), 1294 (s), 1224 (s),
1162 (m), 1107 (m), 1046 (s), 874 (m), 807 (m), 759 (s};¢ NMR (400 MHz, CDCY) &
7.46-7.43 (m, 1H, aromatic), 7.43-7.36 (m, 2H, aromatic), 7.17-7.12 (m, 2H, achriidb-
7.03 (m, 1H, aromatic), 6.84-6.77 (m, 1H, aromatic), 4.88 (s, 2H),@83 (s, 3H, OMe),
2.37 (s, 3H, Me), 2.28 (br s, 1H, OHJC NMR (100 MHz, CDGJ) & 159.8, 144.3, 138.3,
133.4, 131.2, 129.1, 120.1, 118.9, 113.3, 113.1, 112.5, 93.0, 86.0, 64.0, 55.3, 21.5; GC-MS
m/z 252 (M, 100), 249 (19), 237 (18), 236 (19), 209 (19), 179 (15), 178 (20), 166 (16), 165

(19); HRMS calcd for gH160,252.11502. Found 252.11541.

O,N
2 OH

X
O Me
[5-Nitro-2-( p-tolylethynyl)phenyllmethanol (1p). Yellow solid (428 mg, 80%)mp 136-
138 °C; IR (KBr) 3532 (br m), 2210 (m), 1603 (w), 1584 (w), 1520 (m), 1348 (s), 1183 (w),
1089 (w), 1051 (w), 932 (w), 897 (w), 822 (m), 746 (m)'cA NMR (400 MHz, CDCY) &
8.42 (s, 1H, aromatic), 8.12 (dl= 8.0 Hz, 1H, aromatic), 7.64 (d= 8.0 Hz, 1H, aromatic),

7.50-7.40 (m, 2H, aromatic), 7.27-7.18 (m, 2H, aromatic), 5.00 (s, 2H), @HO0 (s, 3H,
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Me), 2.22 (br s, 1H, OH)*C NMR (100 MHz, CDGJ) 6 147.2, 144.2, 139.9, 132.5, 131.7,
129.4, 127.7, 122.2, 121.6, 118.7, 99.8, 84.5, 62.9, 21.6; GC-MS m/z Z267@D), 251

(17), 221 (14), 208 (16), 181 (16), 179 (18); HRMS calcd feHGNO; 267.08954. Found

267.09005.
/| OH
NS

NN

[2-(Phenylethynyl)pyridin-3-yllmethanol (1q). Brown oil*?*(335 mg, 80%)tR (KBr) 3254

(br s), 2922 (m), 2218 (m), 1582 (m), 1577 (m), 1491 (m), 1428 (s), 1361 (m), 1251 (m
1189 (w), 1106 (w), 1047 (s), 917 (w), 792 (m), 757 (s), 690 (&) ¢hHh NMR (400 MHz,
CDCls) 68.41 (d,J = 4.8 Hz, 1H, aromatic), 7.91 (d,= 7.8 Hz, 1H, aromatic), 7.53-7.46
(m, 2H, aromatic), 7.37-7.26 (m, 3H, aromatic), 7.20 {dd 7.8, 4.8 Hz, 1H, aromatic), 4.97
(s, 2H, CH), 4.21 (br s, 1H, OH)**C NMR (100 MHz, CDGJ) §148.1, 140.5, 139.3, 134.4,
131.8, 129.1, 128.3, 123.0, 121.8, 94.2, 85.3, 61.5; GC-MS m/z 2Q®2y) 208 (82), 180

(100), 77 (25), 52 (24), 51 (34), 50 (21): HRMS calcd fasHzNO 209.08406. Found

209.08432.
/| OH
NS

NN

Me
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[2-(p-Tolylethynyl)pyridin-3-ylJmethanol (1r). Brown solid (411 mg, 92%): mp 79-81 °C;

IR (KBr) 3231 (br s), 2218 (m), 1581 (m), 1565 (m), 1509 (m), 1429 (s), 1364 (w), 1256 (w
1178 (w), 1106 (w), 1046 (s), 973 (w), 816 (s), 796 (s);ctH NMR (400 MHz, CDCY) §

8.48 (d,J = 4.6 Hz, 1H, aromatic), 7.87 (d,= 7.9 Hz, 1H, aromatic), 7.45 (d,= 7.9 Hz,

2H, aromatic), 7.29-7.20 (m, 1H, aromatic), 7.15)é, 7.9 Hz, 2H, aromatic), 4.96 (s, 2H,
CH,), 3.11 (br s, 1H, OH), 2.37 (s, 3H, MéJC NMR (100 MHz, CDGJ) & 148.4, 141.0,
139.5, 138.8, 134.5, 131.8, 129.2, 122.9, 118.8, 94.5, 85.5, 62.0, 21.6; GC-MS m/Z' 223 (M
33), 195 (25), 194 (33), 70 (37), 69 (21), 44 (100), 43 (66); HRMS calcd 1t 4810

223.09971. Found 223.10003.

Preparation of Substrates Bearing a Secondary Alcohol (1s and 1t)
According to a literature procedure, substrates and 1t were prepared by
Sonogashira coupling of 2-bromobenzaldehyde and the appropriate terminal fdkgned

by addition of BuLi (Scheme S}

0 0 Bu
1 mol % Pd(OAc),
H 0.2 mol % Cul H  Buli OH
. \\R _—

Br EtsN N ] S
R

8s R=Ph 1s (70%)

8t R = 4-methylphenyl 1t (60%)

Scheme S1

General Procedure for the Preparation of Alcohols 1s and 1t
First step: Sonogashira couplingo a stirred solution of 2-bromobenzaldehyde (10.0

g, 54.0 mmol) in anhydrous 4 (164 mL) were added Pd(OAc)108.0 mg, 0.48 mmol),
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PPh (218.0 mg, 0.83 mmol), Cul (16.0 mg, 0.084 mmol) and the alkyne (80.0 mmol). After
being stirred at 80 °C for 5 h, the mixture was cooled, filtemed concentrated. Water was
added to the residue, followed by,@t The phases were separated, and the aqueous layer
was extracted with ED. The combined organic layers were washed several tintledO
and eventually dried over BB&QO,. After removal of the solvent by rotary evaporation, the
crude product was purified by column chromatography on silica gjaguas eluent 9:1
hexane/EtOAc &s yellow oil*** 9.4 g, 84% isolated yieldt: yellow solid, 10.0 g80%
isolated yield).

Second step: BuLi additioff.o a cooled (0 °C), stirred solution of aldehyg$sor 8t
(45.0 mmol) in anhydrous THF (450 mL) was added dropwise a 2 M soluti@ulofin
pentane (18 mL, 36.0 mmol). After being stirred at 0 °C for 2 h, thkéurei was quenched
with ice water, followed by HCI (10% by volume) to neutral pH. Phases were separated,
and the aqueous layer was extracted witt©OEThe combined organic layers were washed
with H,O and brine, and then dried over,8@y. After removal of the solvent by rotary
evaporation, the crude product was purified by column chromatographyi@ngsl using
8:2 hexane-EtOAc as eluerts(was a yellow oif™ 7.1 g,60% with respect to starting

aldehyde;1lt was a yellow solid, mp 55-56 °C, 6.6 g, 70% with respect to starting aldehyde).
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1-[2-(Phenylethynyl)phenyl]pentan-1-ol (1s).Yellow oil:** IR (KBr) 3350 (br s), 2956

(m), 2931 (m), 2859 (m), 2216 (w), 1600 (W), 1493 (m), 1444 (m), 1309 (w), 1251 (w), 1048
(m), 890 (w), 756 (s), 690 (s) ém*'H NMR (300 MHz, CDC)) & 7.59-7.44 (m, 4H,
aromatic), 7.40-7.28 (m, 4H, aromatic), 7.22 @d; 7.5, 1.5 Hz, 1H, aromatic), 5.23 (dd,

= 7.7, 5.3 Hz, 1H, GOH), 2.34 (br s, 1H, OH), 1.94-1.70 (m, 2H, CHOH, 1.53-1.24

(m, 4H, (H,CH,CHs), 0.86 (t,J = 7.1 Hz, 3H, Me)®*C NMR (75 MHz, CDCJ) § 147.0,

132.3, 131.5, 128.8, 128.4, 127.0, 125.5, 123.4, 120.8, 94.3, 87.4, 72.5, 38.1, 28.2, 22.7,
14.0; GC-MS m/z 264 (V) 37), 221 (62), 208 (60), 207 (100), 179 (70), 178 (82), 176 (43),
152 (33), 151 (20), 143 (22), 89 (25), 77 (21); anal. calcd fgi0 (264.36) C, 86.32; H,

7.63. Found C, 86.42; H, 7.68.

I Me

1-[2-(p-Tolylethynyl)phenyl]pentan-1-ol (1t). Yellow solid: mp 55-56 °C; IR (KBr) 3350

(br s), 3063 (m), 2956 (s), 2920 (s), 1911 (w), 1598 (w), 1511 (s), 1449 (m), 1272 (w), 1201
(w), 1123 (m), 1055 (m), 1019 (w), 994 (w), 946 (w), 816 (s), 753 () ¢hh NMR (300

MHz, CDCk) 6 7.54-7.45 (m, 2H, aromatic), 7.44-7.36 (m, 2H, aromatic), 7.31 &d7.5,

1.2 Hz, 1H, aromatic), 7.10-7.25 (m, 3H, aromatic), 5.22 @, 7.3, 5.3 Hz, 1H, BOH),

2.36 (s, 4H, Me + OH), 1.98-1.68 (m, 2H, CHOHY}, 1.57-1.25 (m, 4H, B,CH,CHb),

0.86 (t,J = 6.9 Hz, 3H, CHCHs); **C NMR (75 MHz, CDCJ) § 147.0, 138.6, 132.1, 131.3,

129.2, 128.6, 126.9, 125.4, 120.8, 120.1, 94.4, 86.6, 72.4, 38.1, 28.2, 22.6, 21.5, 14.1; GC-
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MS m/z 278 (M, 25), 235 (28), 222 (23), 221 (100), 193 (15), 191 (14), 190 (13), 179 (13),
178 (61), 165 (11), 143 (10), 115 (17); anal. calcd faHgO (278.39) C, 86.29; H, 7.97.

Found C, 86.49; H, 8.01.

Preparation of Substrates Bearing a Tertiary Alcohol (1u-w)

According to the literatur€* substratestu and 1v were prepared by Sonogashira
coupling of methyl 2-iodobenzoate and the appropriate terminahealkipllowed by the
addition of EtMgBr (Scheme S2). Substrawewas prepared by Swern oxidation of substrate

1s followed by the addition of EtMgBr (Scheme S3).

Q Q Et_ Et
OMe cat. PdCly(PPhj),, cat. Cul OMe EtMgBr OH
d * \\R Ets;N g
Br 3 \\ %
R R
9uR=Ph 1u (73%)

9v R = 4-methylphenyl v (61%)

Scheme S2
O
Bu CI)J\H/CI 0 Et Bu
OH © Bu  EtmgBr OH
N DMSO N
N EtsN h N
Ph 3 Ph Ph
1p 1w
Scheme S3
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General Procedure for the Preparation of 1u and 1v

First step: Sonogashira couplind.o a stirred solution of methyl 2-bromobenzoate
(obtained by esterification of commercially available 2-bromobienacid) (10.2 g, 38.9
mmol) in anhydrous DMF (195 mL) were added RB{FEPh). (2.7 g, 3.9 mmol), Cul (742
mg, 3.9 mmol), ifPrpNEt (21 mL) and phenylacetylene or 1-ethynyl-4-methylbenZé8®
mmol). The mixture was allowed to stir at rt for 18 h, and thé&h &g NHCI (200 mL) and
hexane (200 mL) were added. The phases were separated, and the aqgezrousmda
extracted with hexane. The combined organic layers were wastedi»®@ and brine, and
then dried over N&O,. After removal of the solvent by rotary evaporation, the crude
product was purified by column chromatography on silica gel using %dnbeEtOAcC as
eluent Qu was a yellow 0i™ 8.8 g, 96%9v was a yellow oil, 8.7 g, 89%).

Second step: EtMgBr additioio a stirred solution of EtMgBr [78.0 mmol, prepared
in anhydrous EO (33 mL) from 1.9 g of Mg (78.0 mmol) and 8.8 g of EtBr (81.0 mmol)]
was added dropwise a solution of the alkynyl eSieror 9v (37.0 mmol) in anhydrous
benzene (17 mL) with cooling. The mixture was then refluxed wirthingt for 1 h Qu) or 3
h (Qv). After cooling, a mixture of ice (85.0 g) and conc. HCI (1.9 mL) slasvly added
with external cooling, followed by the addition of WNH (2.86 g) and EO. The phases were
separated, and the organic layer was washed with water, 5% NaBi@Dwater again. After
drying over NaSQy, the solvent was removed by rotary evaporation and the crude product
was purified by column chromatography on silica gel usingl@nte 95:5 hexane—EtOAc

(1u was a yellow 0if** 7.1 g, 73%1v was a yellow 0il6.3 g, 61%).
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Et. Et
O OH
X

3-[2-(Phenylethynyl)phenyl]pentan-3-ol (1u).Yellow oil:>** IR (KBr) 3503 (br s), 2212

(W), 1599 (w), 1492 (s), 1461 (m), 1442 (m), 1376 (w), 1160 (m), 1027 (w), 959 (m), 894
(m), 846 (w), 756 (s) cth *H NMR (300 MHz, CDCJ) & 7.68-7.45 (m, 4H, aromatic), 7.41-
7.28 (m, 4H, aromatic), 7.31 (td = 7.4, 1.3 Hz, 1H, aromatic), 2.56-2.40 [m, 2H,
(CH3CHH),COH)], 1.96 [sext,]) = 7.3 Hz, 3H, (CHCHH),COH) + OH], 0.86 (1] = 7.2 Hz,

3H, Me); *C NMR (75 MHz, CDCJ) § 147.2, 134.5, 131.2, 128.5, 128.2, 127.2, 126.3,
123.4, 119.6, 94.5, 89.8, 78.5, 33.3, 8.0; GC-MS m/z 264 10, 236 (56), 235 (100), 220
(35), 215 (16), 202 (26), 191 (28), 176 (19), 129 (23), 105 (31), 89 (15); anal. calcd for

CigH200 (264.36) C, 86.32; H, 7.63. Found C, 86.12; H, 7.81.

Et Et
O OH
A

IMe

3-[2-(p-Tolylethynyl)phenyl]pentan-3-ol (1v). Yellow oil: IR (KBr) 3509 (br m), 3028 (w),
2969 (s), 2935 (m), 2878 (w), 2212 (w), 1511 (s), 1462 (m), 1376 (w), 1253 (w), 1160 (m),
959 (m), 895 (w), 816 (s), 759 (s) ¢mH NMR (300 MHz, CDC)) & 7.61-7.42 (m, 2H,
aromatic), 7.43-7.36 (m, 2H, aromatic), 7.30 (ids 7.7, 1.6 Hz, 1H, aromatic), 7.24-7.12

(m, 3H, aromatic), 2.60 (br s, 1H, OH), 2.47 [séxt, 7.3 Hz, 2H, (CHCHH),COH)], 2.36
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(s, 3H, Me), 1.95 [qJ = 7.3 Hz, 2H, (CHCHH),COH)], 0.78 [t,J = 7.3 Hz, 6H,
(CH.CHs),]; **C NMR (75 MHz, CDCJ) & 146.8, 138.6, 134.4, 131.0, 129.2, 128.0, 127.0,
126.3, 120.1, 119.6, 94.7, 89.0, 78.5, 33.3, 21.5, 8.1; GC-MS m/z Z8&(M250 (21),
233 (10), 215 (5), 189 (7), 129 (6); anal. calcd fegHz,0 (278.39) C, 86.29; H, 7.97. Found

C, 86.49; H, 7.81.

Procedure for the Preparation of 3-[2-(Phenylethynyl)phenyl]hepn-3-ol (1w).

Et Bu
Sy
X

Swern oxidationTo a cooled (-78 °C), stirred solution of CICOCOCI (4.4 g, 35.2
mmol) in anhydrous C}Cl, (95 mL) under an inert atmosphere, was added dimethyl
sulfoxide (3.7 g, 46.9 mmol). After being stirred at -78 °C for 15 minglatisn of the
alcohol (6.2 g, 23.5 mmol) in anhydrous £Hp (31 mL) was added with stirring. After
being stirred at -78 °C for an additional 15 min, anhydroysl E2.4 mL, 93.9 mmol) was
added with stirring. The reaction was allowed to warm up to rt lzel allowed to stir at rt
for 15 min. EtO was added to the mixture, followed by water. The phases separated
and the aqueous layer was extracted wittOEThe combined organic layers were washed
several times with brine, 10% HCI, and eventually dried ove68a After removal of the
solvent by rotary evaporation, the crude product was purified by cotinmomatography on

silica gel using 9:1 hexane-EtOAc as eluent (yellow oil, 4.3 g, 70%).
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EtMgBr addition: To a stirred solution of EtMgBr [19.8 mmol, prepared in anhydrous
Et,O (8.3 mL) from 481 mg of Mg (19.8 mmol) and 2.2 g of EtBr (20.4 mnve&}$ added
dropwise a solution of the alkynyl ester (16.5 mmol) in anhydrous henze7 mL) with
cooling. The mixture was then refluxed with stirring for 1 h.eAftooling, a mixture of ice
(85 g) and conc. HCI (0.25 mL) was slowly added with external cqololgpwed by the
addition of NHCI (0.75 g) and EO. The phases were separated, and the organic layer was
washed with water, 5% NaHGQOand water again. After drying over 0, the solvent
was removed by rotary evaporation, and the crude product was pubfiedolumn
chromatography on silica gel using 9:1 hexane—EtOAc as eluenet@pgrelw as a yellow
oil (3.5 g, 73%F% IR (KBr) 3492 (br s), 2212 (w), 1599 (m), 1492 (s), 1460 (s), 1441 (s),
1378 (m), 1250 (w), 1158 (m), 1070 (m), 1026 (w), 960 (m), 846 (w), 756 (§)'ehNMR
(300 MHz, CDC}) 67.62 (ddJ = 7.6, 1.2 Hz, 1H, aromatic), 7.56 (dds 7.6, 1.2 Hz, 1H,
aromatic), 7.53-7.47 (m, 2H, aromatic), 7.40-7.28 (m, 4H, aromatic), 7.20 (@listdrd =
7.6, 1.2 Hz, 1H, aromatic), 2.95-2.80 (m, 2HJKICHj3), 2.60-2.40 (m, 3H, B,CH,CH,CHjz
+ OH), 2.10-2.80 (m, 2H, CMH,CH.CHs), 1.39-1.20 (m, 3H, BHCH; +
CH,CH,CH,CHg), 0.83 (t,J = 7.1 Hz, 3H, CHCH3; or CH,CH,CH,CH3), 0.78 (t,J = 7.3 Hz,
3H, CH,CH,CH,CH3 or CH;CH3); 3C NMR (75 MHz, CDCY) 6147.4, 134.4, 131.1, 128.5,
128.2, 126.9, 126.3, 123.3, 119.3, 94.4, 89.7, 78.2, 45.2, 40.3, 33.6, 25.9, 23.4, 14.1, 8.0; GC-
MS m/z 292 (M, 6), 264 (44), 263 (98), 236 (51), 235 (100), 221 (17), 220 (49), 215 (13),
202 (24), 191 (34), 189 (14), 178 (21), 176 (21), 165 (12), 129 (15), 115 (21), 105 (33), 91

(26), 77 (21); anal. calcd for,¢H,40 (292.41) C, 86.26; H, 8.27. Found C, 86.45; H, 8.32.
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General Procedure for the lodocylization of la-w.To a solution ofl (0.30 mmol) in
CH3CN (6.0 mL) was added NaHG@®75.6 mg, 0.90 mmol), followed by (228.4 mg, 0.90
mmol) at room temperature with stirring. The resulting ometwas allowed to stir at room
temperature for 15 h. The excegsswias removed by adding a satd aq soln ofIxas,
followed by stirring for 5-10 min. The phases were separatedihendqueous phase was
extracted with BO (2 x 10 mL). The combined organic phases were drieg3Ng and
concentrated under vacuum. The crude products were purified by column tdgaphy on

silica gel using hexane-EtOAc (from 95:5 to 9:1) as the eluent.

Characterization Data for the Products

The products 4-iodo-3-arylH-isochromene 2 and 3-(iodoarylmethylene)-1,3-
dihydro-isobenzofurar8 were fully characterized by IR, MSH NMR, and *C NMR
spectroscopic analyses. The structures of 4-ioga¥thoxyphenyl-H-isochromene Zc)
and @)-1,1-diethyl-3-(iodophenylmethylene)-1,3-dihydroisobenzofufar (vere confirmed
by X-ray diffraction analysis (Figures S1 and S2). In the cd2e and3e, 2f and 3f, 2g and
30, 2sand3s, it was not possible to separate the two regioisomers, so wactdrized them
as a mixture. The ratio between the two regioisomers wasnieget by 'H NMR

spectroscopy.

www.manaraa.com



157

X-ray Crystallographic Data for Compounds 2c and 38

Data Collection for 2¢

A colorless crystal oRc was selected under ambient conditions. The crystal was
mounted and centered in the X-ray beam by using a video camerery$tad evaluation and
data collection were performed at 173K on a Bruker CCD-1000 diffreeter with Mo K,

(A = 0.71073 A) radiation and the detector to crystal distance of 5.03 able(52). The
initial cell constants were obtained from three serie® stans at different starting angles.
Each series consisted of 30 frames collected at intervals ah0a320° range aboui with
the exposure time of 10 seconds per frame. The obtained reflectisassuecessfully
indexed by an automated indexing routine built in the SMART prograre. fihal cell
constants were calculated from a set of strong reflections tihe actual data collection. The
data were collected using the full sphere routine by colle¢ting sets of frames with 0.3°
scans inm with an exposure time 10 sec per frame. This data setavescted for Lorentz
and polarization effects. The absorption correction was baseditaof @ Spherical harmonic
function to the empirical transmission surface as sampled byiphaulequivalent

measurements using SADABS softwahé>
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Figure S1. Molecular Structure of 4-lodo-3-(4-methoxyphenyl)-#-isochromene (2c)

TABLE S2. Crystallographic Data for 2c

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z
Density (calculated)

Absorption coefficient

F(000)

158

GeH13102

364.16

173(2) K

0.71073 A

Orthorhombic

Pca2(1)

a=11.537(7) A a = 90°
b =14.916(7) A B =90°
c=7.794(4) A y =90°
1341.2(13) R
4

1.803 Mg#n

2.382 mrh

712
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Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.00°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on &

Final R indices [I>2sigma(l)]

R indices (all data)

Absolute structure parameter

Largest diff. peak and hole

159

0.35 x 0.35 x 0.24 Mm
1.37 to 28.87°
-15<=h<=15, -19<=k<=19, -10<=I<=10
11635
3282 [R(int) = 0.0631]
100.0 %
Semi-empirical from equivalents

0.5987 and 0.4894
Full-matrix least-squares én F
3282/1/173
0.910
R1 =0.0408, wR2 = 0.0974
R1 =0.0583, wR2 = 0.1137

0.01(4)

0.741 and -1.3662.A

RL =2 | Fol = Fdl | /2 [Fol and WR2 = {2 [W(F™FA)?] /= [ W(FA)?] }*?

X-ray Crystallographic Data for Compound 3u*
X-ray data for3u were collected at room temperature on a Bruker-Nonius X8 Apex
CCD area detector equipped with a graphite monochromator and dMuoadiation § =

0.71073), and data reduction were performed using the SAINT progrdyesrpaon
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corrections based on multi-scan were obtained by SADRBSe structures were solved by
direct methods (SHELXS/L program in the SHELXTL-NT softwaeekage) and refined
by full-matrix least-squares based orf. FAll non-hydrogen atoms were refined
anisotropically and hydrogen atoms were included as idealized aiimg on the respective
carbon atoms with C-H bond lengths appropriate to the carbon atoms rgtwiali Details

of the crystal data, data collection and structure refinement are listedblim 33.

Figure S2. Molecular Structure of {)-1,1-Diethyl-3-(iodophenylmethylene)-1,3-

dihydroisobenzofuran 3u

I

TABLE S3. Crystallographic data for ZJ-1,1-Diethyl-3-(iodophenylmethylene)-1,3-

dihydroisobenzofurafBu)

3u
Empirical formula QH14O
Formula weight 390.24
Space group P21/n
a(A) 11.264(2)
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b (A) 10.372(2)
c(A) 15.229(3)
a () 90

B(°) 108.350(3)
7 (%) 90

V (A3 1688.7(5)
VA 4

Density (g/cm) 1.535

Absorption coefficient (maf)  1.893

F(000) 776

Reflection collected 26961

Unique reflections 3481Hint) = 0.0322]
Refined parameters 192

goodness-of-fit 1.048

Rindicesd D R1 = 0.0246WR2 = 0.0610
Rindices (all data) R1 =0.0271wR2 = 0.0626

AR1 =3(Fo - Fel)/ZIFol. PwRe = [Ew(Fo? - Fc)? Ew(Fo) M2

4-lodo-3-phenyl-1H-isochromene (2a).Yellow oil: IR (KBr) 3059 (m), 2978 (m), 2918

(m), 2843 (m), 1602 (m), 1587 (m), 1564 (m), 1478 (m), 1443 (m), 1374 (w), 1247 (m), 1085
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(s), 979 (m), 919 (m), 845 (w), 754 (s) ¢ntH NMR (400 MHz, CDC)) & 7.67-7.61 (m,

2H, aromatic), 7.47 (dl = 7.5 Hz, 1H, aromatic), 7.44-7.38 (m, 3H, aromatic), 7.44-7.38 (m,
3H, aromatic), 7.35 (distorted td,= 7.5, 1.1 Hz, 1H, aromatic), 7.23 (distorteddd; 7.5,

1.1 Hz, 1H, aromatic), 7.01 (d= 7.5 Hz, 1H, aromatic), 5.23 (s, 2H, §H3C NMR (100

MHz, CDCk) 6 156.3, 136.5, 133.5, 130.4, 129.5, 128.7, 128.6, 128.5, 127.8, 127.6, 123.3,
73.3, 69.6; GC-MSn/z 334 (M, 100), 179 (37), 178 (38), 176 (13); HRMS calcd for

C1sH1110 333.98546. Found 333.98588.

4-lodo-3-phenyl-1H-isochromene and Z)-1-(lodophenylmethylene]-1,3-
dihydroisobenzofuran (mixture 2a + 3a). Yellow oil (yield = 71%; 11:1 mixtura3a
determined byH NMR spectroscopy): IR (KBr) 3059 (m), 2978 (m), 2918 (m), 2843 (m),
1602 (m), 1587 (m), 1564 (m), 1478 (m), 1443 (m), 1374 (w), 1247 (m), 1085 (s), 979 (m),
919 (m), 845 (w), 754 (s) ¢ *H NMR (300 MHz, CDCY) & 7.68-7.59 (m, 2H, aromatic,

2a), 7.50-7.28 (m, 5H, aromati@a + 7H, aromatic3a), 7.22-7.15 (m, 1H, aromati@a +

1H, aromatic3a), 6.96 (d,J = 7.1 Hz, 1H, aromati@a), 6.43 (d,J = 8.1 Hz, 1H, aromatic,

3a), 5.39 (s, 2H, CH 3a), 5.18 (s, 2H, CH, 2a); GC-MS @a) m/z334 (M', 99), 207 (21),

180 (27), 179 (100), 176 (32), 152 (30), 151 (15), 105 (17), 102 (46), 89 (31), 88 (12); GC-

MS (33) GC-MS m/z 334 (M, 69), 207 (934), 179 (164), 178 (100), 177 (18), 176 (23), 152
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(22), 151 (13), 90 (13), 89 (64); anal. calcd fasHG1lO (334.15): C, 53.92; H, 3.32; I,

37,98. Found C, 53.99; H, 3.28; |, 37.86.

4-lodo-3-tolyl-1H-isochromene (2b).Yellow solid (yield = 92%): mp 42-44 °AR (KBr)

3051 (m), 2924 (m), 2851 (m), 1590 (m), 1509 (m), 1477 (m), 1452 (m), 1265 (s), 1183 (w),
1084 (s), 919 (m), 819 (m), 737 (s) &ntH NMR (400 MHz, CDCJ) 5 7.57-7.52 (m, 2H,
aromatic), 7.45 (dJ = 7.6 Hz, 1H, aromatic), 7.33 @,= 7.6 Hz, 1H, aromatic), 7.25-7.16

(m, 3H, aromatic), 6.97 (d, = 7.6, 1H, aromatic), 5.20 (s, 2H, @H2.39 (s, 3H, Me)**C

NMR (100 MHz, CDCY}) ¢ 156.4, 140.0, 133.7, 133.5, 130.3, 128.6, 128.5, 128.4, 127.4,
123.3, 121.2, 72.8, 69.5, 21.5; GC-MS m/z 348,(100), 347 (7), 222 (4), 221 (4), 220 (3),

194 (5), 193 (8), 192 (6); HRMS calcd forgH:510 348.00111. Found 348.00173.

4-lodo-3-(4-methoxyphenyl)-H-isochromene (2c)Colorless solid (yield = 85%): mp 99-
101 °C; IR (KBr) 3053 (m), 2965 (m), 2928 (m), 2850 (m), 1607(m), 1507 (m), 1448 (m),
1263 (s), 1175, 1079 (m), 1024 (m), 919 (w), 834 (m), 738 (3) trh NMR (300 MHz,
CDCl3) 67.70-7.58 (m, 2H, aromatic), 7.44 (distorted dl¢, 7.7, 1.2 Hz, 1H aromatic), 7.33

(td, J=7.7, 1.2 Hz, 1H, aromatic), 7.20 (b= 7.7, 1.2 Hz, 1H, aromatic), 6.98 @z 7.7
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Hz, 1H, aromatic), 6.95-6.88 (m, 2H, aromatic), 5.18 (s, 2H.)CH82 (s, 3H, OMe)**C
NMR (75 MHz, CDC}) §160.5, 156.1, 133.9, 132.2, 128.6, 128.5, 127.4, 123.3, 113.1, 72.1,
69.5, 55.3, 30.0; GC-MS m/z 364 {V28), 195 (44), 194 (41), 176 (20), 167 (48), 165 (100),

162 (56), 151 (34); HRMS calcd for 11310, 363.99603, Found 363.99664.

OMe

3-(3,5-Dimethoxyphenyl)-4-iodo-H-isochromene (2d).White solid (yield = 41%): mp
101-102 °C; IR (KBr) 3053 (m), 2986 (w), 2840 (w), 1594 (s), 1456 (m), 1424 (m), 1330
(w), 1265 (s), 1205 (m), 1157 (m), 1063 (m), 1007 (w), 920 (w), 896 (w), 738 (5)'em

NMR (300 MHz, CDC}) §7.47 (ddJ = 7.5, 1.0 Hz, 1H, aromatic), 7.34 (= 7.5, 1.0 Hz,

1H, aromatic), 7.23 (tdJ = 7.5, 1.0 Hz, 1H, aromatic), 6.99 (ddl,= 7.5, 1.0 Hz, 1H,
aromatic), 6.78 (dJ = 2.4 Hz, 2H, aromatic), 6.50 = 2.4 Hz, 1H, aromatic), 5.21 (s, 2H,
CH,), 3.81 [(s, 6H, (OMe]; **C NMR (75 MHz, CDC}) §160.1, 156.2, 138.1, 133.4, 128.7,
128.6, 128.5, 127.7, 123.4, 108.4, 102.1, 73.4, 70.0, 55.5; GC-MS m/z 394Q0), 267

(39), 240 (15), 239 (80), 235 (18), 224 (25), 209 (30), 208 (72), 181 (26), 178 (15),165 (64),

153 (24), 152 (38), 102 (22). HRMS calcd fori:s105 394.00659. Found 394.00741.
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(2)-1-[(3,5-Dimethoxyphenyl)iodomethylene]-1,3-dihydroisobenzofuran (3d). Yellow

solid (yield = 35%): mp 82-83 °C; IR (KBr) 3053 (w), 2965 (s), 2832 (s), 16331461 (s),

1439 (w), 1350 (w), 1283 (w), 1215 (m), 1009 (m), 1059 (m), 940 (m), 855 (m), 776 (M),
746 (m), 709 (s) cilt *H NMR (300 MHz, CDC}) §7.31-7.21 (m, 2H, aromatic), 7.10-7.00

(m, 1 H, aromatic), 6.67-6.60 (m, 1H, aromatic), 6.50@& 2.4 Hz, 2H, aromatic), 6.46 (,

= 2.4 Hz, 1H, aromatic), 5.40 (s, 2H, §H3.78 [(s, 6H, (OMe]; *C NMR (75 MHz,
CDCl3) 6160.9, 156.9, 142.5, 142.1, 130.8, 129.0, 127.8, 123.5, 121.3, 108.1, 101.0, 73.3,
62.8, 55.4; GC-MS m/z 394 (M100), 268 (17), 237 (10), 236 (10), 224 (13), 209 (20), 181
(22), 165 (32), 153 (18), 152 (30), 89 (13); anal. calcd feHGIO; (394.20) C, 51.80; H,

3.84; 1, 12.18. Found C, 51.75; H, 3.81; I, 12.18.

3-(4-Chlorophenyl)-4-iodo-H-isochromene and Z)-1-[(4-
Chlorophenyl)iodomethylene]-1,3-dihydroisobenzofuran2e + 3e).Yellow solid (yield =

85%; 3:1 mixture2e3e determined byH NMR spectroscopy): IR (KBr) 3064 (m), 2971
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(m), 2920 (m), 2855 (m), 1645 (w), 1594 (m), 1488 (s), 1453 (m), 1399 (m), 1242 (m), 1206
(w), 1091 (s), 1017 (m), 978 (w), 919 (m), 826 (m), 750 (s):cthl NMR (300 MHz,
CDCls) 6 7.65-7.55 (m, 2H, aromatie), 7.50-7.41 (m, 1H, aromatie), 7.40-7.17 (m,

4H, aromatic,2a + 6H, aromatic3e), 7.06-6.95 (m, 1H, aromati@e + 1H, aromatic3e),
6.56-6.48 (m, 1H, aromati&e), 5.43 (s, 2H, Chl. 3¢), 5.20 (s, 2H, CHl, 26); GC-MS Q¢

m/z 368 (M, 31), 213 (12), 179 (18), 178 (100), 176 (22), 111 (13), 102 (17), 89 (12), 88
(12); GC-MS Be) m/z368 (M', 52), 242 (14), 241 (24), 213 (24), 206 (21), 179 (22), 178
(100), 176 (39), 152 (15), 103 (11), 89 (37), 88 (2BRMS calcd for GsH1ClIO

367.94649. Found 367.94726.

4-lodo-3-(4-nitrophenyl)-1H-isochromene and Z)-1-[lodo-(4-nitrophenyl)methylene]-
1,3-dihydroisobenzofuran (2f + 3f). Yellow solid (yield = 88%; 1:3 mixture2f:3f
determined by'H NMR spectroscopy): IR (KBr) 3100 (w), 3065 (w), 2927 (w) 2875 (w),
1637 (W), 15891 (m), 1516 (s), 1346 (s), 1290 (w), 1195 (w), 1106 (m), 1071 (s), 999 (m),
845 (m), 769 (m) city *H NMR (300 MHz, CDCY) §8.32-8.22 (m, 2H, aromatigf), 8.20-

8.15 (m, 2H, aromati@f), 7.82-7.75 (m, 2H, aromati2f), 7.68-7.59 (m, 2H, aromati8f),
7.53-7.25 (m, 2H, aromati8f + 4H, aromatic2f), 7.10-7.01 (m, 2H, aromati8f ), 6.56 (d,
J=7.7 Hz, 1H, aromati@f ), 5.48 (s, 2H, CHK 3f), 5.34 (s, 2H, CH 2f); GC-MS @f) m/z

379 (M+, 96), 252 (16), 224 (15), 206 (38), 205 (24), 178 (100), 177 (39), 176 (65). 165 (45),
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152 (33), 151 (23), 89 (36), 88 (23); HRMS calcd forHGINO; 378.97054. Found

378.97098.

3-(3,5-Bis-trifluoromethylphenyl)-4-iodo-1H-isochromene and 2)-1-[(3,5-Bis-
trifluoromethylphenyl)iodomethylene]-1,3-dihydroisobenzofuran (2g + 3g). Yellow oil

(yield = 74%; 4:1 mixtur®g:3g determined byH NMR spectroscopy): IR (KBr) 1656 (w),
1614 (m), 1467 (m), 1373 (m), 1279 (s), 1265 (s), 1178 (s), 1136 (s), 1072 (w), 1014 (w),
1079 (w), 898 (w), 737 (s) cm™H NMR (300 MHz, CDCJ) § 8.05-8.0 (m, 1H, aromatic,

30), 7.87-7.82 (m, 2H, aromati8g + 2H, aromatic2g), 7.57-7.23 (m, 2H, aromati8g +

4H, aromatic2g), 7.07-7.01 (m, 2H, aromati8g + 2H, aromatic2g), 6.45 (d,J = 8.1 Hz,

1H, aromatic,3g), 5.48 (s, 2H, CH 3g), 5.34 (s, 2H, CH 2g); GC-MS @g) m/z470 (M,

100), 468 (28), 177 (14), 176 (14), 129 (10), 127 (32), 89 (14); GC3dSn{/z470 (M,

100), 469 (58), 468 (15), 467 (11), 344 (16), 343 (21), 316 (14), 315 (16), 295 (14), 275 (13),

246 (21); HRMS calcd for GHoFslO 469.96023. Found 469.96130.
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4-lodo-3-(thiophen-3-yl)-1H-isochromene (2h).Yellow solid (yield = 82%): mp 26-27 °C.

IR (KBr) 3052 (m), 2952 (m), 2851 (m), 1590 (m), 1477 (m), 1453 (w), 1362 (w), 1230 (W),
1183 (w), 1089 (m), 1079 (m), 1004 (m), 922 (m), 838 (m), 735 (S} &rh NMR (400
MHz, CDCk) & 7.87 (dd,J = 2.8, 1.2 Hz, 1H, aromatic), 7.57 (dii= 5.3, 1.2 Hz, 1H,
aromatic), 7.45 (dd) = 8.1, 0.8 Hz, 1H, aromatic), 7.36 -7.25 (m, 2H, aromatic), 7.57 (td,
=7.3, 1.2 Hz, 1H, aromatic), 6.97 (U= 6.9 Hz, 1H, aromatic), 5.13 (s, 2H, gH2.17 (br s,

1H, OH);13C NMR (75 MHz, CD{J) 6 151.5, 136.7, 133.7, 129.0, 128.92, 128.88, 128.51,
128.53, 127.5, 124.4, 123.3, 72.8, 69.2, 17.9; GC-MS m/z 34082}, 185 (65), 184 (100),
183 (90), 153 (34), 151 (37), 141 (18), 138 (22); HRMS calcd fgH4IOS 339.94189.

Found 339.94249.

3-(Cyclohex-1-enyl)-4-iodo-H-isochromene (2i).Yellow solid (yield = 80%): mp 46-48

°C; IR (KBr) 3055 (m), 2950 (m), 2847 (m), 1607 (m), 1507 (m), 1448 (m), 1263 (s), 1175
(3), 1079 (m), 1024 (m), 919 (w), 834 (m), 738 (s)'chd NMR (400 MHz, CDCY) 57.37

(d,J = 7.4 Hz, 1H, aromatic), 7.30 @,= 7.4 Hz, 1H, aromatic), 7.17 @,= 7.4 Hz, 1H,
aromatic), 6.94 (dJ = 7.4 Hz, 1H, aromatic), 6.07 (s, 1H, G4} 5.05 (s, 2H, €,0), 2.30-

2.11 ( m, 4H, CEl,CH,CH,CH,CH), 1.77-1.60 (m, 4H, CCiEH,CH,CH,CH); **C NMR

(100 MHz, CDC}) 6 158.9, 134.8, 133.3, 128.4, 128.3, 127.1, 123.2, 72.0, 69.1, 30.3, 29.7,
26.9, 25.1, 22.4, 21.7; GC-MS m/z 338"(M.00), 336 (87), 213 (35), 212 (32), 209 (25);

HRMS calcd for GsH1510 338.01676. Found 338.01743.
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|
3-Butyl-4-iodo-1H-isochromene (2j).Yellow oil (yield = 57%): IR (KBr) 2959 (m), 2870
(m), 1603 (m), 1574 (m), 1516 (m), 1454 (s), 1379 (w), 1256 (w), 1103 (w), 752 ¢sitdm
NMR (400 MHz, CDC}) ¢ 7.35-7.22 (m, 2H, aromatic), 7.20-7.10 (m, 2H, aromatic), 6.93
(d,J = 7.1 Hz, 1H, aromatich.02 (s, 2H, CkD), 2.60 (tJ = 7.6 Hz, 2H, E&,CH,CH,CHs),
1.62-1.45 (m, 2H, 8,CH,CHzs), 1.41 (sext]) = 7.3 Hz, 2H, CHCH,CHj3), 0.95 (t,J = 7.3,
3H, Me); 3c NMR (75 MHz, CDCJ) 6 159.85, 132.8, 128.4, 128.0, 127.4, 126.9, 123.2,
73.7, 68.7, 36.6, 29.5, 22.4, 14.0; GC-MS m/z 314, (®0 ), 271 (11), 146 (15), 145 (97),
144 (11), 131 (10), 129 (16), 128 (16), 117 (78), 116 (54), 115 (100), 103 (34), 102 (48), 91
(20), 89 (16); anal. calcd fori€H:510 (314.16) C, 49.70; H, 4.81; |, 40.39. Found C, 49.81,

H, 4.81; 1, 40.48.

4-lodo-7-methoxy-3-phenyl-H-isochromene (2n).Yellow solid (yield = 51%): mp 106-
108 °C; IR (KBr) 3051 (w), 2960 (m), 2930 (m), 2856 (w), 1612 (w), 1490 (m), 1448 (m),
1265 (s), 1075 (m), 1042 (m), 982 (w), 809 (m), 739 (s};cid NMR (400 MHz, CDCY) &
7.67-7.60 (m, 2H, aromatic), 7.45-7.35 (m, 4H, aromatic), 6.87 Jdd 8.5, 2.0 Hz, 1H,
aromatic), 6.65-6.57 (m, 1H, aromatic), 5.19 (s, 2H)CBI83 (s, 3H, OMe)*C NMR (100

MHz, CDCk) ¢ 159.4, 154.4, 136.6, 130.3, 130.2, 130.0, 129.3, 127.7, 126.4, 113.1, 109.4,
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73.1, 69.5, 55.5; GC-MS m/z 364 {ML00), 237 (41), 209 (68), 208 (23), 194 (41), 165 (41);

HRMS calcd for GsH1310,363.99603. Found 363.99664.

4-lodo-7-methoxy-3p-tolyl-1H-isochromene (20).Yellow solid (yield = 61%): mp 76-78

°C; IR (KBr) 3053 (w), 2925 (w), 2840 (w), 1611 (m), 1491 (m), 1312 (w), 18541084

(m), 1043 (m), 1024 (w), 943 (w), 819 (m), 720 (s)’criH NMR (400 MHz, CDCJ) §7.54

(d, J = 7.8 Hz, 2H, aromatic), 7.38 (d,= 8.5 Hz, 1H, aromatic), 7.20 (d,= 7.8 Hz, 2H,
aromatic), 6.85 (dd] = 8.5, 1.6 Hz, 1H, aromatic), 6.59 (s, 1H, aromatic), 5.17 (s, 2H), CH
3.82 (s, 3H, OMe), 2.39 (s, 3H, MéfC NMR (100 MHz, CDGJ) § 159.3, 154.4, 139.4,
133.6, 130.3, 130.1, 128.4, 126.7, 113.1, 109.4, 109.3, 72.6, 69.4, 55.5, 21.5; GC-MS m/z
378 (M, 31), 251 (25), 224 (41), 223 (64), 222 (36), 220 (34), 208 (52) 206 (38), 205 (100),

178 (21); HRMS calcd for zH1510,378.01168. Found 378.01227.

4-lodo-7-nitro-3-p-tolyl-1H-isochromene (2p).Yellow solid (yield = 92%): mp 164-165
°C; IR (KBr) 3054 (m), 2986 (w), 2927 (w), 1602 (w), 1505 (br m), 1344 (m), 1265 (s), 1079
(w), 893 (w), 739 (s) cifi *H NMR (400 MHz, CDCJ) §8.20 (d,J = 7.8 Hz, 1H, aromatic),

7.94 (s, 1H, aromatic), 7.65-7.51 (m, 3H, aromatic), 7.32-7.12Mmaromatic), 5.30 (s, 2H,
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CH,), 2.42 (s, 3H, Me)**C NMR (100 MHz, CDGJ) & 160.2, 146.5, 140.8, 140.2, 132.6,
130.4, 129.2, 128.7, 128.6, 124.1, 118.7, 70.0, 69.0, 21.5; GC-MS m/z 393Q0), 267
(25), 265 (45), 237 (36), 193 (40), 192 (82), 191 (93), 189 (33), 176 (21), 165 (37), 91 (23);

HRMS calcd for GsH12INO3392.98619. Found 392.98689.

8-lodo-7-phenyl-8H-pyrano[4,3-b]pyridine (2q). Yellow solid (yield = 98%): mp 95-97
°C: IR (KBr) 3049 (m), 2982 (w), 2923 (w), 2854 (w),1613 (w), 1588 (m), 1420 (m), 1261
(s), 1071 (m), 913 (w), 712 (s) €m'H NMR (400 MHz, CDCJ) & 8.59 (s, 1H, aromatic),
7.72 (s, 2H, aromatic), 7.54-7.26 (m, 4H, aromatic), 7.15 (m, 1H, aromatic), 5.2H,(
CHy); 3C NMR (100 MHz, CDGJ) 6160.6, 150.2, 149.3, 135.8, 131.1, 130.3, 130.1, 127.8,
123.2, 122.3, 118.9, 69.1; GC-MS m/z 335'(MI00), 334 (30), 180 (37), 179 (32), 77 (40);

HRMS calcd for G4H10INO 334.98071. Found 334.98125.

8-lodo-7-p-tolyl-5H-pyrano[4,3-b]pyridine (2r). Yellow solid (yield = 92%): mp 90-91 °C;
IR (KBr) 3052 (m), 2985 (w), 2924 (w), 2853 (w), 1611 (w), 1582 (m), 1425 (m), 1965 (
1088 (m), 922 (w), 729 (s) ¢m*H NMR (400 MHz, CDC}) 5 8.58 (d,J = 5.0 Hz, 1H,

aromatic), 7.62 (dJ = 8.0 Hz, 2H, aromatic), 7.30 (d= 7.3 Hz, 2H, aromatic), 7.23 (d=
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8.0 Hz, 2H, aromatic), 7.13 (dd,= 7.3, 5.0 Hz, 1H, aromatic), 5.27 (s, 2H, L+H2.40 (s,
3H, Me); **C NMR (100 MHz, CDG)) § 160.6, 150.4, 149.2, 140.3, 132.8, 131.1, 130.3,
128.5, 123.2, 122.1, 75.2, 69.0, 21.5; GC-MS m/z 34Y 80), 255 (38), 194 (100), 193

(39), 86 (43), 84 (60); HRMS calcd fordEl;INO 348.99636. Found 348.99689.

1-Butyl-4-iodo-3-phenyl-1H-isochromene and Z)-1-Butyl-3-(iodophenylmethylene)-1,3-
dihydroisobenzofuran (2s + 3s).Yellow oil (yield = 76%; 3:1 mixtur@s:3sdetermined by
'H NMR spectroscopy): IR (KBr) 3027 (m), 2953 (s), 2856 (m), 1671 (m), 1593563
(m), 1458 (m), 1253 (m), 1080 (s), 1025 (w), 932 (m), 816 (m), 750 (3) EMNMR (300
MHz, CDCk) 6 7.65-7.55 (m, 2H, aromatis), 7.50-7.45 (m, 1H, aromati@s), 7.44-7.10
(m, 5H, aromatic2s +7H, aromatic3s), 7.00-6.99 (m, 1H, aromatigs +1H, aromatic39),
6.43 (d,J = 7.7 Hz, 1H, aromati®s), 5.55 (distorted dd] = 7.3, 4.0 Hz, 1H, OB, 39, 5.55
(distorted ddJ = 8.2, 5.5 Hz, 1H, ORB, 29); 2.18-1.85 (m, 2H, B,CH,CH,CHs, 2s + 2H,
CH,CH,CH,CHgs, 3s), 1.65-1.20 (m, 1H, 4H, Ci#€H,CH,CHjs, 2s + 4H, CHCH,CH,CHj,
39, 1.01-0.79 (m, 3H, CHCH,CHs, 2s + 3H, CHCH,CHs, 39; GC-MS @9 m/z390 (M,
22), 334 (16), 333 (100), 207 (16), 206 (56), 178 (16), 105 (29); GCAYIN(z 390 (M,

92), 333 (72), 207 (50), 206 (65), 191 (18), 178 (56), 176 (32), 152 (25), 149 (25), 131 (20),
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115 (31), 105 (28), 91 (100), 89 (3@&)al. calcd for @H1lO (390.26) C, 58.47; H, 4.91; |,

32.52 . Found C, 58.31; H, 4.99; |, 32.55.

1-Butyl-4-iodo-3p-tolyl-1H-isochromene (2t).Yellow oil (yield = 72%): IR (KBr) 3028

(m), 2955 (s), 2859 (m), 1675 (m), 1595 (s), 1567 (w), 1507 (m), 1451 (m), 1378 (w), 1253
(m), 1182 (w), 1082 (s), 1021 (w), 934 (m), 818 (m), 757 (s);cdid NMR (300 MHz,
CDCl3) 6 7.55-7.50 (m, 2H, aromatic), 7.47 (distorted dd; 7.5, 1.2 Hz, 1H, aromatic),
7.30 (td,J = 7.5, 1.2 Hz, 1H, aromatic), 7.24-7.17 (m, 3H, aromatic), 6.95 (d distdrted,

7.5 Hz, 1H, aromatic), 5.15 (dd,= 8.1, 5.3 Hz, 1H, OCH), 2.38 (s, 3H, Me), 2.18-2.03 (m,
1H, CHHCH,CH,CHs), 1.97-1.85 (m, 1H, CHCH,CH.CH; ), 1.68-1.23 (m, 4H,
CH,CH,CHs), 0.93 (t,J = 7.1 Hz, 3H, CHCH3); **C NMR (75 MHz, CDCJ) & 154.5, 139.5,
134.1, 132.7, 132.0, 130.2, 129.0, 128.5, 128.1, 127.4, 123.3, 78.5, 72.03, 32.9, 27.5, 22.5,
21.5, 14.0GC-MS m/z 404 (M, 51), 348 (25), 347 (100), 221 (24), 220 (92), 205(11), 191
(23), 189 (18), 178 (10), 165 (12), 119 (39), 91 (3Hal. calcd for GH,.0 (404.28) C,

59.42; H, 5.24; 1, 31.39. Found C, 59.54; H, 5.28; |, 31.42.

Et. Et
(ILp
\
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(2)-1,1-Diethyl-3-(iodophenylmethylene)-1,3-dihydroisobenzofuran(3u). Yellow solid

(yield = 70%): mp 93-95 °C; IR (KBr) 3071 (w), 2966 (s), 2934 (m), 2876 (w), 1685 (
1461 (s), 1353 (w), 1290 (w), 1100 (m), 1076 (m), 1023 (w), 953 (s), 875 (m), 810 (w), 765
(m), 750 (s) crit; *H NMR (300 MHz, CDCY) § 7.47-7.27 (m, 5H, aromatic), 7.22 Jt= 7.4

Hz, 1H, aromatic), 7.04 (d,= 7.4 Hz, 1H, aromatic), 6.95-6.90 (m, 1H, aromatic), 6.43 (d,

= 7.4 Hz, 1H, aromatic), 2.05 [sedtz= 7.3 Hz, 2H, (EIHCHs3),], 1.85 [(sextJ = 7.3 Hz, 2H,
(CHHCHs),], 0.76 [(t,J = 7.3 Hz, 6H, CHCHa)s]; °C NMR (75 MHz, CDC}) & 156.1,

147.4, 141.2, 130.8, 128.83, 128.76, 128.1, 127.5, 122.8, 121.0, 92.7, 62.1, 32.6, 7.7, GC-MS
m/z 390 (M, 39), 362 (19), 361 (100), 235 (15), 234 (11), 205 (47), 177 (10), 176 (24), 151
(12), 105 (16), 91 (20), 89 (10); anal. calcd fasHGolO (390.26) C, 58.47; H, 4.91; |, 32.52.

Found C, 58.59; H, 4.88; |, 32.51.

Et Et

(2)-1,1-Diethyl-3-(iodop-tolylmethylene)-1,3-dihydroisobenzofuran (3v). Yellow solid
(yield = 70%): mp 60-63 °C; IR (KBr) 3019 (w), 2965 (m), 2936 (w), 28¥8 1634 (m),
1507 (w), 1462 (s), 1355 (w), 1291 (w), 1209 (w), 1099 (m), 1073 (m), 952 (s), 87766n)
(m) cm*; '"H NMR (300 MHz, CDCJ) & 7.35-7.27 (m, 2H, aromatic), 7.26-7.15 (m, 3H,
aromatic), 7.06-7.02 (m, 1H, aromatic), 7.00-6.92 (m, 1H, aromatic), 6.49 €77 Hz,

1H, aromatic), 2.40 (s, 3H, Me), 2.06 (sekt 7.3 Hz, 2H, (EIHCHs),), 1.84 [(sext,) = 7.3
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Hz, 2H, (CHHCHs),], 0.77 [(t,J = 7.3 Hz, 6H, CHCHs),]; **C NMR (75 MHz, CDCJ) §

156.0, 147.4, 138.3, 137.9, 132.0, 130.6, 129.6, 128.7, 127.4, 122.9, 121.0, 92.5, 62.5, 32.6,
21.4, 7.7; GC-MS m/z 404 (\5), 376 (23), 375 (100), 248 (17), 220 (10), 219 (39), 189
(20), 119 (11), 105 (13); anal. calcd fosd8,110 (404.28) C, 59.42; H, 5.24; |, 31.39. Found

C, 59.35; H, 5.10; [, 31.31.

Et. Bu

T
\ I
»

(2)-1-Butyl-1-ethyl-3-(iodophenylmethylene)-1,3-dihydroisobenzofian  (3w). Yellow
solid (yield = 82%): mp 84-86 °C; IR (KBr) 3058 (w), 2968 (s), 2936 (s), 48Y)3 1641
(m), 1465 (s), 1441 (w), 1378 (w), 1291 (w), 1209 (m), 1005 (m), 1068 (m), 961 (m), 864
(m), 771 (m), 753 (m), 700 (s) ém'H NMR (300 MHz, CDC)) & 7.46-7.27 (m, 5H,
aromatic), 7.26-7.18 (m, 1H, aromatic), 7.05J¢& 7.9 Hz, 1H, aromatic), 6.99 (td= 7.9,
0.8 Hz, 1H, aromatic), 6.42 (dJ= 7.9 Hz, 1H, aromatic), 2.14-1.93 (m, 2Hi4CH3), 1.91-
1.70 (m, 2H, €i,CH,CH,CHz), 1.44-1.15 (m, 4H, C¥CH,CH,CHj), 0.85 (t,J = 7.3 Hz, 3H,
CH,CH3; or CH,CH,CH,CH3), 0.76 (t,J = 7.3 Hz, 3H, CHCH,CH,CH3 or CH,CH3); %
NMR (75 MHz, CDC}) ¢ 156.1, 147.8, 141.2, 131.7, 130.8, 128.8, 128.7, 128.1, 127.4,
122.8, 121.0, 92.4, 62.1, 39.4, 32.9, 25.4, 22.8, 14.0, 7.7; GC-MS m/z 418@\V 390
(22), 389 (100), 362 (20), 361 (95), 235 (13), 220 (14), 206 (14), 205 (68), 191 (11), 189
(11), 177 (18), 176 (30), 151 (12), 91 (21); anal. calcd fgH&IO (418.31) C, 60.30; H,

5.54; |, 30.34. Found C, 60.23; H, 5.61; I, 30.31.
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Computational Details. All computations were carried out using the GAMESS suite of
programs'® The 6-31G(d) basis set was used for all C and H atoms, asBtiC effective
core potential and corresponding basis set (with polarization) wag fose 14°*°
Optimizations were carried out at RHF, MP2, and B3LYP levelshebry, all using Cs
symmetry. Hessians were calculated at the RHF level ofyttend showed zero imaginary
frequencies. Zero point energies and corrections to 298 K wereftakenhis calculation.

Table S4 gives the absolute energies obtained at each levedooy.t The coordinates for

each molecule are given below.

Table S4. Absolute and relative energiestbindZ- 1,1-diethyl-3-(iodophenylmethylene)-

1,3-dihydroisobenzofurar8g)

Z-isomer energy E-isomer energy E-Z AH, E-Z
(Hartree) (Hartree) (kcal/mol)  (kcal/mol)
RHF -816.6343792 -816.6282395 3.85 3.79
B3LYP -821.5739791 -821.5681677 3.65 3.59
MP2 -819.3257530 -819.3194268 3.97 3.91
ZPE + H, kcal/mol 233.401 233.341 -0.06

E-isomer
B3LYP:
COORDINATES OF SYMMETRY UNIQUE ATOMS (ANGS)

ATOM CHARGE X Y Z
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I

6.0 -0.8055600665

6.0 -1.7671509728

6.0 -3.5825656905

6.0 4.2716544721

6.0 4.1322900796

6.0 2.8517944980

6.0 1.7106268746

6.0 1.8541272392

6.0 3.1390788020

6.0 0.5344342842

6.0 2.4392828984

6.0 2.8765014465

6.0 -3.1295241762

6.0 2.4143254607

6.0 -2.2304040954

8.0 0.9850441970

53.0 -1.7205456159

1.0 2.4899192073

1.0 3.9725433761

1.0 1.3218681410

1.0 2.7531962467

1.0 2.8136449078

1.0 -1.8811758803

177

0.0161259902

1.1470834420

3.2930583197

-1.8127070308

-0.4219757675

0.1229940982

-0.6946801037

-2.0882063610

-2.6341712549

0.1933022997

1.5751478133

2.3421515730

2.7578019775

1.7272486097

1.6911295238

1.4980858629

-1.9121181713

3.3657466871

2.4181053556

1.6711379578

2.3412260742

0.7166929741

1.2709227532

0.0000000000

0.0000000000

0.0000000000

0.0000000000

0.0000000000

0.0000000000

0.0000000000

0.0000000000

0.0000000000

0.0000000000

0.0000000000

1.2679493169

1.2082045126

2.5923502475

1.2083160527

0.0000000000

0.0000000000

1.1834105793

1.2504414796

2.6352542946

3.4343236128

2.7304500089

2.1478707327
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MP2:

178

1.0 -3.4778573902 3.1703043989

1.0 3.2570105093 -3.7144316220

1.0 5.2633759613 -2.2574908659

1.0 0.9912244740 -2.7409174739

1.0 5.0110226615 0.2184889007

1.0 -4.2862583035 4.1217586345

2.1518602958

0.0000000000

0.0000000000

0.0000000000

0.0000000000

0.0000000000

COORDINATES OF SYMMETRY UNIQUE ATOMS (ANGS)

ATOM CHARGE X

o o o o o o o o o O O O O

6.0

6.0

6.0

6.0

6.0

6.0

6.0

6.0

6.0

6.0

6.0

6.0

6.0

-0.8097088859

-1.7425779271

-3.4892279278

4.2894331681

4.1300798648

2.8389482355

1.7114556599

1.8700345611

3.1662800907

0.5327610024

2.4124052029

2.8295935166

-3.0529336692

-0.0046101440

1.1386897353

3.3310361071

-1.7585811196

-0.3695357688

0.1520929369

-0.6832380371

-2.0765349247

-2.5970928143

0.1869562726

1.5888924513

2.3381469558

2.7832664866

0.0000000000

0.0000000000

0.0000000000

0.0000000000

0.0000000000

0.0000000000

0.0000000000

0.0000000000

0.0000000000

0.0000000000

0.0000000000

1.2670886282

1.2103150895
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H

RHF:

6.0 2.3569814297

6.0 -2.1857789692

8.0 0.9555901642

53.0 -1.7163534598

1.0 2.4232967575

1.0 3.9242134886

1.0 1.2682722626

1.0 2.6465076565

1.0 2.7934491795

1.0 -1.8445032493

1.0 -3.3908944690

1.0 3.3035640864

1.0 5.2874523307

1.0 1.0163540995

1.0 4.9991516366

1.0 -4.1670889805

179

1.6711905171

1.6893043573

1.5074225455

-1.9179727253

3.3549358802

2.4291675319

1.5750140174

2.2702101843

0.6751529102

1.2555567555

3.2074699502

-3.6759951676

-2.1910613050

-2.7433357134

0.2867728359

4.1815462223

2.5547613254

1.2121138261

0.0000000000

0.0000000000

1.1979590253

1.2596656636

2.5539521895

3.4235037784

2.6696153399

2.1502307502

2.1532608851

0.0000000000

0.0000000000

0.0000000000

0.0000000000

0.0000000000

COORDINATES OF SYMMETRY UNIQUE ATOMS (ANGS)

ATOM CHARGE X

6.0 -0.7865181320 0.0140741022 0.0000000000

6.0 -1.7446864770 1.1559376585 0.0000000000

6.0 -3.5365488286 3.2908285895 0.0000000000
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I

6.0 4.2594899136

6.0 4.1141086496

6.0 2.8367564861

6.0 1.7165209637

6.0 1.8641343015

6.0 3.1411116791

6.0 0.5322635297

6.0 2.4152912199

6.0 2.8489120615

6.0 -3.0900410422

6.0 2.3926328207

6.0 -2.2013389094

8.0 0.9910222251

53.0 -1.7228368573

1.0 2.4575079636

1.0 3.9327221915

1.0 1.3122755925

1.0 2.7175220808

1.0 2.8054620856

1.0 -1.8597836640

1.0 -3.4332656052

1.0 3.2663844820

1.0 5.2428396642

180

-1.7928685738

-0.4160273522

0.1141006459

-0.7011900388

-2.0841382941

-2.6176056288

0.1887049340

1.5615068123

2.3292607913

2.7568666311

1.7238497436

1.6947290038

1.4654662430

-1.8847080640

3.3383076688

2.4122188257

1.6533720225

2.3515001889

0.7334420146

1.2786391365

3.1652242326

-3.6850484492

-2.2275756449

0.0000000000

0.0000000000

0.0000000000

0.0000000000

0.0000000000

0.0000000000

0.0000000000

0.0000000000

1.2583933957

1.1981098225

2.5843016044

1.1974724644

0.0000000000

0.0000000000

1.1735544027

1.2447449373

2.6281032009

3.4080641407

2.7413471615

2.1280943379

2.1318997414

0.0000000000

0.0000000000
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H

H

Z-Isomer

B3LYP:

181

1.0 1.0191240964 -2.7386249414 0.0000000000

1.0 4.9794838317 0.2223582016 0.0000000000

1.0 -4.2281911085 4.1142717614 0.0000000000

COORDINATES OF SYMMETRY UNIQUE ATOMS (ANGS)

ATOM

o o o o o o o o o O O O O O

CHARGE X

6.0 2.6225569016

6.0 -1.9812901040

6.0 -2.7031189729

6.0 3.1888814923

6.0 2.6327650025

6.0 0.5327698737

6.0 -0.8134656237

6.0 -1.6018135197

6.0 3.8690192427

6.0 2.6120884913

6.0 1.4391206468

6.0 1.5446521580

6.0 2.8037461989

6.0 -3.0636658201

1.2298550856

-1.9202877883

-3.1145741603

1.7518077990

1.0678332442

0.0236995488

-0.0598051656

-1.3130000046

-2.5845263051

-3.2024122862

-2.4455629172

-1.0493554327

-0.4340374003

-3.7155486695

2.5913569680

1.2090192274

1.2088271316

1.2678437752

0.0000000000

0.0000000000

0.0000000000

0.0000000000

0.0000000000

0.0000000000

0.0000000000

0.0000000000

0.0000000000

0.0000000000
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MP2:

182

6.0 3.9722777063 -1.1903074720

8.0 1.1805740697

53.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

-1.9482952687

-1.7009254338

-2.9840065928

2.9860390014

4.2817449882

1.5359978112

3.0542297427

2.8476276476

4.9484914669

4.7695979231

2.5466907486

0.4724074028

-3.6259687923

1.2291157439

1.7487220983

-1.4500058118

-3.5754531729

2.8266280055

1.6371446925

1.3575369913

1.7840727903

0.1678407187

-0.7112756215

-3.1930031357

-4.2872004590

-2.9342141980

-4.6458427776

0.0000000000

0.0000000000

0.0000000000

2.1476683532

2.1524784112

1.1793155180

1.2541616313

2.6267905943

3.4324089332

2.7393019057

0.0000000000

0.0000000000

0.0000000000

0.0000000000

0.0000000000

COORDINATES OF SYMMETRY UNIQUE ATOMS (ANGS)

ATOM CHARGE X

6.0 2.6013914851 1.1583551357

6.0 -1.9302290925 -1.8692420718

6.0 -2.5863703122 -3.1014909532

6.0 3.1799805643 1.7348446202

2.5554773998

1.2125097555

1.2107834929

1.2673673328
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I

6.0 2.6269922324

6.0 0.5143562411

6.0 -0.8368341650

6.0 -1.5814226195

6.0 3.7915592366

6.0 2.5201186216

6.0 1.3563670147

6.0 1.4946031410

6.0 2.7643930369

6.0 -2.9144024320

6.0 3.9223526103

8.0 1.1781256586

53.0 -1.9587919778

1.0 -1.6675518259

1.0 -2.8463382864

1.0 2.9659332854

1.0 4.2725992038

1.0 1.5126142170

1.0 2.9930577229

1.0 2.8592319837

1.0 4.9083298954

1.0 4.6798301562

1.0 2.4373615078

183

1.0812525798

0.0858139318

0.0173613240

-1.2522327671

-2.5803370296

-3.1734894366

-2.4010871060

-1.0055505223

-0.4132423060

-3.7203219845

-1.1881419262

1.2879851521

1.8090453534

-1.3825219803

-3.5777463522

2.8089858536

1.6240837052

1.2530822474

1.6969282333

0.1015737528

-0.7254655520

-3.2081115713

-4.2581058874

0.0000000000

0.0000000000

0.0000000000

0.0000000000

0.0000000000

0.0000000000

0.0000000000

0.0000000000

0.0000000000

0.0000000000

0.0000000000

0.0000000000

0.0000000000

2.1497736270

2.1536127719

1.2043218294

1.2530141724

2.5595789956

3.4236747663

2.6674213804

0.0000000000

0.0000000000

0.0000000000
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H

RHF:

184

1.0 0.3809643539 -2.8766974462 0.0000000000

1.0 -3.4260755327 -4.6799700979 0.0000000000

COORDINATES OF SYMMETRY UNIQUE ATOMS (ANGS)

ATOM CHARGE X

o o o o o o o o o o o o o o o o

6.0 2.6172718645

6.0 -1.9668986097

6.0 -2.7026175666

6.0 3.1640723976

6.0 2.6151355151

6.0 0.5398805195

6.0 -0.7857400463

6.0 -1.5831581124

6.0 3.8732298197

6.0 2.6302913716

6.0 1.4625534989

6.0 1.5606908878

6.0 2.7982894826

6.0 -3.0705523102

6.0 3.9671166039

8.0 1.1903042847

1.2142650623

-1.9142344324

-3.0878139462

1.7406848282

1.0523405708

0.0091865315

-0.0655215845

-1.3193728584

-2.5683308222

-3.1928210630

-2.4506742643

-1.0638702797

-0.4461206283

-3.6783092399

-1.1868149629

1.1885992669

53.0 -1.9131924489 1.7289801813

2.5842454040

1.1983029815

1.1988230371

1.2587593470

0.0000000000

0.0000000000

0.0000000000

0.0000000000

0.0000000000

0.0000000000

0.0000000000

0.0000000000

0.0000000000

0.0000000000

0.0000000000

0.0000000000

0.0000000000
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H 1.0 -1.6847956574 -1.4545366553 2.1281065380
H 1.0 -2.9886515192 -3.5384836406 2.1322652342
H 1.0 2.9382259034 2.7990887031 1.1745364480
H 1.0 4.2472932391 1.6497998273 1.2447975950
H 1.0 1.5392501798 1.3147975502 2.6281362587
H 1.0 3.0365225669 1.7832200191 3.4079889896
H 1.0 2.8701335590 0.1713920797 2.7412609396
H 1.0 4.9297009862 -0.7072508713 0.0000000000
H 1.0 4.7680103531 -3.1644446886 0.0000000000
H 1.0 2.5749833401 -4.2662658852 0.0000000000
H 1.0 0.5125247211 -2.9448931354 0.0000000000
H 1.0 -3.6432163113 -4.5883659681 0.0000000000
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CHAPTER 4. Solution Phase Parallel Synthesis of a Multi-substituteCyclic Imidate

Library
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The solution-phase parallel synthesis of a 71 member diverseylibfamulti-
substituted cyclic imidates is described. The key intermediatexiomethylene-containing
cyclic imidates, are readily prepared in good to excellesidyiby the palladium/copper-
catalyzed cross-coupling of variowsiodobenzamides and terminal alkynes, followed by
electrophilic cyclization with )l These cyclic imidates were further functionalized by
palladium-catalyzed Suzuki-Miyaura, Sonogashira, carbonylative #omdand Heck

chemistry using sublibraries of commercially available building blocks.

Introduction

Heterocyclic compounds are of great importance in a variety @fsaracluding
medicinal chemistry, materials chemisétz. There has been an increasing demand for new
and efficient strategies for the synthesis of important heteliocring systems for the
purpose of exploring their potential applications in pharmaceuticalstaed relevant areas.
We have previously reported the generation of various important hatksecand
carbocycles through very efficient electrophilic cyclizationnotstry using halogen, sulfur
and selenium electrophilédn particular, we have recently found that the iodocyclization of
2-alkynyl benzamides leads to formation of the correspondingcagudates, also known in
the literature as iminolactones (Schemé& Where electrophilic attack occurs on oxygen

rather than nitrogeh?
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Scheme 1Synthesis of Cyclic Imidates by Electrophilic Cyclization

NHR' NR' NR'
.

o __ B _ o . o}
\ = RZ
N 2

R? R |
E* =1,, ICI, NBS
R' = Me, Ph, Bn

R2 = alkyl, aryl, alkenyl, TMS

Over the years, several groups have reported various synthetic toutsglic
imidates/iminolactone¥In a few cases, the biological potential of this heterocdaffold
has also been investigated. For example, gossylic iminolactohe I((Gtlerived from the
natural product Gossypoll } has been found to exhibit anti-HIV activityAs a part of our
ongoing library generation prograimye continued to further incorporate diversity into the
cyclic imidate/iminolactone heterocyclic ring system to sttitly biological profile of the
resulting imidates. Here we report our studies on the solution phase synttegis member

diverse library of these cyclic imidates.

Gossypol (ll)
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Results and Discussion
Our strategy for library production is shown in Scheme 2. We artgcipat our
previously described iodocyclization process should readily affoisubstituted 3-
iodomethylene-containing cyclic imidate$ @s key intermediates. Further functionalization
can be achieved by taking advantage of the iodine handle present exotyelic double
bond at the 3-position, through various coupling reactions to generateawy htath four

points of diversity.

Scheme 2Library Design for Tetrasubstituted Cyclic Imidates

o ca;. Pd/Cu NHR2 NR2 NR?
R3—=
X X
N ONHR? 2 Y0 B Rrig O +R'y 7
11 —— > Ry _
I % R3
R3 |
1 3 41 5

major minor

Pd-catalyzed
couplings
building blocks
(2,6-8)
NR?
Rt o)
=

3
g RY 1
The starting o-iodobenzamides 1 were conveniently prepared from the
corresponding commercially available carboxylic acids by fieftuxing the acid with
thionyl chloride, followed by reaction with the corresponding aminthé same pdt® The

alkynes 3 required for cyclization are readily prepared by the pallattiapper-catalyzed
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Sonogashira cross-couplihgf the o-iodobenzamided with terminal alkynes?2 and the

results are summarized in Table 1. As shown in the Tablegthasite alkyne${1-6} are

readily obtained in good to excellent yields by this straightforward apiproa

Table 1.Library Data for the 2-(1-Alkynyl)benzamid&§1-6}

0 o)
R1@fj\NHR2 s e g3 CaLPdCU _ il : NHR?
= N
| 2 N
R3
1{1}R'=H, RZ=Ph 3{1-6}
1{2} R' = H, R? = PMB
1{3} R = 4,5-(OMe),, R? = Me
compd R’ R° R’ yield® (%)
31} H Ph n-Pr 91
3{2} H Ph TMS 76
3{3} 4,5-(MeO), PMB ™S 96
3{4} 4,5-(MeO), Me Ph 87
3{5} 4,5-(MeO), Me 2-pyr 76
3{6} 4,5-(MeO) Me 2-thienyl 83

All reactions were carried out on a 5.0 mmol scale using 1.2 equiv of the alkyne, 2 mol
% PdC(PPh)2, 1 mol % Cul and DIPA (4 equiv) in DMF (25 mL) at 85 (see the
Supporting Information for the detailed procedurBsplated yields after column

chromatography.

As the key step in our library synthesis, variously substituted igdiiccamidates4

have been efficiently prepared within 1-2 h by electrophilic zgtion of the corresponding

o-(1-alkynyl)benzamide8{ 1-6} using L/NaHCGO; in MeCN at ambient temperature (Table
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2). All of the cyclized productgl have been purified by column chromatography. The

reaction works well for all substrates containing alkyl, affiS or heteroaryl groups at the

distal end of the carbon-carbon triple bond. It is noteworthy thaeiptesence of electron-

donating methoxy groups on the amide phenyl &§-6}, only one regioisomer was

isolated exclusively. In fact, the electron-donating effecthefplara methoxy group (with

respect to the alkyne) should increase the electron density2oaf@he arylethynyl group,

thus favoring intramolecular nucleophilic attack of the amide oxyge@-&n The structure

of the cyclized iodo imidated{2} and 4{4} has been confirmed by single crystal X-ray

crystallography (see the Supporting Information).

Table 2.Library Data for Compound4{ 1-6}

NHR?
X O  12/NaHCO; i N
R'T MeCN . R FRT
3
X R
R3 R®
3{1-6}
ield® (%
compd R R? R® ield" (%)
4+5
4{ 1} H Ph n-Pr 92 +6
4{2} H Ph T™MS 77+7
4{3} 5,6-(MeO), PMB T™S 80+0
4{ 4} 5,6-(MeQ), Me Ph 79+0
4{ 5} 5,6-(MeQ), Me 2-py 91+0
4{ 6} 5,6-(MeO) Me 2-thienyl 93+0
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All reactions were carried out on a 4.0 mmol scale usifg équiv) and NaHC&3 equiv)

in MeCN (20 mL) at 25C for 1-2 h"Isolated yields after column chromatography.

Furthermore, the trimethylsilyl-containing cyclic imidat§é®} and 4{ 3} were treated
with fluoride to afford the corresponding deprotected cyclic inesla{7} and 4{8}

respectively, in good yields (eq 1).

NR? NR2
% THF/MeOH (1:1) _ (1)
or
7 TMS  DMFH,0 (12:1) /H
(o]
42} R'=H, R2=Ph 25°C,05-1h g7y R1=H, R2=Ph, 76%
4{3}, R" = 56-(Me0),, R> = PMB 4{8}, R' = 5,6-(MeO),, R? = PMB, 79%
NPh NPh NPMB NMe
MeO MeO
o} 0o o} o}
MeO MeO
| /TS /= Tus /Ph
4(17} 4{2} 4{3} 4{4}
NMe NPh NPMB
MeO MeO
0 0 o)
MeO MeO
AN
H H
1”7 \_d | !
4{6} 4{7} 4{8}

Figure 2. Sublibrary of 3-lodomethylene-containing Cyclic Imidad¢$-8}.
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The 3-iodomethylene-containing cyclic imidatesan be further elaborated by using
a variety of palladium-catalyzed processes, such as Sonogeshptng® Suzuki-Miyaura
coupling® carbonylative amidatioh; Heck coupling? and aminatioff (Scheme 4). The
reagents usede(g. boronic acids6, terminal alkynes2, styrenes7, and amines8) for
substitution of the iodine-containing produdta/ere chosen on the basis of their commercial
availability, functional group diversity and potential drug-like properf{l@gure 3). This
could result in a library of ~1300 theoretically possible products. Aumsber was arrived at
by determining all possible combinations of the R group and avaitddténg materials.
However, only a small subset of 71 compounds out of these 1300 virtualigtsuetas
actually prepared in the laboratory. The crude prodetere analyzed by LC/MS, followed
by purification by either column chromatography or preparative HAI@. results of this
parallel library synthesis are summarized in Table 3, whicltatels that the produc@scan

be obtained in modest to good yields with high purities.
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Scheme 4Synthesis of Cyclic Imidate3Using Various Palladium-catalyzed Reactfons

N-R?
A cat. Pd
R P
R3 A
Vi
R4 9{1-17}
N-R?
R 0
RS
4
N-R?
cat. Pd
R1_| N O R4NH2
= -
3 E
R*NH
9{74-75}

N-R?
cat. Pd X
4_ (s o)
R*-BOH), , R _
B 3
R4 R
9{18-62}
N-R?
cat. Pd, CO
A
R*NH, . R! : o)
p pZ
3
O R
R*NH
9{63-65}
N-R?
cat. Pd
R“/\ . R1—: [e)
D
R3
4 —
R 9(66-73)

®Method A (Sonogashira coupling): 3 mol % PgEPh),, 2 mol % Cul, DIPA (4 equiv),

R'C=CH (2, 1.2 equiv), DMF, 70 °C, 2 h. Method B (Suzuki-Miyaura coupling): 5 mol %

PdCb, KHCO; (1.4 equiv), RB(OH), (6, 1.2 equiv), 4:1 DMF/KD, 80 °C, 2 hMethod C

(carbonylative amidation): CO (1 atm), 5 mol % PgPPh),, R*NH, (7, 0.25 mL), DMF,

65 °C, 3-6 h. Method D (Heck coupling): 5 mol % Pd(QAmBusNCI (1.0 equiv), NaCOs

(2.5 equiv), RCH=CH; (8, 4 equiv), DMF, 85 °C, 5-24 h. Method E (amination): 5 mol %

Pdy(dba)-CHCE, 5 mol % BINAP t-BuONa (1.4 equiv), fNH, (7, 1.2 equiv), DMF, 80 °C,

2.5h.
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Alkyne Sublibrary

2{1} 2{2} 2{3}
Z
o}
N/\/ N é - //
» s
@) Pz =
2{5} 2{6} 2{7}
Z /\/// MeO Z
o
T 2(10) OMe
2{11}
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Boronic Acid and Boronate Ester Sublibrary

B(OH
N/ﬁ/B(OH)Z OzN B(OH), o B(OH), _ (OH),
Meo)l\N/ <o]© NS
COM
6{1} 6{22} e 6{3} Bl'6{4}
o)
Me, N~ N7 N MeO N\ N\.(
2HCI H OMe O-t-Bu
85} 8} 6(7) 6(8}
(OH), B(OH)2 B(OH),
OHC~ O ~B(OH), jij
\
U EtO, o
6{9} 6{10} 6{77} F 6{12}
Me B(OH), /©/ (OH), B(OH), B(OH),
7\
e (O o
o e 6{16}
6{13} 6{714} 6{15} F
B(OH),
MeO: : B(OH), N O B(OH), B(OH)2
MeO C = /O THPO
6{18}
6{17} SoH { 6{19} 6(20}
QKL
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Amine Sublibrary

HaN

N
7{1} 7{2}

Styrene Sublibrary

SO S

Me
8{1} 8{2}
H,N_ _N
e -
N\( HO
NH, 8{6}
8{5}

MeOD/\ ©/\
MeO NO,
8{3} 8{4}

Figure 3. Diverse terminal alkyneg{1-12}, boronic acids6{1-2}, boronate este6{21},

amines/{ 1-4}, and styrene${ 1-6} used for library synthesis.

Table 3.Library Data for Compound¥ 1-75}

compd 4 R method yield® (%) purity’ (%)
o1} e 21 A 34 89
9% 2} A1) 2(5} A 26 08
93} A1) 27} A 30 08
o 4} A1) 2(8} A 34 100
9(5} A1) 2(9} A 27 97
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A7}
98}
9 9}
910}
11}
12
913}
14}
A15
9{ 16}
A17}
918}
%19}
9 20}
o 21}
22}

9{23}

9{24)
9{25)
9{ 26}

{27

41}
41}
41}
4{ 6}
4{ 6}
47}
M7}
47}
M7}
47}
47}
A7}
41}
41}
41}
41}
41}
41}
41}
41}
41}

41}

2{10}
211}
212}
2{4}
2(6}
21}
22}
23}
{4}
2 {5}
2 {6}
2{7}
6{1}
6{2}
6{3}
6{4}
6{5}
6{6}
6{ 7}
6{9}
6{10}

6{11)
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14

51

19

55

59

38

63

16

69

43

28

62

52

73

67

25

59

62

99

100

91

87

89

97

100

91

80

97

100

98

100

100

99

94

100

100

100

98

99

100
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o 35}
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o 38}
o 39
940}
941}
%42
943}
944}
o 45}
9{ 46}
H 47}
{48}

949}

41}
41}
41}
41}
41}
41}
41}
4{ 4}
4{ 4}
4{ 4}
4{ 5}
4{ 5}
4{ 5}
4{ 5}
4{ 6}
4{ 6}
4{ 6}
4{ 6}
47}
47}
47}

47}

6{12}
6{13}
6{ 14}
6{15}
6{17}
6{ 18}
6{20}
6{ 1}
6{ 10}
6{ 16}
6{6}
6{ 10}
6{ 14}
6{ 16}
6{1}
6{ 6}
6{10}
6{19}
6{1}
6{2}
6{3}

6{4}
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92
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95

100
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100
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84
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84

93
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95
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o 65}
o 66}
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o 68}
o 69

9{70}

{71}

47}
M7}
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M7}
47}
47}
M7}
47}
M7}
47}
47}
A7}
47}
41}
41}
41}
41}
41}
41}
41}
41}

A7}

6 {5}
6{6}
6{ 7}
6{8}
6{9}
6{10}
6{11}
6{12}
6{13}
6{14}
6{15}
6{20}
6{21}
72}
{3}
{4
8{1}
8{2}
8{3}
8{4}
8{5}

8{2}
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86
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72 47} 8{5} D 14 100
73 4{7} 8{ 6} D 31 78
H 74 A7y 7{1} E 0
75} 47y 7{2} E 0

®MethodA, Sonogashira coupling; B, Suzuki-Miyaura coupling; C, carbonylative amidation;
D Heck coupling; E, aminatioflsolated yield after preparative HPLTIV purity
determined at 214 nm after preparative HPLC.

Sonogashira coupling of the 3-iodomethylene-containing cyclic iesdétwith
various terminal acetylenésaffords the corresponding alkynyl produ&sl-17 (method
A). Suzuki-Miyaura coupling of the 3-iodomethylene-containing cyatiidates 4 with
various arylboronic acidé proceeded smoothly to give the desired prod9{is3-62} in
modest yields. Most reactions were complete within 2 h €8 DMF (method B). The
reaction was also examined using a boronate 658d}. However, the yield of the isolated
compound¥{ 62} was very low in this case. The structure of one of the produats the
Suzuki-Miyaura coupling{ 24} was confirmed using single crystal X-ray crystallography
(see the Supporting Information for details). The stereodtgmaround the C-C and C-N
double bonds was found to be preserved during the Suzuki-Miyaura crossigoMakt, in
an effort to synthesize amide-containing cyclic imidates, cgthtive amidation of the 3-
iodomethylene-containing cyclic imidatdsusing one atmosphere of carbon monoxide and
various amines/ in the presence of catalytic amounts of R@®Ph), was investigated
(method C). However, the reaction product was isolated in only @ed{@4} and only in
low vyield. Furthermore, by allowing the compoundsto react under Heck reaction

conditions in the presence of the styreBesve obtained the substituted olefin-containing
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cyclic imidate product®{66-73 (method D). Palladium-catalyzed amination reactions have
also been attempted to introduce amino substituents into the lilnathqd E). However,
the reaction did not proceed well and the process resulted in complex reaction mixtures
Because of our interest in the synthesis of potentially biolthgiaative heterocycles
for their use in high-throughput screening,imsilico evaluation of the library members was
carried out to check their conformity with Lipinski’s “rule of fivahd Veber's rule$***The
molecular weight, clog P, number of hydrogen bond donors and acceptors, ancthtier of
rotatable bonds were calculated for each of the library members using BYe$Yogram?®
Most of the 71 cyclic imidate library members were found to teeeLipinski compliant or
had only one violation. In addition, the cell monolayer absorption model Zacparameter
indicating the ability of a compound to passively permeate ethedlls,i.e skin and
muscle sheaths, was also calculdfedhe mean values, as well as the range of these

parameters for this cyclic imidate library, is provided in Table 4.

Table 4.In silico Data for Lipinski and Cell Permeability Parameters

optimum
parameter mean range
value

mol. weight 391.3 315.3-510.6 <500

H-bond acceptors 3.9 2-7 <10
H-bond donors 1.5 1-3 <5
ClogP 5.7 2.9-9.2 <5.0
rotatable bonds 4.8 2-7 <10
Caco-2 1.2 0.2-2.1 >0.4
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Conclusions

A highly substituted 71 member library of cyclic imidatswvith four points of
diversity has been synthesized. 3-lodomethylene-containing aycidates4 are readily
prepared by iodocyclization chemistry. We have demonstrated theificagien of these 3-
iodomethylene-containing cyclic imidates with various building blocks, for example,
terminal alkynes2, boronic acids6, carbon monoxide plus amings and styrenes$, to
construct a diverse library through a variety ofCCbond forming reactions. The cyclic
imidate library member® will be evaluated against various biological screens by the

National Institutes of Health Molecular Library Screening Centewbiet

Experimental Section
General Information
The'H NMR and**C NMR spectra were recorded at 25 °C in CH@ith Me;Si as

an internal standard. Chemical shiié3 &nd coupling constantd)(are given in ppm and in
Hz, respectively. Thin layer chromatography was performed usingmercially prepared
60-mesh silica gel plates and visualization was effected with slamelength UV light (254
nm).

HRMS Data for Compounds 3{l-6} and 4{1-8}: The electron impact ionization
experiments were performed on a Finnigan TSQ700 triple quadrupoke spastrometer
(Finnigan MAT, San Jose, CA) fitted with a Finnigan EI/CI ion seuiThe samples were
introduced to the mass spectrometer using a solids probe. The probbeated gradually

from 100 to 400C. The instrument was used as a single quadrupole and scanned from 50 to
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1000 daltons. Accurate mass measurements were conducted using a peakualatching

technique on a KRATOS MS50 double focusing mass spectrometer.

General Methods Used for Analysis and Purification of the Lbrary Members 9{1-75}.
HPLC analysis was carried out using an XBridge MS C-18 columuiM54.6 x 150 mm)
with gradient elution (5% C#CN to 100% CHCN) on a Waters Alliance 2795 Separation
Module with a Waters 2996 Photodiode Array UV detector and a Wdiersmass LCT
Premier (TOF) detector. Purification was performed using andgBrMS C-18 column (5
uM, 19 x 150 mm) with gradient elution (a narrow 40 gradient was chosen based on the
targets retention time from LCMS analysis of the crudepsamon a Mass Directed
Fractionation instrument with a Waters 2767 sample manager, asvZa@s HPLC pump, a
Waters 2487 dual absorbance detector, and a Waters/Micromass ZQ (quadrup@edodet
Fractions were triggered using an MS and/or UV threshold deterrojnad LCMS analysis
of the crude sample. One of three aqueous mobile phases were chdseth famalysis and
purification to promote the targets neutral state (water, 0.05%d@ond or pH 9.8 1mM
HCO.NH,). High resolution mass spectra (HRMS) were obtained usingtarSiidicromass
LCT Premier (TOF instrument).

ReagentsAll reagents were used directly as obtained commercially unless otaeroted.
Solvents.All solvents were used directly as obtained commercially, eXoe@@CM which

was distilled over Cajl

General Sonogashira Coupling Procedure Used for Preparation of hé 2-(1-

Alkynyl)benzamides 3{1-6}.
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To a solution of the appropriateiodobenzamidé (5.0 mmol) in DMF (20 mL) were
added PdG(PPh), (2 mol %) and Cul (1 mol %). The reaction vial was flushed #rthnd
the reaction mixture was stirred for 5 min at room temperalifeA (4.0 equiv) was added
by syringe. The reaction mixture was then heated to 65 °C. A@oloftialkyne2 (1.2 equiv)
in DMF (5 mL) was added dropwise over 10 min, and the mixture u@seal to stir at 65
°C for 2 h. After cooling, the reaction mixture was diluted iit©Ac, and washed with satd
ag NH,CI and water. The organic layer was dried over Mg®@d concentrated under
vacuum to give the crude product, which was purified by column chromaptogion silica

gel using hexane-EtOAc as eluent.

Characterization Data for the 2-(1-Alkynyl)benzamides 3{-6}.

0O
NHPh

AN

Benzamide 3{}. *H NMR (400 MHz, CDC}) 6 0.96 (t,J = 7.6 Hz, 3H), 1.53-1.59 (m, 2H),

2.40 (t,J = 7.2 Hz, 2H), 7.09 () = 7.6 Hz, 1H), 7.27-7.33 (m, 4H), 7.41-7.43 (m, 1H), 7.67
(d,J = 8.0 Hz, 2H), 7.95-7.97 (m, 1H), 9.43 (br s, 1HE NMR (100 MHz, CDGJ) § 13.5,

21.5, 21.9, 79.2, 97.9, 119.8, 120.2, 124.1, 128.0, 128.8, 129.7, 130.5, 133.5, 135.5, 138.0,

164.4; HRMS Calcd for gH,7NO: 263.13101. Found: 263.13162.

NHPh

TMS
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Benzamide 3@}. The spectral properties were identical to those previously regorted.

MeO

MeO OMe

o

TMS

Benzamide 38}. The spectral properties were identical to those previously regorted.

Benzamide 3f}. *H NMR (400 MHz, CDCJ) ¢ 3.07 (d,J = 4.8 Hz, 3H), 3.94 (s, 3H), 3.96
(s, 3H), 7.01 (s, 1H), 7.39-7.41 (m, 3H), 7.51-7.53 (m, 2H), 7.65 (br s, 1H), 7.67 {$3QH)
NMR (100 MHz, CDCY) § 27.0, 56.2, 56.3, 88.1, 94.5, 112.1, 112.7, 115.1, 122.4, 128.8,

129.05, 129.13, 131.5, 149.6, 150.5, 166.6; HRMS Calcd #t:&NO3: 295.12084. Found:

295.12139.
0
MeO NHMe
MeO N
AN ~
N

Benzamide 35}. *H NMR (400 MHz, CDCJ) § 3.09 (d,J = 4.8 Hz, 3H), 3.94 (s, 3H), 3.97
(s, 3H), 7.09 (s, 1H), 7.28-7.32 (m, 1H), 7.50 J&; 7.6 Hz, 1H), 7.63 (br s, 1H), 7.67 (s,

1H), 7.73 (tJ = 7.6 Hz, 1H), 8.66 (d] = 4.4 Hz, 1H);**C NMR (100 MHz, CDG) ¢ 27.2,
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56.3, 56.4, 87.8, 93.6, 111.1, 112.9, 115.4, 123.4, 126.9, 130.1, 136.5, 142.9, 150.2, 150.5,

150.6, 166.4;, HRMS Calcd for;&416N2Os: 296.11609. Found: 296.11664.

MeO

MeO %

Benzamide 36}. '"H NMR (400 MHz, CDCJ) 6 3.06 (d,J = 4.8 Hz, 3H), 3.94 (s, 3H), 3.96

(s, 3H), 6.99 (s, 1H), 7.19 (dd= 1.2, 4.8 Hz, 1H), 7.36-7.38 (m, 1H), 7.56 (d&; 1.2, 3.2

Hz, 1H), 7.60 (br s, 1H), 7.67 (s, 1HfiC NMR (100 MHz, CDG) 6 27.0, 56.26, 56.30,

87.7, 89.7, 112.1, 112.7, 115.0, 121.4, 126.2, 128.9, 129.4, 129.6, 149.6, 150.5, 166.6;

HRMS Calcd for GgH1sNO3S: 301.07726. Found: 301.07786.

General lodocyclization Procedure Used for Preparation of the Cyclic Indates 4{-6}.2

To a solution of the starting alkyrg(4.0 mmol) in MeCN (20 mL) were addegd |
(3.0 equiv) and NaHC£X3.0 equiv). The reaction mixture was allowed to stir at 25 °C and
the reaction was monitored by TLC for completion. The exceasms$ removed by washing
with satd aq Nz5,0s. The mixture was then extracted by EtOAc, and the combined organic
layers were dried over anhydrous MgShd concentrated under vacuum to yield the crude
product, which was purified by flash chromatography on silica gabusexane-EtOAc as

the eluent.
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Characterization Data for the 3-lodomethylene-containing Cyclic Imidategl{1-8}
NPh

)

I
Imidate 4{1}. *H NMR (400 MHz, CDC}) § 0.91 (t,J = 7.6 Hz, 3H), 1.56-1.62 (m, 2H),
2.81 (t,J = 7.6 Hz, 2H), 7.13 () = 7.2 Hz, 1H), 7.35 (] = 7.6 Hz, 2H), 7.42-7.51 (m, 4H),
7.94 (d,J = 7.2 Hz, 1H), 8.56 (d] = 7.6 Hz, 1H)*C NMR (100 MHz, CDGJ) 6 13.2, 22.5,
41.6,82.2,123.7, 123.9, 124.2, 124.8, 128.7, 129.9, 131.6, 132.2, 135.3, 145.5, 147.3, 152.1;

HRMS Calcd for GgH16INO: 389.02766. Found: 389.02853.

NPh

| T™MS

Imidate 4{2}. The spectral properties were identical to those previously reforted.

OMe

N
MeO

0]
MeO

| T™MS

Imidate 4{3}. The spectral properties were identical to those previously regorted.
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Imidate 4{4}. *"H NMR (400 MHz, CDC}) ¢ 3.15 (s, 3H), 3.97 (s, 3H), 4.03 (s, 3H), 7.25-
7.29 (m, 2H), 7.38 () = 7.6 Hz, 2H), 7.63 (d] = 7.6 Hz, 2H), 8.29 (s, 1H}*C NMR (100

MHz, CDCk) 6 35.1, 56.46, 56.53, 71.6, 103.9, 106.9, 125.3, 128.0, 128.2, 129.5, 130.4,
140.7, 147.3, 151.8, 154.8 (one signal missing due to overlap); HRMS Calcd for

Ci1gH16INO3: 421.01749. Found: 421.01870.

NMe
MeO

MeO

P —

| ,}l y
Imidate 4{5}. '"H NMR (400 MHz, CDCJ) § 3.21 (s, 3H), 3.98 (s, 3H), 4.05 (s, 3H), 7.18 (t,
J=6.4 Hz, 1H), 7.27 (s, 1H), 7.69 {t= 7.6 Hz, 1H), 7.89 (d] = 8.0 Hz, 1H), 8.42 (s, 1H),
8.74 (d,J = 4.8 Hz, 1H);*C NMR (100 MHz, CDGJ) ¢ 35.2, 56.5, 56.6, 74.9, 104.0, 107.5,
122.6, 124.5, 125.2, 129.7, 135.9, 149.3, 149.5, 152.0, 152.3, 154.7, 156.1; HRMS Calcd for

Cl7H15|N203: 422.01274. Found: 422.01393.

NMe

MeO

MeO
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Imidate 4{6}. *H NMR (400 MHz, CDC}) § 3.30 (s, 3H), 3.96 (s, 3H), 4.01 (s, 3H), 7.25 (s,
1H), 7.37-7.39 (m, 1H), 7.64 (d,= 4.8 Hz, 1H), 7.73 (s, 1H), 8.28 (s, 1H}C NMR (100
MHz, CDCh) ¢ 35.4, 56.4, 56.5, 67.0, 103.9, 106.9, 124.6, 125.0, 127.4, 129.8, 129.9, 140.3,

146.9, 151.6, 151.7, 154.8; HRMS Calcd fagHi4INOsS: 426.97391. Found: 426.974809.

NPh

H
I

Imidate 4{7}. A modified literature procedure was used for TMS-deprotecfioho a
solution of compound{2} (4.0 g, 9.5 mmol) in 1:1 THF:MeOH (20 mL), KF-28 (5.37 g,

57 mmol, 6 equiv) was added and the reaction mixture was stirr€dsSfdr at 25°C. After
the reaction was over, the methanol was removed under vacuum andsithee rwas
extracted with EtOAc (3 x 20 mL), washed with 0.1M HCI and bringgdd{MgSQ),
filtered, and the solvent removed under vacuum. Purification by fthsbmatography
afforded the deprotected product in a 76% yiHINMR (400 MHz, CDC)) 6 6.17 (s, 1H),
7.18-7.20 (m, 1H), 7.37-7.43 (m, 4H), 7.53-7.56 (m, 2H), 7.98 £d7.2 Hz, 1H), 8.54 (d]

= 8.0 Hz, 1H);13C NMR (100 MHz, CDG) ¢ 52.8, 123.8, 123.93, 123.97, 124.9, 128.7,
130.8, 131.9, 132.4, 134.9, 145.3, 151.6, 152.2; HRMS Calcd ;#:4INO: 346.98071.

Found: 346.98168.
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OMe

MeO

MeO

H
I

Imidate 4{8}. A modified literature procedure was uge@ompound4{3} (440 mg, 0.84

mmol) and KF-2KHO (132 mg, 1.4 mmol, 1.67 equiv) were dissolved in DMF (6 mL) and
H,O (0.5 ml) and the resulting reaction mixture was stirred 8€6r 1 h. The mixture was

then diluted with EtOAc, washed with brine andCH(3 x 25 ml), dried (MgS@ and
filtered. The filtrate was characterized as the deprotectatlipt4{8}. *H NMR (400 MHz,

CDCl;) ¢ 3.80 (s, 3H), 3.95 (s, 3H), 4.01 (s, 3H), 4.72 (s, 2H), 6.03 (s, 1H), 6.88-(8,0

Hz, 2H), 7.29 (s, 1H), 7.34 (d,= 8.4 Hz, 2H), 8.05 (s, 1H}°C NMR (100 MHz, CDGJ) §

48.9, 51.4, 55.5, 56.5, 56.6, 104.4, 105.7, 114.1, 125.8, 129.1, 129.3, 132.3, 151.8, 152.0,

152.3, 154.3, 158.7; HRMS Calcd foysH15INO,4: 451.02805. Found: 451.02921.

Diversification of the 3-lodomethylene-containing Cyclic Imidats 4 Using Various
Palladium-catalyzed Reaction&
General Sonogashira Coupling Procedure Used for the Preparation of Alkynéq{1-17}.

To a solution of the appropriate 3-iodomethylene-containing cyclidate 4 (0.25
mmol) in DMF (4 mL) were added Pd{®Ph), (3 mol %) and Cul (2 mol %). The reaction
vial was flushed with Ar and the reaction mixture was stircecbfmin at room temperature.
DIPA (4.0 equiv) was added by syringe. The reaction mixture waedea 70 °C. A

solution of alkyne? (1.2 equiv) in DMF (1 mL) was added dropwise over 10 min, and the
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mixture was allowed to stir at AT for 2 h. After cooling, the reaction mixture was diluted
with EtOAc, and washed with satd ag MH and water. The organic layer was dried over
MgSQ, and concentrated under vacuum to give the crude product, whickitvasspurified

by column chromatography on silica gel using hexane-EtOAbeagluent, or was flushed

through a short silica gel plug and purified by preparative HPLC.

General Suzuki-Miyaura Coupling Procedure Used for the Prepration of Imidates
9{18-62}.

To a 4-dram vial were added the appropriate 3-iodomethylene-contaipahg c
imidate 4 (0.25 mmol), the boronic acié (0.30 mmol), KHCQ (0.35 mmol) and Pdgl
(0.0125 mmol) in 4:1 DMF:KD (2.5 mL). The reaction mixture was stirred for 5 min at
room temperature and flushed with Ar and then heated fi€ §6r 2 h. After cooling, the
reaction mixture was diluted with EtOAc, and washed with satd lgCNand water. The
organic layer was dried over Mg@nd concentrated under vacuum to give the crude
product, which was either purified by column chromatography on sietaiging hexane-
EtOAc as the eluent, or was flushed through a short silicaplygl and purified by

preparative HPLC.

Carbonylative Amidation Procedure Used for the Preparation of Amide 9%4}.

To a 4-dram vial were added the appropriate 3-iodomethylene-contaipahg c
imidate 4 (0.25 mmol), PdG(PPh), (5 mol %), DMF (1 mL) and the aming(0.25 mL if
liquid or 0.5 mmol if solid). The reaction mixture was stirredZanin at room temperature

and flushed with carbon monoxide. A balloon of carbon monoxide was placdg: amal,
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which was heated to 6% for 3-6 h. After cooling, the reaction mixture was diluted with
EtOAc, and washed with satd aq MH and water. The organic layer was dried over MgSO
and concentrated under vacuum to give the crude product, which was flusheghta short

silica gel plug and purified by preparative HPLC.

General Heck Coupling Procedure Used for the Preparation of Alkeneg{66-73}.

To a 4-dram vial were added the appropriate 3-iodomethylene-contaipahg c
imidate 4 (0.25 mmol), the styren8 (1.0 mmol), Pd(OAg) (5 mol %), n-BuysNCI (0.25
mmol), NaCOs (0.625 mmol) and DMF (2 mL). The reaction mixture was then heat88 t
°C for 5-24 h. After cooling, the reaction mixture was diluted VEttDAc (20 mL), and
washed with satd aqg NBI and water. The organic layer was dried over Mg%ad
concentrated under vacuum to give the crude product, which was flushedhtlaraimgprt

silica gel plug and purified by preparative HPLC.

Characterization Data for Representative Library Members:

MezN
Imidate 9{4}. *H NMR (500 MHz, CDGJ) 6 1.02 (t,J = 7.5 Hz, 3H), 1.73-1.80 (m, 2H),

2.55 (t,J = 7.5 Hz, 2H), 3.03 (s, 6H), 6.71 @@= 8.5 Hz, 2H), 7.19 (0 = 7.0 Hz, 1H), 7.40-
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7.54 (m, 7H), 7.63 (t) = 7.5 Hz, 1H), 8.03 (d] = 7.5 Hz, 1H), 8.49 (d] = 8.0 Hz, 1H)*C
NMR (125 MHz, CDCJ) ¢ 14.0, 21.8, 33.4, 40.4, 85.9, 98.7, 104.0, 110.2, 112.1, 123.2,
123.6, 124.5, 124.9, 128.9, 129.5, 130.9, 132.4, 132.7, 135.8, 145.8, 150.4, 151.6, 153.4;

HRMS Calcd for GgHo7N,0O: 407.2118 [M+H], Found: 407.2129.

2
(L
)\
7

()

NC

Imidate 9{5}. '"H NMR (500 MHz, CDCJ) § 1.02 (t,J = 7.5 Hz, 3H), 1.70-1.78 (m, 2H),

2.55 (t,J = 7.5 Hz, 2H), 7.20 (tt) = 1.0, 7.5 Hz, 1H), 7.40-7.43 (m, 2H), 7.45-7.48 (m, 2H),
7.58 (td,J = 1.0, 7.5 Hz, 1H), 7.62-7.65 (m, 2H), 7.66-7.70 (m, 3H), 8.03 £d3.0 Hz, 1H),

8.36 (d,J = 8.0 Hz, 1H);"*C NMR (125 MHz, CDGJ) § 13.9, 21.8, 33.1, 92.6, 95.3, 101.7,
111.7, 118.7, 123.1, 123.9, 124.5, 125.3, 128.4, 128.9, 130.4, 131.5, 131.9, 132.4, 132.5,
135.2, 145.3, 152.5, 153.8; HRMS Calcd fop#B:N,O: 389.1648 [M+H], Found:

389.1668.

O

0]
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Imidate 9{6}. '"H NMR (500 MHz, CDCJ) § 0.97 (t,J = 7.5 Hz, 3H), 1.10 (&) = 7.5 Hz,
3H), 1.63-1.75 (m, 4H), 2.44 @,= 7.5 Hz, 2H), 2.53 () = 7.0 Hz, 2H), 7.17 () = 1.5, 7.5
Hz, 1H), 7.37-7.41 (m, 2H), 7.44-7.46 (m, 2H), 7.52 {td; 1.0, 7.5 Hz, 1H), 7.61 (td, =
1.0, 7.5 Hz, 1H), 8.01 (d] = 8.0 Hz, 1H), 8.37 (dJ = 8.0 Hz, 1H):**C NMR (125 MHz,
CDCly) ¢ 13.90, 13.93, 21.6, 22.2, 22.5, 33.6, 78.8, 98.7, 103.8, 122.9, 123.6, 124.4, 124.9,
128.9, 129.6, 131.0, 132.3, 135.7, 145.8, 151.9, 153.4; HRMS Calcd »§bt,80:

330.1852 [M+H], Found: 330.1864.

4
O OMe
Imidate 9{11}. *H NMR (400 MHz, CDC}) ¢ 3.99 (s, 3H), 5.92 (s, 1H), 6.93-6.99 (m, 2H),
7.17-7.22 (m, 1H), 7.32-7.42 (m, 5H), 7.49Jd 7.2 Hz, 1H), 7.60 (t) = 7.6 Hz, 1H), 7.68
(t, J = 7.6 Hz, 1H), 8.02 (d] = 7.6 Hz, 1H), 8.81 (d] = 7.6 Hz, 1H):*C NMR (100 MHz,
CDCl) § 55.9, 87.6, 89.3, 94.3, 110.8, 112.9, 120.9, 123.6, 124.0, 124.1, 125.1, 128.9, 130.1,
130.8, 131.3, 132.5, 133.3, 135.3, 145.6, 153.0, 157.4, 160.1; HRMS CalcgHasND.:

352.1332 [M+H], Found: 352.1325.
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Imidate 9{12}. '"H NMR (400 MHz, CDC}) J 3.84 (s, 3H), 5.87 (s, 1H), 6.92 (= 8.8 Hz,

2H), 7.16-7.19 (m, 1H), 7.38-7.42 (m, 4H), 7.48J&; 8.4 Hz, 2H), 7.59 (1] = 7.2 Hz, 1H),

7.66 (t,J = 7.2 Hz, 1H), 8.02 (d] = 7.6 Hz, 1H), 8.41 (dJ = 7.6 Hz, 1H);**C NMR (100

MHz, CDCk) 6 55.6, 83.9, 87.6, 97.6, 114.5, 115.6, 123.6, 123.8, 124.0, 125.1, 128.9, 130.8,
131.5, 132.6, 133.0, 135.3, 145.6, 152.9, 157.1, 160.1; HRMS Calcd ,fbkglO;:

352.1332 [M+H], Found: 352.1330.

0]

Mo
Imidate 9{13}. *H NMR (400 MHz, CDC}) ¢ 2.33 (s, 3H), 5.86 (s, 1H), 7.13 (ti= 8.0 Hz,
2H), 7.19 (tJ = 6.8 Hz, 1H), 7.36-7.42 (m, 4H), 7.55 (o5 8.0 Hz, 2H), 7.61 (t] = 7.6 Hz,
1H), 7.68 (t,J = 7.6 Hz, 1H), 8.03 (dJ = 7.6 Hz, 1H), 8.39 (d] = 7.6 Hz, 1H);*C NMR

(125 MHz, CDC}) ¢ 21.3, 85.2, 87.0, 96.5, 121.1, 122.1, 123.6, 123.8, 123.9, 125.2, 128.9,
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131.0, 131.4, 132.66, 132.69, 135.1, 145.4, 150.8, 152.9, 157.6, 169.4;, HRMS Calcd for

CosH1sNO3: 380.1281 [M+H], Found: 380.1300.

Imidate 9{16}. *H NMR (400 MHz, CDC}) 6 5.87 (s, 1H), 7.19 (1] = 6.8 Hz, 1H), 7.24-

7.27 (m, 1H), 7.36-7.42 (m, 4H), 7.51 (& 7.6 Hz, 1H), 7.61 () = 7.6 Hz, 1H), 7.67-7.72

(m, 2H), 8.02 (dJ = 7.6 Hz, 1H), 8.54 (dJ = 8.0 Hz, 1H), 8.65 (dJ = 4.4 Hz, 1H);**C

NMR (125 MHz, CDCY) 6 84.9, 86.1, 96.5, 122.9, 123.7, 123.9, 124.0, 125.2, 126.9, 128.9,
131.2, 131.5, 132.8, 134.9, 136.3, 143.4, 145.3, 150.4, 152.5, 158.8; HRMS Calcd for

CooH15N,0: 323.1179 [M+H], Found: 323.1202.

Imidate 9{18}. '"H NMR (400 MHz, CDCJ) 6 0.95 (t,J = 7.6 Hz, 3H), 1.43-1.52 (m, 2H),
2.62 (t,J = 7.6 Hz, 2H), 4.11 (s, 3H), 6.68 (@= 8.0 Hz, 1H), 7.18 () = 7.2 Hz, 1H), 7.33

(t, J = 7.6 Hz, 1H), 7.39-7.47 (m, 5H), 8.01 (= 8.0 Hz, 1H), 8.50 (s, 2H}*C NMR (125
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MHz, CDCk) ¢ 13.9, 20.9, 35.6, 55.4, 115.0, 122.0, 124.0, 124.3, 124.9, 125.8, 128.9, 129.7,
131.7, 132.1, 135.2, 145.7, 147.3, 153.4, 159.8, 165.4;, HRMS Calcd ,$blp:l:0;:

372.1707 [M+H], Found: 372.1690.

CO,Me
Imidate 9{19}. *"H NMR (400 MHz, CDC}) 6 0.97 (t,J = 7.2 Hz, 3H), 1.42-1.52 (m, 2H),
2.70 (t,J = 7.6 Hz, 2H), 4.00 (s, 3H), 6.42 @= 8.0 Hz, 1H), 7.18-7.26 (m, 2H), 7.40-7.49
(m, 5H), 8.00 (dJ = 7.6 Hz, 1H), 8.36 (s, 1H), 8.40 (s, 1H), 8.93 (s, 1£F; NMR (100
MHz, CDCk) 6 14.1, 21.2, 35.7, 53.2, 118.9, 121.8, 124.1, 124.2, 124.3, 125.1, 128.5, 128.9,
129.9, 131.9, 132.1, 132.9, 134.9, 136.6, 141.2, 145.7, 147.1, 149.1, 153.2, 164.9; HRMS

Calcd for GeH23N20s: 443.1601 [M+H], Found: 443.1596.

2

0]

\
N
MezN
Imidate 9{22}. 'H NMR (400 MHz, CDCJ) 6 0.92 (t,J = 7.2 Hz, 3H), 1.41-1.51 (m, 2H),

2.60 (t,J = 7.6 Hz, 2H), 3.17 (s, 6H), 6.61 (@l= 8.8 Hz, 1H), 6.86 (d] = 8.0 Hz, 1H), 7.16
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(t,J=7.2 Hz, 1H), 7.29 () = 7.6 Hz, 1H), 7.37-7.41 (m, 4H), 7.49 (b5 7.6 Hz, 2H), 7.96

(d,J = 7.6 Hz, 1H), 8.13 (d] = 2.0 Hz, 1H)*C NMR (100 MHz, CDGJ) ¢ 14.1, 21.1, 35.8,

38.3, 105.8, 120.4, 121.2, 122.4, 123.6, 124.4, 124.6, 128.8, 128.9, 131.4, 131.9, 136.1,
138.3, 146.1, 146.2, 148.3, 154.4, 158.9; HRMS Calcd $giHN30: 384.2070 [M+H],

Found: 384.2075.

S
s

)

pY
N
H

Imidate 9{23}. 'H NMR (400 MHz, CDC}) 6 0.95 (t,J = 7.6 Hz, 3H), 1.45-1.54 (m, 2H),

2.71 (t,J = 7.6 Hz, 2H), 6.46 (d] = 8.0 Hz, 1H), 6.59 (s, 1H), 7.11-7.19 (m, 3H), 7.29-7.36

(m, 2H), 7.41 (tJ = 8.0 Hz, 2H), 7.48 (d] = 8.4 Hz, 1H), 7.53 (d] = 7.6 Hz, 2H), 7.59 (s,

1H), 7.95 (d,J = 7.6 Hz, 1H), 8.34 (br s, 1H}*C NMR (100 MHz, CDGJ) § 14.2, 21.2,

36.5, 103.2, 111.7, 121.5, 122.8, 123.4, 123.5, 124.47, 124.52, 124.6, 125.0, 128.5, 128.6,
128.8, 129.8, 131.3, 131.7, 135.7, 136.4, 145.8, 146.4, 154.8; HRMS CalcgiHesNzO:

379.1805 [M+H], Found: 379.1799.
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Imidate 9{24}. *"H NMR (400 MHz, CDC}) 6 0.97 (t,J = 7.6 Hz, 3H), 1.47-1.56 (m, 2H),

2.64 (t,J = 7.6 Hz, 2H), 6.53 (s, 2H), 6.64 @= 8.0 Hz, 1H), 7.17 (t} = 7.2 Hz, 1H), 7.27

(t, J= 7.6 Hz, 1H), 7.37-7.42 (m, 3H), 7.49 (= 7.6 Hz, 2H), 7.96 (d] = 7.6 Hz, 1H)}°C

NMR (100 MHz, CDC)) ¢ 14.2, 21.2, 35.8, 56.4, 61.3, 106.2, 122.7, 122.9, 123.5, 124.4,
124.6, 128.8, 129.0, 131.4, 131.8, 133.9, 135.9, 137.9, 145.9, 146.1, 153.8, 154.2; HRMS

Calcd for G/H2eNO4: 430.2013 [M+H], Found: 430.2010.

Imidate 9{32}. '"H NMR (400 MHz, CDC}) 6 0.95 (t,J = 7.2 Hz, 3H), 1.44-1.53 (m, 2H),
2.64 (t,J = 7.2 Hz, 2H), 3.86 (s, 3H), 3.96 (s, 3H), 6.60)¢,8.0 Hz, 1H), 6.83 (s, 1H), 6.88
(d,J = 8.0 Hz, 1H), 6.95 (dJ = 8.0 Hz, 1H), 7.16 (t) = 7.2 Hz, 1H), 7.24 (1) = 7.2 Hz,
1H), 7.35-7.42 (m, 3H), 7.49 (d,= 7.6 Hz, 2H), 7.96 (dJ = 7.6 Hz, 1H);C NMR (100

MHz, CDCk) ¢ 14.2, 21.1, 35.9, 56.1, 56.2, 111.7, 112.4, 121.7, 122.6, 122.8, 123.5, 124.4,
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124.6, 128.8, 128.9, 130.9, 131.4, 131.7, 136.0, 145.9, 146.2, 148.9, 149.5, 154.3; HRMS

Calcd for GeH2eNOs: 400.1907 [M+H], Found: 400.1902.

THPO

Imidate 9{34}. *H NMR (400 MHz, CDCJ) 5 0.93 (t,J = 7.6 Hz, 3H), 142-1.51 (m, 2H),
1.67-1.76 (m, 3H), 191-1.92 (m, 2H), 2.00-2.07 (m, 1H), 2.61-2.64 (m, 2H), 3.65-3.68 (m,
1H), 3.99 (tJ = 9.2 Hz, 1H), 5.48 (s, 1H), 6.61 @z 7.6 Hz, 1H), 7.12-7.18 (m, 3H), 7.22-

7.26 (m, 3H), 7.35-7.41 (m, 3H), 7.48-7.50 (m, 2H), 7.99 &l 7.6 Hz, 1H):C NMR (100

MHz, CDCk) ¢ 14.1, 19.2, 21.1, 25.4, 30.7, 35.9, 62.6, 96.9, 117.0, 122.6, 122.9, 123.5,
124.4, 124.6, 128.8, 130.2, 130.4, 131.4, 131.5, 131.7, 136.1, 145.8, 146.2, 154.4, 157.1;

HRMS Calcd for GoHzoNOs: 440.2220 [M+H], Found: 440.2229.

Imidate 9{36}. '"H NMR (400 MHz, CDC}) J 3.37 (s, 3H), 3.56 (s, 3H), 3.91 (s, 3H), 4.30
(s, 4H), 5.75 (s, 1H), 6.87 (d,= 8.0 Hz, 1H), 6.91 (s, 1H), 7.01 @= 8.0 Hz, 1H), 7.20 (s,

1H), 7.23-7.25 (m, 1H), 7.36 (3 = 7.6 Hz, 2H), 7.64 (dJ = 7.6 Hz, 2H);**C NMR (100
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MHz, CDCk) ¢ 35.4, 55.7, 56.5, 64.6, 64.8, 103.5, 105.4, 117.0, 118.1, 120.4, 123.7, 124.7,
127.2, 128.2, 129.7, 130.9, 131.6, 138.5, 143.7, 144.3, 146.1, 150.9, 151.8, 156.8; HRMS

Calcd for GgH24NOs: 430.1649 [M+H], Found: 430.1643.

Imidate 9{46}. *H NMR (400 MHz, CDCY) 5 4.09 (s, 3H), 6.45 (s, 1H), 7.17-7.20 (m, 1H),
7.39-7.42 (m, 5H), 7.46 (8,= 7.6 Hz, 1H), 7.56 (t] = 7.6 Hz, 1H), 8.03 (d] = 7.6 Hz, 1H),

8.61 (s, 2H)°C NMR (100 MHz, CDGJ) J 55.4, 100.7, 121.8, 122.1, 123.9, 124.3, 125.0,
128.9, 130.9, 132.36, 132.41, 134.5, 145.7, 151.5, 153.1, 159.5, 165.1; HRMS Calcd for

Ca0H16N302: 330.1237 [M+H], Found: 330.1234.

CO,Me
Imidate 9{47}. *H NMR (500 MHz, CDCY) ¢ 4.01 (s, 3H), 6.68 (s, 1H), 7.19-7.22 (m, 1H),
7.37 (d,J = 8.0 Hz, 1H), 7.41-7.47 (m, 5H), 7.58t= 8.5 Hz, 1H), 8.06 (d] = 7.0 Hz, 1H),

8.47 (s, 1H), 8.51 (dl = 1.0 Hz, 1H), 8.83 (d] = 1.0 Hz, 1H);®C NMR (125 MHz, CDGJ)
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0 53.2, 105.2, 122.1, 123.6, 123.9, 124.4, 125.2, 127.9, 129.0, 131.4, 132.4, 132.5, 132.6,
134.1, 136.1, 136.5, 145.5, 148.8, 152.1, 152.9, 164.9; HRMS Calcd bl 7#,Os:

401.1132 [M+H], Found: 401.1145.

Imidate 9{52}. *H NMR (400 MHz, CDCJ) 6 3.85 (s, 6H), 3.92 (s, 3H), 6.67 (s, 3H), 7.15-
7.19 (m, 1H), 7.39-7.45 (m, 5H), 7.52 Jt= 7.2 Hz, 1H), 7.60 (d] = 8.0 Hz, 1H), 8.01 (d]

= 7.6 Hz, 1H);*C NMR (100 MHz, CDGJ) 6 56.4, 61.3, 106.6, 109.1, 115.6, 122.9, 123.9,
124.7, 128.9, 129.3, 130.4, 131.9, 132.2, 135.1, 138.1, 146.0, 150.2, 153.6, 153.8; HRMS

Calcd for G4H2:NO4: 388.1543 [M+H], Found: 388.1541.

Imidate 9{55}. *H NMR (400 MHz, CDC}) 6 4.31 (s, 4H), 6.61 (s, 1H), 6.90-6.95 (m, 3H),
7.15-7.18 (m, 1H), 7.38-7.39 (m, 4H), 7.43-7.45 (m, 1H), 7.50%t7.6 Hz, 1H), 7.63 (dJ

= 7.6 Hz, 1H), 8.00 (d] = 7.6 Hz, 1H);*C NMR (100 MHz, CDGJ) & 64.6, 64.7, 108.9,
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117.7, 118.2, 122.7, 123.8, 123.9, 124.7, 127.0, 128.9, 129.5, 130.2, 131.9, 132.1, 135.1,
143.6, 143,8, 146.1, 149.8, 154.0; HRMS Calcd fegH@NOs: 356.1281 [M+H], Found:

356.1277.

EtO.C

Imidate 9{56}. 'H NMR (400 MHz, CDC}) 6 1.43 (t,J = 7.2 Hz, 3H), 4.43 (q) = 7.2 Hz,

2H), 6.62 (s, 1H), 7.17-7.20 (m, 1H), 7.22-7.25 (m, 1H), 7.30 &B.4 Hz, 1H), 7.39-7.43

(m, 4H), 7.46 (dJ = 7.2 Hz, 1H), 7.54-7.57 (m, 2H), 7.97-8.04 (m, 2K NMR (125

MHz, CDCk) ¢ 14.5, 61.6, 106.7, 117.6, 117.8, 118.2, 118.3, 122.7, 123.9, 124.1, 125.0,
125.06, 125.08, 128.9, 131.0, 132.2, 132.4, 132.6, 134.4, 140.8, 140.9, 145.6, 151.4, 153.2,
161.1, 163.2, 164.22, 164.25 (extra peaks due to C-F splitting); HRMS Calcd for

Ca4H16FNQs: 388.1343 [M+H], Found: 388.1349.
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Imidate 9{59}. '"H NMR (400 MHz, CDC}) § 5.12 (s, 2H), 6.66 (s, 1H), 7.03 (b= 8.8 Hz,

2H), 7.14-7.18 (m, 1H), 7.35-7.43 (m, 10H), 7.46-7.49 (m, 3H), 7.52<(f.6 Hz, 1H), 8.00

(d, J = 8.0 Hz, 1H);**C NMR (100 MHz, CDGJ) ¢ 70.4, 109.0, 115.3, 122.6, 123.86,
123.95, 124.7, 126.4, 127.7, 128.3, 128.8, 128.9, 130.1, 130.7, 131.9, 132.1, 135.2, 136.9,
146.2, 149.7, 154.1, 158.7; HRMS Calcd fopgh3,NO,: 404.1645 [M+H], Found:

404.1643.

Crystallographic Experimental Section

Table 1. X-ray Crystallographic Data for Compounds4{2}, 4{4}, and 9{24}.

compd  Structure ORTEP diagram

42 0
Me
§i—Me
Me
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44}
)
A 24} O O
MeO O
MeO OMe

Data Collection for Imidate 4{2}.
A good crystal could not be obtained for this compound, so the X-ray studres
performed using a relatively poor quality crystal. The ctysts covered with Paratone oll

under ambient conditions and was mounted and centered in the X-ray pesmda video

camera.
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The crystal evaluation and data collection were performed at 173 & Bruker
CCD-1000 diffractometer with Mo K(» = 0.71073 A) radiation and a detector to crystal
distance of 5.03 cm.

The initial cell constants were obtained from three serie® stans at different
starting angles. Each series consisted of 30 frames eallatintervals of 0.3° in a 10° range
about® with the exposure time of 20 seconds per frame. The reflectioametitwere
successfully indexed by an automated indexing routine built intoNt#R3 program. The
final cell constants were calculated from a set of stronigatedns from the actual data
collection.

The data were collected using a full sphere routine by coltefbiur sets of frames
with 0.3° scans im with an exposure time of 20 sec per frame. This data a®tcanrected
for Lorentz and polarization effects. The absorption correctionbaasd on the fit of a
spherical harmonic function to the empirical transmission surdacesampled by multiple

equivalent measurements using SADABS software.

Structure Solution and Refinement

The systematic absences in the diffraction data were consistetiite space group
P2,/c and yielded chemically reasonable and computationally stesléts of refinemerf
The position of almost all non-hydrogen atoms were found bytdirethods. The remaining
atoms were located in an alternating series of least-sxjugdes and difference Fourier
maps. The observed resolution of the data set was above 1 A. Thetefaefinement lead
to R-factors significantly exceeding the values required for patdn of X-ray structure

analysis. The poor quality of X-ray data also leads to some [i@DB-positive definite)
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atoms. Therefore, rigid body restraints were applied to the $tagles of refinement. All
non-hydrogen atoms were refined in full-matrix anisotropic appraxamaAll hydrogen
atoms were placed in the structure factor calculation at mehpositions and were allowed
to ride on the neighboring atoms with relative isotropic displacement ceatici

Two structurally non-equivalent molecules were found in an asynomatit of
primitive monoclinic cell. The ORTEP diagram was drawn at a pdébability level. H-
atoms were omitted for clarity. The resulting CIF file Haeen tested with PLATON
software?* The results and comments have been included in the output package

(Platon_Lar32.doc).

Table 2. Crystal data and structure refinement for Imidate 42}.

Empirical formula G@gH1gINOSI

Formula weight 419.32

Temperature 173(2) K

Wavelength 0.71073 A

Crystal system Monoclinic

Space group P2(1)/c

Unit cell dimensions a=6.793(3) A o =90°
b=18.773(8) A B = 93.443(7)°
c =28.433(12) A y =90°

Volume 3619(3) A

Z 8

Density (calculated) 1.539 Mgim
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Absorption coefficient 1.837 mth

F(000) 1664

Crystal size 0.46 x 0.38 x 0.24 Mm

Theta range for data collection 1.43 to 20.82°.

Index ranges -6<=h<=6, -18<=k<=18, -28<=I<=28
Reflections collected 17216

Independent reflections 3784 [R(int) = 0.0752]
Completeness to theta = 20.82° 100.0 %

Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.6669 and 0.4854

Refinement method Full-matrix least-squares dn F
Data / restraints / parameters 3784/ 262/ 404
Goodness-of-fit on ¥ 1.247

Final R indices [I>2sigma(l)] R1=0.1221, wR2 = 0.3340

R indices (all data) R1=0.1387, wR2 = 0.3488
Extinction coefficient 0.0065(8)

Largest diff. peak and hole 3.726 and -1.441%.A

Rl =3 | Fol = Fel | /2 [Fol and VR2 = {Z [ W(F>FA?] /= [W(F)?] }*2

Data Collection for Imidate 4{4}.
A colorless weakly diffracted crystal was selected under emblzonditions. The

crystal was mounted and centered in the X-ray beam by using a video camera.

www.manaraa.com



238

The crystal evaluation and data collection were performed at remperature on a
Bruker CCD-1000 diffractometer with MoK\ = 0.71073 A) radiation and a detector to
crystal distance of 5.03 cm.

The initial cell constants were obtained from three serie® stans at different
starting angles. Each series consisted of 30 frames eallatintervals of 0.3° in a 10° range
aboutm with an exposure time of 20 seconds per frame. The sample wexedwviTherefore,
the obtained reflections were indexed by visually separatirg deystallites using the
RLATT program?° The final cell constants were calculated from a set of strefiections
from the actual data collection.

The data were collected using a full sphere routine by coltefbiur sets of frames
with 0.3° scans im with an exposure time of 20 sec per frame. This data agtcaurected
for Lorentz and polarization effects. The absorption correction hesged on a fit of a
spherical harmonic function to the empirical transmission suidaceampled by multiple

equivalent measurements using SADABS software.

Structure Solution and Refinement

The systematic absences in the diffraction data were consistetiite space group
P2,/c and yielded chemically reasonable and computationally steléts of refinemerf
The position of almost all non-hydrogen atoms were found bytdirethods. The remaining
atoms were located in an alternating series of least-sxjugdes and difference Fourier
maps. All non-hydrogen atoms were refined in full-matrix @tnggpic approximation. The
resolution of statistically relevant data was above 1A. Thexefigid body restraints were

applied to refine some C atoms anisotropically. All hydrogen sitamre placed in the
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structure factor calculation at idealized positions and were eflde/ ride on the neighboring

atoms with relative isotropic displacement coefficients.

One proposed molecule and one CgGblvent molecule were found in the

asymmetric unit of the primitive monoclinic cell. The ORTEP thag was drawn at 50%

probability level. H-atoms were omitted for clarity. The rasgltCIF file has been tested

with PLATON softwaré’* The results and comments have been included in the output

package (Platon_Lar31.doc).

Table 3.Crystal data and structure refinement for imidH&.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

GoH17ClINO3
540.59
293(2) K
0.71073 A
Monoclinic
P2(1)/c
a=14.655(9) A

b =18.309(11) A

c =7.846(5) A

2095(2) A

4

1.714 Mghm

1.930 mrh

1064

o = 90°
B = 95.567(10)°

y =90°
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Crystal size 0.32 x 0.26 x 0.15 Mm

Theta range for data collection 1.79 to 20.82°.

Index ranges -14<=h<=14, -18<=k<=18, -7<=I<=7
Reflections collected 9731

Independent reflections 2183 [R(int) = 0.0987]
Completeness to theta = 20.82° 99.5 %

Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.74 and 0.69

Refinement method Full-matrix least-squares on F
Data / restraints / parameters 2183/ 14/ 247
Goodness-of-fit on ¥ 1.111

Final R indices [I>2sigma(l)] R1 =0.0655, wR2 = 0.1678

R indices (all data) R1 =0.0911, wR2 = 0.1859
Largest diff. peak and hole 2.270 and -0.970%.A

RL =X | Fol = Fdl | /= [Fol and WR2 = {2 [W(F™FA)?] /= [ W(FA)?] }*?

Data Collection for Imidate 9{24}.

A yellow crystal was selected under ambient conditions and covétedParatone
oil. The crystal was mounted and centered in the X-ray beam by using a videa.came

The crystal evaluation and data collection were performed at 173 & Bruker
CCD-1000 diffractometer with Mo K(. = 0.71073 A) radiation and a detector to crystal

distance of 5.03 cm.
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The initial cell constants were obtained from three serie® stans at different
starting angles. Each series consisted of 30 frames eallatintervals of 0.3° in a 10° range
about ® with an exposure time of 20 seconds per frame. The reflectionetdtaiere
successfully indexed by an automated indexing routine built intoNt#R3 program. The
final cell constants were calculated from a set of stronigatedns from the actual data
collection.

The data were collected using a full sphere routine by coltefbiur sets of frames
with 0.3° scans im with an exposure time of 10 sec per frame. This data a®tcanrected
for Lorentz and polarization effects. The absorption correction hesged on a fit of a
spherical harmonic function to the empirical transmission suidaceampled by multiple

equivalent measurements using SADABS software.

Structure Solution and Refinement

The systematic absences in the diffraction data were consistetiite space group
P2,/c and yielded chemically reasonable and computationally steldts of refinemerf
The position of almost all non-hydrogen atoms were found bytdirethods. The remaining
atoms were located in an alternating series of least-sxjugdes and difference Fourier
maps. All non-hydrogen atoms were refined in full-matrix @négic approximation. All
hydrogen atoms were placed in the structure factor calculaticstealized positions and
were allowed to ride on the neighboring atoms with relative ipmiralisplacement

coefficients.
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The ORTEP diagram was drawn at 50% probability level. H-atome amitted for
clarity. The resulting CIF file has been tested with POAT software’! The results and

comments have been included in the output package (Platon_Lar30.doc.).

Table 4.Crystal data and structure refinement for imicH4}.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume
Z

Density (calculated)

Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected

G7H27NO4

429.50

173(2) K

0.71073 A

Monoclinic

P2(1)/c

a=9.037(3) A o= 90°
b =19.075(5) A B= 98.377(5)°
c =13.320(4) A y = 90°
2271.6(11) A
4

1.256 Mgim

0.084 mrh
912
0.60 x 0.34 x 0.32 Mm
2.14 to 23.26°.
-10<=h<=10, -21<=k<=21, -14<=I<=14

14509
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Independent reflections 3254 [R(int) = 0.0520]
Completeness to theta = 23.26° 99.9 %

Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.9736 and 0.9513

Refinement method Full-matrix least-squares on F
Data / restraints / parameters 3254 /0/ 293

Goodness-of-fit on ¥ 1.086

Final R indices [I>2sigma(l)] R1 =0.0488, wR2 = 0.1141

R indices (all data) R1 =0.0741, wR2 = 0.1278
Largest diff. peak and hole 0.191 and -0.232%.A

RL =2 | Fol - Fdl | /2 [Fol and WR2 = {2 [W(F™FA)?] /= [ W(FA)?] }*?
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GENERAL CONCLUSIONS

In this dissertation, new and synthetically useful approaches invopafgdium
catalysis and electrophilic cyclization have been describedh®isynthesis of potentially
medicinally and industrially important heterocycles and carbesydhe methods used are
quite general and can be utilized to synthesize a wide variggocdfiromenes, and cyclic
imidates, as well as linear and fused polyheterocyclic compound€sjPEobntaining
benzofurans, benzothiophenes, indoles, and isocoumarin subunits.

In Chapter 1, competition studies in alkyne electrophilic cyetrnateactions have
been performed. This has been accomplished by applying this elelitraptulization
methodology to a variety of unsymmetrical functionally-substitulieatylalkynes using
halogen and selenium electrophiles and the resulting products chaeattari order to
determine the relative reactivities of various functional groupsardsv electrophilic
cyclization. The results suggest that a number of factoestatfe cyclization. These include
electronic (the relative nucleophilicity of the functional groupsl #he cationic nature of the
intermediate) and steric factors (hindrance and geometrigainant of the functional
groups), and the nature of the electrophile.

In Chapter 2, several iodocyclization/palladium-catalyzed approaches lheen
described for the generation of linked and fused polyheterocyclic compolimelggeneral
method to prepare linked polyheterocyclic compounds involves iterathesoyf palladium-
catalyzed Sonogashira coupling, followed by iodocyclization usingrIICIl. Important
heterocyclic units, like indole, benzofuran, benzothioplretngcan be easily inserted at the
desired location by just changing the order of the building blockdy easiessible terminal

alkynes. The reactions are very efficient, afford clearcti@as, and tolerate almost all
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important functional groups. Finally, this methodoogy is very flexdold can be quickly
combined with other efficient transformations, like the palladiatalgzed Ulimann reaction
and alkyne annulation, to construct more complex fused heterocyldese features
enhance the synthetic utility and scope of the methodology, makiscathiery practical
approach for PHC synthesis.

In Chapter 3, a variety of iodo-substituted isochromenes, dihydroisobeazsf and
pyranopyridines are prepared in good to excellent yields under milditons by the
iodocyclization of readily available 2-(1-alkynyl)benzylic @bols or 2-(1-alkynyl)-3-
(hydroxymethyl)pyridines. The nature of the substituents inttréireg material governs the
regiochemistry of the reaction products. The 5-membered ring psodhtdined, namely 1-
alkylidene-1,3-dihydroisobenzofurans, exhibit unexpectég¢tereochemistry, and are
presumably derived from the initially formed less stdblsomers through iodine-mediated
isomerization.

In Chapter 4, the solution-phase parallel synthesis of a 71-mdimntzey of multi-
substituted (with four diversity points) cyclic imidates is diésat. 3-lodomethylene cyclic
imidates are readily prepared by iodocyclization chemistryeiification of these 3-
iodomethylene cyclic imidates has been accomplished by usingusacommercially
available building blocks, for example, boronic acids, terminal alkgtgsenes, and carbon
monoxide plus amines, through a variety of C-C and C-N bond formiotaes The cyclic
imidate library members are being evaluated for their biokdgpotential by the National

Institutes of Health Molecular Library Screening Center Network.

www.manaraa.com



249

ACKNOWLEDGEMENTS

It gives me immense pleasure to express my deepestideaind appreciation to my
advisor, Distinguished Professor Richard C. Larock, for giving mepipertunity to be a
part of his research group. He has been an excellent mentor andtanc@mrce of
inspiration, and | sincerely thank him for his continuous encouragement, sugmbr
guidance.

| am grateful to the eminent members of my Program of Stodyrattee for their
valuable time and suggestions. | also take this opportunity to thamky aachers who have
taught me and have impacted and shaped my life in several ways.

| thank my co-workers and collaborators at ISU, the KU CMLD, d&edUniversity
of Calabria, Italy, for their contributions towards this work and &soimparting their
expertise and knowledge. | also thank all the past and present lgmmgk members and
colleagues for all their help, encouragement and support throughout these years.

| am thankful to the Department of Chemistry, ISU, NSF and ti& ol providing
financial support. | also thank the Chemistry Graduate Offadé she Chemistry Store staff,
the Chemistry Instrument Services staff, as well as the d&tinistrative staff, for their
help, assistance and support in various ways during my stay at lowa Statesitinive

| have been blessed with so many great friends and | thank théon B#ing there
for me during good, as well as the challenging times. A spewation is necessary to
acknowledge Mr. Ganesh Kumar, Mr. Pramod Bhadana, Dr. Virendra SingtBriManka
Goyal, Ms. Teena P. Gulabani, Dr. Shilpa A. Worlikar, Mr. Deepaky®ibnd Mr.

Sarojalochan Samal for their continuous love and support.

www.manaraa.com



250

I would like to honor my beloved parents, Mr. Sudarshan K. Mehta and Mrsars
L. Mehta, for their endless love, faith and support. | also deeply @pf@ehe affection and
support by my dear brothers Dr. Sanjiv K. Mehta and Mr. Rahul Mehthsiaters-in-law

Dr. Nishi Mehta and Ms. Shikha Tripathi Mehta.

www.manharaa.com




	2009
	Palladium-catalyzed and electrophilic cyclization approaches to important heterocycles and carbocycles
	Saurabh Mehta
	Recommended Citation


	Microsoft Word - $ASQsupp_9C639DC4-CF48-11DE-BB14-2820D352ABB1.docx

