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1. Introduction

Gold is probably the sole chemical element thatdily every person has heard about. Its highly
positive potential is responsible for a low reatyhand diffusion in nature in elemental form. One
of the most important characteristics of gold ssdurability. In fact a lot of ancient art is maafe
gold. In the past, the monetary system was base@rengold and as a result this metal was also
responsible for gold rushes, wars, conquering aflesbontinents.

Gold is also used in medicine, such as, in dergalthcare, in arthritis treatments, and recendly it
anticancer activity has been discovered. Metalbtd gs highly biocompatible but gold in ionic
form is toxic!

Organic chemists didn’'t use gold as a catalyghen past probably because of the low reactivity
deduced from the inertness of the elemental gatdhly dissolves imaqua regia or oxidants such
air in presence of strong ligands.

Another reason that prevented the use of gold &npal catalyst, was the high value associated
with this metal and the idea that such a catalystldybe unaffordable. This idea is changing for
many reasons: monetary systems are not based ontigelso called “queen of metals” is now less
expensive than other metals like rhodium, palladiand platinum. Thousand tons of gold are
recycled from stoichiometric technical applicatiomsd the same amounts is produced in gold
mines every year. This is an advantage comparethddium, palladium and platinum because
determines a high stability of its price and castify its use for industrial applications.

Gold catalysts, because of their unique propehie® now become well-established best option for
many chemical transformations in both heterogenamgshomogeneous processes. Gold salts can
promote chemical transformations at room tempegatith reaction times of just minutéhis
contrasts with other metal-catalyzed reactions bgtiire higher temperatures and reaction times of
hours or even days. Furthmore the high reactivityjnany metal complexes renders the reactions

they catalyze sensitive to both air and moisture lamits their practical utility. Conversely, gold
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derivatives are robust transition metal catalybt®sasng air and moisture tolerance and generation
only of environmentally safe byproductoreover Au(l) has a good redox stability undebamt
conditions and this allows the development of a neay of reactivity without the traditional
oxidative addition/reductive elimination cyclesm@sent in late transition-metal catalysts.

Gold catalysts can work very often without ligandsder mild conditions and are effective even

when very small amounts are uded.

1.1Gold catalyzed nucleophilic additions to C-C multipe bonds

C-C multiple bonds of alkynes, allenes, or olefta®rdinate to gold complexes; in this way gold
efficiently activates them for the attack of a maphile. Other metals like Hgare able to activate
C-C multiple bonds of alkynes or olefins but theuléing C(sp)-Hg bond is usually kinetically
stable and requires an extra step to release argigand. Thus the overall transformation become
stoichiometric in toxic mercury salts.Gold catalysis is able to solve this problem beeatne C-

(sp’)-Au is easily protonated regenerating the actatalyst and releasing the product (Scheme 1).

Scheme 1
[Au]
+[Au] i
R—————R —» R——R
+ NuH
R H e R [Au]
Nu R -[Au] HNu R

As depicted in Scheme 1, gold catalyst coordin#itesr-system of the substrate to form an

organogold intermediate that undergoes nucleopéttack. There’s evidence that the nucleophile



attacksanti to gold to deliver the vinylgold intermedidteThen the organogold intermediate

liberates the addition product and the gold catddygprotodemetallation.

1.2 Gold-catalyzed hydroamination of C-C multiple bonds

Nitrogen-containing heterocycles are a broad angbmant class of compounds widely spread in
nature? often with very high biological activit}f Limitations associated to traditional methods for
C-N bond formation prompted organic chemists testigate catalytic addition of N-H bond across
a C-C multiple bond as an atom-economical andgttiarward route to the synthesis of amine
derivatives.

As depicted in Scheme 2, a potential catalyticeyol hydroamination has been hyphotesized. The
C-C multiple bond is activated toward nucleophdttack by complexation to an electron-deficient,
late-transition-metal compléX. The following protonolysis releases the amine \dgive and
regenerates the catalyst.

This approach to hydroamination is suitable foedatnsition-metal complexes because they have
low oxophilicity and display good tolerance to mamyctional groups but low air and moisture
sensitivity as well. However amines have a veryhHigating ability and so they can often poison
the metal forming stable complexes without delngrithe desired produd¥lioreover the metal-
alkyl complexes formed by nucleophilic attack afeer resistant to protonolysis and can gpse

hydride elimination, resulting in oxidative amiratiand hydroamination competitive paths®



Scheme 2
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Au" and cationic Aliare very carbophilic Lewis acids and are ablectivate C-C multiple bonds
toward nucleophilic attackt These complexes, Ain particular, being so little oxophilic, display
very good functional group compatibility and lownsgivity to air and moisture. Moreover
alkylgold complexes are stable fiehydrogen elimination and are highly reactive wiéispect to
protonolysis of the Au-C bon@:!° These are the reasons why"Aand Ad are widely used in
hydroamination reactions of alkynes, alkenes, alen

Many examples of gold catalyzed inter and intrammaler hydroamination reactions are present in
literature. In particular, gold catalyzed intranmliar cyclization is very interesting. The first
example of Atl'-catalyzed intramolecular hydroamination to forrrakydropyridine was reported

by Utimoto (Scheme 3Y.



Scheme 3
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Au" catalyzed hydroamination of 2-(1-alkynyl)-anilin@sform 2-(butyl)-indole was also reported

by Utimoto (Scheme 45}

Scheme 4

Bu
= NaAuCl,.2H,0

5%mol
THF, 25C, 2h N
H

NH

One of the most difficult and challenging goal ionfogeneous catalysis is the hydroamination of
inactivated alkenes. Aucatalyzed intramolecular hydroamination of unatdd alkenes with

sulphonamides as the nitrogen nucleophile has teperted ( Scheme %j.



Scheme 5

Ts
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Intramolecular cyclization of allenes with tetherachines, in the presence of a transition metal
catalyst represents the most common route to geneiteogen-containing heterocycles. Allenes are
more reactive towards transition metals than alkemel Alias well as Al' are able to catalyze at

room temperature intramolecular hydroamination lefn@s leading to pyrroldines and piperidines

(Scheme 55%°

Scheme 5
H —
/\?Rl Au(yAu(ll) R, ~H
Rllln-
2 NHPG N R
R, PG

Effective protocols for thexo-hydroamination oN-allenylcarbamates catalyzed by

(phosphane)gold(l) complex has been reported byewidefer (Scheme 6).



Scheme 6
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1.3Gold catalyzed hydroalkoxylation of C-C multiple bands

Water and alcohol can serve as nucleophiles inr imted intramolecular gold catalyzed
hydroalkoxylation reactions of alkynes. These reastwere known to be catalyzed by mercury (Il)
salts under very acid conditions or by palladiunplatinum (I1) salts

The first catalytic alkynes hydration with gold a&igst (HAUCL) appeared in 1978.Then Utimoto

et al. discovered that with 2% mol of MaCl, as catalyst, water and alcohols can be used as

nucleophiles under mild conditio(Scheme 7§

Scheme 7
——R, RuR,=akylaryl
2% mol Na[AuCl,]
2% mol Na[AuCl,]
water/methanol 1:10
reflux 1-10h methanol, reflux 1-10h

MeO OMe
RJK/RZ + ﬁ( R MeG, OMe

@)

y = 28-94% y = 85-95%



Intramolecular addition of a hydroxyl group to aCCtriple bond was also reported. Catalytic
amounts of AuCl and ¥CO; are able to converb-acetylenic alcohols in-alkylidene oxygenated

heterocycles in a regio- and stereo selective \Bapiéme 85°

Scheme 8

\\ HO AuCl 10%mol AN O

r

K,CO,4; 10% MeCN, rt

R 2 60-90%

(2)-3-Ethynylallylalcohols can be transformed toaiis using both gold(lll) and gold(l) in different

solvents (Scheme 8§’

Scheme 9
R,

0.1-1 mol% R R4 thermodynamic
Au-catalyst o R 5 tautomerization O N R,
solvent, rt R

R / 1 R

1 R2 2
R;-R; = alkyl,aryl,H (for Rg not H : 83-97%) (for Rg = H : 12-100%)



Also simple olefins can be activated by gold towtnel inter and intramolecular hydroalkoxylation
reactions. An example is the formation of phenidyhkthers using gold(l) as a catal{&Cationic
gold(l) binds and activates olefins allowing thecleophilic attack of phenols or carboxylic acid

(Scheme 10). This reaction is similar to the pallar{ll) catalyzed Wacker proce$s.

Scheme 10
OH _Ph
@]
PPh,AUCI/AOTF 2 mol% /\)\ + Ph/\(\
PR TN+ - ph
OPh
toluene , 85 C

The first intramolecular addition of a hydroxyl gmto an activated alkene using gold catalysis was

reported by Hashmi in 2000 (Scheme %1).

Scheme 11
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Allenes are not simple substrates because they phalvlems linked to the chemo, regio and stereo
selectivity®® The intramolecular hydroalkoxylation of allenes swaeported by Krause and

Hoffmann-Roéder for the cycloisomerisation of allergrbinols to give 2,5-dihydrofurans with

good stereocontrol.(Scheme £2).

Scheme 12
HO R, o
R, ; 10%mol Aucl, R, ~Ra
17 L.
N S ~ R7 \__
2 R, DCM, rt

R

Both gold(l) and gold(lll) are able to cyclomerigehydroxyallenes leading to dihydropyrans in

good vyield, with high regio (no traces of 5-exors® were observed) and stereo-selectivity

(Scheme 13§

Scheme 13

Au (1) or Au (Ill)

DCM, rt
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1.4 Gold catalyzed functionalization of Gy-H, Cspy-H, Csy-H bonds.

The activation and functionalization of C-H by nmetamplexes is a very difficult problem in
organic chemistry but the importance for this organansformation encouraged chemists to try
new metal catalysts to achieve better restlts.

Gold(l) and gold(lll) are both able to activate &ndctionalize C-H bonds. An example oiptH
bond functionalization is the intramolecular alkidga of 1,3-dicarbonyl compounds that is
achieved using AuGIAgOTf as a catalytic systeffiln this field an attractive target is the synthesis
of substituted lactams by intramolecular additidnpeketoamide to unactivated alkenes using

gold(l) as a catalyst (Scheme £2).

Scheme 14
O ) o
@)
LAu* \
H+
o 0 o
OH
A
LAuU* LAu*

H+
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Very interesting is the activation and functionation of a C,pz-H bond. The first report of
hydroarylation of alkynes by gold was reported tge® and SomméP.Hydroarylation mechanism
is not well defined. Two different hypothesis hdeen considered: the first is a Friedel-Craft like-
mechanism involving activation of the alkynes byboghilic gold center (Scheme 15 X)The
second one involved the formation of an aureataeagwld intermediate that attacks the activated

alkyne (Scheme 15 BY.Both of mechanisms furnish th&){alkene product.

Scheme 15
[Au' A 1l Ry
/\j\\/ @/Y[ u'] N
Rl [Aulll] Rl
[Au“'] " £

A N H*
[Au”']+ R, -Ef

E=[Au"], [Ad'],H

Electron rich arene like pyrrole, indoles, furagis. can react, as the nucleophiles, intramolelgular
with alkynes, alkenes or allenes in the presence g@old catalyst to give from six to eight

membered ring annulated compounds (Schemé®£8).
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Scheme 16

R, NR
NR
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AN r Ty NP
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R
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N
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— \ >
< “Et
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A further example of g;,Z-H bond functionalization is the synthesis of pHerstarting fromo-
alkynyl furans using AuGlas a catalyst reported by Hashmi’s group. Thetimashowed high

selectivity so no side products were detected (Beht7)*

Scheme 17

2% mol AuCl, O
O @) >

- / MeCN, rt
— OH

69%
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Gold is also able to functionalizey£H bond, for example the activation of C-H of 1saiks in the
Sonogashira coupling with aryl iodide can be acd@hed using gold(l) complexes instead of Cul
as a cocataly$t. The reactions are cleaner and can be carriechdaethnical grade solvent without

previous purification and in presence of air (Schelr@).

Scheme 18

1% [PdCI,(PPh,),]
— 4+ X R > — R
1% Au co-catalyst

NH(i-Pr), THF

The C-H bond activation of 1-alkynes by gold hasrbased by Wei and Li as well as in the three

components coupling of aldehydes, alkynes and an{Beheme 19Y

Scheme 19

Au cat.
RCHO + R—= +
H,O

53-99%
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2. Results and Discussion

2.1 Gold catalyzed intramolecular hydroamination ofa-aminoallenamides

Intramolecular hydroamination, the formal additminN-H group to carbon carbon multiple bond,
is a direct and efficient procedure for the synithe$ nitrogen-containing heterocycl&s.

Cyclization of allenes with tethered amines repmesea fruitful route for this scope. Some
alternative strategies based on b#sic transition metal-cataly$tshave been used for this purpose.
Among the latter palladiuffgold;*'silver*®ruthenium?°copper’cobalt®® mercury??, and
titanium?>® warrant a wide range of procedures such as domgiactions, oxidative cyclizations,
cyclocarbonylations, and cycloisomerizations whattow them to differently achieve functional
products.

In recent years homogeneous catalysis using gdtd Bas emerged in organic synthesis as a
powerful arm for interesting and useful transforimas®> The success of the gold catalysis
involving allene substrates is related to its &pilo coordinate with C-C bonds, thereby allowing
the attack of various nucleophiles both in interd intramolecular fashiot.

Taking into consideration recent works on heterbzgtion of a-amino allenamides,, under base-
promoted® and domino palladium-catalyz€d conditions to give dihydropyrazinone and
imidazolidinoneB and C, respectively (Scheme 20), we thought of undeigdirese substrates
under reaction in the presence of gold-salts.

Scheme 20

€ Boc \\\Ph

Boc = \
SN base BocNH / Pd(0) N—‘\
N
R“‘K[(N\Me ref.56 R N‘Me Phi R“‘S( ~Me
ref. 57
O (@) 'e)
B A C
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This study was carried out with the double a)nto perform an alternative procedure to enter to
optically active nitrogen-containing heterocyclesd ii) to investigate the feasibility of gold
catalyzed heterocyclization of compounds havingnanand allene groups tethered on an amido
group.

In the following chapters the results of our reskargroup, concerning gold-catalyzed
intramolecular hydroamination of allenamides leading to enantiopure 5-substitued 2-
vinylimidazolidinone, are reported. The imidazatidne derivatives are widespread in several
natural products, many of them having biologicdivities.>®® Moreover, imidazolidinones have
proved to be effective in organic catalysis asvattirs for o,-unsatured aldehydes through

formation of an iminium ion?

2.2 Synthesis of propargylamideS8a-f
Propargylamide8a-f were obtained in good yields (Table 1) by the neacdf L-a-aminoacidsla-
f andN-methylpropargylamin@ain DCM as a solvent at rt and using DCC as an asfodmation

coupling reagents (Scheme 21).

Scheme 21 Table 1
R Yield (%)
3a-f
= i-Pr 95
BocNH /
BocNH = DCC, DMAP Me 96
\“S‘(OH + - R\\‘\ N\
R HN CH,CI, o B 94
0 N 48 h: rt
la-f 2a 3a-f
tert-Bu 90
a:R=i-Pr;b: R=Me; c: R=Bn; d: R =tert-Bu; e: R = Et; f = Ph Et 85
Ph 97
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2.3 Synthesis ofri-aminoallenamides 4a-f
Propargylamides3a-f were transformed intax-aminoallenamides4a-f by t-BuOK promoted
isomerization in dry THF (Scheme 22). The expodume of 3a-f to the base is crucial and must

not exceed 1 minute, so as to prevent the baseqteshtyclization reactioff. Yield of products

reaction are often near quantitative (Table 2).

Scheme 22 Table 2. Yields of reaction (Scheme 22)
R Yield (%)
4a-f
i-Pr 98
=
BocNH / 25equiv  goeNH / Me 94
t BuOK ‘ N
THF R > Bn 95
1 min; rt 0
3a.f 4af tert-Bu 08
Et 97

aR=i-Pr;b:R=Me;c: R=Bn;d: R=t-Bu; e: R=Et;f: R=Ph
Ph 95

2.4 Optimization of cyclization conditions ona-aminoallenamide 4a with gold catalysts.

The allenamideda, arising from L-valine, was used as the first nieidstrate to test the
cyclization reaction to give the corresponding &i®pyl-2-vinylimidazolidinone5a by gold
catalysis (Scheme 23). Reaction conditions weremipgd by using a variety of Au(l) and Au(lll)

catalysts (Table 3).

Scheme 23

_ & Boc\N 4{:&:
BocNH ( [Au]
L w T NN
w\\\“ “Me solvent, reflux i Me
O

o

4a 5a
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Table 3.Optimization of the cyclzation conditions 44

Entry Catalytic systefn Solvent Reaction products (%)
la 5a 6 7 8
1 H,SO,* MeCN - 15 85
2 AuCl toluene 95 - - 5
3 AuCl MeCN 93 - - 7
4 PPRAuUCI, AgOTf CHCl, 90 - - 10
5 PPRAuUCI, AgOTf, AcOH CHCl, 92 - - 8
6 AuCl MeCN - od - 10
7 AuCl dioxané 80 10 - 10
8 AuCk AcOH' - - - 10 90
9 AuCl CH,CI? 95 - - 5
10 AuCk, AgBF, toluene 95 - - 5
11 NaAuC}-2H,0 MeCN 51 39 - 10 -
12 NaAuCl-2H,0 CH.CI? 95 - - 5
13 NaAuC}-2H0 dioxane 95 - - 5
14 AuCk, AgOTf MeCN 90 - - 10
15 AuCl, AgOTf AcOH - - - 10 90

& Au-catalyst is used in 5 mol%

® Ratio determined by HPLC

¢ 5 mol%

4 As a 2.5:Icis/trans diastereoisomeric mixture

¢ Working on DMF, MeOH and toluene any conversiobafvas observed
" At70°C

9 At room temperature

First of all, in order to determine the need ofcddgspecies for obtaining the cyclization process,
control investigation was performed submitting twenpound4a to reaction catalyzed by protic
acid. This procedure provided the formation Td in 15% yield beside a large amount of
deallenylation by-produd (Figure 1) making of no value its applicative i®r(entry 1). It should
be outlined that Yb(OT$)revealed a catalytic behaviour similar to the Buhc acid while other
Lewis acids such as BE#$LO and Zn(OTf) afforded only a tarry mixture.

Treatment ofa-amino allenamideda with Au(l)-salts only resulted in the formation emall
amounts of the degradation produc{entries 2-3). The same behaviour was observedsingu

PPhRAuUCI complex, also in addition to AgOTf and AcOHh{ees 4-5).

18
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CHO %
H |
\\“\‘ N\ \\‘\\‘ N\ \\““ N\
Me Me Me
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6 7
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8

Figure 1. By-products deriving from optimization of reactioanditions reported in Table 3

Working in the presence of AugC(5 mol%) in acetonitrile as solvent at reflux, axmre of
imidazolidinonesba was obtained in satisfactory yield (entry 6). @tkelvents as dioxane, DMF,
MeOH and toluene were tried without improving thgclization outcome. By performing the
reaction in AcOH as solvent at 70°C, only the opbain derivative8 (Figure 1) was recovered
(entries 8 and 15). The use of NaAw@l acetonitrile instead of Aughfforded5a in lower yields

(entry 11).

2.5 Synthesis of 5-substitued 2-vinylimidazolidinoes 5a-f

Having optimized the reaction conditions for thecl@ation of allenamideda on a small scale
(Table 3, entry 6), we tried to scale-up the reactn order to isolate reaction products. Au(E
mol%) was added to a solution 4& in acetonitrile dry. The mixture was refluxed forh2then
solvent was evaporated to dryness. The crude wa$ieduby flash column chromatography
affording the 5exo-allylic cyclized productgis-5a andtrans-5ain a 2.5:1 diastereoisomeric excess

(Scheme 24).
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Scheme 24

N —
BocNH / AuCl, (5mol%) N—™\ N‘(
v N\ = \“\\‘ N\Me o N
w Me  AcCN, 2.5h rfx ) Me
0]

O 0
4a cis-5a trans-5a
25 d.e 1

The absolute stereochemistry of tbie and trans diastereoisomer$a was assigned by NOE
measurements. In particular, NOE enhancement batwi®e and Ha has been determinant to
identify the cis-configuration of the major diastereoisomer. Thans-configuration of the minor

diastereoisomer was confirmed by the NOE interadiietween Hb and Hc (Figure 2).

Hc Me
|
N

e Y O
Hb'"' A
Me OYN iy
>< Ha Me
trans-5a

Figure 2. NOE enhancements observedimandtrans diastereoisomers.
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HPLC analysis (Chiracel ODH column) afs- andtrans-5a, performed in comparison to samples
of the corresponding racemic mixture synthesizeaktisg from the (%)-valine, proved an

enantiomeric purity better than 99.5%.

Next we explored the scope of the reaction undeictnditions of entry 6 Table 3. Thus a selection

of the behaviour of allenamiddss collected in Table 5.

Table 4.Reaction scope

4 — >

BOC\ ,“\\_ Boc\ —
N 0y
5 mol %AuCl, \N NI
\\\\" S‘( \Me

MeCN, rfx
O 0
cis-5 trans-5

Entry Allene R Time (h) Yields of products (%)

1 4a i-Pr 25 Boc = Bog —
N N

- N~ “ N~

i-pr k{( Me ipr S( Me
(¢} o

cis-5a (41%) trans-5a (12%)

2 4b Me 15 B, o= N =
N—\ N
Me “-S(N\Me Me ™ N~pe

o (¢]
cis-5b (50%) trans-5b (12%)
Boc, Boc,

3 4c Et 1 \ = \ —
N— N—(\
Et““"S(N\Me Et“"‘S(N\Me

O (0]
cis-5¢ (50%) trans-5¢ (12%)
4 4d Ph 15 BOC\ == Boc\ —
N—\ N
Ph “"S{N\Me Ph “"S(N\Me
(0] O
cis-5d (40%) trans-5d (4%)
5 de t-Bu 35 B, o= Boo =
N—\ N
WL N~ L N<
t-Bu" S( Me t-BU\ Me
O o
cis-5e (22%) trans-5e (10%)
6 4f Bn 15 Boc = _
S
Bn“"‘S(N\Me
(e}

cis-5f (65%)
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The reactions were completed in 1-3.5 h, alwaysvignog the cis-imidazolidinone as major
product. Allenamidegta-f led to cis and trans products in very similar ratios and vyields. The
outcome of compoundde resulted in a crude tarry mixture that allowed laiog cis
disterereoisomer in only 22% yield.

Allenamide4f, arising fromL-phenylalanine, gave rise to cyclization in a higiastereoselective

level that led to the isolation of the sals-product in 65% vyield.

2.6 Synthesis ofi-benzylamino allenamide 13

The inertness of Au(l)-catalysts prompted us talgttihe behaviour of a substrate having a more
nucleophilic amino group.

Thea-amino allenamidd3 was synthesized for this purpose in four steps.

Starting from the corresponding Fmoc-L-valife the corresponding propargylamid® was
synthesized using the usual protocol for the sygishef propargylamide3a-f. The Fmoc protecting
group was then removed using piperidine in aceaitmis solvent at room temperature in 6 h. The

crude was purified by flash column chromatograpbtaming11in 78% yield (Scheme 25).

Scheme 25
= /
FmocNH /// DCC. DMAP FmocNH / piperidine ‘%N
R + ' N > O\ ~
K[(OH CH,C, ) \[( MeCN, 6h, rt w

HN o O
(0] N 48 h; rt 11
9 2a 10

The intermediatel1 was then alkylated on the free nitrogen using wénamide leading to the

compoundl12 in 50% vyield after flash chromatography columneTgroductl2 was transformed
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into the correspondingi-benzylaminoallenamidel3 by the same procedure used to obtain
allenamideda-f but in lower yield(Scheme 26).

Scheme 26

/ Q\ =
NH / NH / 25 equv NH /
2 1.2 equiv.py . N
R\\\-H(N\ + PhcHBr =7 R\\\-YN\ _ vBuOK R ~
o DCM, 14h, rt o THF o
1 min; rt
11 12 13

The a-benzylaminoallenamide43 underwent to treatment with Au(l) and Au (lll) clysts.
Although even in this case the latter turned oubéothe most efficient catalyst, BRCl was

operative in the promotion of theexe-allylic cyclization (Table 5).

Table 5. Cyclization ofa-benzylaminoallenamid&3

k _ Ph—\ = Ph—/\ 4(:
NH / AuL, N7\ N
| i [ N N
\[““S(N‘Me MeCN w S( Me W S( Me
o) o) o)

13 cis-14 trans-14

Entry Catalytic system Time (h) Yields of produ(¥s)

1 PPhAUCIAgBF, 2.5 Gs14(21%)  trans-14 (14%)

2 AuCk 0.20  Cis14(36%)  trans14(24%)

The reaction which was carried out in the presefcAuCl; was faster than cyclization tried on

allenamideda (0.20 hvs 2.5 h) giving thecis isomer as the major product, although with a lower
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cig/trans ratio. The catalytic system P#AuCI/AgBF, furnished thecis andtrans imidazolidinones

14 with the same diasteroisomeric ratio found usingCh as catalyst although in lower yield.

A plausible mechanism for the gold-catalyzed hetgelization is shown in Scheme 27. The inside
C-C double bond of the 1,2-diene moiety is actigdig the coordination of both Au(l) and Au(lll)
species (intermediate8 or A’), the so generated-olefin complex undergoes intramolecular
nucleophilic attack by the nitrogen atom of the monigroup affording the cyclic vinyl-gold
intermediateB. However, the development of the C-N bond candbgeaed on thea-olefin-Au(lll)
complex by both Boc and Bn-amino groups, wheredg i@ more reactive Bn-amino group can
interact with w-olefin-Au(l) complex. Protonolysis of the gold-ban bond B gives

imidazolidinones derivatives and/orl4 and regenerates the gold-catalyst.

Scheme 27
cis-(5 and/or 14)
trans-(5 and/or 14) AuL,
“AuL, AuL,
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2.7 Gold catalyzed intramolecular G,*-H alkylation

Our following work has been addressed towards studin cyclization of alkynyl-substituted
heterocycle§’ Homogeneous gold catalysis, has emerged recently @mwverful tool to achieve
such a goal, mainly to the chemoselective alkyniappioperties of this attractive mefa.

As already mentioned in the introduction, the fegample of an intermolecular hydroarylation of
alkynes has been reported independently by Beatrl Sh” whilst the development of the first
intramolecular version of this reactivity dates lbdo 2004°* From then on, several different
reacting partners have been successfully testedrwadious conditions, developing a large family
of gold-catalyzed carbo- and heterocycle syntH&sis.

However, electron-rich aromatic heterocycles hasenbunder-investigated in comparison to arylic
substrates. To the best of our knowledge, only papers dealing with hydroarylation of indoles
have been publishéd,and just one reports the effectiveness of theipting with internal
alkynes®*®

The research group | have worked for, elaboratethesqrotocol® to obtain complex
(poly)heterocyclic system by intramolecular palladicatalyzed reactions. In particular they
reported the cyclization oN-allylpyrrolo-2-carboxamides which exhibited alsoogucts arising

from 1,2-migration of the amide moig§cheme 2852

Scheme 28
\ Me (o)
R
== N
]\ o Pd(OAc), 2 Pd(MeCN),CI
N — [\ == N NR Ny
AcONa R 1,4-BQ N
)\/N\ + N N
R Bu,N"CI H o DMF/THF H O H Me

Me
DMSO

25



So we were intrigued to investigate the intramdicihydroarylation of alkynyl pyrrolo-2-
carboxamides catalyzed by gold in orden)tstudy the feasibility of gold-catalyzed intrammiéar
hydroarylation of alkynes tethered via an amidougranto pyrrole skeletonii) obtain an
alternative procedure to access pyrrole fused beyeles, andii) verify an analogous outcome in

terms of rearrangement behaviour.

2.8 Synthesis of H-pyrrole-2-carboxamides16a,b

1H-Pyrrole-2-carboxamidesl6a,b were synthesized from the corresponding-dyrrole-2-
carboxylic acidsl5a,b and N-propargyl amin@a using DCC as coupling reagent in good yield

(Scheme 29).

Scheme 29

/
]\ OH ’/§ DCC, DMAP 7\

N + - NMe
ll? 5 HN__ CH,Cl,, rt, 48h N
1 R1 O
15a,b 2a 16a,b
15a Ri= H 16a( 80%)
150 Ry= Me 16b (90%)

2.9 Gold catalyzed cyclization of H-pyrrole-2-carboxamides16a,b
The two H-pyrrole-2-carboxamide$6a,b were submitted to gold catalyzed cyclization reati

in different conditions (Table 6)
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Table 6. Optimization of reaction conditions

4 Me o Me
/ [gold catalyst] — N
@YN\ ———— [V N [Ny
[I\I Me conditions N N
R o) (see Table 6) ’|? 0O Il? Me
16a: R=H 17a,b 18a,b
16b: R = Me
Entry Substrate Gold catalijst Solvent! 179 189
1 16a AuCls; MeCN
2 16a NaAuCL2H,0 MeCN
3 16a AuCl DCM
4 16a PPRAUCI/AgBF, DCM
5 16a AuCls DCM
6 16b AuCls MeCN 63 37
7 16b NaAuCl;2H,0 MeCN 30 17
8 16b AuCl DCM
9 16b PPhAUCI/AgBF, DCM

[a] Catalyst loading: 5 mol %. [b] All reactions keecarried out at reflux for 4 h. [c] HPLC conversi [d] In this
case, 50% oi6b was also recovered.

At first, it should be noticed that both Au(lll) @mAu(l) catalysts were unable to cyclize the
nitrogen unsubstituted pyrrolo derivati¥6a (entries 1-5). This behaviour was completely défe
from what was observed in Pd-catalyzed reactiograN-allyl pyrrole-2-carboxamides did not
require this substitution to react. Otherwise Au@ls able to promote the cyclization of the
substratel6b, bearing a methyl group on the pyrrolic nitrog@iving two isomeric bicyclic
products. Their structures were unequivocally aeieed to be the expectedeBe-dig cyclization
productl7b and the cyclized rearranged structligb by *H NMR, **C NMR, NOESY1D, gHSQC

and'H-*C long-range correlations (gHMBC) experiments (Fég8).
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Figure 3. Significant relationships among hydrogen and caditoms arising from bidimensional NMR studies

The best result was obtained when the reactionpgeermed in MeCN at reflux for 4h (entry 6);
in this case, the ratio betwe#rb and18b, determined by HPLC, was 63:17.

NaAuClL.2H,O was also able to cyclize6b, but in this case, after 4h in MeCN at reflux, the
conversion of the substrate resulted in only 50king a mixture of17b and18b that the HPLC
analysis revealed to be in 30:17 ratio (entry Bsjte the nitrogen substitution, Au(l) didn’t affo

any cyclization product of the substragb (entries 8-9).

2.10 Solvent effect in determining the ratio betwee compounds 17b and 18b in AuGl
catalyzed cyclization.

We observed that the catalytic effect of Agy@®l determining the cyclization of the ami@léb was
influenced by the reaction medium. In particulég tatio between the cyclization produt#® and
18b was strongly affected by the solvent, as shownhleyinvestigated conditions summarized in

Table 7.
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Table 7Effect of the solvent on the ratio of the isomgmioducts

Entry [Aul@ Solvent T (°C) t (h) Ratft} 175° 184°
1 AuCk Toluene 50 3 71 70 8
2 AuCl DCM reflux 3 31 41 16
3 AuCk MeCN reflux 4 1.7:1 45 26
4 AuCl DMF 90 4 1:1.6 32 50

[a] [Au] used at 5 mol %. [b] HPLC-MS ratio betwepeak areas. [c] Isolated yields after chromatdgagolumn.

In fact, operating in non polar solvents increatiesl formation ofl7b (entries 1 and 2), whilst
changing to polar solvents, an enhanced produtits uatil a majority of18b was obtained (entry
4). More specifically, the ratio (HPLC-MS) betwe#iib and 18b changed from 7:1 working in
toluene to 1:1.6 when DMF was used. This means ldsst polar solvents favour the expected
cyclization productl7b whereas more the polar ones favour the formatibicompound18b,

arising from the formal 1,2-migration of the amideiety.
2.11 Synthesis of propargylamides 19 and 20a-d
Other propargylamides were synthesized. Some afethequired the previous synthesis of

propargylamidel9 as a common intermediate (Scheme 30).

Scheme 30

/
]\ OH Kﬁ DCC, DMAP 7\

N + - - NH
| NH, CH,Cl,, rt, 48h N
Me O !
Me O
15b 2b 19 (80%)
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The propargylamide20a was prepared in good yield adopting the same proeeused for

propargylamided5a,bbut using théN-benzylprop-2-yn-1-amin2cinstead of2a (Scheme 31).

Scheme 31

/
]\ OH ’/§ DCC, DMAP 7\

+ _— NBn

l\l/le o) HN—gp, CH,Cl,, rt, 48h l?l
Me O

15b 2c 20a (85%)

Propargylamide20b was obtained starting froni5b and using 4-methyiN-(prop-2-yn-1-
yl)benzenesulfonamid2d as coupling partner. In this case because of thenlecleophilicity of the
amide2d, the formation oR0arequired the synthesis of the corresponding atyicie from 15b

and the deprotonation &l with NaH (Scheme 32).

Scheme 32

1) 3eq. oxalylchloride

/
]\ == 2)1eq.NaH ]\
OH + r//// ' NTs

N - N

I HN—T¢ THF-DMF, rt, 24h I

Me O Me O

15b 2.2 eq. 2d leq. 20b (77%)
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Then we prepared propargylamid&3c and 20d, starting from the intermediat®. For 20¢, Boc

anhydride was added to a solution1®& in MeCN using a catalytic amount of DMAP. F20d,

deprotonation of the amidic proton ©® with NaH was necessary for the efficient acylatwith

benzoylchloride. Both products were obtained ims&attory yields (Scheme 33 and 34).

Scheme 33

-~
Boc,0, DMAP A

- = NBoc
MeCN, rt, 24h ’}'
Me O
20c (85%)
Scheme 34
-~
NaH, BzCl
- > / \ NBzCI
THF-DMF, tt, 3h '}‘
Me O

20d (60%)
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2.12 Gold catalyzed cyclizations dN-substituted-carboxamides 20a-d

Propargylamide®0a-d were submitted to the gold-catalyzed cyclizationorder to confirm the
trend of the observed dependence of the directraadanged cyclization products on different
solvents already observed for propargylanii@é.

The results obtained are summarized in Table 8 evtier isolated yields as well as the HPLC-MS

areas isomeric ratios are depicted.

Table 8.Scope of the reaction on differentliysubstitutedN-propargyl pyrrolo-carboxamides

ACI
\R condltlons N
N o (see Table 10)

/
Me Me
20a-d 21a-d 22a-d 23a-d 24a-d 25a-d 26a-d
Entnf®  Substrate R Solvent  T(°C) t(h) Yield (98) HPLC-MS rati&!
21 22 23 24 25 26

1 20a Bn Toluene 45 0.5 84 7 - - - - 75:1

2 20a Bn DCM reflux 0.25 61 12 - - - - 3:1

3 20a Bn MeCN reflux 0.25 50 25 - - - - 16:1

4 20b Ts TBME RT 1.5 85 75 - - - - 9

5 20b Ts DCM reflux 0.5 75 9 - - - - 614

6 20b Ts Toluene 45 0.5 65 14 - - - - 419

7 20b Ts MeCN  reflux 0.5 70 20 - - - - 36

8 20b Ts DMF 90 7 60 25 - - - - 2:1

9 20c Boc Toluene 50 1 - 56 14 - - 25:1

10 20c Boc DCM reflux 1 20 30 - 5 1:15:0.2

11 20c Boc MeCN  reflux 3 - - - - - 64 1

12 20d Bz Toluene 50 1 51 - 9 - 6 - 30:23:1

13 20d Bz DCM reflux 1.5 60 10 - - - - 7:1

14 20d Bz MeCN reflux 1 50 13 - - - - 5:1

15 20d Bz DMF 90 24 3 - - - 40 11 1:%05

[a] All reactions were carried out using 5 mol %@ [b] Isolated yield. [c] HPLC-MS ratio between pesreas. [d] After cromatographic column 33% of
20c was recovered. [e] At the end of the reaction 2#920d was still present.
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Substrate®0a and 20b underwent AuGl catalyzed cyclization in all solvents at differeaaction
temperatures affording respectively the pyrroloigipes 21a (entries 1-3) an@1b (entries 4-8)
and the rearranged bicyclic derivatiZ#a (entries 1-3) an@2b (entries 4-8).

Conversely, substra0c having at-butoxycarbonyl substituent on the amidic nitroggave two
exo-methylenic produc®3cand24c (entries 9-10) when the cyclization reaction waied out in
toluene.

Finally, when20d underwent AuGlcatalyzed cyclization in the same solvent at 565C1 hour,
only 21d together with theexo-methylenic regioisome23d and the produc5d lacking in the
benzoyl group were obtained.

These outcomes reveal that in all cases, as faluptel7b and18b, the HPLC-MS ratio between
the different products is strictly dependent on td&ction solvent. In fact, in reactions employing
20aand20b, shifting from unpolar solvents to more polar ofestries 1-3 and analogously entries
4-6 and 7-8), the HPLC-MS ratio betwe2ha,b and22a,b slowly decreased. The same behaviour
was observed starting frogic between the two exo-methylenic regioison&3s and24c (entries
9-10), and carrying out the reaction in dichloronaete at reflux for 1 hour afforded also the
cyclized rearranged produgéc Even more, this latter was the only one detertdtle most polar
solvent (entry 11).

Carrying out the reaction in dichloromethane atuseffor 1 hour provided also the cyclized
rearranged produ@b6c (entry 10), lacking in the amidic nitrogen suhsgitt, even if in low yield.
Varying the solvent ir20d, at last, drove the cyclization completely to tearranged product 22d,
not observed in toluene.

In DMF instead regioisomei25d and26d, lacking in the benzoyl group, were obtained imadt

similar HPLC-MS ratio.
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2.13 Synthesis of propargylamide20e-g

N-Substituted-propargylamides bearing a phenyl #wlesit at the acetylenic carbon were
synthesized. Propargylamid28e and20g were obtained in excellent yields by reactiori b and
the corresponding amin@g and2gusing DCC as the coupling reagent (Scheme 35).

Scheme 35

Ph

Ph /
/\ OH / DCC, DMAP ]\

_ > N
N + ~
I HN\RZ DCM, rt, 48h ’}' R.
Me O Me o
15b 2e:R,=Me 20e (90%)
2g:R,=Bn 20g (85%)

Propargylamide€0f was obtained starting from the reaction betweencdrboxylic acidl5b, that
was transformed in the corresponding acylchlorigieg oxalylchloride, and the amid@é. As for
the amide2d, also in this case deprotonation of the amidi¢grdoy NaH was necessary to increase

nitrogen nucleophilicity (Scheme 36).

Scheme 36

__—_—Ph 1) 3eq. oxalylchloride

/
/
B = o [
N o HN— > %NTS
| S THF-DMF, rt 24h |

Me O Me O

15b 2.2 eq. 2f leq. 20f (90%)
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2.14 Gold catalyzed cyclizations of N-substitutedacboxamides 20e-g
We extended then Augl catalyzed -cyclization on different solvents td-substituted-

proparglylamidef0e-gbearing a phenyl substituent at the acetylenibararResults are shown in

Table 9.

Table 9. Scope of reaction on differenty-substitutedN-propargylamides bearing a phenyl group at theyssst

carbon
Ph Ph QS
- - “
I\ 8 [AuCL] /I L /A P
l?l R conditions N R ’T‘
Me O (see Table 11) l\l/le e} Me Ph
20e-g 27e-g 28e-g
Entry? Substrate R Solvent T(°C) t(h) HE}%M S Yi(eo/loc;[°]
27:28 27 28
1 20e Me DCM reflux 8 1:3 20 63
2 20e Me MeCN reflux 2 151 43 31
3 20e Me DMF 90 24 5:1 66 12
4 20f Ts DCM rt 0.5 1:2.8 20 60
5 20f Ts MeCN 40 0.25 31 55 17
6 20f Ts DMF 90 24 10:1 68 7
7 20g Bn Toluene 80 6 15 14 72
8 20g Bn DCM reflux 5 1:6 12 74
9 20g Bn MeCN reflux 0.5 1:25 23 67
10 20g Bn DMF 90 24 5:1 66 14
[a] All reactions were carried out using 5 mol %Q@%. [b] HPLC-MS ratio between peak areas. [c] Isaafield
\

Compared to substrat@8a-d that gave only six-membered cyclized productbl@ &), substrates

20e-gyielded only seven-membered cyclized productbénreaction catalyzed by AuCl
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No other products were detected in all solventsdudéne formation of the seven-membered
cyclized products can be found in a stabilizingeefffof the phenyl group in the transition state of
the reaction.

In addition, Table 9 shows that the HPLC-MS rateavieen cyclized produc®7e-gand cyclized
rearranged product28e-g varied once again passing from less polar to npmiar reaction
solvents. However, this behaviour is in this capposite to that observed in Table 8 for six-
membered cyclized products, where the HPLC-MS mttifted in favour of unrearranged cyclized

products decreasing the polarity of the reactidvest.

2.15 Hypothesis of reaction mechanism for the fornteon of substrates 20a-d and 20e-g
A proposed mechanism for the hydroarylation of ag/with pyrroles (substrat@8a-d) is shown

in Figures 4 and 5.

Catalytic Cycle 1

20a-d R R
A\ ;
H H =
AuCl, + NR2 (D NR2
) )
Me N Me o
B C

20a: R,=Bn, R;=H
20b: R,=Ts, R;=H
20c: R,=Boc, R;=H

20d: R,=Bz, R;=H R;
R, \
T\ e+ N MR,
N Ny
| o] M o
Me e
21a-d 23a-d

Figure 4. Proposed reaction mechanism for substrates ZQadlytic Cycles 1)
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Catalytic Cycle 2

20a: R,=Bn, Ry=H AuCl
20b: R,=Ts, R,=H
20c: R,=Boc, R;=H

20d: R,=Bz, R;=H F
2,3 migration
(@] Q

H NR H NR
2 2
*) = (M) y
0 M\ N
(o] Me g AuCly AuCl,
3
G H

+

Me

NR NR R,
I\ v U\ _y
N
"\‘ \ | R,
Me Ry Me
24a-d 22a-d

Figure 5. Proposed reaction mechanism for substrates ZQadlytic Cycles 2)

In the catalytic cycle 1 the alkyne is activated dnordination to AuGl (A) and undergoes
electrophilic aromatic substitution by pyrrolic Ct8 give the vinyl-gold complexB) or the
protoisomer C) depending on the reaction condition. Cleavageéhefgold-carbon bond in both

complexes by pyrrolic proton at C-3 resulted resipely in 21a-dand23a-d

The catalytic cycle 2 shows the same comphke) escribed in catalytic cycle 1, which undergoes
electrophilic aromatic substitution with the pyeat C-2 to give the vinyl-gold complek)(and
the protoisomerRK) depending on the reaction conditions. Both os¢heomplexes have an instable
spirostructure and so they undergo a 2,3-migratibthe amide moiety giving respectively the
gold-complex G) and {H) that are protonated by pyrrolic proton at C-3oaffng the cyclized

rearranged produc®a-dand24a-d
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To explain the hydroarylation of alkynes with pyerdor substrate20e-g that gave only seven-
membered cyclized products, a similar mechanismps@gosed as depicted in Figures 6 and 7.

In the catalytic cycle 3 the alkyne is activated dxordination to AuGl (A) and undergoes
electrophilic aromatic substitution with pyrrole @3 to give the seven-membered vinyl-gold
complex () and the protoisomerj. The following cleavage of the gold-carbon bomdthe
complex () by pyrrolic proton at C-3 affords produ@%e-gand regenerates the gold catalyst. No

product arising from protonolysis of compldx) (was observed.

Catalytic Cycle 3

AuCly

R3 el
Ra\ \
LN, e
|

AuCl,

20e: R,= Me, R,= Ph
20f: R,=Bn, Ry= Ph Rs
20g: R,=Ts, R;=Ph —

Figure 6. Proposed reaction mechanism for substrates ZQatglytic Cycles 3)
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Catalytic Cycle 4

R I{\,uclz
R\ \

NR
NR2 ‘ 2
N
| Me O
Me O A

R: AuCl, R ucl,
+ S +
Auc ) - ()
< % e
20e: R,= Me, Ry=Ph Me!/ NR, Meo NR,
20f: R,=Bn, R,;= Ph ° M N

20g: R,=Ts, R;= Ph 2,3 migration
o [®)
NR
H
H NR2 / 2
DA =
=

N uCly N uCl,

|
0, ‘ R Me Rs
2 P

Figure 7. Proposed reaction mechanism for substrates ZQatglytic Cycles 4)

The catalytic cycle 4 shows the same complke) (lescribed in catalytic cycle 3 that undergoes
electrophilic aromatic substitution with the pyeat C-2 to give the seven membered vinyl-gold
complexes M) and €). Both of these complexes have an instable spucistre and so they
undergo a 2,3-migration of the amide moiety giviegpectively the gold-complexOf and P).
Only vinyl-gold complex (O) is protonated by pyimlproton at C-3 producing the cyclized

rearranged produ@Be-g No product arising from protonolysis of compl&} (vas observed.
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2.16 Gold catalyzed intramolecular hydroalkoxylation of C-C triple bonds.

Traditional methodologies for the synthesis of ambar of heterocycles like benzofurdfs,
benzothiophene¥ isoquinoline<? indoles *® isocumarin’’ isoindolinones;} and other polycyclic
aromatic* are based on the electrophilic cyclization of rappate functionally-substituted
alkynes using iodine, bromine, sulphur and selergontaining electrophiles.

These methodologies show many limitations with rega atom efficiency and waste formation
and in some cases required the remotion of thérefgtle used from the molecule skeleton. These
and other reasons have stimulated considerableegttan developing new, efficient homogeneous
catalytic methods for the synthesis of heterocyatimpounds?

Intramolecular catalytic hydroalkoxylation, the &ah of a hydroxyl group to an insatured carbon-
carbon bond, is a simple, straightforward and aem@romical route to construct carbon-oxygen
bonds creating to huge number of oxygen contaimietgrocycles that are important structural
components of many naturally occurring and phartoggcally active molecule&’

Despite the recent progress of hydroalkoxylatiosebaon transition metal cataly$ts? efficient
catalytic transformations remain a challenge dueetatively high enthalpies of typical O-b
bonds and low reactivity of electron-rich olefinglwnucleophiles.

In this context homogenous gold catalysis has eeakeng organic synthesis as a powerful tool due
to its unique ability to activate carbon-carbon di®moward the attack of many nucleophilegn
particular gold catalyzed intramolecular hydroaldaxion of alkynes represents a fruitful route for
the synthesis of oxygenated heterocycles compotinds.

As part of our continuing interest on gold catadysive were intrigued to investigate the gold
catalyzed intramolecular hydroalkoxylation of alkgntethered with variously 2-substituted amino
phenols in order to) develop a different catalytic approach for thatlgsis of oxygen-containing
heterocyclesji) verify the feasibility of the gold-catalyzed iatmolecular hydroalkoxylation of

alkynes tethered by the aromatic nitrogen with2agiminophenol.
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In this section we report our results concernirggdbld-catalyzed intramolecular hydroalkoxylation
of 2-substituted-(prop-2-yn-1-ylamino)phenao® and 2-(prop-2-yn-1-yloxy)phenoB3 leading
respectively to variously substituted 2,3-dihydrmBthylene-1,4-benzoxazin@2 and -1,4

benzodioxins34 (Scheme 37).

Scheme 37

X X
@ gold catalyst @
_—
OH \\ N

O]
R R
e NHLNR 321 X= NH, NR,
811 2= L TR 34:X=0
33:X=0
R:=H, Alkyl R:=H, Alkyl

The 1,4-benzoxazines and benzodioxins structur@mrategral part of several naturally occurring
substance§’ moreover benzoxazines derivates have been shownhawe interesting
pharmacological properti&8.

To the best of our knowledge only one paper dealiitiy metal catalyzed intramolecular synthesis

of 1,4-benzoxazines and 1,4-benzodioxines has agqhiga
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2.17 Synthesis of 2-(prop-2-yn-1-ylamino)phendla

The 2-(prop-2-yn-1-ylamino)phend@1la was prepared from the reaction between 2-aminmoghe
29 and propargyl bromid80 in ethanol at room temperature for 48 hours.

The solvent was then evaporated and the residgedigsaolved in TBME, filtered to remove the
excess of starting materidlla and then the solvent was evaporated again to aieide residue

that was purified by flash column chromatographsh@ne 38).

Scheme 38

H
NH, N
Br
©i + = @
OH EtOH, rt, 48h OH \\

29 5eq. 30 1eq. 31a (75%)

2.18 Optimization of gold catalyzed cyclization coditions on 2-(prop-2-yn-1-ylamino)phenol
3la
Reaction conditions were optimized by using varigugl) and Au(lll) catalysts in the reaction of

2- (prop-2-yn-1-ylamino)phend@dlabearing no substituents on the anilinic nitrogéabe 10).

H
H
N M L
@ OH \\ Cocatalyst, solvent, reflux (@]
3la 32a
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Table 10.Optimization of reaction conditions

Entry Catalytic systefn Cocatalyst Solvent Reaction products (%)
3la 32a 35a
1 AuCl - MeCN 90 - 10
2 AuCk, AgBF, - MeCN 85 - 15
3 AuCl, AgOTf - MeCN 80 - 20
4 AuCk - CH.Cl, 100 - -
5 AuCl, AgBF, - CH.Cl, 100 - -
6 AuCl, AgOTf - CHCI, 100 - -
7 NaAuCl-2H,0 - MeCN 20 - 80
8 AuCl - MeCN 100 - -
9 AuCl - dioxane 100 - -
10 PPBAUCI, AgOTf - CHCIl, 100 - -
11 PPBAUCI, AgOTf - MeCN 100 - -
12 PPBAUCI, AgBF, - MeCN 100 - -
13 Aul - MeCN 100 - -
14 AuCl KCOs MeCN - 90 10
15 PPBAUCI, AgBF, K2CO; MeCN 60 40 -
16 PPBAUCI, AgOTf K2COs MeCN 55 45 -
17 NaAuC}-2H,0 KCOs MeCN 35 35 30
18 AuC} KCOs MeCN 60 20 20
19 AuCk, AgBF, K.COs MeCN 55 25 20
20 - KCOs MeCN 100 - -
@Au-catalyst is used in 5 mol%
K ,CO; used in 10% mol
°Ratio determined by HPLC
X
—
N
OH
35a

Figure 83-Hydroxyquinoline
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Treatment of 2- (prop-2-yn-1-ylamino)pher@ila with AuCls;alone or in addition to AgBFand
AgOTTf, in acetonitrile, at reflux resulted in thecovery of starting materi&lla together with the
formation 6endo-dig-cyclized producB5a (Figure 8) although in very low yield (entries 1-3

When the same catalytic systems were used in dolethane as solvent no cyclization product
was observed (Entries 4-6).

To our surprise, the use of NaAuCin acetonitrile instead of Auglafforded the 8-
hydroxyquinoline35ain high yields (entry 7).

By performing the reaction with the presence ofljgélts in different solvents no trace of cyclized
products32aand35awere detected (entry 8-13).

Working with the presence of AuCl (5 mol %) andd; (10 mol %) as a co-catalyst in
acetonitrile at reflux the desideredefs-dig-1,4-benzoxazin€2a was obtained in satisfactory
yield with only a very small amount 8ba(Entry 14).

To test the effectiveness oL8Os as a co-catalyst we tried it in reaction with othAu(l) catalytic
systems but lower yield of compouB8awere observed (entries 15-16).

The use of KCO; (10% mol) with Au(lll)-catalysts alone or in theggence of silver salts seems to
afford 32ain lower yield increasing the amount3Ba (entries 17-19).

To rule out the hypothesis that®O; was responsible for the formation &2a in absence of any
type of gold catalyst3la was heated in acetonitrile at reflior 24h with a 10% mol of ¥COs

recoverying only starting material.

2.19 Synthesis of 8-hydroxyquinolin&5a

With the optimized conditions at hand we tried éproduce the reaction of formation 3Bain a
bigger scale. NaAuG (5% mol) was added to a solution3ffain acetonitrile dry. The mixture was
refluxed for 24 hours then solvent was evaporatedriness. The crude was purified by flash

column chromatography affording thesdo-dig cyclised producs5a(Scheme 39).
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Scheme 39

/ NaAuCl, (5% mol) AN
J /
N MeCN, Rfx,24h N
H OH
3la 35a (60%)

2.20 Synthesis of 2,3-dihydro-2-methylene-1,4-ben@rine 32a

The scale-up of the formation 8Ra required the use of optimized conditions of Takke(entry
14). To a solution oBlain acetonitrile at room temperature®0O; (10 % mol) and AuCl (5 %
mol) were added. The mixture obtained was stirredetiux for 8h, and then the solvent was

evaporated to dryness. The residue was submittiasto column chromatography (Scheme 38).

Scheme 38
H N
N AuCI (5% mol), K,CO, (10% mol) @ j\
OH \\ MeCN, rfx,8h @)
3la 32a (70%)
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The cyclization ran in the &o-methylenic manner leading to the 2,3-dihydro-2gksne-1,4-
benzoxazine2ain 70% yield in addition to a 10% of the regioisan3&a arising from a Gendo-
dig-hydroarylation process.

The structure of the two regioisomeric compouila and35awas unequivocally assigned byt
NMR. In particular'H NMR & chemical shift of the two alkylic protons Ha orrtman G in 32ais
different from that of Ha’ on the same carbonilt35a The same happened ftt NMR chemical
shifts ¢ of aromatic protons Hb’ and Hc’ respectively on &hd G carbons in35a that are
completely different from the ones observed forylimproton Hb and Hc on £3n 32a The 5exo
dig cyclization way observed BRawas confirmed byH NMR, *C NMR and edited gHSQC that
excluded the formation of the regioison3&b obtained by a @do dig cyclization process (Figure

9).

IIk:
H C,. _Hb
N N\ 3\clz/
c

@ }‘) N c—Hb N7 a

O Jhin 3

HC‘DZJHH
35b 32a 35a

Figure 9. Significantly differenfH NMR chemical shifts among hydrogens3aand35a-b

2.21 Synthesis of 2-substitued (prop-2-yn-1-ylaminphenols31b-d
To explore the scope of the gold catalyzed cydbratinder the conditions of entry 14 of Table 12
we decided to prepare others 2-(prop-2-yn-1-ylapmhenolsbut with a substituent on the free

nitrogen atom. 2-Substitued (prop-2-yn-1-ylamin@pbls 31b-d were obtained in good vyields
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(Table 11) by the reaction betwe8ha and the corresponding acylating agent, in dicheethane

as solvent, at room temperature and in the pressfrene excess of pyridine.

Table 11.Reaction yields oBlawith same acylating agents®&

Il?l
H N
L) ==X
OR\\ DCM, rt, 4h OH \\
3la 31b-d
31b:R, =Bz
3lc:R; =Ac
Ry Yield (%) 31b-d 31d: R, = Ts
Bz 98
Ac 94
Ts 95

2.22 Synthesis of 2-substituted (prop-2-yn-1-ylamojphenols 31e-g

Different synthetic approaches were adopted for gheparation of 2-substitued (prop-2-yn-1-
ylamino)phenols881e-g The substrat8lewas synthesized in three steps by reaction betteeh-
aminophenok9 and BzCl to give the compouid® followed by reduction of the amide moiety with
BH3;. THF complex. The intermediate7 so obtained was then alkylated on the nitrogerh wit

propargylbromide (Scheme 40).The total yield of phecess was 70%.

a7



Scheme 40

Ph\fo Ph Ph
B2l CeCip NH  BH,THF NH -
- 5
©i DCM, tt, 4h oy THF 0°C to rt, 2h @ ETOH, rt, 48h EjiOH \
- 36 37 3le

The synthesis 0Ble and 31f required the formation of the corresponding intediaes38a and
38Db, obtainedby reaction of31a with the alkynes30a and30b, which were then acylated on the
nitrogen using benzoylchloride and tosylchloridgpectively. Total yield foBlewas 50% whereas
only 36% for31f (Scheme 41).

Scheme 41

N
38a + Bz-Cl, py
R
DCM, 0°C to rt, 2h \\
OH
31f
OH EtOH, rt, 48h

Ph
NH,
+ _— TS
OH
N
DCM, 0°C to rt, 2h
—_—
29 5eq. 30a: R = Me 38a: R = Me 38b + Ts-Cl, py @ON

31g Ph

1 eq.
30b: R=Ph 38b: R=Ph
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2.23 Synthesis of 2,3-dihydro-2-methylene-1,4-ben@rines 31b-f by gold catalysis
The substrate81b-f were submitted to the gold-catalyzed cyclizatioder conditions used for the

synthesis oB2a(Scheme 38) and the results are presented in T&ble

Table 12Reaction scope

R, R
' N
N AuCI (5% mol), K,CO, (10% mol) @
OH \\ MeCN, rfx (O JEIN
R,
R,
3la-g 32a-g
Entry Substrate R R, Time (h) Yields of products (%)
1@ 3la H H 8 r|4
N
GBS\
32a (70%)
2 31b Bz H 8 512
Cr
BN
32b (60%)
3 31c Ac H 5 AIC
Cr
BN
32c (60%)
4 31d Ts H 1 T|S
Cr
BY
32d (90%)
5 3le Bn H 5 ﬁn
N
CLL
32e (65%)
oM 31f Bz Me 2 B B2
N N
COL TN
cis-32f (50%) trans-32f (30%)
7ML 31g Ts Ph 24 s
N N
L
oL, CoL
cis-32g (35%) Ph cis-35¢ (5%) "

[a] After chromatographyc column 10% 8bawas isolated
[ [b] AuCl; (5% mol) was used instead of AuCl

[c] DMF used as solvent at 45

[d] a 5% ofcis-35cwas formed
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The reactions were completed in 1-24 h, providifg t5exo-methylene-2,3-dihydro-1,4-
benzoxazines in a range of yields between 30 a6l @hly 2-(prop-2-yn-1-ylamino)phenaBla
having a free N-H, afforded the cyclized prod®d&a in 70% yield in addition to a 10% of
regioisomer 8-hydroxyquinolingsa

The presence respectively of a benzoyl and acetylpgon the nitrogen of phenol-acetylei3dd
and 31c led smoothly to the same vyields of the correspandiyclized products. The compound
31d, bearing a tosyl-group on the nitrogen, gave tsehe fastest rate and highest yield of
cyclization. The increase of the nitrogen nuclebphy in 31e using a benzyl group, seemed not to
change the reaction course giving a 65% vyield efdbrresponding 1,4-benzoxazine without other
side-productsinertness of substratéslf and 31g, carrying respectively a phenyl and a methyl
group on the acetylenic carbon and a tosyl anddgrgroup on the nitrogen, to react under the
conditions used for other compoun8ka-d prompted us to examine different ways to drive th
cyclization. After a short screening of gold casadyand solvents, we noticed that the use of AuCl
instead of AuCl was effective to perform the hetgadization reaction with these substrates only in
DMF at 95C. Under these new conditions compour®ds led to a clear mixture afis andtrans
2,3-dihydro-1,4-benzoxazines, in good yields anthwihe cis isomer as the major product. The
behaviour of31gwas surprisingly different fror81f resulting in a tarry mixture that provided only
thecis-disteroisomer in 35% yield in addition to a 5%tleé highly conjugateis-35clacking in the
tosyl group and with an iminidouble bond. The absolute stereochemistry otithdiasteroisomer
32f as well as otis-32fg andcis-35cwere assigned by NOE measurements. The stereodhenfis
the trans diasteroisomer82g was assigned only on the basis of the diffeféhtNMR and*°C
NMR chemical shifts from those of tloes-diasteroisomer, because of the very broad resenahc

the two alkylic protons i position to the nitrogen atom ( Figure 10).

50



L e )
@L} EIJ&%P @o%j}

cis-32f cis-32¢g cis-35¢

Figure 10. NOE enhacements observedisisomers of compound3®f-g and35c

2.24 Synthesis of 2-(prop-2-yn-1-yloxy)phenol 41 dr3-(prop-2-yn-1-yloxy)naphthalen-2-ol 42
We decided to extend the scope of the reactiortherdeterocycles containing the same type of
heteroatoms. To do that we prepared the compodihdsnd42 by reaction of benzene-1,2-did®

and naphthalene-2,3-didD with propargylbromide80 (Schemes 42 and 43).

Scheme 42
OH
©: * Aceton, rfx, 17h \
OH ceton, rix, OH
39 30 41 (60%)
Scheme 43
OH
* Aceton, rfx, 17h \
OH ceton, rix, OH
40 30 42 (55%)
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2.25 Synthesis of 2-methylidene-2,3-dihydro-1,4-beadioxines 43 and 44 by gold catalysis
The compounddl and42 were submitted to the gold catalysis under th&ipus conditions used

for the synthesis of 1,4-benzoxazirda-g(Table 13).

Table 13 Cyclization of compound$éland42

CL LA

AuClI (5% mol), K,CO, (10% mol) 43

MeCN, rfx
) O
OH \\ ok
42 44
Entry Substrate Time (h) Yields of products (%)
1 41 7 43 (70%)
28 42 15 44 (75%)

[a] Reaction performed in DMF at 1@

As for substrate81a-g the gold catalyzed cyclization on compouddsand42 ran only in 5exo-
methylenic way as confirmed BYINMR, **C NMR and edited gHSQC experiments on cyclized
products43 and44.

Substrated1 smoothlycyclized, in refluxing acetonitrile, to the corresyling 1,4-benzodioxine in

70% vyield in 7 hours. Compound® didn't afford the cyclization produet4 under the conditions
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used for41, so it was necessary to investigate differentesutiy to find out that only DMF at 19D

was able to give quickly the desired cyclizatiomood yield.

2.26 Hypothesis of reaction mechanism for the fornteon of 1,4 benzoxazines 32a-g and 1,4-

benzodioxines 43 and 44

A proposed mechanism for the gold catalyzed heyetaation is shown in Figure 11.

Qo L
OH

3la-g and/ or 41- 42

X=NH, NR, O

Cﬂﬂﬁ&

32a-g and/or 43-44 uLn KHCO,

<

&

+ KCI

Figure 11Proposed mechanism for the formation of 1,4—benziom32&-gand 1,4-benzodioxinet3 and44

The C-C triple bond of the propargylic moiety igiaated by the coordination of both Au(l) and
Au(lll) species (intermediatéd). The so generategtalkyne complex undergoes intramolecular
nucleophilic attack by the hydroxyl group on thebene ring affording a protonated intermediates
B that evolved to the next intermedi&eby deprotonation with a catalytic amount ofGQs. It's

interesting to note that in absence @CIO; no reaction product was observed.
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Protonolysis of the gold-carbon bond©foy KHCO; give rise to the 1,4-benzoxazin&2a-gand

or 1,4-benzodioxine43 and44 derivatives regenerating the gold catalyst.
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3.Conclusions

To summarise, new synthetic approaches based drcgtidlysis have been developed.
Allenamides were proven to be efficient substrdtgsgold-catalyzed cyclization, increasing the
range of synthetic applications. The procedure ggad represents the first example of a gold-
catalyzed cyclization on allenes bearing an amidwug which, however resulted as inactive.
Moreover the obtained oxazolidinones bear a usafyll group in position 2 that allow further
functionalization in order to investigate their atial effectiveness as organocatalysts.

The intramolecular hydroarylation dFalkynyl pyrrolo-2-carboxamides was accomplishedybid
(ln-catalysis giving bicyclic pyrrolo-fused prodts. The outcome of the reaction led to differently
substituted pyrrolo-pyridines and pyrrolo-azepiaesing either from direct cyclization or from a
formal rearrangement of the carboxamides group.l&\thie substrates having a monosubstituted
acetylene afforded pyrrolo[2@pyridine and pyrrolo[3,2]pyridine structures, th&l-substituted
propargylamides bearing a phenyl substituent at abetylenic carbon furnished pyrrolo[2,3-
clazepines and pyrrolo[3,8azepines by a @ndo-dig cyclization products.

Finally a valuable intramolecular gold catalyzedehecyclization process on 2-substitued (prop-2-
yn-1-ylamino)phenols and 2-(prop-2-yn-1-yloxy)phenwas achieved affording 2,3-dihydro-1,4-
benzoxazines and 1,4-benzodioxines in good yietd$ waith an excellent regioselectivity with
formation of onlyexo-methylenic cyclized products. The presence ofesmvinyl double bond
allowed its further functionalization in order tovestigate the pharmacologic properties of these

important compounds.

55



4.Experimental Part

Melting points were measured with a Blchi B-540timgaunit and are uncorrected. IR spectra were
recorded on a FT-IR spectrophotometer. Opticaltimia were measured on a Jasco P-1010
polarimeter. SoméH NMR and’*C NMR spectra were recorded at 400 and 100 MHz ron a
AVANCE 400 Bruker, other at 600 MHz on a INOVA ASbWariant. Chemical shiftso) are
given as ppm relative to the residual solvent gealoroformdl 7.25 ppm/77 ppm). Mass spectra
were determined on an HPLC-MS LCQ-Advantage TheFmmigan instrument. Some protonated
molecular mass ion peaks were determined on an HRECAgilent Technologies 6140 (ESI).
Elemental analyses were executed on Perkin-EImeN G%halyzer Series 1l 2400. Column

chromatography was performed on a Merck siliceb@elmesh size 63-200 pum).
General procedure for the preparation of propargylanides 3a-f

DCC (10 mmol)_2a (8.3 mmol) and DMAP (0.125 mmol) in anhydrous £CH (60 mL), cooled at
0 °C, were slowly added to a solutionlof10 mmol). The resulting solution was stirred atfor
48 h, then filtered on a path of silica gel. Thévent was evaporated under reduced pressure and

the crude residue was purified by flash chromatalgyglight petroleum / AcOEt 7:3).
(S)-2-(t-Butoxycarbonylamino)-3-methyl-N-methyl-N-propargylbutanamide (3a)

Yield: 95%. Colourless oil. IR (nujol): 3304, 3298119, 1703, 1651 ¢ [o]*s = +29.5 (c = 0.80,
CHCL); Rotamers ratio 2.5:H NMR (400 MHz, CDCG T = 25°C)é6: 0.92 (3H, dJ = 6.6 Hz),
0.99 (3H, dJ = 6.6 Hz), 1.45 (9H, s), 1.90-2.05 (1H, m), 2.2#(d,J = 2.3 Hz), 2.93 (3H, s),
3.75-3.85 (1H, m), 4.15-4.30 (2H, m), 5.33 (1HJ & 8.9 Hz) (major rotamer); 0.66 (3H,d= 6.7
Hz), 0.72 (3H, dJ = 6.7 Hz), 1.18 (9H, s), 1.70-1.80 (1H, m), 2.28i(d,J = 2.3 Hz), 2.76 (3H,

s), 3.75-3.85 (1H, m), 4.15-4.30 (2H, m), 5.33 (#HJ = 8.9 Hz) (minor rotamer}’C NMR (100
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MHz, CDCk, T = 25°C)3: 17.6 (q), 19.5 (q), 28.5 (q), 31.5 (d), 34.7 @§,7 (t), 55.2 (d), 72.6 (d),
78.5 (s), 79.3 (s), 156.0 (s), 172.3 (s) (majoamndr); 17.7 (q), 19.8 (q), 28.5 (q), 31.4 (d), 34)
39.5 (t), 55.4 (d), 73.6 (d), 78.5 (s), 79.4 (§5D (s), 172.4 (s) (minor rotamer). Mz 268

(M™). Anal. calcd for GH4N,03: C, 62.66; H, 9.01; N, 10.
(S)-2-(t-Butoxycarbonylamino)-N-methyl-N-propargylpropanamide (3b)

Yield: 96 %. Colourless oil. IR: 3306, 3291, 212205, 1649 cil; [o]®, = +9.7 (c = 1.13,
CHCls); Rotamers ratio 2.3:H NMR (400 MHz, CDC}, T = 25°C)8: 1.33 (3H, dJ = 7.2 Hz),
1.45 (9H, s), 2.24 (1H, d,= 2.0 Hz), 3.15 (3H, s), 4.20 (1H, 3= 17.0 Hz), 4.37 (1H, dj = 17.0
Hz), 4.64 (1H, dgJ = 7.2, 7.2 Hz), 5.48 (1H, dl = 7.2 Hz) (major rotamer); 1.37 (3H, 3= 7.2
Hz), 1.45 (9H, s), 2.34 (1H, d,= 2.0 Hz), 3.04 (3H, s), 3.96 (1H, 8= 17.0 Hz), 4.40 (1H, d] =
17.0 Hz), 4.64 (1H, dqg] = 7.2, 7.2 Hz), 5.41 (1H, d}, = 7.2 Hz) (minor rotamer}*C NMR (100
MHz, CDCk, T = 25°C)5: 19.1 (9)28.7 (q), 34.5 (d), 37.1 (t), 46.8 (q), 72.7 (d},&(s), 79.4 (s),
155.6 (s), 173.1 (s) (major rotamer); 19.5 (q)728), 34.5 (d), 39.5 (t), 46.8 (q), 73.6 (d), 7568
79.4 (s), 155.6 (s), 173.1 (s) (minor rotamer). Mz 240 (M"). Anal. calcd for GHooN-Os: C,

59.98; H, 8.39; N, 11.66. Found C, 60.11; H, 8211.43.44. Found C, 62.41; H, 9.18; N, 10.60.
(S)-2-(t-Butoxycarbonylamino)-N-methyl-3-phenyl-N-propargylpropanamide (3c)

Yield: 94%. Colourless oil. IR: 3306, 3295, 212T70%, 1650 cnf; [¢]?%, = +38.8 (c = 0.40,
CHCL); Rotamers ratio 3:*H NMR (400 MHz, CDC}, T = 25°C)5: 1.43 (9H, s), 2.22 (1H, d,=

2.4 Hz), 2.73 (3H, s), 2.80-3.20 (2H, m), 4.02 (8] = 17.2 Hz), 4.21 (1H, dl = 17.2 Hz), 4.80-
4.85 (1H, m), 5.41 (1H, dl = 7.9 Hz), 7.19-7.30 (5H, m) (major rotamer); 1(8H, s), 2.27 (1H,

d, J = 2.4 Hz), 2.80-3.20 (5H, m), 3.82 (1H,Hs 17.2 Hz), 3.97 (1H, d] = 17.2 Hz), 4.80-4.85
(1H, m), 5.30-5.40 (1H, m), 7.19-7.30 (5H, m) (mimotamer);**C NMR (100 MHz, CDQ, T =
25°C)8: 28.7 (q), 34.4 (q), 36.9 (t), 40.4 (1), 51.9 (d2.6 (d), 78.4 (s), 80.0 (s), 127.3 (d), 128.8

(d), 129.9 (d), 136.6 (s), 155.4 (s), 171.8 (s)jémaotamer); 28.7 (q), 33.8 (q), 39.4 (1), 40.p (t
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51.9 (d), 73.7 (d), 78.4 (s), 80.2 (s), 127.3 (®9.0 (d), 129.6 (d), 136.9 (s), 155.4 (s), 17%) (
(minor rotamer). MSm/z 316 (M"). Anal. calcd for GgH24N2Os: C, 68.33; H, 7.65; N, 8.85. Found

C, 68.42; H, 7.50; N, 8.89.
(S)-2-(t-Butoxycarbonylamino)-N-methyl-3,3-dimethyl-N-propargylbutanamide (3d)

Yield: 90%. Colourless oil. Rotamers ratio 3#i;NMR (400 MHz, CDC}, T = 25°C)5: 0.99 (9H,
s), 1.43 (9H, s), 2.21 (1H, dd,= 2.5, 2.5 Hz), 3.21 (3H, s), 3.97 (1H, dds 17.2, 2.3 Hz), 4.50
(2H, m), 5.30 (1H, dJ = 10 Hz), (major rotamer); 1.02 (9H, s), 1.43 (9H,%32 (1H, dd,] = 2.3,
2.3 Hz), 3.01 (3H, s), 4.11 (1H, dd,= 18.5, 2.1 Hz), 4.50 (2H, m), 5.30 (1H, br.stiror
rotamer);*C NMR (100 MHz, CDQ, T = 25°C)3: 26.3 (q),26.9 (s), 28.3 (q), 36.1 (q), 36.4 (q),
55.9 (d), 71.9 (d), 78.3 (s), 79.5 (s), 155.6 13117 (s) (major rotamer); 26.4 (q), 26.9 (s), 48)3
33.1 (q), 40.0 (t), 55.9 (d), 73.1 (d), 78.3 (9,5/(s), 155.6 (s), 171.7 (s) (minor rotamer). HPLC

MS (ESI):m/z 283.38 (MH).
(9)-2-(t-Butoxycarbonylamino)-N-methyl-N-propargylbutanamide (3e)

Yield: 85%. Colourless oil. Rotamers ratio 1.2*#; NMR (400 MHz, CDC}, T = 25°C)&: 0.96
(3H, dd,J = 7.4, 7.4 Hz), 1.46 (9H, s), 1.60 (1H, m), 1.78 (1), 2.25 (1H, dd) = 2.3, 2.3 Hz),
3.17 (3H, s), 4.13 (1H, dd,= 17.1, 2.9 Hz), 4.36 (1H, dd,= 17.1, 2.3 Hz), 5.39 (1H, d,= 7.8
Hz), (major rotamer); 0.96 (3H, m), 1.46 (9H, spA(1H, m), 1.78 (1H, m) 2.33 (1H, dil= 2.3,
2.3 Hz), 3.04 (3H, s), 4.0 (1H, ddi= 18.1, 2.1 Hz), 4.42 (1H, m), 5.32 (1H,Jk 7.0 Hz), (minor
rotamer);*C NMR (100 MHz, CDQ, T = 25°)8; 9.5 ()26.3 (t), 28.3 (q), 34.3 (q), 36.6 (1), 51.3
(d), 72.1 (d), 78.2 (s), 79.5 (s), 155.5 (s), 148)0(major rotamer); 9.6 (q), 26.4 (t), 28.3 (8.3
(9), 36.6 (1), 51.3 (d), 73.1 (d), 78.2 (s), 79%, (155.5 (s), 172.1 (s) (minor rotamer). HPLC-MS

(ESI): m/z 255.33 (MH).
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(S)-2-(t-Butoxycarbonylamino)-N-methyl-2-phenykN-propargylacetamide (3f)

Yield: 97%. White solid. M. p. 78-80 °C. IR: 3308289, 2115, 1710, 1648 &m[a]*% = +152.2 (c
= 0.94, CHCY)); Rotamers ratio 2.7:*H NMR (400 MHz, CDG}, T = 25°C)5: 1.43 (9H, s), 2.22
(1H, d,J = 2.5 Hz), 2.95 (3H, s), 4.15-4.40 (2H, m), 5.881(d,J = 7.9 Hz), 5.97 (1H, dJ = 7.9
Hz), 7.30-7.40 (5H, m) (major rotamer); 1.42 (94,%22 (1H, dJ = 2.5 Hz), 3.05 (3H, s), 3.82
(1H, d,J = 17.5 Hz), 4.12 (1H, d] = 17.5 Hz), 5.60-5.65 (1H, m), 6.00-6.05 (1H, MBO-7.40
(5H, m) (minor rotamer)**C NMR (100 MHz, CDQ, T = 25°C)5: 28.7 (q), 34.6 (q), 37.4 (t), 55.7
(d), 72.7 (d), 78.3 (s), 80.1 (s), 128.1 (d), 12@l)7 129.4 (d), 137.9 (s), 155.4 (s), 170.3 (s@jm
rotamer); 28.7 (), 34.0 (q), 39.3 (t), 55.d (B,87(d), 78.3 (s), 80.1 (s), 128.1 (d), 128.7 1@0.4
(s), 137.9 (s), 155.4 (s), 170.3 (s) (minor rotameS: m'z 302 (M. Anal. calcd for GH,,N,Os:

C, 67.53; H, 7.33; N, 9.26. Found C, 67.42; H, 71809.47.
General procedure for the preparation of allenamids 4a-f

t-BuOK (2.5 mmol) in THF (10 mL) was added to a $iolu of 3 (1 mmol). The resulting solution
was stirred at r.t. for 1 min, then filtered oncsll gel (AcOEt). The solvent was evaporated under

reduced pressure and the residue was used witlndkéf purification for the next step.
(S)-2-(t-Butoxycarbonylamino)-3-methyl-N-methyl-N-(1,2-propadienyl)butanamide (4a)

Yield: 98%. Colourless oil. IR: 3301, 1947, 171848 cm®; [a]*s = +55.4 (c = 0.94, CHG);
Rotamers ratio 1.1:2H NMR (400 MHz, CDC}, T = 25°C)s: 0.92 (3H, d,J = 6.8 Hz), 1.00 (3H,
d,J=6.8 Hz), 1.45 (9H, s), 1.90-2.10 (1H, m), 3.1#(3), 4.50-4.65 (1H, m), 5.25-5.35 (1H, m),
5.43 (2H, dJ = 6.4, Hz), 7.54 (1H, dd] = 6.4, 6.4 Hz) (major rotamer); 0.90 (3H,J& 6.8 Hz),
1.00 (3H, dJ = 6.8 Hz), 1.45 (9H, s), 1.90-2.10 (1H, m), 3.0K!(3), 4.50-4.65 (1H, m), 5.25-5.35
(1H, m), 5.43 (2H, dJ = 6.4 Hz), 6.97 (1H, dd] = 6.4, 6.4 Hz) (minor rotamer}>C NMR (100

MHz, CDCk, T = 25°C)5: 17.5 (q), 19.9 (q), 28.8 (q), 31.9 (q), 33.5 &B,7 (d), 80.0 (s), 87.4 (1),
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100.1 (d), 156.2 (s), 171.1 (s), 201.6 (s) (mapdamer); 17.6 (q), 20.0 (), 28.8 (q), 31.9 (9).533
(d), 56.1 (d), 80.0 (s), 87.8 (1), 101.3 (d), 1562 171.1 (s), 203.0 (s) (minor rotamer). Mz
268 (M"). Anal. calcd for GH4N,O3: C, 62.66; H, 9.01; N, 10.44. Found C, 62.37; H99 N,

10.49.
(S)-2-(t-Butoxycarbonylamino)-N-methyl-N-(1,2-propadienyl)propanamide(4b)

Yield: 94%. Colourless oil. IR: 3306, 1940, 170548 cm'; [o]*s = +54.5 (c = 1.80, CHG);
Rotamers ratio 1.1:#H NMR (400 MHz, CDC}, T = 25°C)8: 1.37 (3H, dJ = 5.7 Hz), 1.45 (9H,
s), 3.11 (3H, s), 4.73 (1H, dd,= 5.7, 5.7 Hz), 5.40-5.50 (3H, m), 7.49-7.52 (IH), (major
rotamer); 1.35 (3H, d] = 5.7 Hz), 1.45 (9H, s), 3.04 (3H, s), 4.73 (1K, 8= 5.7, 5.7 Hz), 5.40-
5.50 (3H, m), 6.85-6.88 (1H, m) (minor rotamePC NMR (100 MHz, CDGJ, T = 25°C)3s: 19.4
(9), 28.7 (q), 31.9 (q), 47.3 (d), 79.9 (s), 8718 100.1 (d), 155.5 (s), 171.5 (s), 201.6 (s) @Maj
rotamer); 19.2 (q), 28.7 (q), 33.0 (q), 46.9 (d,97(s), 87.3 (t), 100.9 (d), 155.5 (s), 171.5 (s),
202.8 (s) (minor rotamer). M3z 240 (M). Anal. calcd for GH2oN>Os: C, 59.98; H, 8.39; N,

11.66. Found C, 60.17; H, 8.12; N, 11.50.
(S)-2-(t-Butoxycarbonylamino)-N-methyl-3-phenyl-N-(1,2-propadienyl)propanamide(4c)

Yield: 95%. Yellow oil. IR: 3306, 1942, 1701, 165" [¢]?%5 = +56.7 (c = 0.63, CHG);
Rotamers ratio 1.4:TH NMR (400 MHz, CDCJ, T = 25°C)s: 1.36 (9H, s), 2.72 (3H, s), 2.90-3.06
(2H, m), 4.83-4.90 (1H, m), 5.30 (2H, #= 6.3 Hz), 5.62-5.69 (1H, m), 7.08-7.35 (5H, my¥4&
(1H, dd,J = 6.3, 6.3 Hz) (major rotamer); 1.36 (9H, s),12(8H, s), 2.90-3.06 (2H, m), 4.90-4.97
(1H, m), 5.25 (2H, dJ = 6.3 Hz), 5.62-5.69 (1H, m), 6.79 (1H, dds 6.3, 6.3 Hz), 7.08-7.35 (5H,
m) (minor rotamer)**C NMR (100 MHz, CDQ, T = 25°C)3: 28.7 (q), 33.0 (q}0.2 (t), 52.6 (d),
80.0 (s), 87.6 (t), 100.0 (d), 127.3 (d), 128.8 (9.8 (d), 136.6 (s), 155.5 (s), 170.6 (s), 2q8)9

(major rotamer); 28.7 (q), 32.0 (q), 39.8 (t), 542, 80.0 (s), 87.0 (t), 100.9 (d), 127.1 (d), 128
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(d), 129.8 (d), 136.6 (s), 155.5 (s), 170.4 (s).2Qs) (minor rotamer). MSwz 316 (M"). Anal.

calcd for GgH24N203: C, 68.33; H, 7.65; N, 8.85. Found C, 68.05; 827N, 9.09.
(S)-2-(t-Butoxycarbonylamino)-3,3-dimethylN-methyl-N-(1,2-propadienyl)butanamide (4d)

Yield: 98%. Colourless oil. Rotamers ratio 1'#; NMR (400 MHz, CDC}, T = 25°C)3: 1.01 (9H,
s), 1.46 (9H, s), 3.05 (3H, s), 4.61 (1HJd& 9.9 Hz), 5.30-5.47 (3H, m), 7.57 (1H, dds 6.4, 6.4
Hz), (major rotamer); 1.01 (9H, s), 1.47 (9H, s B(3H, s), 4.65 (1H, d] =9.9 Hz), 5.30-5.47
(3H, m), 7.12 (1H, ddJ = 6.0, 6.0 Hz), (minor rotamer)*C NMR (100 MHz, CDGJ, T = 25°C)3:
26.3 (), 26.3 (q), 26.3 (q), 28.3 (q), 28.3 (B,2(q), 30.3 (s), 31.4 (q), 56.7 (d), 79.6 (s).28(1),
99.5 (d), 154.7 (s), 170.5 (s), 201.2 (s) (majaameer); 26.3 (q), 26.3 (q), 26.3 (q), 28.3 (q),3X8.
(9), 28.3 (q), 30.3 (s), 34.1 (q), 56.3 (d), 7%p 86.7 (1), 101.8 (d), 154.7 (s), 170.5 (s), 803),

(minor rotamer). HPLC-MS (ESIjVz 283.38 (MH).
(S)-2-(t-Butoxycarbonylamino)-N-methyl-N-(1,2-propadienyl)butanamide (4e)

Yield: 97%. Colourless oil. Rotamers ratio 1'#; NMR (400 MHz, CDC}, T = 25°C)3: 0.97 (3H,
dd,J = 13.0, 7.4 Hz), 1.47 (9H, s), 1.63 (1H, m), 1.83 (1h), 3.04 (3H, s), 4.65 (1H, m), 5.38
(1H, m), 5.44 (2H, dJ = 6.4 Hz), 7.53 (1H, dd] = 6.4, 6.4 Hz) (major rotamer); 0.97 (3H, dd;
12.5, 7.4 Hz), 1.47 (9H, s), 1.63 (1H, m), 1.83 (hh), 3.13 (3H, s), 4.65 (1H, m), 5.38 (1H, m),
5.44 (2H, dJ = 6.4 Hz), 6.93 (1H, dd] = 6.0, 6.0 Hz) (minor rotamer}*C NMR (150.81 MHz,
CDCls, T = 25°C)d: 9.6 (q), 26.3 (t), 28.3 (q), 28.3 (9), 28.3 (8).5 (9), 51.9 (d), 79.6 (s), 87.4
(t), 79.6 (s), 87.4 (1), 99.6 (d), 155.5 (s), 17(&p 202.4 (s) (major rotamer); 9.6 (q), 26.3 28,3
(9), 28.3 (q), 28.3 (9), 32.8 (q), 51.6 (d), 7%, 66.3 (d), 79.6 (s), 86.9 (t), 100.6 (d), 15&6p

170.6 (s), 201.1 (s), (minor rotamer). HPLC-MS (E8Vz 255.33 (MH).
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(S)-2-(t-Butoxycarbonylamino)-N-methyl-2-phenyFN-(1,2-propadienyl)acetamide (4f)

Yield: 95%. Yellow oil. IR: 3306, 1946, 1704, 16&™; [¢]*?3%5 = +51.3 (c = 0.89, CHG);
Rotamers ratio 1.5:FH NMR (400 MHz, CDCJ, T= 25°C)5: 1.43 (9H, s), 2.91 (3H, s), 5.27-5.42
(2H, m), 5.64 (1H, dJ = 8.0 Hz), 5.95 (1H, d] = 8.0 Hz), 6.77 (1H, ddl = 6.4, 6.4 Hz), 7.25-7.75
(5H, m) (major rotamer); 1.43 (9H, s), 3.03 (3H,5R7-5.42 (2H, m), 5.70 (1H, d,= 8.0 Hz),
5.95 (1H, dd,) = 8.0, 8.0 Hz), 7.25-7.75 (6H, m) (minor rotaméf; NMR (100 MHz, CDGJ, T =
25°C) 3: 28.7 (q), 33.0 (q), 56.3 (d), 80.3 (s), 88.0 11)0.7 (d), 128.1 (d), 128.8 (d), 129.5 (d),
137.6 (s), 155.4 (s), 168.9 (s), 202.7 (s) (mappvamer); 28.7 (q), 32.2 (q), 55.8 (d), 80.3 (s),387
(t), 100.2 (d), 128.1 (d), 128.8 (d), 129.5 (d),7BB(s), 154.3 (s), 168.9 (s), 201.6 (s) (minor
rotamer). MS:m/z 302 (M"). Anal. calcd for GH..N,Os: C, 67.53; H, 7.33; N, 9.26. Found C,

67.49; H, 7.61; N, 9.42.
General procedure for cyclisation of allenamides 4&

A 250 mL round bottomed flask fitted with a magoedtirrer was charged with (4.2 mmol ) and
MeCN dry (75 mL) under argon atmosphere. Au@L.063 g, 0.21 mmol) weighted under argon
atmosphere was added to the solution and the mixtas refluxed for 1-3.5h. After this time the
mixture was cooled down to room temperature anct@atnated in vacuo to dryness. Purification
and separation of the two diasteromers by flashinenl chromatography (toluene / AcOEt 7:3)
afforded 5-substituted §595 and (& 5R)-3-methyl-1-terbutyloxycarbonyl-2-vinylimidazolich4-

oness.

tert-butyl (2R,55)-2-ethenyl-3-methyl-4-oxo0-5-(propan-2-yl)imidazoliline-1-carboxylate (cis-
5a)
Paleyellow oil. IR (nujol): 1645,1706 cth [0]*®; = +52.3 (c = 0.69, CHGJ 'H NMR (599.71

MHz, CDCk, T= 50°C)d& 5.69 (ddd, 1H,) = 17.3, 9.9, 8.0 Hz), 5.50 (d, 18l= 17 Hz), 5.43 (d,
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1H, J = 10.2 Hz), 5.16 (d, 1H] = 7.7Hz), 4.05 (br.s. 1H), 2.79 (s, 3H), 2.23 (H), 1.46 (s, 9H),
1.08 (d, 3H,J = 7.1 Hz), 1.01 (d, 3H) = 7.1 Hz);**C NMR (150.81 MHz, CDG| T= 50°C)J
169.5 (C), 154.1 (C), 135.1 (CH), 121.1 ({+B1.1 (C), 76.0 (CH), 64.0 (CH), 31.2 (§H28.3
(CHs), 28.3 (CH), 28.3 (CH), 26.4 (CH), 18.6 (Ck), 18.2 (CH). HPLC-MS (ESI):m/z 269.35
(MH™).

tert-butyl (2S,55)-2-ethenyl-3-methyl-4-oxo-5-(propan-2-yl)imidazoliine-1-carboxylate (trans-
5a)

Paleyellow oil. IR (nujol): 1648, 1714 cth. [¢]*% = +10.5 (c = 0.91, CHGI 'H NMR (599.71
MHz, CDCk, T= 50°C)d 5.49 (m, 3H), 5.11 (m, 1H), 4.07 (m, 1H), 2.87 3H), 2.65 (1H, m),
1.46 (s, 9H), 1.16 (d, 3H,= 7.1 Hz), 0.86 (d, 3H] = 6.9 Hz);**C NMR (150.81 MHz, CDG| T=
50°C) 4 169.3 (C), 154.1(C), 135.8 (CH), 121.2 (CH2),776CH), 63.2 (CH), 28.5 (CH3), 28.5
(CH3), 28.5 (CH3), 26.6 (CH3), 18.5 (CH3), 16.3 @HHPLC-MS (ESI)m/z 269.35 (MH).
tert-butyl (2R,55)-2-ethenyl-3,5-dimethyl-4-oxoimidazolidine-1-carbaylate (cis-5b)

'H NMR (599.71 MHz, CROD, T= 25°C)d 5.62 (m, 1H), 5.52 (d, 1H} = 16.8 Hz), 5.46 (d, 1H,
J = 9.9 Hz), 5.26 (d, 1H] = 8.0 Hz), 4.13 (g, 1H] = 6.8 Hz), 2.80 (s, 3H), 1.47 (s, 9H), 1.47 (d,
3H, J = 6.6 Hz);™*C NMR (150.81 MHz, CBOD , T= 50°C) & 173.0 (C), 154.7 (C), 136.5 (CH),
121.9 (CH), 82.6 (C), 77.2 (CH), 56.2 (CH), 28.7 (gH28.7 (CH), 28.7 (CH), 27.0 (CH), 19.1
(CHs). HPLC-MS (ESI)m/z 241.29 (MH).

tert-butyl (2S,55)-2-ethenyl-3,5-dimethyl-4-oxoimidazolidine-1-carbgylate (trans-5b)

'H NMR (599.71 MHz, CROD, T= 25°C)d 5.62 (m, 1H), 5.51 (m, 2H), 5.24 (m 1H), 4.13 (m,
1H), 2.78 (m, 3H), 1.47 (m, 12HY’C NMR (150.81 MHz, CBOD , T= 50°C)d 172.8 (C), 154.0
(C), 136.0 (CH), 122.3 (CH, 82.6 (C), 77.3 (CH), 55.5 (CH), 28.7 (§H28.7 (CH), 28.7 (CH),

27.0 (CH), 16.9 (CH). HPLC-MS (ESI)mz 241.29 (MH).
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tert-butyl (2R,5S5)-5-benzyl-2-ethenyl-3-methyl-4-oxoimidazolidine-Izarboxylate (cis-5c)

'H NMR (599.71 MHz, CROD, T= 50°C)J 7.24 (m, 3H), 7.09 (m, 2H), 5.23 (d, 1 17.5 Hz),
5.03 (d, 1H,J = 10.0 Hz), 5.00 (m, 1H), 4.38 (dd, 1¥= 5.6, 2.5 Hz), 3.74 (m, 1H), 3.27 (m, 1H),
3.15 (dd, 1H, = 13.5, 2.0 Hz), 2.60 (s, 3H), 1.49 (br.s.,98¢ NMR (150.81 MHz, CBOD , T=
50°C) J 171.1 (C), 154.6 (C), 137.7 (C), 135.8 (CH), #3(CH), 131.4 (CH), 129.4 (CH), 129.4
(CH), 128.1 (CH), 121.9 (Ch, 82.6 (C), 77.7 (CH), 61.9 (CH), 37.0 (9H28.8 (CH), 28.8
(CHy), 28.8 (CH), 26.8 (CH). HPLC-MS (ESI)m/z317.39 (MH).

tert-butyl (2R,5S5)-5-tert-butyl-2-ethenyl-3-methyl-4-oxoimidazolidine-1-carloxylate (cis-5d)

'H NMR (599.71 MHz, CROD, T= 25°C)J 5.82 (ddd, 1HJ = 17.0, 10.0, 7.9 Hz), 5.55 (d, 18,
= 16.8 Hz), 5.48 (dt, 1H] = 10.1, 0.9 Hz), 5.27 (d, 1H,= 8.1 Hz), 3.98 (s, 1H), 2.78 (s, 3H), 1.48
(s, 9H), 1.02 (s, 9H)**C NMR (150.81 MHz, CBOD , T= 25°C)d 171.3 (C), 157.1 (C), 136.0
(CH), 122.3 (CH), 82.7 (C), 78.1 (CH), 68.2 (CH), 36.5 (C), 28(), 28.6 (CH), 28.6 (CH),
27.7 (CH), 27.7 (CH), 27.7 (CH), 27.1 (CH). HPLC-MS (ESI)m/z 283.37 (MH).

tert-butyl (2S,55)-5-tert-butyl-2-ethenyl-3-methyl-4-oxoimidazolidine-1-carloxylate (trans-5d)

'H NMR (599.71 MHz, CROD, T= 25°C)d 5.52 (m, 3H), 5.19 (dd, 1H, J = 7.7, 2.1 Hz),84(@,
1H, J = 1.0 Hz), 2.72 (s, 3H), 1.45 (s, 9H), 1.609H); **C NMR (150.81 MHz, CBOD , T=
25°C)d 171.2 (C), 155.2 (C), 137.1 (CH), 122.0 (+82.6 (C), 78.6 (CH), 66.8 (CH), 39.1 (C),
28.6 (CH), 28.6 (CH), 28.6 (CH), 27.2 (CH), 27.2 (CH), 27.2 (CH), 26.9 (CH). HPLC-MS
(ESI):m/z 283.37 (MH).

tert-butyl (2R,55)-2-ethenyl-5-ethyl-3-methyl-4-oxoimidazolidine-1-arboxylate (cis-5e)

'H NMR (599.71 MHz, CROD, T= 25°C)d 5.64 (m, 1H), 5.54 (d, 1H,= 17.0 Hz), 5.48 (d, 1H,
J=10.2 Hz), 5.27 (d, 1H] = 8.2 Hz), 4.14 (dd, 1H] = 5.2, 4.5 Hz), 2.79 (s, 3H), 1.95 (m, 1H),
1.81 (m, 1H), 1.46 (s, 9H), 0.90 (t, 3B= 7.5 Hz);**C NMR (150.81 MHz, CBOD , T= 25°C)d
171.9 (C), 155.0 (C), 136.1 (CH), 122.4 (§HB2.4 (C), 77.3 (CH), 61.3 (CH), 28.7 (H28.7
(CHs), 28.7 (CHY), 27.0 (CH), 25.4 (CH), 9.4 (CH). HPLC-MS (ESI)mVz 255.32 (MH).
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tert-butyl (2S,55)-2-ethenyl-5-ethyl-3-methyl-4-oxoimidazolidine-1-arboxylate (trans-5e)

'H NMR (599.71 MHz, CROD, T= 25°C)dJ 5.58 (m, 3H), 5.23 (m, 1H), 4.20 (m, 1H), 2.79 (m,
3H), 2.27 (m, 1H), 1.85 (m, 1H), 1.46 (m, 9H), O(7Y, 3H); °C NMR (150.81 MHz, CBOD , T=
25°C) 4 171.8 (C), 153.9 (C), 135.7 (CH), 122.6 ({4H82.5 (C), 78.0 (CH), 60.2 (CH), 28.7
(CHs), 28.7 (CH), 28.7 (CH), 26.9 (CH), 23.7 (CH), 7.4 (CH); HPLC-MS (ESI):m/z 255.32
(MH™).

tert-butyl (2R,5S)-2-ethenyl-3-methyl-4-oxo-5-phenylimidazolidine-Icarboxylate (cis-5f)

'H NMR (599.71 MHz, CBOD, T=50°C)d 7.37 (m, 4H), 7.30 (m, 1H), 5.84 (ddd, 1H; 17.5,
9.5, 7.9 Hz), 5.60 (d, 1H},= 17.0 Hz), 5.54 (d, 1H] = 10.0 Hz), 5.40 (d, 1H] = 8.1 Hz), 5.13 (s,
1H), 2.83 (s, 3H), 1.38 (br.s., 9HFC NMR (150.81 MHz, CBOD , T= 50°C)d 170.5 (C), 154.8
(C), 139.0 (C), 136.2 (CH), 129.5 (CH), 129.5 (CH29.1 (CH), 128.1 (CH), 128.1 (CH), 122.2
(CH), 82.7 (C), 77.3 (CH), 64.2 (CH), 28.6 (¢)H28.6 (CH), 28.6 (CH), 27.4 (CH). HPLC-MS
(ESI): 'z 303.36 (MH).

tert-butyl (2S,55)-2-ethenyl-3-methyl-4-oxo-5-phenylimidazolidine-lcarboxylate (rans-5f)

'H NMR (599.71 MHz, CROD, T= 50°C)dJ 7.32 (m, 5H), 5.72 (m, 1H), 5.60 (m, 3H), 5.04 (m,
1H), 2.86 (br.s., 3H), 1.40 (br.s., 9HJC NMR (150.81 MHz, CBOD , T= 50°C)d 170.8 (C),
154.9 (C), 140.8 (C), 135.2 (CH), 129.4 (CH), 12@#), 129.4 (CH), 128.0 (CH), 128.0 (CH),
122.9 (CH), 80.7 (C), 77.4 (CH), 64.2 (CH), 28.4 (§H28.4 (CH), 28.4 (CH), 27.0 (CH).

HPLC-MS (ESI):nvz 303.36 (MH).

Preparation of (S)-2-(9-Fluorenylmethylcarbonylamino)-3-methylN-methyl-N-propargyl-
butanamide (10)

DCC (10 mmol)_2a (8.3 mmol) and DMAP (0.125 mmol) in anhydrous £CH (60 mL), cooled at

0 °C, were slowly added to a solution®{10 mmol). The resulting solution was stirred atfor
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48h, then filtered on a path of silica gel. Theveat was evaporated under reduced pressure and the

crude residue was purified by flash chromatogrg@yclohexane / AcOEt 7:3).

Yield: 90%. White foam. Rotamers ratio 4" NMR (599 MHz, CDC} T = 25°C)&: 0.95 (3H, d,
J=6.6 Hz), 1.01 (3H, d] = 6.6 Hz), 2.03 (1H, dql= 13.1, 6.6 Hz), 2.24 (1H, § = 2.3 Hz), 3.19
(3H, s), 4.10 (1H, ddj = 17.3, 2.1 Hz), 4.23 (1H, §,= 6.9 Hz), 4.34 (1H, dd] = 10.5, 7.2 Hz),
4.41 (2H, m), 4.56 (1H, dd,= 9.2, 5.9 Hz), 5.61 (1H, d,= 9.2 Hz), 7.32 (2H, t) = 7.4 Hz), 7.41
(2H, td,J=7.4, 2.6 Hz), 7.61 (2H, dd,= 6.9, 4.3 Hz), 7.77 (2H, d,= 7.6 Hz) (major rotamer);
0.95 (3H, dJ = 6.6 Hz), 1.01 (3H, dJ = 6.6 Hz), 2.09 (1H, dq), 2.33 (1H, t), 3.04 (3%, 4.01
(1H, dd), 4.23 (1H, t) = 6.9 Hz), 4.34 (1H, ddl = 10.5, 7.2 Hz), 4.41 (2H, m), 4.51 (1H, dd), 5.57
(1H, d), 7.32 (2H, t) = 7.4 Hz), 7.41 (2H, td] = 7.4, 2.6 Hz), 7.61 (2H, dd,= 6.9, 4.3 Hz), 7.77
(2H, d,J = 7.6 Hz), (minor rotamer}’C NMR (150.81 MHz, CDG| T = 25°C)3: 17.3 (q), 19.4
(9), 31.6 (d), 34.6 (q), 36.6 (t), 47.1 (d), 558,(67.0 (t), 72.1 (d), 78.1 (s), 119.9 (d), 11ap
125.1 (d), 125.1 (d), 127.0 (d), 127.0 (d), 12dp 127.6 (d), 141.2 (s), 141.2 (s), 143.7 (s),.243
(s), 156.4 (s), 171.7 (s), (major rotamer); 174 19.6 (q), 31.5 (d), 33.3 (q), 39.3 (1), 47.1, ®5.7
(d), 67.0 (t), 73.2 (d), 77.6 (s), 119.9 (d), 11@9125.1 (d), 125.1 (d), 127.0 (d), 127.0 (d)7 B2
(d), 127.6 (d), 141.2 (s), 141.2 (s), 143.7 (sB.84s), 156.3 (s), 171.7 (s), (minor rotamer); IEPL

MS (ESI):m/z391.47 (MH)

Synthesis 0f(2S)-2-amino-N,3-dimethyl-N-(prop-2-yn-1-yl)butanamide (11)

Piperidine (4.12 mmol) was added to a solutiorl®@f{20 mmol) in dry acetonitrile (500ml).The
resulting mixture was left under stirring for 6 et the solvent was evaporated to dryness. The
crude residue was purified by flash chromatogra@t@Ac / MeOH / TEA 9:0.5:0.5).

Yield: 78%. Red oil*H NMR (400 MHz, CDC} T = 25°C)&: 0.34 (3H, dJ = 6.8 Hz), 1.01 (3H,
d,J = 6.8 Hz), 1.91 (1H, m), 2.23 (1H, d#i= 2.5, 2.5 Hz), 3.14 (3H, s), 3.51 (1H,XE 5.4 Hz),

4.19 (1H, ddJ = 17.3, 2.5 Hz), 4.13 (2H, br.s.), 4.35 (1H, dd& 17.3, 2.5 Hz), (major rotamer);
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0.92-1.03 (6H, m), 1.91 (1H, m), 2.34 (1H, dds 2.1, 2.1 Hz), 3.05 (3H, s), 3.49 (1H, d), 4.13

(2H, br.s.), 4.16-4.39 (2H, m), (minor rotamétPLC-MS (ESI):mvz 303.36 (MH) 169.39
Synthesis of (&)-2-(benzylamino)N,3-dimethyl-N-(prop-2-yn-1-yl)butanamide (12)

To a solution ofl1 (5.1 mmol) and pyridine (0.45 ml) in dry dichlorothane was slowly added
benzylbromide (5.6 mmol) dissolved in dry dichlomtimane (4 ml) at 0°C. The resulting mixture
was left under stirring overnight at room tempematuThe solution was diluted with
dichloromethane (30 ml) and washed with water (10 fihe organic phase was dried over sodium
sulphate, filtered, and the solvent evaporated mumdduced pressure.The resulting crude was

purified by flash chromatography (Cyclohexane / &tQ':3).

Yield: 50%. White solid. Rotamers ratio 2.5H.NMR (400 MHz, CDCJ, T = 25°C): 0.95 (3H,
d,J = 6.8 Hz), 1.00 (3H, d] = 6.6 Hz), 1.79-1.90 (1H, m), 2.25 (1H, dds 2.3, 2.3 Hz), 2.96 (3H,
s), 3.22 (1H, dJ = 6.4 Hz), 3.51 (1H, dJ = 13.2 Hz), 3.85 (1H, dJ = 13.2), 4.22 (1H, ddJ =
17.1, 2.5 Hz), 4.35 (1H, d,= 17.1, 2.5 Hz), 7.23-7.40 (5H,m), (major rotam&rp8-0.99 (6H, m),
1.79-1.90 (1H, m), 2.30 (1H, dd= 2.3, 2.3 Hz), 3.06 (3H, s), 3.27 (1H,Xx 5.8 Hz), 3.51 (1H,
d,J = 13.0 Hz), 3.83 (1H, d] = 13.0 Hz), 3.95 (1H, dd] = 18.1, 2.3 Hz), 4.10 (1H, dd,= 18.1,
2.3 Hz), 7.23-7.40 (5H,m), (minor rotameéf; NMR (100 MHz, CDGJ, T = 25°C)s: 18.3 (q),
19.7 (), 31.7 (d), 34.2 (q), 36.5(t), 61.9 (d),87(s), 78.7 (s), 126.9 (d), 128.2 (d), 128.2 1@8.3
(d), 128.3 (d), 140.3 (s), 175.1 (s),(major rotam&8.0 (q), 20.1 (qg), 31.6 (d), 33.3 (q), 38.8 (1)
52.3 (d), 72.9 (d), 78.1 (s), 126.8 (d), 128.2 (8.2 (d), 128.3 (d), 128.3 (d), 140.4 (s), 1714)9

(minor rotamer). HPLC-MS (ESIjVz 259.53 (MH)
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Synthesis of (&)-2-(benzylamino)N,3-dimethyl-N-propadienylbutanamide (13)
t-BuOK (2.5 mmol) in THF (10 mL) was added to a $iolu of 12 (1 mmol). The resulting solution
was stirred at r.t. for 1 min, then filtered oncsll gel (AcOEt). The solvent was evaporated under

reduced pressure and the residue was purifiedalsy thromatography (Cyclohexane / EtOAc 8:2).

Yield: 50%. Light yellow oil. Rotamers ratio 1:'H NMR (599.7 MHz, MeODT = 25°C)3: 0.91-
0.99 (6H, m), 1.80-190 (1H, m), 2.94 (1H, s), 3%%5 (1H,m), 3.53-3.54 (1H, m), 3.68-3.75 (1H,
m), 5.44-5.47 (2H, m), 7.21-7.25 (1H, m), 7.28-7(88l, m), 7.49 (1H, m),(first rotamer); 0.91-
0.99 (6H, m), 1.80-1.90 (1H, m), 2.99 (1H, s), 3485 (1H, m), 3.51-3.55 (1H, m), 3.68-3.75 (1H,
m), 5.38-5.44 (2H, m), 6.98 (1H, m), 7.21-7.25 (1R, 7.28-7.33 (4H,m), (second rotam&i;
NMR (150.81 MHz, MeOD, T = 25°G): 18.4 (q), 20.04 (q), 32.1 (q), 33.0 (q), 53.3 63.8 (d),
87.0 (t), 100.20 (d), 128.2 (d), 129.4 (d), 1291 (29.6 (d), 129.6 (d), 141.1 (s), 175.15 (sp.820
(s), (first rotamer); 18.6 (q), 20.0 (q), 33.0 (8R.5 (q), 53.5 (1), 63.8 (t) 87.7 (t), 101.7 (128.3
(d), 129.5 (d), 129.5 (d), 129.6 (d), 129.6 (d)114(s), 175.6 (s), 203.9 (s), (second rotamer).

HPLC-MS (ESI):n/z 259.53 (MH)
Procedures for cyclization of allenamide (13)

a) To a stirred solution 013 ( 2.42 mmol) in dry acetonitrile (40 ml) was addédCl; (0.121
mmol), under argon atmosphere. The mixture so obthwas refluxed for 20 minutes, then the
solvent was removed under reduced pressure. Tloe aesidue was purified by flash column

chromatography (Cyclohexane / EtOAc 7.5:2.5).

b) To a mixture of PP#AUCI (0.12 mmol) and AgBKO0.12 mmol)in dry acetonitrile (30 ml) was
added, under argon atmosphere, a solutiod3{2.59 mmol) in dry acetonitrile (10 ml). The
mixture so obtained was refluxed for 2.5h, thendblrent was removed under reduced pressure.

The crude residue was purified by flash column statography (Cyclohexane / EtOAc 7.5:2.5).
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(2R,59)-1-benzyl-2-ethenyl-3-methyl-5-(propan-2-yl)imidanlidin-4-one (trans-14a)

Colourless oil. Yield: (using procedusd 24%, (using procedure) 14%.'H NMR (599.7 MHz,
CDCl; T = 25°C)$: 1.00 (3H, dJ = 6.9 Hz), 1.11 (3H, d] = 7.1 Hz), 2.08 (1H, m] = 14.0, 7.0,
2.8 Hz), 2.70 (3H, s), 3.33 (1H,d= 2.6 Hz), 3.79 (1H, d] = 14.3 Hz), 3.92 (1H, dl = 14.5 Hz),
4.51 (1H, ddJ = 9.0, 2.1 Hz), 5.10 (1H, d,= 17.0 Hz), 5.35 (1H, d = 10.0 Hz), 5.61 (1H, df =
16.9, 9.5 Hz), 7.22 (1H, m), 7.30 (4H, M NMR (150.81 MHz, CDG| T = 25°C)s: 17.3 (q),
18.1 (q), 26.4 (), 29.0 (d), 50.74 (t), 66.1 (69,4 (d), 122.0 (t), 126.9 (d), 128.0 (d), 128.p (d

128.1 (d), 128.1 (d), 134.1 (d), 138.3 (s), 178)8 IPLC-MS (ESI)m/z 259.53 (MH)

(2S,59)-1-benzyl-2-ethenyl-3-methyl-5-(propan-2-yl)imidanlidin-4-one (cis-14b)

Light yellow oil. Yield: (using procedura) 36%, (using procedurg) 21% NMR (599.7 MHz,
CDCl3, T = 25°C)8: 0.96 (3H, dJ = 6.9 Hz), 1.00 (3H, d] = 7.1 Hz), 1.88 (1H, m] = 13.9, 7.0,
3.0 Hz), 2.65 (3H, s), 3.26 (1H, 3= 2.3 Hz), 3.83 (2H, m), 4.22 (1H, 8= 8.4 Hz), 5.05 (1H, d]
= 17.3 Hz), 5.10 (1H, d] = 9.9 Hz), 5.47 (1H, ddd}, = 17.2, 9.9, 8.5 Hz), 7.23 (5H, M NMR
(150.81 MHz, CDG, T = 25°C)s: 17.6 (q), 17.7 (q), 26.3 (q), 29.9 (d), 57.5 63,8 (d), 82.1 (d),
119.7 (t), 127.1 (d), 127.9 (d), 127.9 (d), 12&i9 28.9 (d), 137.3 (d), 137.6 (s), 171.6 (s). BPL

MS (ESI):mVz 259.53 (MH)

1H-pyrrole-2-carboxylic acid (15a)

The compound is commercial available by Aldrich.
1-methyl-1H-pyrrole-2-carboxylic acid (15b)

The compound is commercial available by Aldrich.
N-methylprop-2-yn-1-amine (2a)

The compound is commercial available by Aldrich.
Prop-2-yn-1-amine (2b)

The compound is commercial available by Aldrich
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N-benzylprop-2-yn-1-amine (2c)

The compound is known in literat(ife

4-methyl-N-(prop-2-yn-1-yl)benzenesulfonamide (2d)

The compound is known in literat(ire

N-methyl-3-phenylprop-2-yn-1-amine (2e)

The compound is known in literat(fe

4-methyl-N-(3-phenylprop-2-yn-1-yl)benzenesulfonamide (2f)

The compound is known in literat(re

N-benzyl-3-phenylprop-2-yn-1-amine (29)

The compound is known in literat(ife

Synthesis ofN-methyl-N-(prop-2-yn-1-yl)-1H-pyrrole-2-carboxamide (16a)

A 100 ml round bottom flask fitted with a magnegiarer and a thermometer was charged with 1.5
g (13,5 mmol) of H-pyrrole-2-carboxylic acid15a) and 30 ml of dry dichloromethane under
argon atmosphere.The solution so obtained wasdtat rt for 10 minutes then cooled down to
0°C. To this, a solution of DCC 2.78 g (23.9 mmial)8 ml of dry dichloromethane, was slowly
dropped in 20 minutes keeping the internal tempegabetween 0-5°C. To this mixtumg-
methylprop-2-yn-1-amin€2a) 0.94 ml (11.1 mmol) was added followed by DMAP2D(y (0.16
mmol). The mixture was left at rt under stirring #8h, then diluted with 200ml of EtOAc, filtered
through a small celite pad washed and rinsed withAE, and the filtrate concentrated under
reduced pressure The crude residue was then purifig flash column chromatography
(Cycloehexane / EtOAc, 6:4).

Yield: 80%. White solid®H NMR (599.71 MHz, CDG, T= 50°C)d 9.85 (1H, br.s.), 6.94 (m,
1H), 6.71 (br.s., 1H), 6.27 (m, 1H), 4.40 (d, 2Hs 2.5 Hz), 3.31 (br.s., 3H), 2.30 (t, 1H= 2.6

Hz);*C NMR (150.81 MHz, CDG| T= 50°C) 4 162.36 (C), 124.55 (C), 121.40 (CH), 112.86
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(CH), 109.81 (CH), 78.86 (C), 72.28 (CH), 38.83 (&H85.28 (CH); HPLC-MS (ESI):m/z =
163.18[MH"].

Synthesis ofN,1-dimethyl-N-(prop-2-yn-1-yl)-1H-pyrrole-2-carboxamide (16b)

A 100 ml round bottom flask fitted with a magnedtarer and a thermometer was charged with 3 g
(23,9 mmol) of 1-methyl-H-pyrrole-2-carboxylic acid15b) and 45 ml of dry dichloromethane
under argon atmosphere.The solution so obtainedstirasd at rt for 10 minutes then cooled down
to 0°C. To this, a solution of DCC 4.93 g (23.9 nimio 15ml of dry dichloromethane, was slowly
dropped in 20 minutes keeping the internal tempegabetween 0-5°C. To this mixtumg-
methylprop-2-yn-1-amin€2a) 1.67 ml (19.8 mmol) was added followed by DMAP3&0y (0.29
mmol). The mixture was left at rt under stirring #8h, then diluted with 200ml of EtOAc, filtered
through a small celite pad washed and rinsed Wi@AE, and the filtrate was concentrated under
reduced pressure The crude residue was then purifig flash column chromatography
(Cycloehexane / EtOAc, 6:4).

Yield: 91.6%. Colorless oil. IR = 1672 ¢ém'H NMR (599.71 MHz, CDG, T= 50°C)J6.69 (t,
1H,J = 2.0 Hz), 6.54 (dd, 1H] = 3.7, 1.1 Hz), 6.09. (dd, 1H,= 3.9, 2.7 Hz), 4.32 (d, 2H,= 2.6
Hz), 3.79 (s, 3H), 3.19 (s, 3H), 2.30 (t, I& 2.5 Hz)**C NMR (150.81 MHz, CDG| T= 50°C)J
163.79 (C), 126.68 (CH), 124.70 (C), 113.45 (CH)6.95 (CH), 79.04 (C), 72.26 (CH), 39.28
(CH,), 35.76 (CH), 34.84 (CH); HPLC-MS (ESI):m/z= 177.21]MH"].Anal.calcd for GoH1:N,0:

C, 68.16; H, 6.86; N, 15.90. Found C, 68.32; H9618, 15.85.

General procedure for the cyclization of pyrrole-caboxamides A solution of 2 mmol of the
appropriate pyrrole-carboxamide was stirred, uradtgon atmosphere, with Aug(0.01 mmol) in

30 mL of an appropriate solvent (see Tables 7-8%fat solvents, temperatures and times). At the
end of the reaction, the solvent was either remawetkr reduced pressure (MeCN, DCM, Toluene)

or extracted with brine (DMF). The crude residues\parified by flash column chromatography
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1,4,6-trimethyl-1,6-dihydro-7H-pyrrolo[2,3-c]pyridin-7-one (17b)

Yield: 70% (Table 2, entry 1). White solid. M. 76 °C. IR = 1670 cim *H-NMR (599 MHz,
CDCls, T= 25 °C)&: 2.13 (s, 3H), 3.49 (s, 3H), 4.13 (s, 3H), 6.17)d,2.9 Hz, 1H), 6.57 (s, 1H),
6.91 (d,J = 2.9 Hz, 1H);**C-NMR (150 MHz, CDGJ, T = 25 °C)3: 14.75 (q), 35.56 (q), 35.57 (q),
100.06 (d), 110.30 (s), 122.33 (s), 126.21 (d),.28@d), 132.48 (s), 155.64 (s). HPLC-MS (ESI):
m/z = 177.21 [MH]. Anal. calcd for GoH12N,O: C, 68.16; H, 6.86; N, 15.90. Found C, 68.22; H,

6.80; N, 15.95.

1,5,7-trimethyl-1,5-dihydro-4H-pyrrolo[3,2-c]pyridin-4-one (18b)

Yield: 50% (Table 2, entry 4). Yellow solid. M. @04 °C. IR = 1672 cih 'H-NMR (599 MHz,
CDCl;, T = 25 °C)&: 2.37 (s, 3H), 3.51 (s, 3H), 3.89 (s, 3H), 6.651(3), 6.69 (dJ = 3.1 Hz, 1H),
6.73 (d,J = 3.1 Hz, 1H)*C-NMR (150 MHz, CDC}, T= 25 °C)d 16.11 (q), 35.84 (q), 35.86 (q),
104.39 (d), 104.55 (s), 116.90 (s), 127.39 (d),.124d), 137.93 (s), 159.63 (s); HPLC-MS (ESI):
m/z = 177.21 [MH]. Anal. calcd for GoH12N,O: C, 68.16; H, 6.86; N, 15.90. Found C, 68.13; H,

6.81; N, 15.94.

Synthesis of 1-methyIN-(prop-2-yn-1-yl)-1H-pyrrole-2-carboxamide. (19)

A 50 ml round bottom flask fitted with a magnettarer and a thermometer was charged with 1 g
(7.9 mmol) of 1-methyl-H-pyrrole-2-carboxylic acid15b) and 15 ml of dry dichloromethane
under argon atmosphere.The solution so obtainedstirasd at rt for 10 minutes then cooled down
to 0°C. To this, a solution of DCC 1.64 g (7.9 mjnal5 ml of dry dichloromethane, was slowly
dropped in 20 minutes keeping the internal tempeeadbetween 0-5°C. To this mixture prop-2-yn-
1-amine (2b) 0.42 ml (6.6 mmol) was added followed by DMAP 0.0420.098 mmol). The
mixture was left at rt under stirring for 48h, theituted with 100ml of EtOAc, filtered through a

small celite pad washed and rinsed with EtOAc, #mel filtrate concentrated under reduced
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pressure. The crude residue was then purified &shflcolumn chromatography (Cycloehexane /
EtOAc, 6:4)

Yield: 80%. White solidH NMR (599.71 MHz, CDGJ, T= 25°C)&6.73 (t, 1H,J = 2.2 Hz), 6.59
(dd, 1H,J = 3.9, 1.6 Hz), 6.09 (dd, 1H,= 3.7, 2.7 Hz), 6.07 (br.s., 1H), 4.17 (dd, 2+ 5.4, 2.6
Hz), 3.94 (s, 3H), 2.25 (t, 18= 2.5 Hz)**C NMR (150.81 MHz, CDG| T= 50°C)J161.39 (C),
128.25 (CH), 124.91 (C), 112.41 (CH), 107.28 (CFD,87 (C), 71.37 (CH), 36.72 (GH 28.87

(CH,); HPLC-MS (ESI):m/z = 163.18MH"].

Synthesis ofN-benzyl-1-methylN-(prop-2-yn-1-yl)-1H-pyrrole-2-carboxamide (20a)

A 50 ml round bottom flask fitted with a magnettorer and a thermometer was charged with 1 g
(8 mmol) of 1-methyl-H-pyrrole-2-carboxylic aciql5b) and 15 ml of dry dichloromethane under
argon atmosphere.The solution so obtained wasdtat rt for 10 minutes then cooled down to
0°C. To this, a solution of DCC 1.64 g (8 mmol) 5ml of dry dichloromethane, was slowly
dropped in 20 minutes keeping the internal tempegabetween 0-5°C. To this mixtumg-
benzyllprop-2-yn-1-aming¢2c) 0.95 g (6.6 mmol) was added followed by DMAP 0.@L20.098
mmol). The mixture was left at rt under stirring #8h, then diluted with 70ml of EtOAc, filtered
through a small celite pad washed and rinsed withAE, and the filtrate concentrated under
reduced pressure The crude residue was then pmurifig flash column chromatography
(Cycloehexane/Cyclopentilmethylether, 6:4)

Yield: 85%.Colourless oil. IR = 1666 ¢m'H NMR (599.71 MHz, CDG, T= 25°C)Jd 7.37 (m,
2H), 7.33 (m, 2H), 7.30 (m, 1H), 6.73 (m, 1H), 6@0.s., 1H), 6.08 (m, 1H), 4.90 (s, 2H), 4.25
(br.s., 2H), 3.85 (s, 3H), 2.31 (br.s., 183 NMR (150.81 MHz, CDG| T= 25°C) 5 164.08 (C),
136.85 (C), 128.74 (CH), 128.74 (CH), 127.78 (CH37.78 (CH), 127.55 (CH), 127.00 (CH),

124.69 (C), 113.09 (CH), 107.12 (CH), 79.24 (C),382(CH), 49.88 (Ch), 36.67 (CH), 35.92
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(CHs); HPLC-MS (ESI):m/z = 253.31[MH"]. Anal.calcd for GeH1gN-O: C, 76.16; H, 6.39; N,
11.10. Found C, 76.21; H, 6.28; N, 11.12.

Synthesis of 1-methyIN-[(4-methylphenyl)sulfonyl]-N-(prop-2-yn-1-yl)-1H-pyrrole-2-
carboxamide (20b)

To a stirred solution of 1.2 g (9.59 mmol) of 1-mgt1H-pyrrole-2-carboxylic acig15b) in 21ml

of dry THF containing 2 drops of N,N-dimethylformaia was added 1.25 ml (14.3 mmol) of
oxalylchloride. The resulting mixture was stirret ra for 3h after wich time the solvent was
removed under reduced pressure and then takenlifprini of dry THF.

In a separate flask, to a suspension of 0.137Nabf (5.74 mmol) in 10 ml of dry THF cooled to
0°C was added 1g (4.79 mmol) of 4-methy(prop-2-yn-1-yl)benzenesulfonami2d), dissolved

in 10 ml of dry THF, dropping in 15 minutes. Thextore was allowed to stir at 0°C for 30
minutes, after which time, the preformed acid ddierwas addedia siringe and the resulting
mixture was allowed to warm to rt overnight. Thextare was quenched at 0°C with 20 ml of water
and exctracted with 80 ml of AcCOEt. Phase werewadh to separated, the aqueous phase was
discharged and the organic phase was washed tves tvith 20 ml of water, dried over p&O,
and the solvent removed under reduced pressurecitliee residue was subjected to silica gel
chromatography (EtOAc / Cyclohexane, 3:7)

Yield: 77%. White solid. M.p.: 12%C. IR = 1674 cnt. *H NMR (599.71 MHz, CDGJ, T= 25°C)J
7.91 (m, 2H), 7.31 (m, 2H), 7.06 (dd, 1H7 4.1, 1.6 Hz), 6.80 (t, 1H,= 2.1 Hz), 6.13 (dd, 1H]

= 4.3, 2.5 Hz), 4.67 (d, 2H, = 2.5 Hz), 3.69 (s, 3H), 2.43 (s, 3H), 2.38 {t, T = 2.5 Hz);*°C
NMR (150.81 MHz, CDGJ, T= 25°C)J162.15 (C), 144.57 (C), 135.77 (C), 130.73 (CH29.31
(CH), 129.31 (CH), 128.67 (CH), 128.67 (CH), 124(0§, 118.98 (CH), 108.16 (CH), 78.88 (C),
73.09 (CH), 30.07 (Ch), 36.21 (CH), 21.62 (CH); HPLC-MS (ESI):mVz =317.37[MH"]. Anal.

calcd for GeH16N2OsS: C, 60.74; H, 5.10; N, 8.85. Found C, 60.62; H45N, 8.88.
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Synthesis oftert-butyl [(1-methyl-1H-pyrrol-2-yl)carbonyl]prop-2-yn-1-ylcarbamate (20c)

To a stirred solution of 0.81 g (5 mmol) of 1-mdthy(prop-2-yn-1-yl)-H-pyrrole-2-carboxamide.
(19), in 60 ml of acetonitrile was added 1.26 g (5.8ahrof di-tert-butyl dicarbonate, followed by
0.061 g ( 0.5 mmol) of 4-dimethylaminopyridine. Tresulting solution was allowed to stir at rt
overnight and the solvent was removed under redpoesksure. The crude residue was subject to
flash column chromatography (Cycloehexane / EtCBAZ)

Yield: 85%. Colourless oil. IR = 1726, 1667 ¢nH NMR (599.71 MHz, CDGJ, T= 25°C)J 6.80

(t, 1H,J = 2.2 Hz), 6.62 (m, 1H), 6.11 (m, 1H), 4.43 (d,, 2k 2.5 Hz), 3.86 (s, 3H), 2.23 (t, 1H,

= 2.4 Hz), 1.36 (s, 8HY)C NMR (150.81 MHz, CDG| T= 25°C)J160.24 (C), 153.14 (C), 129.39
(CH), 127.57 (C), 117.83 (CH), 107.88 (CH), 82.18,(79.32 (C), 70.90 (CH), 36.02 (@}K35.03
(CHs), 27.73 (CH), 27.73 (CH) 27.73 (CH); HPLC-MS (ESI):m/z = 263.30[MH"]. Anal. calcd

for C14H1gN20s: C, 64.10; H, 6.92; N, 10.68. Found C, 64.15; 47N, 10.54.

Synthesis of 1-methyIN-(phenylcarbonyl)-N-(prop-2-yn-1-yl)-1H-pyrrole-2-carboxamide (20-

d)

To a stirred suspension of 0.137 g (5.72 mmol) aHNn 20 ml of dry THF was slowly added a
solution of 0.77 g ( 4.7 mmol) of 1-methiH{phenylcarbonylN-(prop-2-yn-1-yl)-H-pyrrole-2-
carboxamidg19) in 20 ml of dry THF at 0°C followed by 7ml of dPMF. The mixture was left
under stirring at 0°C for 0.5 h then 0.66 ml (5.mah) of benzoylchloride were added. The mixture
was allowed to stir for 3h at rt after wich time 0 of water were added followed by 30 miterft-
butylmethylether. Phases were allowed to separdbexiaqueous phase was discharge and the
organic one was washed two times with 10ml of w#ten dried over sodium sulphate and the
solvent evaporated under reduced pressure. The casidue was then purified by flash column

chromatography (Cycloehexane / Cyclopentylmethgletf.5:3.5)
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Yield: 60%. Colourless offH NMR (599.71 MHz, CDG] T= 25°C)J 7.51 (d, 2HJ = 7.9 Hz),
7.32 (m, 1H), 7.26 (m, 2H), 6.62 (dd, 1z 3.9, 1.2 Hz), 6.60 (t, 1H,= 2.2 Hz), 5.92 (dd, 1H]

= 3.7, 2.7 Hz), 4.72 (d, 2H,= 2.5 Hz), 3.71 (s, 3H), 2.28 (t, 18,= 2.4 Hz)**C NMR (150.81
MHz, CDCh, T= 25°C)§172.32 (C), 164.93 (C), 136.81 (C), 131.37 (CH)).I3 (CH), 128.15
(CH), 128.15 (CH), 127.91 (CH), 127.91 (CH), 127(@), 119.66 (CH), 108.50 (CH), 78.72 (C),
72.54 (CH), 35.89 (C), 35.86 (CH); HPLC-MS (ESI)m/z= 267.29MH"].

Synthesis ofN,1-dimethyl-N-(3-phenylprop-2-yn-1-yl)-1H-pyrrole-2-carboxamide (20e)

A 25 ml round bottom flask fitted with a magnetiorer and a thermometer was charged with 0.62
g (4.9 mmol) of 1-methylH-pyrrole-2-carboxylic acid15b) and 8 ml of dry dichloromethane
under argon atmosphere.The solution so obtainedstirasd at rt for 10minutes then cooled down
to 0°C. To this, a solution of DCC 1.02 g (4.9 mjnal 4ml of dry dichloromethane, was slowly
dropped in 20 minutes keeping the internal tempegabetween 0-5°C. To this mixtukemethyl-
3-phenylprop-2-yn-1-aminée) 0.6 g (19.8 mmol) was added followed by DMAP 0.@D80.06
mmol). The mixture was left at rt under stirring #8h, then diluted with 50ml of EtOAc, filtered
through a small celite pad washed and rinsed withAE, and the filtrate concentrated under
reduced pressure The crude residue was then purifig flash column chromatography
(Cyclopentylmethylether / EtOAc, 1:1)

Yield: 90%.Colourless oil. IR = 1668 ¢hiH NMR (599.71 MHz, CDG| T=50°C)Jd 7.46 (m,
2H), 7.32 (m, 3H), 6.72 (s, 1H), 6.61 (m, 1H), 6(t21H), 4.57 (s, 2H), 3.82 (s, 3H), 3.26 (s,
3H):*C NMR (150.81 MHz, CDG| T= 50°C)J 164.02 (C), 131.96 (CH), 131.96 (CH), 128.59
(CH), 128.48 (CH), 128.48 (CH), 126.82 (CH), 125(C), 122.95 (C), 113.65 (CH), 107.17 (CH),
84.58 (C), 84.55 (C), 40.51 (GH 36.01 (CH), 34.98 (CH); HPLC-MS (ESI):m/z = 253.31

[MH™]. Anal. calcd. for GH1eN2O: C, 76.16; H, 6.39; N, 11.10. Found C, 76.106137; N, 11.22.
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Synthesis of 1-methylN-[(4-methylphenyl)sulfonyl]-N-(3-phenylprop-2-yn-1-yl)-1H-pyrrole-
2-carboxamide (20f)

To a stirred solution of 0.43 g (3.5 mmol) of 1-mdt1H-pyrrole-2-carboxylic acid15b) in 8 ml

of dry THF containing 2 drops of N,N-dimethylformaia was added 0.45 ml (5.25 mmol) of
oxalylchloride. The resulting mixture was stirretl ra for 3h after wich time the solvent was
removed under reduced pressure and then taken&imlrof dry THF.

In a separate flask, to a suspension of 0.049Npéf (2.0 mmol) in 7 ml of dry THF cooled to 0°C
was added 0.5 g (1.74 mmol) of 4-methif(3-phenylprop-2-yn-1-yl)benzenesulfonamie),
dissolved in 6 ml of dry THF, dropping in 15 minsitd he mixture was allowed to stir at 0°C for 30
minutes, after which time, the preformed acid ddlerwas addedia siringe and the resulting
mixture was allowed to warm to rt overnight. Thextare was quenched at 0°C with 10 ml of water
and exctracted with 40 ml of ACOEt. Phase werewadb to separated, the aqueous phase was
discharged and the organic phase was washed tves twvith 10 ml of water, dried over p&O,
and the solvent removed under reduced pressurecitli® residue was subjected to silica gel
chromatography (Cyclohexane / EtOAc, 7:3)

Yield: 90%. White solid. M.p.: 118C. IR = 1668 cnt. *H NMR (599.71 MHz, CDGJ, T= 25°C)d
8.01 (d, 2HJ= 8.4 Hz), 7.31 (m, 7H), 7.09 (dd, 1Bi= 4.0, 1.6 Hz), 6.82 (t, 1H,= 2.1 Hz), 6.15
(dd, 1H,J = 4.0, 2.6 Hz), 4.93 (s, 2H), 3.73 (s, 3H), 2.4p3H)**C NMR (150.81 MHz, CDG|

T= 25°C) §162.39 (C), 144.43 (C), 136.08 (C), 131.65 (CH)1..63 (CH), 130.61 (CH), 129.25
(CH), 129.25 (CH), 128.85 (CH), 128.85 (CH), 128(6MH), 128.24 (CH), 128.24 (CH), 124.27
(C), 122.18 (C), 118.67 (CH), 108.18 (CH), 85.09, @1.14 (C), 39.39 (Ch), 36.27 (CH), 21.58
(CHs); HPLC-MS (ESI):mVz = 393.47[MH"]. Anal. calcd for G:HoN,0sS: C, 67.33; H, 5.14; N,

7.14. Found C, 67.26; H, 5.08; N, 7.22.
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Synthesis ofN-benzyl-1-methylN-(3-phenylprop-2-yn-1-yl)-1H-pyrrole-2-carboxamide (209)

A 25 ml round bottom flask fitted with a magnettorer and a thermometer was charged with 0.63
g (5 mmol) of 1-methyl-H-pyrrole-2-carboxylic acig15b) and 8 ml of dry dichloromethane under
argon atmosphere.The solution so obtained wagdtat rt for 10minutes then cooled down to 0°C.
To this, a solution of DCC 1.04 g (5 mmol) in 4nfldsy dichloromethane, was slowly dropped in
20 minutes keeping the internal temperature betw@&fC. To this mixtureN-benzyl-3-
phenylprop-2-yn-1-amin€2g) 0.93 g (4.2 mmol) was added followed by DMAP 0.04980.06
mmol). The mixture was left at rt under stirring #8h, then diluted with 50ml of EtOAc, filtered
through a small celite pad washed and rinsed withAE, and the filtrate concentrated under
reduced pressure The crude residue was then pubfieflash column chromatography (Toluen /
EtOAc, 9:1)

Yield: 80%. Yellow oil. IR = 1667 cth'H NMR (599.71 MHz, CDGJ, T= 50°C)J 7.44 (m, 2H),
7.38 (m, 4H), 7.32 (m, 4H), 6.74 (t, 1Bi= 1.7 Hz), 6.67 (br.s., 1H), 6.10 (t, 18= 3.2 Hz), 4.96
(s, 2H), 4.49 (s ,3H), 3.86 (s, 3T NMR (150.81 MHz, CDG| T= 50°C)J164.07 (C), 137.12
(C), 131.80 (CH), 131.80 (CH), 128.72 (CH), 128(TH), 128.40 (CH), 128.30 (CH), 128.30
(CH), 127.89 (CH), 127.89 (CH), 127.50 (CH), 126(GH), 124.90 (C), 122.79 (C), 113.12 (CH),
107.14 (CH), 84.61 (C), 84.51 (C), 49.98 ({+87.92 (CH), 35.94 (CH); HPLC-MS (ESI)m/z =
329.40[MH™]. Anal. calcd for GoHooN-O: C, 80.46; H, 6.14; N, 8.53. Found C, 80.32; 216N,

8.58.

1,4-dimethyl-6-[(4-methylphenyl)sulfonyl]-1,6-dihydo-7H-pyrrolo[2,3-c]pyridin-7-one (21b)
Yields: 85% (in TBME), 75% (in dichloromethane),%5in Toluene), 70% (in acetonitrile), 60%
(in DMF). White solid. M.p.: 20°%C. IR = 1673crit. 'H NMR (599.71 MHz, CDG, T= 25°C)J
7.98 (m, 2H), 7.55 (q, 1H = 1.4 Hz), 7.33 (m, 2H), 6.98 (d, 1Bi= 2.8 Hz), 6.21 (d, 1H] = 2.6

Hz), 4.01 (s, 3H), 2.43 (s, 3H), 2.23 (d, 3H 1.5 Hz);*C NMR (150.81 MHz, CDG| T= 25°C)
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0153.95 (C), 144.96 (C), 135.34 (C), 133.72 (CR.83 (CH), 129.35 (CH), 129.35 (CH), 128.99
(CH), 128.99 (CH), 121.45 (C), 119.77 (CH), 111(83, 101.42 (CH), 36.15 (C§ji 21.68 (CH),
15.30 (CH); HPLC-MS (ESI):m/z = 317.37[MH"]. Anal. calcd for GsHieN,0Ss: C,60.74; H,
5.10; N, 8.85. Found C, 60.78; H, 5.11; N, 8.77
1,7-dimethyl-5-[(4-methylphenyl)sulfonyl]-1,5-dihydo-4H-pyrrolo[3,2-c]pyridin-4-one (22b)
Yield: 7.5% (in TBME), 9% (in dichloromethane), 14%a toluene), 20% (in acetonitrile), 25% (in
DMF). Yellow solid. M.p.: 218C. IR = 1673 crit.'H NMR (599.71 MHz, CDG, T= 25°C)57.98
(m, 2H), 7.59 (g, 1HJ = 1.3 Hz), 7.30 (M, 2H), 6.66 (M, 2H), 3.90 (s)3R144 (d, 3H,) = 1.3 Hz),
2.40 (s, 3H);**C NMR (150.81 MHz, CDG| T= 25°C) § 157.42 (C), 145.19 (C), 138.13 (C),
134.94 (C), 129.28 (CH), 129.28 (CH), 129.28 (CH}9.28 (CH), 128.14 (CH), 122.73 (CH),
116.69 (C), 106.59 (C), 106.01 (CH), 36.19 ¢5H21.65 (CH), 16.73 (CH); HPLC-MS (ESI):m/z

= 317.37[MH"]. Anal calcd for GeH1eN2OSs: C, 60.74; H, 5.10; N, 8.85. Found C, 60.61; H.85.
N, 8.87.

6-benzyl-1,4-dimethyl-1,6-dihydro-H-pyrrolo[2,3-c]pyridin-7-one (21a)

Yields: 86% (in Toluene), 61% (in dichloromethang)% (in acetonitrile).Yellow solid.M.p.: 76
°C. IR = 1670 crit.*H NMR (599.71 MHz, CDG} T= 25°C)J 7.33 (m, 2H), 7.28 (m, 3H), 7.00
(d, 1H,J = 2.8 Hz), 6.67 (q, 1H) = 1.4 Hz), 6.25 (d, 1HJ = 2.8 Hz), 5.19 (s, 2H), 4.21 (s, 3H),
2.18 (d, 3H,J = 1.3 Hz)**C NMR (150.81 MHz, CDG| T= 25°C)J 155.54 (C), 137.89 (C),
132.65 (C), 131.20 (CH), 128.64 (CH), 128.64 (CH}7.55 (CH), 127.55 (CH), 127.39 (CH),
125.43 (CH), 122.49 (C), 111.02 (C), 100.38 (CHY),42 (CH), 35.90 (CH), 15.06 (CH); HPLC-
MS (ESI):m/z = 253.31[MH"]. Anal.calcd for GgH16N,O: C, 76.16; H, 6.39; N, 11.10. Found C,

76.21; H, 6.44; N, 11.07.
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5-benzyl-1,7-dimethyl-1,5-dihydro-4H-pyrrolo[3,2-cpyridin-4-one (22a)

Yields: 7.3% (in toluene), 12% (in dichloromethan2j% (in acetonitrile).White solid. M.p.: 106
°C. IR = 1671 cnt. *H NMR (599.71 MHz, CDG, T= 25°C)J 7.26-7.30 (m, 5H), 6.81 (d, 1H=
3.1 Hz), 6.74 (d, 1HJ = 3.0 Hz), 6.69 (br.s., 1H), 5.19 (s, 2H), 3.913(d), 2.36 (s, 3H}’C NMR
(150.81 MHz, CDGJ, T= 25°C)d159.37 (C), 137.86 (C), 137.83 (C), 128.73 (CH)B.59 (CH),
128.59 (CH), 127.77 (CH), 127.77 (CH), 127.57 (CH}7.41 (CH), 116.93 (C), 105.34 (C),
104.94 (CH), 50.44 (CH, 35.94 (CH), 16.31 (CH); HPLC-MS (ESI):nVz = 253.31]MH"]. Anal.

calcd for GeH16N20O: C, 76.16; H, 6.39; N, 11.10. Found C, 76.206H48; N, 11.06.

tert-butyl 1-methyl-4-methylidene-7-oxo-1,4,5,7-tetrahgro-6H-pyrrolo[2,3-c]pyridine-6-

carboxylate. (23c)

Yields: 56% (in toluene),20%(in dichloromethanehi# solid. M.p.: 92C. IR = 1723, 1671 cth

1H NMR (599.71 MHz, CDG| T= 25°C)0 6.77 (d, 1H,J = 2.8 Hz), 6.21 (d, 1H] = 2.8 Hz), 5.28
(t, 1H,J =1.3 Hz), 5.08 (t, 1HJ = 1.8 Hz), 4.56 (t, 2HJ = 1.6 Hz), 3.95 (s, 3H), 1.57 (s, 9K

NMR (150.81 MHz, CDGJ, T= 25°C)d158.73 (C), 152.72 (C), 133.27 (C), 131.20 (CHY.82
(C), 121.41 (C), 108.09 (CH), 102.00 (§H82.73 (C), 51.77 (CH, 36.64 (CH), 28.12 (CH),

28.12 (CH) 28.12 (CH); HPLC-MS (ESI):m/z = 263.30[MH"]. Anal. calcd for GsH1gN,0s: C,

64.10; H, 6.92; N, 10.68. Found C, 64.20; H, 619510.61.

tert-butyl 1-methyl-7-methylidene-4-oxo-1,4,6,7-tetrahgro-5H-pyrrolo[3,2- c]pyridine-5-
carboxylate. (24c)

Yields: 14% (in toluene), 30% (in dichloromethar@dlourless oil. IR = 1724, 1671 émH NMR
(599.71 MHz, CDGJ, T= 25°C)J 6.55 (d, 1H, = 3.1 Hz), 6.51 (d, 1H] = 3.0 Hz), 5.21 (m, 2H),
4.45 (s, 2H), 3.68 (s, 3H), 1.45 (br.s. 95); NMR (150.81 MHz, CDG| T= 25°C)d161.73 (C),
152.72 (C), 133.47 (C), 130.20 (CH), 127.04 (CH)7.88 (C), 109.61 (C), 107.62 (CH), 82.33
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(C), 52.40 (CH), 35.80 (CH) 27.87 (CH), 27.87 (CH), 27.87 (CH); HPLC-MS (ESI):m/z =
263.30[MH"]. Anal. calcd for G4H1gN,O3 C, 64.10; H, 6.92; N, 10.68. Found C, 64.16; 1946N,

10.59.

1,7-dimethyl-1,5-dihydro-4H-pyrrolo[3,2-c]pyridin-4-one (26c¢)

Yields: 5% (in dichloromethane), 65% (in acetofeiyiYellow solid. M.p.: 75°C. IR = 1675 cn.

H NMR (599.71 MHz, CDGJ, T= 25°C)J 11.19 (br.s., 1H), 6.82 (br.s., 1H), 6.81 (d, ;3.1
Hz), 6.78 (d, 1H) = 3.1 Hz), 3.97 (s, 3H), 2.44 (s, 3HE NMR (150.81 MHz, CDG| T= 25°C)J
161.31 (C), 139.21 (C), 127.69 (CH), 125.34 (CH)6.60 (C), 105.20 (C), 104.12 (CH), 36.12
(CHs), 16.30 (CH); HPLC-MS (ESI):nmVz = 263.30[MH"]. Anal. calcd for GH1oN-O: C, 66.65; H,

6.21; N, 17.27. Found C, 66.63; H, 6.11; N, 17.34.

1,4-dimethyl-6-(phenylcarbonyl)-1,6-dihydro-H-pyrrolo[2,3-c]pyridin-7-one. (21d)

Yields: 51% (in toluene), 60% (in dichloromethang)% (in acetonitrile), 3% (in DMF). Yellow
solid. M.p.: 93°C. IR = 1674, 1668 cth'H NMR (599.71 MHz, CDGJ, T= 25°C)¢d 7.81 (d, 2H,J

= 7.9 Hz), 7.58 (m, 1H), 7.46 (m, 2H), 7.06 (d, T+ 2.8, Hz), 7.03 (m, 1H), 6.30 (d, 1Bi= 2.8,
Hz), 4.07 (s, 3H), 2.25 (s, 3H3C NMR (150.81 MHz, CDG| T= 25°C)d173.55 (C), 155.56 (C),
134.28 (C), 133.75 (C), 133.13 (CH), 132.57 (CH39.89 (CH), 129.39 (CH), 128.47 (CH),
128.47 (CH), 121.92 (CH), 121.60 (C), 112.24 (C)01.48 (CH), 36.15 (C#), 15.05 (CH);
HPLC-MS (ESI):m/z = 267.29[MH"]. Anal. calcd for GeH14N-O2: C, 72.16; H, 5.30; N, 10.52.

Found C, 72.19; H, 5.41; N, 10.46.

1,7-dimethyl-5-(phenylcarbonyl)-1,5-dihydro-4H-pyrrolo[3,2-c]pyridin-4-one. (22d)
Yield: 10% (in dichloromethane), 13% (in acetotefyi Yellow solid. M.p.: 165°C. IR = 1673,

1669 cni.*H NMR (599.71 MHz, CDGJ, T= 25°C)J 7.78 (d, 2H,) = 7.6 Hz), 7.56 (t, 1H] = 7.6
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Hz), 7.44 (t, 2H,J = 7.9 Hz), 7.13 (s, 1H), 6.76 (m, 2H), 3.97 (s, 3BM6 (s, 3H)"*C NMR
(150.81 MHz, CDGJ, T= 25°C)0173.53 (C), 159.42 (C), 138.30 (C), 134.14 (C),.@B3CH),
129.42 (CH), 129.42 (CH), 128.39 (CH), 128.39 (CH}8.05 (CH), 125.16 (CH), 116.74 (C),
107.00 (C), 106.18 (C), 36.20 (G} 16.49 (CH); HPLC-MS (ESI):m/z = 267.29[MH*]. Anal.
calcd for GgH14N20,: C, 72.16; H, 5.30; N, 10.52. Found C, 72.21; 255N, 10.49.
1-methyl-4-methylidene-6-(phenylcarbonyl)-1,4,5,6etrahydro-7H-pyrrolo[2,3-c]pyridin-7-

one. (23d)

Yield: 9% (in toluene).White solid. M.p.: 12€. IR = 1670 crit. *H NMR (599.71 MHz, CDG|
T= 25°C)J 7.60 (dd, 2H, = 8.1, 1.0 Hz), 7.48 (m, 1H), 7.40 (m, 2H), 6.851H, J = 2.8 Hz),
6.32 (d, 1H,J = 2.6 Hz), 5.41 (s, 1H), 5.21 (s, 1H), 4.71 (s),2B186 (s, 3H)C NMR (150.81
MHz, CDCk, T= 25°C) §173.47 (C), 159.94 (C), 136.79 (C), 133.13 (C),.281(CH), 131.27
(CH), 131.13 (CH), 127.99 (CH), 127.99 (CH), 127(TH), 127.92 (CH), 120.58 (C), 109.03
(CH,), 102.67 (CH), 51.88 (CHl 36.56 (CH); HPLC-MS (ESI):m/z = 267.29[MH"]. Anal. calcd
for CigH14N202: C, 72.16; H, 5.30; N, 10.52. Found C, 72.21; M25N, 10.46.
1,4-dimethyl-1,6-dihydro-7-pyrrolo[2,3-c]pyridin-7-one. (25d)

Yield: 6% (in toluene), 40% (in DMF). Yellow solid.p.: 116°C. IR = 1671 cnt. *H NMR
(599.71 MHz, CDQ, T= 25°C)d 11.34 (br.s., 1H), 7.09 (d, 18= 2.8 Hz), 6.77 (s, 1H), 6.34 (d,
1H, J = 2.8 Hz), 4.20 (s, 3H), 2.26 (d, 38i= 0.8 Hz)**C NMR (150.81 MHz, CDG| T= 25°C)J
156.54 (C), 133.89 (C), 131.18 (CH), 122.24 (C)1.12 (CH), 111.11 (C), 100.79 (CH), 35.73
(CHs), 14.88 (CH); HPLC-MS (ESI):nmVz = 163.18]MH"]. Anal. calcd for GH1oN.O: C, 66.65; H,
6.21; N, 17.27. Found C, 66.59; H, 6.16; N, 17.32.

For26dsee26¢c

1,7-dimethyl-4-phenyl-6,7-dihydropyrrolo[2,3Clazepin-8(1H)-one. (27¢€)

Yields: 20% (in dichloromethane), 43% (in acetdleijr 66% (in DMF). White solid. M.p.; 11%C.

IR = 1673 cnit. *H NMR (599.71 MHz, CDG| T= 25°C)J 7.39 (m, 2H), 7.35 (m, 3H), 6.73 (d,
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1H,J = 2.8 Hz), 6.07 (t, 1H]) = 6.9 Hz), 5.95 (d, 1H] = 2.8 Hz), 4.00 (s, 3H), 3.78 (d, 2Bi= 6.9
Hz), 3.17 (s, 3H}?C NMR (150.81 MHz, CDG| T= 25°C)J162.21 (C), 142.64 (C), 140.52 (C),
128.57 (CH), 128.57 (CH), 128.10 (CH), 128.10 (CH)7.78 (CH), 127.14 (C), 126.78 (CH),
126.68 (C), 119.60 (CH), 107.73 (CH), 47.53 (586.62 (CH), 34.65 (CH); HPLC-MS (ESI):
m/z = 253.31[MH"]. Anal. calcd for GgH16N-O: C, 76.16; H, 6.39; N, 11.10. Found C, 76.24; H,

6.35; N, 11.04.

1,5-dimethyl-8-phenyl-5,6-dihydropyrrolo[3,2clazepin-4(1H)-one. (28¢

Yields: 63% (in dichloromethane), 31% (in acetdleijr 12% (in DMF). White solid. M.p.: 13%C.
IR: = 1676 cril. *H NMR (599.71 MHz, CDGJ, T= 25°C)J 7.34 (m, 3H), 7.22 (d, 2H, = 6.4
Hz), 6.77 (d, 1H,) = 2.8 Hz), 6.63 (d, 1H] = 2.8 Hz), 6.13 (t, 1H] = 7.4 Hz), 3.74 (d, 2H] = 7.1
Hz), 3.17 (s, 3H), 3.07 (s, 3H3C NMR (150.81 MHz, CDG| T= 25°C)d166.02 (C), 139.38 (C),
137.87 (C), 131.50 (C), 128.67 (CH), 128.67 (CH}8.04 (CH), 127.51 (CH), 127.51 (CH),
124.74 (CH), 124.31 (CH), 123.28 (C), 109.68 (CHf},55 (CH), 36.44 (CH), 35.38 (CH);
HPLC-MS (ESI):m/z = 253.32[MH*]. Anal. calcd for GeH1gN-O: C, 76.16; H, 6.39; N, 11.10.

Found C, 76.23; H, 6.30; N, 11.04.

1-methyl-7-[(4-methylphenyl)sulfonyl]-4-phenyl-6, 7dihydropyrrolo[2,3- clazepin-8(1H)-one

(27f)

Yields: 20% (in dichloromethane), 55% (in acetdl&jr 68% (in DMF). White solid. M.p.: 19¢C.
IR: = 1673 cn.*H NMR (599.71 MHz, CDGJ, T= 25°C)J 7.85 (d, 2H,) = 8.2 Hz), 7.37 (m, 5H),
7.25 (d, 2H), 6.78 (d, 1H = 2.6 Hz), 6.34 (t, 1H)= 7.0 Hz), 5.93 (d, 1H) = 2.8 Hz), 4.54 (br.s.,
2H), 3.91 (s, 3H), 2.39 (s, 3HJC NMR (150.81 MHz, CDG| T= 25°C)J160.72 (C), 144.33 (C),
143.35 (C), 140.08 (C), 136.22 (C), 129.56 (CH)9.88 (CH), 129.38 (CH), 128.98 (C), 128.57

(CH), 128.57 (CH), 128.56 (CH), 128.56 (CH), 128(88H), 128.26 (CH), 128.14 (CH), 124.60
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(C), 121.46 (CH), 109.05 (CH), 43.35 (@H37.13 (CH), 21.63 (CH); HPLC-MS (ESI):m/z =
393.47[MH"]. Anal. calcd for GoH2oN»OsS: C, 67.33; H, 5.14; N, 7.14. Found C, 67.37; H95
N, 7.09.

1-methyl-5-[(4-methylphenyl)sulfonyl]-8-phenyl-5,6dihydropyrrolo[3,2- clazepin-4(1H)-one

(28f)

Yield: 60% (in dichloromethane), 17% (in acetomgfyi 7% (in DMF). White solid. M.p.: 15°C.
IR = 1674 crit. 'H NMR (599.71 MHz, CDGJ, T= 25°C)J 7.90 (d, 2H,) = 8.2 Hz), 7.39 (m, 3H),
7.26 (d, 2H,J = 8.2 Hz), 7.22 (m, 2H), 6.71 (d, 185 3.0 Hz), 6.62 (d, 1HJ = 3.0 Hz), 6.42 (t,
1H,J = 7.6 Hz), 4.87 (br.s.,1H), 3.88 (br.s., 1H), 3(863H), 2.40 (s, 3H)Y*C NMR (150.81 MHz,
CDCl, T= 25°C)d164.12 (C), 144.20 (C), 138.99 (C), 138.66 (C),.53§C), 132.37 (C), 129.27
(CH), 129.27 (CH), 128.91 (CH), 128.91 (CH), 128(&H), 128.57 (CH), 128.48 (CH), 127.49
(CH), 127.49 (CH), 126.19 (CH), 125.51 (CH), 121(@$, 110.88 (CH), 43.31 (GH] 36.83 (CH),
21.60 (CH); HPLC-MS (ESI):mVz = 393.47[MH"]. Anal. calcd for GHaN,OsS: C, 67.33; H,
5.14; N, 7.14. Found C, 67.25; H, 5.26; N, 7.06.
7-benzyl-1-methyl-4-phenyl-6,7-dihydropyrrolo[2,3-¢azepin-8(1H)-one (279)

Yields: 12% (in dichloromethane), 23% (in acetal@jr 66% (in DMF). Light yellow solid. M.p.:
106°C. IR = 1675 crit.'H NMR (599.71 MHz, CDG, T= 25°C)J 7.35 (m, 9H), 7.26 (m, 1H),
6.76 (d, 1HJ = 2.8 Hz), 5.96 (d, 1H] = 2.6 Hz), 5.89 (t, 1HJ) = 6.9 Hz), 4.79 (s, 2H), 4.05 (s
,3H), 3.75 (d, 2HJ = 6.92 Hz)**C NMR (150.81 MHz, CDG| T= 25°C)J162.32 (C), 142.42 (C),
140.59 (C), 138.08 (C), 128.59 (CH), 128.59 (CH28.56 (CH), 128.56 (CH), 128.08 (CH),
128.08 (CH), 127.89 (CH), 127.89 (CH), 127.72 (CE}7.29 (CH), 127.05 (CH), 126.88 (C),
126.81 (C), 120.25 (CH), 107.87 (CH), 50.36 (LH5.21 (CH), 36.80 (CH); HPLC-MS (ESI):
m/z = 329.40[MH"]. Anal. calcd for GH,oN,O: C, 80.46; H, 6.14; N, 8.53. Found C, 80.41; H,

6.18; N, 8.61.
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5-benzyl-1-methyl-8-phenyl-5,6-dihydropyrrolo[3,2-¢azepin-4(1H)-one (289)

Yield: 74% (in dichloromethane), 67% (in acetoéyj 14% (in DMF). Light yellow solid. M.p.:
80°C. IR = 1676 cnt.'H NMR (599.71 MHz, CDGJ, T= 25°C)J 7.29 (m, 10H), 6.85 (d, 1H,=
3.0 Hz), 6.67 (d, 1H] = 3.0 Hz), 5.95 (t, 1H] = 7.4 Hz), 4.81 (br.s., 2H), 3.70 (d, 2H= 7.2 Hz),
3.08 (s ,3H)"*C NMR (150.81 MHz, CDG| T= 25°C) J 166.03 (C), 139.57 (C), 138.36 (C),
137.83 (C), 131.51 (C), 128.70 (CH), 128.70 (CH38.48 (CH), 128.02 (CH), 127.95 (CH),
127.95 (CH), 127.95 (CH), 127.58 (CH), 127.58 (CH}7.17 (CH), 125.10 (CH), 124.79 (CH),
110.02 (CH), 50.60 (C}), 44.94 (CH), 36.50 (CH); HPLC-MS (ESI):m/z = 329.40[MH"]. Anal.

calcd for GoHogNLO: C, 80.46; H, 6.14; N, 8.53. Found C, 80.34; 256N, 8.48.

2-aminophenol (29)

The compound is commercial available by Sigma Aulri

Propargylbromide (30)

The compound is commercial available by Sigma Alulri

1-bromo-2-butyne (30a)

The compound is commercial available by Sigma Alulri

(3-bromoprop-1-yn-1-yl)benzene (30b)

The compound is known in literatdfe

Preparation of 2-(prop-2-yn-1-ylamino)phenol (31a)

To a solution of 2-aminophendR9) (45.8 mmol)in EtOH (130 ml) was slowly dropped
propargylbromidg30) (9.16 mmol) at room temperature.The mixture wdisueder stirring at rt
for 4 days. Solvent was evaporated under reduceskpre. The residue was washed with TBME
(2100 ml) and the solid preicipitate was filtered-dfhe solution was then evaporated under reduced
pressure. The crude residue was purified by flasbroatography column. (Cyclohexane / EtOAc,

7.5:2.5)
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Yield: 75%. Pale yellow solid. M. p.: 96-97 °C. iR2132, 3305, 3388, 3495 &ntH NMR (599
MHz, CDCh, T= 25°C)5: 2.25 (1H, tJ = 2.39 Hz), 3.96 (2H, dl = 2.31 Hz), 4.56 (2H, br.s.), 6.74
(1H, m), 6.76 (1H, m), 6.84 (1H, m), 6.91 (1H, Hg; NMR (150.81 MHz, CDG| T = 25°C)3:
34.4 (CH), 71.6 (C), 81.3 (C), 114.2 (CH), 114.8 (CH), TLECH), 121.7 (CH), 135.6 (C), 144.6
(C); HPLC-MS (ESI):mz = 148.17[MH"]. Anal. Calcd for GHgNO: C, 73.45; H, 6.16; N, 9.52;

found: C, 73.61; H, 5.90; N, 9.44.

Synthesis ofN-(2-hydroxyphenyl)benzamide (36)

To a stirred solution of 2-aminopheng29) (81.5 mmol) and pyridine (32.4 ml) in dry
dichloromethane (816 ml) was slowly dropped a smtubf benzoylchloride (85.5 mmol) in dry
dichloromethane (80 ml) at 0°C. The mixture wdsve¢d to rt and left at this temperature for
further 3 hours. The organic phase was then watttied times with an aqueous solution of HCI 2N
(3x 80 ml), then two times with an aqueous solubbNaHCQ sat.(2x100 ml) and other two times
with water (2x 100 ml). The agueous phase was drggld and the organic one was dried over
NaSQy, filtered on a gouch and the solvent evaporateteureduced pressure. The crude residue

was triturated in TBME (80 ml), filtered and thdidalried in the oven at 4%C.

Yield: 97%. White solid*H NMR (599 MHz, CDC}, T= 25°C)&: 6.94 (1H, m), 7.09 (1H, dl =
8.2 Hz), 7.18 (1H, m), 7.21 (1H, d= 7.9 Hz), 7.53 (2H, t) = 7.9 Hz), 7.62 (1H, m), 7.92 (2H, d,
J= 7.6 Hz), 8.12 (1H, br.s.), 8.62 (1H, br¥§ NMR (150.81 MHz, CDG| T = 25°C)s: 119.9
(CH), 120.6 (CH), 122.3 (CH), 125.6 (C), 127.3 (C#27.3 (CH), 127.3 (CH), 128.9 (CH), 128.9

(CH), 132.5 (CH), 133.1 (C), 148.8 (C), 167.1 (BPLC-MS (ESI):m/z = 214.23MH"].

Synthesis of 2-(benzylamino)phenol (37)
To a solution of BRTHF 1M (19 ml) diluted with THF dry (10 ml), wasostly dropped a solution

of N-(2-hydroxyphenyl)benzamidé36) (4.7 mmol) in THF dry (10 ml) keeping the internal
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temperature at rt. The solution was left undermisgrr for 1.5h then cooled down to 0°C and
guenched dropping MeOH (20 ml) in 20 minutes. Terajure was raised to rt and the solution
was stirred for further 0.5h. Methanol was evapdatnder reduced pressure to dryness.

Yield: 95%. Gray solidH NMR (599 MHz, CDC}, T= 25°C)3: 4.37 (2H, s), 4.70 (1H, br.s.), 6.64
(1H, t,J = 7.6 Hz), 6.69 (1H, d) = 7.6 Hz), 6.73 (1H, dJ = 7.6 Hz), 6.84 (1H, t) = 7.58 Hz),
7.29 (1H, tJ = 7.2 Hz), 7.36 (2H, t) = 7.6 Hz), 7.41 (2H, d] = 7.6 Hz )**C NMR (150.81 MHz,
CDCls, T = 25°C)$: 48.5 (CH), 112.3 (CH), 114.2 (CH), 117.6 (CH), 121.6 (CHi27.1 (CH),
127.5 (CH), 127.5 (CH), 128.5 (CH), 128.5 (CH), B86C), 139.4 (C), 143.4 (C); HPLC-MS

(ESI):m/z= 200.24MH"].

Synthesis of N-(2-hydroxyphenyl)-N-(prop-2-yn-1-yl)benzamide (31b)

To a stirred solution of 2-(prop-2-yn-1-ylamino)pio¢ (31a) (6.7 mmol) and pyridine (2.7 ml) in
dry dichloromethane (68 ml) was slowly dropped ltsan of benzoylchloride (7.1 mmol) in dry
dichloromethane (6,7 ml) at 0 C. The mixture wdevedd to rt and left at this temperature for
further 3 hours. The organic phase was then wasiired times with an aqueous solution of HCI
2N (3x 16 ml), then two times with an aqueous solubf NaHCQ sat.(2x20 ml) and other two
times with water (2x 30 ml). The aqueous phasedigsharged and the organic one was dried over
NaSQ,, filtered on a gouch and the solvent evaporateteuneduced pressure. The crude residue
was triturated in TBME (20 ml), filtered and thdidaried in the oven at 40°C.

Yield: 70%. White solid. M.p.: 156-158 °@R (nujol): 2133, 1698, 3290, 3325 cmtH NMR (599
MHz, CDCk, T= 25°C)$: 2.32 (1H, d, br.s.), 4.58 (2H, d, br.s.), 6.081(br.s.), 6.77 (1H, br.s.),
6.94 (2H, m), 7.27 (6H, nC NMR (150.81 MHz, CDG| T = 25°C)s: 38.6 (CH), 72.8 (CH),
79.0 (C), 116.9 (CH), 121.1 (CH), 127.8 (CH), 12{CH), 127.9 (CH), 129.6 (CH), 129.7 (CH),
129.7 (CH), 130.0 (C), 130.3 (CH), 134.5 (C), 158, 171.5 (C); HPLC-MS (ESIwz = 252.27

[MH"]. Anal. Calcd for GgH13NO,: C, 76.48; H, 5.21; N, 5.57; found: C, 76.27; HiF N, 5.75.
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Synthesis ofN-(2-hydroxyphenyl)-N-(prop-2-yn-1-yl)acetamide (31c)

To a stirred solution of 2-(prop-2-yn-1-ylamino)ploé (31a) (6.7 mmol) and pyridine (2.7 ml) in
dry dichloromethane (68 ml) was slowly dropped &tson of acetylchloride (0.5 ml) in dry
dchloromethane (6,7 ml) af®. The mixture was allowed to rt and left at thésnperature for
further 1 hour. The organic phase was then wadivee times with an aqueous solution of HCI 2N
(3x 16 ml), then two times with an aqueous solubbNaHCQ sat.(2x20 ml) and other two times
with water (2x 30 ml). The aqueous phase was digelthand the organic one was dried over
NaSQy, filtered on a gouch and the solvent evaporateteureduced pressure. The crude residue
was triturated in TBME (20 ml), filtered and thdidalried in the oven at 40°C.

Yield: 75%. White solid. M.p.: 158-159 °C. IR (n{)jo2120, 1675, 3296 cih'H NMR (599 MHz,
CDCls, T= 25°C)5: 1.89 (3H, s), 2.27 (1H, §,= 2.3 Hz), 4.48 (2H, m), 6.69 (1H, br.s.), 6.98i(1,
J=7.5Hz), 7.07 (1H, d] = 8.2 Hz), 7.21 (1H, m), 7.32 (1H, MC NMR (150.81 MHz, CDG| T

= 25°C)é: 22.0 (CH), 37.5 (CH), 72.6 (CH), 79.0 (C), 117.5 (CH), 121.2 (CH), ®8&C), 129.0
(CH), 130.5 (CH), 152.6 (C), 171.8 (C); HPLC-MS (ESnz = 190.21[MH"]. Anal. Calcd for

C1iH1INOz: C, 69.83; H, 5.86; N, 7.40; found: C, 69.81; QB N, 7.23.

Synthesis ofN-(2-hydroxyphenyl)-4-methyl-N-(prop-2-yn-1-yl)benzenesulfonamide (31d)

To a stirred solution of 2-(prop-2-yn-1-ylamino)pioé (31a) (6.8 mmol) and pyridine (2.7 ml) in
dry dichloromethane (68 ml) was slowly dropped &utson of tosylchloride (7.1 mmol) in dry
dchloromethane (6,7 ml) af®. The mixture was allowed to rt and left at thésnperature for
further 1 hour. The organic phase was then wadivee times with an aqueous solution of HCI 2N
(3x 16 ml), then two times with an aqueous solubbNaHCQ sat.(2x20 ml) and other two times
with water (2x 30 ml). The aqueous phase was digelthand the organic one was dried over
NaSQy, filtered on a gouch and the solvent evaporateteureduced pressure. The crude residue

was purified by flash chromatography column (Cyelcdmne / EtOAc 8:2)
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Yield: 80%. Pale yellow solid. M.p.: 165-166 °C. (Rujol): 2135, 3266, 3415 chfH NMR (599
MHz, CDCk, T= 25°C)&: 2.21 (1H, tJ = 2.4 Hz), 2.44 (3H, s), 4.39 (2H, #i= 1.32 Hz), 6.54
(1H, s), 6.71 (2H, m), 7.06 (1H, m), 7.23 (1H, MR7 (2H, s), 7.59 (2H, d,= 8.24 Hz)**C NMR
(150.81 MHz, CDQ, T = 25°C)5: 21.6 (CH), 41.7 (CH), 74.1 (CH), 77.5 (C), 117.4 (CH), 120.4
(CH), 125.7 (C), 128.1 (CH), 128.4 (CH), 128.4 (CB#29.4 (CH), 129.4 (CH), 130.5 (CH), 133.8
(C), 144.5 (C), 154.4 (C); HPLC-MS (ESHvz = 302.36[MH"]. Anal. calcd for GsH1sNOsS: C,

63.77; H, 5.02; N, 4.65; found: C, 63.92; H, 4.RI34.69.

Synthesis of 2-[benzyl(prop-2-yn-1-yl)amino]pheno31le)

To a solution of 2-(benzylamino)phen@7) (80 mmol)in EtOH (400 ml) was slowly dropped
propargylbromidg30) (16 mmol) at room temperature.The mixture wasuefier stirring at rt for
4 days. Solvent was evaporated under reduced peesBoe crude residue was purified by flash
chromatography column. (Cyclohexane / Cyclopentifiylether, 9:1)

Yield: 70%. Red oil. IR (nujol); 2112, 3312, 339&1¢t 'H NMR (599 MHz, CDCJ, T= 25°C)é:
2.33 (1H, mJ = 1.3 Hz), 3.58 (2H, d] = 2.3 Hz), 4.16 (2H, s), 6.88 (1H,}= 7.7 Hz), 6.94 (1H,
d,J = 8.2 Hz), 7.11 (1H, t) = 7.7 Hz), 7.29 (1H, m), 7.34 (4H, m), 7.41 (1HJd 7.6 Hz)*C
NMR (150.81 MHz, CDG, T = 25°C)8: 42.7 (CH), 57.2 (CH), 73.8 (CH), 78.8 (C), 114.1 (CH),
119.8 (CH), 124.0 (CH), 127.1 (CH), 127.7 (CH), B8CH), 128.5 (CH), 129.26 (CH), 129.26
(CH), 136. 8 (C), 137.0 (C), 151.9 (C); HPLC-MS (ESWwz = 238.29[MH"]. Anal. Calcd for

Ci16H1sNO: C, 80.98; H, 6.37; N, 5.90; found: C, 81.14;6:20; N, 5.96.

Synthesis of 2-[(3-phenylprop-2-yn-1-yl)amino]phenia(38a)

To a solution of 2-aminophend9) (93.5 mmol)in EtOH (200 ml) was slowly dropped (3-
bromoprop-1-yn-1-yl)benzen@0a) (18.7 mmol) at room temperature.The mixture wétsuader
stirring at rt for 4 days. Solvent was evaporatader reduced pressure. The residue was washed
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with TBME (100 ml) and the solid preicipitate wakefred-off. The solution was then evaporated
under reduced pressure. The crude residue wasiepurify flash chromatography column.
(Cyclohexane / EtOAc, 8 :2)

Yield: 63%. Light yellow solid*H NMR (599 MHz, CDC}, T= 25°C)s: 4.17 (2H, s), 4.25 (2H, q,
J=2.31 Hz), 4.56 (2H, br.s.), 6.72 (1H, m), 6.15/(m), 6.82 (1H, ddJ = 7.9, 1.3 Hz), 6.90 (1H,
m);**C NMR (150.81 MHz, CDGJ T = 25°C)s: 3.5 (CH), 34.6 (CH), 76.1 (C), 79.2 (C), 113.9
(CH), 114.5 (CH), 119.1 (CH), 121.5 (CH), 135.8,(C34.4 (C); HPLC-MS (ESI)m/z = 151.81
[MH].

Synthesis of 2-(but-2-yn-1-ylamino)phenol (38a)

To a solution of 2-aminophen{®9) (93.5 mmol)in EtOH (200 ml) was slowly dropped 1-bromo-
2-butyne(30a) (18.7 mmol) at room temperature.The mixture wésuleder stirring at rt for 4 days.
Solvent was evaporated under reduced pressuraesitrie was washed with TBME (100 ml) and
the solid preicipitate was filtered-off. The sotutiwas then evaporated under reduced pressure. The
crude residue was purified by flash chromatograggiymn. (Cyclohexane / EtOAc, 7.5:2.5)

Yield: 60%. Light brown solidtH NMR (599 MHz, CDCJ, T= 25°C)s: 1.82 (3H, tJ = 2.47 Hz),
3.88 (2H, g,J = 2.31 Hz), 4.56 (2H, br.s.), 6.72 (1H, m), 6.15( m), 6.82 (1H, dd) = 7.9, 1.3
Hz), 6.90 (1H, m)*C NMR (150.81 MHz, CDG| T = 25°C)s: 3.5 (CHy), 34.6 (CH), 76.1 (C),
79.2 (C), 113.9 (CH), 114.5 (CH), 119.1 (CH), 12(CH), 135.8 (C), 144.4 (C); HPLC-MS (ESI):
m/z= 151.81[MH"].

N-(but-2-yn-1-yl)-N-(2-hydroxyphenyl)benzamide (31f)

To a stirred solution of 2-(but-2-yn-1-ylamino)ploé(38a) (5.4 mmol) and pyridine (2.1 ml) in dry
dichloromethane (54 ml) was slowly dropped a sotutof benzoylchloride (5.7 mmol) in dry
dichloromethane (5.3 ml) at 0°C. The mixture wdsveéd to rt and left at this temperature for
further 3 hours. The organic phase was then wattitied times with an aqueous solution of HCI 2N

(3x 16 ml), then two times with an aqueous solubbNaHCQ sat.(2x20 ml) and other two times
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with water (2x 30 ml). The aqueous phase was digelthand the organic one was dried over
NaSQy, filtered on a gouch and the solvent evaporateteureduced pressure. The crude residue
was triturated in TBME (15 ml), filtered and thalid dried in the oven at 40°C.

Yield: 80%. White solidM.p.: 142-143 °C. IR (nujol): 2208, 1715, 3275 th NMR (599 MHz,
CDCls, T= 25°C)8: 1.81 (3H, tJ = 2.3 Hz), 4.53 (2H, m), 6.72 (1H, br.s.), 6.91 (2h), 7.11 (1H,

m), 7.15 (2H, br.s.) 7.24 (1H, br.s.), 7.37 (2HsHC NMR (150.81 MHz, CDG| T = 25°C)8:
3.58 (CH), 39.0 (CH), 74.3 (C), 80.8 (C), 117.0 (CH), 120.7 (CH), I2{CH), 127.7 (CH), 127.8
(CH), 127.8 (CH), 129.5 (CH), 129.8 (CH), 130.0,(C30.0 (CH), 134.8 (C), 152.2 (C), 171.6 (C);
HPLC-MS (ESI):mVz = 266.30[MH"]. Anal. Calcd for GH1sNO,: C, 76.96; H, 5.70; N, 5.28;

found: C, 76.99; H, 5.83: N, 5.21.

Synthesis of 2-[(3-phenylprop-2-yn-1-yl)amino]phenia(38b)

To a solution of 2-aminophendk9) (93.5 mmol)in EtOH (200 ml) was slowly dropped (3-
bromoprop-1-yn-1-yl)benzen@0b) (18.7 mmol) at room temperature.The mixture wétsueder
stirring at rt for 4 days. Solvent was evaporataden reduced pressure. The residue was washed
with TBME (100 ml) and the solid preicipitate wakefred-off. The solution was then evaporated
under reduced pressure. The crude residue wasiepurify flash chromatography column.
(Cyclohexane / EtOAc, 8 :2)

Yield: 63%. Light yellow solid*H NMR (599 MHz, CDCJ, T= 25°C)s: 4.17 (2H, s), 4.25 (1H,
br.s.), 5.21 (1H, br.s.), 6.76 (2H, m), 6.93 (2H, M31 (3H, m), 7.42 (2H, nffC NMR (150.81
MHz, CDCk, T = 25°C)5: 35.1 (CH), 83.43 (C), 86.4 (C), 114.2 (CH), 114.5 (CH), BLECH),
121.5 (CH), 122.8 (C), 128.1 (CH), 128.2 (CH), 226CH), 131.7 (CH), 131.7 (CH), 135.6 (C),

144.6 (C); HPLC-MS (EShm/z = 224.26]MH"].
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Synthesis of N-(2-hydroxyphenyl)-4-methyl-N-(3-phenylprop-2-yn-1-yl)benzenesulfonamide
(319)

To a stirred solution of 2-[(3-phenylprop-2-yn-Jainino]phenol(38b) (5.4 mmol) and pyridine
(2.1 ml) in dry dichloromethane (54 ml) was slowllppped a solution of tosylchloride (5.7 mmol)
in dry dichloromethane (5.3 ml) at 0°C. The mixtwas allowed to rt and left at this temperature
for further 3 hours. The organic phase was therhe@shree times with an aqueous solution of HCI
2N (3x 16 ml), then two times with an aqueous solubf NaHCQ sat.(2x20 ml) and other two
times with water (2x 30 ml). The aqueous phasedissharged and the organic one was dried over
NaSQy, filtered on a gouch and the solvent evaporateteureduced pressure. The crude residue
was triturated in TBME (15 ml), filtered and thdidalried in the oven at 40°C.

Yield: 60%. Pale yellow solidV.p.: 168 °C. IR (nujol): 2215, 3324 ¢htH NMR (599 MHz,
CDCl, T= 25°C)3: 2.41 (3H, s), 4.63 (2H, br.s.), 6.63 (1H, s),56(IH, m), 6.84 (1H, dd] = 8.0,

1.5 Hz), 7.09 (1H, ddJ = 8.2, 1.3 Hz) 7.27 (7H, m), 7.65 (2H, = 8.2 Hz)**C NMR (150.81
MHz, CDChL, T = 25°C)$: 21.6 (CH), 42.7 (CH), 82.9 (C), 85.9 (C), 117.4 (CH), 120.4 (CH),
122.0 (C), 126.1 (C), 128.2 (CH), 128.2 (CH), 12835), 128.5 (CH), 128.6 (CH), 129.4 (CH),
129.4 (CH), 130.5 (CH), 130.5 (CH), 131.5 (CH), B{CH), 134.2 (C), 144.3 (C), 154.5 (C);
HPLC-MS (ESI):m/z = 378.45[MH"]. Anal. Calcd for GH1gNOsS: C, 70.00; H, 5.07; N. 3.71;

found: C, 70.18; H, 4.81; N. 3.52.

Synthesis of 2-(prop-2-yn-1-yloxy)phenol (41)

The compound is known in letterattfte

Synthesis of 3-(prop-2-yn-1-yloxy)naphthalen-2-ol4@2)

The compound is known in letterattfte

White solid. *H NMR (599 MHz, CDCJ, T= 25°C)s: 2.62 (1H, tJ= 2.3 Hz), 4.90 (2H, d] = 2.3

Hz), 5.88 (1H, s), 7.26 (1H, s), 7.31 (1H, s), 7(B4, m) 7.37 (1H, m), 7.68 (1H, d,= 7.9 Hz),
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7.71 (1H, d,J = 7.58 Hz)!3C NMR (150.81 MHz, CDG| T = 25°C)8: 56.7 (CH), 76.5 (CH), 77.6
(C), 107.5 (CH), 109.9 (CH), 123.9 (CH), 124.7 (CH}6.3 (CH), 126.6 (CH), 128.6 (C), 130.0

(C), 145.2 (C), 145.5 (C); HPLC-MS (ESHVz = 199.21[MH"].

Synthesis of 2-methylidene-3,4-dihydro43a-1,4-benzoxazine (32a)

To a solution of 2-(prop-2-yn-1-ylamino)phen@1la) (3.98 mmol) in dry acetonitrile (120 ml) ,
K2CO; (0.39 mmol) and AuCl ( 0.19 mmol) were added. Thgture was refluxed for 8h. At the
end of this time the solvent was evaporated uneldmaed pressure. The crude residue was purified
by flash chromatography (Cyclohexane / Cyclopengghylether 7:3).

Yield: 70%. Red oil. IR (nujol): 3352 c¢fn'H NMR (599 MHz, CDCJ, T= 25°C)s: 3.68 (2H, d,J

= 1.9 Hz), 4.25 (1H, d) = 0.6 Hz), 4.48 (1H,dJ = 0.6 Hz), 5.91 (1H, br.s.), 6.61 (1H, tH= 7.7,

1.6 Hz), 6.69 (1H, dd]= 7.9, 1.65 Hz), 6.76 (1H, td,= 7.9, 1.3 Hz), 6.80 (1H, d,= 7.9 Hz)*C
NMR (150.81 MHz, CDGJ, T = 25°C)5: 41.9 (CH), 88.3 (CH), 115.1 (CH), 115.2 (CH), 118.1
(CH), 121.8 (CH), 135.2 (C), 142.0 (C), 152.5 (BPLC-MS (ESI):mVz = 148.17[MH"]. Anal.

calcd for GHgNO: C, 73.45; H, 6.16; N, 9.52; found: C, 73.62;:6-:02; N, 9.43

Synthesis of quinolin-8-ol (35a)

To solution of(31a) (3 mmol) in dry acetonitrile (80 ml), NaAufWwas added (0.15 mmol). The
mixture was refluxed for 24 hours, At the end oftlime, the solvent was evaporated under
reduced pressure and the residue was purified bgnatographic column (Toluene / EtOAc
6.5:3.5)

Yield: 60%. White solid. The product is commer@shilable by Aldrich.
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Synthesis of (2-methylidene-2,3-dihydro#-1,4-benzoxazin-4-yl)(phenyl)methanone (32b)

To a solution ofN-(2-hydroxyphenyl)N-(prop-2-yn-1-yl)benzamidg€31b) (3.98 mmol) in dry
acetonitrile (120 ml) , KCOs (0.39 mmol) and AuCl ( 0.19 mmol) were added. Tgture was
refluxed for 8h. At the end of this time the solvevas evaporated under reduced pressure. The
crude residue was purified by flash chromatogrg@yclohexane / EtOAc 9:1).

Yield: 60%. Light yellow solid. M.p.: 115-116 °CRI(nujol): 1694 crit.'H NMR (599 MHz,
CDCls, T= 25°C)8: 4.33 (1H, dbr.s.), 4.46 (2H, s), 4.73 (1H, 3= 1.3 Hz), 6.71 (2H, br.s.), 7.05
(2H, m), 7.35 (2H, tJ = 6.9 Hz), 7.44 (1H, tJ = 6.9 Hz), 7.48 (2H, dJ = 7.9 Hz)}*C NMR
(150.81 MHz, CDGJ, T = 25°C)s: 43.9 (CH), 90.7 (CH), 116.8 (CH), 121.2 (CH), 124.2 (CH),
125.9 (CH), 127.2 (C), 128.3 (CH), 128.3 (CH), B26CH), 130.8 (CH), 130.8 (CH), 134.5 (C),
145.3 (C), 151.6 (C), 168.4 (C); HPLC-MS (EStyz = 252.27[MH"]. Anal calcd for GgH1sNO2:

C, 76.48; H, 5.21; N, 5.57; found: C, 76.36; H,5.R, 5.84.

Synthesis of 1-(2-methylidene-2,3-dihydroH-1,4-benzoxazin-4-yl)ethanone (32c)

To a solution of N-(2-hydroxyphenyl)N-(prop-2-yn-1-yl)acetamidg31c) (5.3 mmol) in dry
acetonitrile (100 ml) , KCO; (0.53 mmol) and AuCl ( 0.26 mmol) were added. Thgture was
refluxed for 5h. At the end of this time the solvevas evaporated under reduced pressure. The
crude residue was purified by flash chromatogrg@yclohexane / EtOAc 7:3).

Yield: 60%. Red oil. IR (nujol): 1680 ¢h*H NMR (599 MHz, CDCJ, T= 25°C)s: 2.29 (3H, s),
4.33 (1H, br.s), 4.38 (1H, d, br.s.), 4.66 (1HJ) &, 1.6 Hz), 7.01 (1H, df] = 7.6, 1.3 Hz), 7.05 (1H,
d,J= 7.9 Hz), 7.16 (2H, m}°*C NMR (150.81 MHz, CDG| T = 25°C)$: 22.2 (CH), 41.8 (CH),

90.5 (CH), 117.0 (CH), 121.6 (CH), 123.8 (CH), 126.7 (CHP7.4 (C), 146.2 (C), 151.7 (C),
168.8 (C); HPLC-MS (ESImz = 190.21[MH"]. Anal. calcd for GH1:NO,: C, 69.83; H, 5.86; N,

7.40; found: C, 69.67; H, 6.07; N, 7.26.
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Synthesis of 2-methylidene-4-[(4-methylphenyl)sulfoyl]-3,4-dihydro-2H-1,4-benzoxazine
(32d)

To a solution ofN-(2-hydroxyphenyl)-4-methyN-(prop-2-yn-1-yl)benzenesulfonami@d1d) (3.3
mmol) in dry acetonitrile (100 ml) , &O; (0.33 mmol) and AuCl ( 0.16 mmol) were added. The
mixture was refluxed for 1h. At the end of this ¢éinthe solvent was evaporated under reduced
pressure. The crude residue was purified by flssbroatography (Cyclohexane / EtOAc 9:1).
Yield: 90%. White solid. M.p.: 172-173 °@4 NMR (599 MHz, CDC4, T= 25°C)3: 2.36 (3H, s),
4.06 (1H, s), 4.28 (2H, s), 4.32 (1H, s), 6.85 (@iH] = 8.2 Hz), 7.04 (1H, ) = 7.7 Hz), 7.12 (2H,
d,J=7.9 Hz), 7.18 (1H, t) = 7.7 Hz), 7.35 (2H, d] = 7.91 Hz), 7.74 (1H, d} = 8.2 Hz)**C NMR
(150.81 MHz, CDGJ, T = 25°C)5: 21.5 (CH), 46.0 (CH), 91.3 (CH), 116.6 (CH), 122.0 (CH),
124.2 (C), 126.8 (CH), 127.6 (CH), 127.6 (CH), B2fCH), 129.2 (CH), 129.2 (CH), 134.4 (C),
144.1 (C), 147.1 (C), 148.5 (C); HPLC-MS (ESHVz = 302.36 [MH']. Anal. calcd for

C16H15sNOsS: C, 63.77; H, 5.02; N, 4.65; found: C, 63.854t88; N. 4.46.

Synthesis of 4-benzyl-2-methylidene-3,4-dihydro¥2-1,4-benzoxazine (32e)

To a solution of 2-[benzyl(prop-2-yn-1-yl)amino]pta (31€)(4.97 mmol) in dry acetonitrile (140
ml) , KoCOs (0.49 mmol) and AuCl ( 0.24 mmol) were added. Thgture was refluxed for 5h. At
the end of this time the solvent was evaporateceuneduced pressure. The crude residue was
purified by flash chromatography (Cyclohexane /IGgentylmethylether 9.3:0.7).

Yield: 65%. Red oil*H NMR (599 MHz, CDC}, T= 25°C)$: 3.60 (2H, s), 4.13 (1H, d, = 0.66
Hz), 4.37 (2H, s), 4.62 (1H, d,= 1.32 Hz), 6.80 (1H, m), 6.81 (1H, m), 6.89 (1h), 6.96 (1H, dd,
J=17.7,1.32 Hz), 7.31 (1H, m), 7.37 (4H, 1§ NMR (150.81 MHz, CDG| T = 25°C)s: 48.4
(CH,), 54.7 (CH), 88.8 (CH), 113.8 (CH), 115.8 (CH), 119.6 (CH), 122.0 (CH}7.3 (CH), 127.6

(CH), 127.6 (CH), 128.6 (CH), 128.6 (CH), 135.7,(C37.2 (C), 143.7 (C), 152.0 (C); HPLC-MS
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(ESI): mVz = 238.29[MH"]. Anal. calcd for GeH1sNO: C, 80.98; H, 6.37; N, 5.90; found: C, 81.15;

H, 6.16; N. 5.73.

Synthesis of [(Z)-2-ethylidene-2,3-dihydro-4-1,4-benzoxazin-4-yl](phenyl)methanone (32f-
cis) and [(2E)-2-ethylidene-2,3-dihydro-4-1,4-benzoxazin-4-yl](phenyl)methanone (32f-ans)

To a solution ofN-(but-2-yn-1-yl)N-(2-hydroxyphenyl)benzamidé1f) (2.5 mmol) in dry DMF
(90 ml) , KCOs (0.25 mmol) and AuGl( 0.12 mmol) were added. The mixture was reflufard
2h. At the end of this time the the mixture wasuiitl with TBME (200ml), washed with water
(3x100ml). The organic phase was dried ovepS@a and the solvent evaporated under reduced
pressure. The crude residue was purified by flisbroatography (Cyclohexane / EtOAc, 9:1).
Yield: 50% @2f-cis). White solid. M.p.: 129-131 °C. IR (nujol): 17@n™". *H NMR (599 MHz,
CDCl;, T= 25°C)s: 1.78 (3H, dJ = 6.9 Hz), 4.38 (2H, br.s.), 4.69 (1H, m), 6.76i(br.s.), 6.70
(1H, br.s.), 7.05 (1H, m), 7.08 (1H, m), 7.35 (2H)), 7.43 (1H, m), 7.48 (2H, d,= 6.9 Hz)*°C
NMR (150.81 MHz, CDGJ, T = 25°C)$: 9.3 (CHy), 44.7 (CH), 101.7 (CH), 116.9 (CH), 120.8
(CH), 124.3 (CH), 125.8 (CH), 127.2 (C), 128.2 (CE28.2 (CH), 128.6 (CH), 128.6 (CH), 130.7
(CH), 134.7 (C), 144.5 (C), 145.5 (C), 168.3(C).L@PMS (ESI): m/z = 266.30[MH"]. Anal.

Calcd for G/H15NO»: C, 76.96; H, 5.70; N, 5.28; found: C, 77.14; EB5B5 N, 5.39.

Yield: 30% @2f-trans). White solid. M.p.: 144-145 °CH NMR (599 MHz, CDCJ, T= 25°C)$:
2.02 (3H, d,br.s.), 4.51 (2H, m), 4.78 (1H, br.s.), 6.68 (1Hsh, 6.80 (1H, br.s.), 7.10 (2H, m),
7.17 (2H, m), 7.24 (1H, m), 7.33 (2H, d= 7.2 Hz)*C NMR (150.81 MHz, CDG| T = 25°C)3:
22.2 (CH), 44.4 (CH), 100.4 (CH), 121.2 (CH), 124.4 (CH), 127.7 (CH}7.7 (CH), 128.1 (CH),
128.1 (CH), 128.2 (CH), 129.1 (CH), 129.8 (CH), #3&C), 135.5 (C), 151.0 (C), 152.9 (C), 169.7
(C); HPLC-MS (ESI):m/z = 266.30[MH"]. Anal. Calcd for GHigNOsS: C, 70.01; H, 5.07; N.

3.71; found: C, 70.11; H, 5.11; N. 3.63.
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Synthesis of (Z)-2-benzylidene-4-[(4-methylphenyl)sulfonyl]-3,4-diydro-2H-1,4-benzoxazine (329)

To a solution oN-(2-hydroxyphenyl)-4-methyN-(3-phenylprop-2-yn-1-yl)benzenesulfonamide
(319) (2.5 mmol) in dry DMF (90 ml) ,BCO; (0.25 mmol) and AuGI(0.12 mmol) were added.
The mixture was refluxed for 24h. At the end okthime the the mixture was diluted with TBME
(200ml), washed with water (3x100ml). The orgariage was dried over PO, and the solvent
evaporated under reduced pressure. The crude eesidis purified by flash chromatography
(Cyclohexane / EtOAc, 9:1).

Yield: 35% @2g-cis). White solid. M.p.: 144-145 °CH NMR (599 MHz, CDC}, T= 25°C)s: 2.02
(3H, s), 4.33 (2H, s), 5.18 (1H, s), 6.89 (2HJd; 7.91 Hz), 7.02 (1H, dl = 7.9 Hz), 7.11 (1H, 1

= 7.7 Hz), 7.17 (1H, m), 7.26 (5H, m), 7.29 (2H, 8)76 (1H, ddJ = 7.9, 0.9 Hz)*C NMR
(150.81 MHz, CDGJ, T = 25°C)s: 21.1 (CH), 47.7 (CH), 107.8 (CH), 116.8 (CH), 122.4 (CH),
124.9 (C), 126.5 (CH), 127.4 (CH), 127.4 (CH), B{CH), 127.9 (CH), 128.0 (CH), 128.0 (CH),
128.5 (CH), 128.5 (CH), 129.2 (CH), 129.2 (CH), BB&), 133.9 (C), 141.0 (C), 144.3 (C), 147.2
(C); HPLC-MS (ESI):m/z = 378.45[MH"]. Anal. Calcd for GHgNOsS: C, 70.01; H, 5.07; N.

3.71; found: C, 70.11; H, 5.11; N. 3.63.

(22)-2-benzylidene-H-1,4-benzoxazine (35c¢)

Yield: 5%. Yellow solid. M.p.: 112-113 °GH NMR (599 MHz, CDC}, T= 25°C)s: 5.79 (1H, s),
7.05 (1H, ddJ = 8.0, 1.1 Hz), 7.07 (1H, m), 7.22 (1H, & 7.7, 1.3 Hz), 7.30 (1H, m), 7.38 (1H,
dd,J = 7.6, 1.3 Hz), 7.41 (2H, t] = 7.7 Hz), 7.77 (2H, dJ = 7.6 Hz), 7.81 (1H, SyC NMR
(150.81 MHz, CDGJ, T = 25°C)$: 112.5 (CH), 115.3 (CH), 123.9 (CH), 127.8 (CH281L (CH),
128.5 (CH), 128.5 (CH), 129.0 (CH), 129.0 (CH), B6CH), 132.5 (C), 134.0 (C), 143.4 (C),
145.5 (C), 154.5 (C); HPLC-MS (EShyz = 222.25|MH"]. HRMS (EI): m/z calcd for GH1:NO:

C, 81.43; H, 5.01; N, 6.33; found: C, 81.67; H4.R, 6.27
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Synthesis of 2-methylidene-2,3-dihydro-1,4-benzodioe (43)

To a solution of 2-(prop-2-yn-1-yloxy)phen@tl) (6.1 mmol) in dry acetonitrile (100 ml) ,,&O3
(0.61 mmol) and AuClI ( 0.30 mmol) were added. Thetune was refluxed for 7h. At the end of
this time the solvent was evaporated under redpcessure. The crude residue was purified by
flash chromatography (Cyclohexane / EtOAc, 9.7:0.3)

Yield: 70%. Colourless oitH NMR (599 MHz, CDC}, T= 25°C)5: 4.36 (1H, dJ = 1.9 Hz), 4.51
(2H, s), 4.75 (1H, dJ = 1.9 Hz), 6.90 (3H, m), 6.97 (1H, M NMR (150.81 MHz, CDG| T =
25°C) &: 64.6 (CH), 91.2 (CH), 116.4 (CH), 117.2 (CH), 122.1 (CH), 122.2 (CHX2.6 (C),
143.7 (C), 150.0 (C).

Synthesis of 2-methylidene-2,3-dihydronaphtho[2,8}[1,4]dioxine (44)

To a solution of 3-(prop-2-yn-1-yloxy)naphthalere{42) (5.0 mmol) in dry DMF (80 ml) ,
K>CQO; (0.50 mmol) and AuCl ( 0.25 mmol) were added. fhgture was refluxed for 2h. At the
end of this time the mixture was diluted with TBMEOO ml) and washed four times with water
(4x80 ml). The aqueous phase was discharged anarglaaic one was dried over )}, filtered

on a gouch and the solvent evaporated under reduessgure.The crude residue was purified by
flash chromatography (Cyclohexane / EtOAc, 9.7:0.3)

Yield: 75%. Light yellow solid*H NMR (599 MHz, CDC}, T= 25°C)3: 4.43 (1H, dJ = 0.6 Hz),
4.60 (2H, s), 4.83 (1H, d = 0.9 Hz), 7.33 (1H, s), 7.35 (2H, m), 7.37 (1H,&Y0 (2H, m):*C
NMR (150.81 MHz, CDGJ, T = 25°C)s: 64.8 (CH), 91.4 (CH), 112.0 (CH), 112.8 (CH), 124.6

(CH), 124.7 (CH), 126.6 (CH), 126.7 (CH), 129.6,(€29.8 (C), 142.6 (C), 143.9 (C), 150.1 (C).
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