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1. Introduction

. o . Scheme 1Aryne formation via various protocols
Arynes, as a form of transient electrophilic intediage,

have been employed in a large number of naturabymto
synthesis and the development of various synthetic
methodologies. Despite the versatility, the effective formation
of arynes still renders a significant challenge dmadrier for
further expansion of their utility in synthetic argc chemistry.

Traditionally, the 1,2-elimination of suitably fulenalized
aromatic precursors has been employed for the fiwmaof
arynes’ many of which are pericyclic reactions in nature
(Scheme 1). Among these pericyclic processes, omg o
protocol involves thede novo construction of the aromatic
framework of arynes starting from non-aromatic preots.
Although, this particular form of pericyclic reaatiowas
discovered more than a century dgthe reactions of the
corresponding intramolecular variants pioneereddiynson and
Ueda were reported since 199Recently, the formation of
arynes by this pericyclic reaction has been rejatesh and
Hoye introduced a term hexadehydro Diels-Alder reactio
(HDDAR) for the process.

Despite the synthetic versatility of HDDAR and its
unigueness of forming aryne frameworks from non-atin
precursors, the development of this protocol #tilh its infancy
compared to the silyltriflate-based protocol of Ighshi®
Compared to the rapid development of new aryne chteyni
based on silyltriflates and related aryne precsisothe
corresponding HDDAR-based approaches starting from non-
aromatic precursors are significantly underdeveddpehus, it is
necessary to garner information about the genexattivity
profiles of the aryne species generated via HDDAR,exquéand
the suitable substrate classes.
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In light of developing ade novosynthesis of structurally
complex pyridine derivatives, we explored the
cycloaddition reactions between arynes generated fatrayne
1 and oxime derivatives generated from acrolein @thér enals
(Scheme 2). When these reactions were carried out
acetonitrile as a solvent, we did not observe thpeeted
cycloadduct but only acetonitrile adducts in maaglyleld We
inferred that the formation of the Ritter-typproduct? is the
consequence of the initial addition of solvent il@twith the
aryne intermediate formed from HDDAR followed by tragpin
of the nitrilium ion by adventitious water containéd wet
solvent.

Scheme 2Diels-Alder reaction vs. solvent addition
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Having recognized the dearth of reports on the ewodibf
nitriles through their nitrogen atom with arynesbenzyne’, we
further explored the reaction, and reported heaginthe results
of systematic investigation that leads to the dmwelent of
aryne-based new three-component coupling reactionform
arylamides and imides. This study also demonstratesl
importance of silver species in aryne-based transdton, the
exact role of which is yet to be defined.

2. Results and discussion

Our investigation commenced with optimizing reaction
conditions for symmetrical tetrayneto form amide adduc®
(Table 1). In presence of silver hexafluoroantimtenas a
catalyst (10 mol %), the reaction of tetrayihim different nitrile
solvent heated at 90 °C for 5 h led to the comptetgsumption

Table 1.Optimization for different amide formation

1 1
] RL.. RZCN® R
n JT="T==—SiMes!  AgSbFs (10 mol %) SiMes
TsN  "7TTTTTTTeeTt — > TsN
N—=—=—SiMe; 90°C,5h NH
1 2 o R2
entry R?CN product yield (%)°
SiMe;
1 CH;CN 72
SiMeg
2 ~oN 75
3 2 eN

SiMe3
47°¢

@é{
<j©[S|Me3 }
@é{

694

®Non-distilled, used as the solvefisolated yiled °Yield from the reaction
with extra water (10 equivjOverall yield after desilylation with TBAF.

of 1, providing the corresponding amid2a—d Although these
products could be obtained without the silver c lower
yields with significantly increased amount of unkmow
byproducts were resulted. First, with acetonitrilide 2a was
obtained in 72% vyield (entry 1). With propionitril@b was
obtained in 75% yield (entry 2), whereas only wit®ield of
2 was observed without the catalyst. With acrylor@tsblvent,
the reaction ofl provided acrylamide derivativac in somewhat
lower 56% vyield (entry 3). Although addition of extrater was
not necessary to forrBa—2¢ the reaction with isobutyronitrile
required addition of water. Thus, under the samelitions with
10 equivalents of added water, amRtewas generated in 47%
yield (entry 4). Aromatic nitrile behaves similatyt provided
some desilylated products. Thus, after completeovamof the
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silyl groups with TBAF, arylbenzamidge was obtained in 69% Table 2. Aryne-based three-component coupling for the
yield (entry 5). formation of arlyamides
The formation of single regioisomer is most likellge
consequence of the strong electronic directingcei®é the S|IyI RPCN?
substituent! The structural identity of these single regioiscme d AgSbFe (10 mol %) (ji:[s"v'%
products was confirmed by nOe experiment. = SiMe, o (0w

conditions A-E°
3-6 7-10 o R2

With the successful reaction of NTs-tethered symicsdtr
tetrayne 1 to generate different amide derivatives, we next v substrate REGN  conditions product ield (%)°
explored the reaction of other substrates contgiwiifferently R
tethered tetraynes and triynes (TabIéZZIn general, because of —=—=—siMe, <:|©[SiMea
the structural variation with steric and electrodifferences, all- Q CHaCN A G N
carbon tethered substradecontaining agemdicarboxylate and
ester-tethered triynd required higher reaction temperature and )
extended reaction time. For most of the reacti@uslition of T SiMes
water (10 equiv) significantly improved yields ofettdesired 2 AeN A <j©[
product.

First, the reaction of an oxygen-tethered symmeaittietrayne
3 was carried out by heating at 90 °C for 5 h, whitdacly R'
afforded acetamid@a in 78% yield (entry 1). Similar result was SiMes
obtained when acetonitrile was replaced by propibaitand NH
acrylonitrile, where propionamid@b and acrylamide7c were 7co)\/
obtained in 80% and 75% yield, respectively (estleand 3). In R
benzonitrile medium, arylbenzamide was generated piaittial oN O©\ 0
removal of silyl group. After complete desilylatioamide 7d 4 ©/ A © NJ\© 20
was obtained in 20% overall yield (entry 4). AllHoan tethered 7a H
substrate4 containing agemdicarboxylate is unreactive at 90
°C, but at 150 °C it readily participate in the aan with Ecoln Sive R SiMe,
acetonitrile and propionitrile to yield the corresging amide3a s X ’ CHACN B E><:|©[ 59
and8b in 59% and 30% vyield (entries 5 and 6). Howeverhwit E = ="sMe; £
acrylonitrile, no expected amide product was obskrgeobably 4
because of the instability of acrylonitrile at thikigh R
temperature. It is interesting to notice the défere between the ~en 5@6{
reactions with acetonitrile and propionitrile, whexedition of 6 E
10 equivalents of water significantly improved thely of 8a o
whereas the yield @b was not improved by water additive. An R

L

N

78

80

30

ynamide-tethered non-symmetrical tetrayn® afforded =
propionamide-substituted indolirea in 49% from the reaction
with propionitrile at 90 °C (entry 7). An ester-tetbe triyne6 5 9a
derived from propiolic acid turned out to be lesaative than o Q
tetraynes, thus the reaction was carried out at AG0With O>—: cHen c d
acetonitrile, the reaction & provided10ain 79% yield at 150 8 == sive, ’ NH
°C for 30 h (entry 8). With acrylonitrile, acryladd derivative 6

10b was obtained in 46% yield after 9 h, and extendsadtion

time did not improve the yield (entry 9). With piopitrile, a en

o
% : jsnvle3
O,
mixture of amides productsOc and 10c' (2.6:1) was obtained 4 ° NH “°
10b )\/
O
bex

)J\/49

TsN—=—==—S5iMe;,

79

after heating at 150 °C for 18 h (entry 10).

With these results in hand, we envisioned thatef ghtative
nitrilium ion could be captured by other nucleophiather than E
water, different end products would be generated. €uh
nucleophile is carboxylic acid. Although carboxylic acid may 10¢, R = SiMe; (2.7:1)
complicate the reaction because they themselvesexarellent 10¢:R=H
reacting counterparts with arynes, we tried to carrythe first
reaction in the presence of acetic acid. To outitgle, the  aNon-distilled, used as the solvePEonditions:A. 90 °C 5 hB. 150 °C, 1.5
reaction ofl in acetonitrile and acetic acid in excess providedh; C. 150 °C, 30 hD. 150 °C, 9 hE. 150 °C, 18 h;“Isolated yiled;'Overall
the corresponding imidéla along with amide€a. At this point, ~ Yield after desilylation with TBAF.
we assumed that by removing any adventitious waterldvou
reduce or eliminate the formation 2& Indeed, addition of 4 A

molecular sieves to reaction improved the formatainlla
Optimizing the amount of acetic acid revealed tletition of 3
equivalents provided the highest yield of the damkiproduct.
Thus, under the optimized conditions (10 mol %esileatalyst,
90 °C, 3 equivalents of AcOH, 10 wt % 4 A moleculave®
the reaction of NTs-tethered symmetrical tetraynerovided
arylimide 11a in 89% overall yield as a mixture with the
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corresponding desilylated produtta'in a 10:1 ratio (entry 1).
The reaction in propionitrile afforded imidelb and desilylated

Tetrahedron

acetonitrile and butyric acidlle and the corresponding
desilyated productlb' were obtainedn 45% yield with more

productllb' in 75% vyield in a 5.2:1 ratio (entry 2). The same pronounced desilylation (entry 6). Similar to thaide forming

reaction in Table 2, the reaction of all-carborméeed substrate
4, although required higher reaction temperatured (6), full

Table 3. Aryne-based three-component coupling for the.onyersion was achieved in less than 2 h. Thusieetion of4

formation of arylimides

R2CN2
AgSbFg (10 mol %)

R1

P ety SiMe.
/~="="RIR"  RCOM@equi) 0>
X __ o L X BN
Y —=—="—SiMe; 4 A MS (10 wt %) Y N~ R2?
1.4.5 conditions A or B? 11-13 Yo
entry substrate R2CN R2CO,H conditions products yield (%)°®
R1
/ﬁSiM% SiMeg
1 TsN, CHsCN  CHsCOH A 9 89
== sive ¢ a2 TsN, "
5 N 10
1 11a /&
o]
R1
SiMe
2 “SON CHaCOH A 1y o 75,
N)‘j 5.2:1
3 CHN  “CoH A 11b /& 54
0 o919
R1
SiMe
4 A CN CHCOH A TsN Q 87
N)‘j 2.6:19
11c /g |
o]
R1
SiMe
5 )\ CHsCOH A TsN Q 76
N N)H/”ﬂd
11d
/go
R1
T™MS
6 CHION “NcoH A To )oj\ 45
N 0.27:1¢
11e
MO
(E = CO,Me) R'
X _ E X
7 CHiCN  CH,CO,H B 55
E = = SiMe, E N)J\
12a
4 AO
R1
SiMeg
8 “SCN CHgcOoH B E 0 79
N ] N
9 CH4CN CO,H 12b 68
/&O
R1
SiMes
P E Q
10 CN  CHCOH B " A ™
12¢
o]
R1
SiMes
11 CHON “"coH B Q 67
3 2 £ N/U\
12d
MO
R1
= =— Ry SiMes
12 CHsCN  CH3CO,H 9 7
TsN————=—=—SiMe; A N N)J\
Ts
5
13a /go

3Non-distilled, used as the solvefEonditions:A. 90 °C, 5 hjB. 150 °C, 2
h. “Isolated yiled°Ratio between the intact and the desilylated prouug™.

productllb and11b' were obtained from the reaction with the
combination of acetonitrile and propionic acid, ith much
lower yield (54%) with increased desilylation (en®). The
reaction of with acrylonitrile and AcOH yieldedd.cand11c'in
87% vyield (entry 4). Replacing acetonitrile with raaterically
demanding isobutyronitrile slightly lower the yid[@6%, 1.7:1)
and increased the extent of desilylation (entry BYith

with a combination of acetonitrile and AcOH afford&ga in
55% yield with no desilylation (entry 7). From tresaction with
propionitrile under otherwise identical condition$2b was
obtained in 79% vyield (entry 8), and the same pcbduas
obtained in slightly lower 68% yield by employingetanitrile
and propionic acid (entry 9). With acrylonitrile capAcOH,
acrylimide 12c was obtained as a single product in 78% yield
(entry 10), and with the combination of acetonitritend
propionic acid affordedl2d in 67% yield (entry 11). Finally,
unsymmetrical ynamide-tethered substrabe provided the
corresponding indolinyl imidel3a in 71% when the reaction
was carried out at 90 °C for 5 h (entry 12). Withest nitrile
such as propionitrile, acrylonitrile and isobutyitdle, the
reaction of5 provided productl3a in reasonable yield but
contaminated with the corresponding desilylated peod

From these reactions, a general trend isdndbat the
reaction with sterically more hindered carboxylicddgerovided a
product in lower yield. For example, when AcOH was regth
with propionic acid (entry 3) and butyric acid (snt6),
significantly lower vyields resulted in with more pmmced
desilylation. Another interesting observation is fbemation of
products devoid of desilylation from the reactidnatl-carbon
tethered substrate 4 even the reaction was cartiedtd 50 °C
compared to 90 °C for other substrates.

On the basis of these results, we propose a mechdoighe
formation of amides and imides (Scheme 3). Uponihgat
tetrayene or triyne substrateundergoes HDDAR to form an
aryne species, which then forms silver-aryne compleX’
Formally, HDDAR is considered to be a pericyclic remttibut
recent theoretical studies suggest that the reagioceed in a
stepwise manner via radical intermedidfesOnce formed,
silver-aryne complex!, although water or carboxylic acid can
be trapped to formill' , under the given reaction conditions,
nitrile reacts favorably to form nitrilium specids. Trapping of
Il by water or carboxylic acid would form penultimate
intermediatelV or V, respectively. Protonation of the C-Ag
bond and proton or acyl shift oiv or V will generate the
observed amid&| or imide VIl . It was proved that under the
current reaction conditions, either nitrile did monverted to the
corresponding amide, nor the preformed amide rdaetth the
aryne species, which supports the proposed reactemianism.
Although carboxylic acid is known to be a good reagti
counterpart with aryné$ the unique combination of their
reactivity and concentration of nitrile and carblixyacid
ultimately provides the observed amide products.

In conclusion, we developed aryne-based three-
component coupling reactions by forming structyraliverse
arynes via HDDAR of tetraynes and triynes. The fatrd@ping
of arynes with nitriles to induce the Ritter-typeacgon is a
unigue aspect of these coupling reactions. Althaugiies are

Scheme 3.Mechanism for the formation of amides and imides
via the formation of arynes by HDDAR followed by their
trapping with nitriles
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not strong enough nucleophiles to react with aryoesger
typical conditions we found that an effective reactbetween
arynes and nitriles could be promoted by a catiosilger
catalyst. Presumably, under these silver-catalyzeaditions,
transiently formed aryne-silver complexes initiallgact with
nitriles to form nitrilium ion intermediates, whictthen
subsequently react with either water or carboxylid ac yield
the observed arylamides or arylimides.

3. Experimental section

General procedure for preparation of arylamides d&dare
A): A multiyne substrate (0.1 mmol) and AgskB.01 mmol)
in nitrile (3 mL) in a Schlenk tube was flushed witfirogen.
The mixture was stirred for 5 h at 90 °C unless mtfse noted.
Water (10 equiv) was used as additive in some cabes.
reaction mixture was concentrated, and then directhjected to
column chromatography for purification to affordettamide
product.

General procedure for preparation of arylimides ¢Pdure
B): A multiyne substrate (0.1 mmol), AgShF0.01 mmol),
AcOH (0.3 mmol), 4 A MS (10 wt %) in nitrile (3 mL) ia
Schlenk tube was flushed with nitrogen. The mixtuees stirred
for 5 h at 90 °C, unless otherwise noted. The reaatnixture
was concentrated, and then purified by flash chrography to
afford the imide product.

4. Characterization data

2a This compound was obtained (Procedure A) in 728gyi
IR (neat): 3265, 2956, 2924, 2853, 2149, 1663, 15988, 1514
cm’; '"H NMR (CDCh, 500 MHz):5 7.79-7.73 (m, 3H), 7.54 (s,
1H), 7.36-7.29 (m, 3H), 4.59 (s, 4H), 2.41 (s, 3H)224, 3H),
0.46 (s, 9H), 0.25 (S, 9H)°C NMR (CDCk, 125 MHz): &
168.4, 143.8, 141.8, 137.8, 137.7, 133.7, 132.8.912127.6,
124.4, 118.9, 104.9, 102.7, 54.4, 54.1, 24.4, 21.3, —0.4;
HRMS (ESI) calcd for GHssN,0;SSh [M+H]* 499.1909, found
499.1928.

2b: This compound was obtained (Procedure A) in 75%ESI) calcd for

yield. IR (neat): 3269, 2956, 2899, 2854, 2149, 7165597,

1570, 1510 cnt; '"H NMR (CDCh, 500 MHz):8 7.78-7.73 (m,
2H), 7.58 (s, 1H), 7.38-7.29 (m, 3H), 4.58 (s, 4H)12gt 3H),

2.32 (g, 2HJ = 7.2 Hz), 1.22 (t, 3H) = 7.4 Hz), 0.45 (s, 9H),
0.25 (s, 9H);”*C NMR (CDC}k, 125 MHz): § 172.1, 143.8,
142.0, 137.7, 137.4, 133.6, 132.3, 129.9, 127.8.4,2118.7,
104.8, 102.7, 54.4, 54.1, 30.6, 21.5, 9.5, 1.8-4ARMS (ESI)

caled for GgH37N,05SSh [M+H] ™ 513.2063, found 513.2068.

2c.
yield. IR (neat): 3246, 2956, 2924, 2853, 2148, 1166625,

5

1597, 1571, 1514 cth '*H NMR (CDCk, 500 MHz):8 7.79-
7.74 (m, 2H), 7.68 (s, 1H), 7.50 (s, 1H), 7.35-7.302Ht), 6.41
(d, 1H,J = 17.0 Hz), 6.15 (dd, 1H] = 16.5 Hz,J = 10.2 Hz),
5.77 (d, 1H,J = 10.2 Hz), 4.60 (s, 4H), 2.41 (s, 3H), 0.46 (s,
9H), 0.26 (s, 9H)*C NMR (CDCk, 125 MHz):5 163.6, 143.8,
141.7, 137.8, 137.7, 133.7, 132.4, 130.8, 129.8.412127.6,
124.5, 118.6, 105.0, 102.6, 54.4, 54.1, 21.5, 4(B4; HRMS
(ESI) caled for GgHaN,0;SSh [M+H]*511.1907, found
511.1924.

2d: This compound was obtained (Procedure A with 10vequi
water additive) in 47% yield. IR (neat): 3270, 298929, 2900,
2148, 1662, 1597, 1569, 1506 ¢m'H NMR (CDCk, 500
MHz): 8 7.78-7.72 (m, 2H), 7.64 (s, 1H), 7.37 (s, 1H), 7.329-7
(m, 2H), 4.59 (s, 4H), 2.41 (s, 3H), 2.40 (sept, 1K, 6.8 Hz),
1.22 (d, 6H,J = 6.8 Hz), 0.46 (s, H), 0.25 (s, 9HC NMR
(CDCls, 125 MHz):6 175.4, 143.7, 142.2, 137.7, 137.3, 133.7,
131.9, 129.9, 127.5, 124.3, 118.5, 104.8, 102.81,%4.1, 36.8,
21.5, 19.5, 1.9, —0.4; HRMS (ESI) calcd fop;gN,O:SSh
[M+H]* 527.2220, found 527.2222.

2e This compound was obtained (Procedure A followed by
TBAF-mediated deprotection) in 69% vyield. IR (needp66,
2922, 2853, 2360, 1677, 1605, 1539, 1492 'crtH NMR
(CDCls, 500 MHZz):8 7.96 (s, 1H), 7.86—7.81 (m, 2H), 7.79-7.75
(m, 2H), 7.69 (s, 1H), 7.57-7.51 (m, 1H), 7.50-7.42 Bi),
7.35-7.30 (m, 2H), 4.62 (s, 4H), 3.25 (s, 1H), 2813H);°C
NMR (CDCk, 125 MHz): 165.8, 143.9, 137.9, 137.4, 135.2,
134.3, 133.6, 132.2, 129.9, 128.9, 127.6, 127.@.9,2117.6,
115.4, 82.0, 79.8, 54.2, 53.5, 21.5; HRMS (ESI) cafor
CaH1N,05S [M—H]™ 415.1116, found 415.1113.

7a: This compound was obtained (Procedure A) in 788idyi
IR (neat): 3226, 2956, 2899, 2855, 2148, 1643, 153383 cm’;
'H NMR (CDCl, 500 MHz):6 7.60 (s, 1H), 7.39 (s, 1H), 5.15—
5.07 (m, 4H), 2.15 (s, 3H), 0.49 (s, 9H), 0.23 (s, 9fQ; NMR
(CDCls, 125 MHz):6 168.5, 141.5, 141.1, 141.0, 131.9, 122.8,
117.7, 103.8, 103.2, 74.3, 24.4, 1.8, —0.4; HRMS)ESlcd for
C1gH25NO,Si, [M+H] " 346.1659, found 346.1670.

7b: This compound was obtained (Procedure A) in 808idyi
IR (neat): 3227, 2958, 2897, 2149, 1645, 1604, 15329 cm’";
'H NMR (CDC}, 500 MHz):6 7.67 (s, 1H), 7.36 (s, 1H), 5.13—
5.07 (m, 4H), 2.36 (q, 2Hl = 7.6 Hz), 1.25 (t, 3H) = 7.6 Hz),
0.49 (s, 9H), 0.23 (s, 9HY’C NMR (CDCL, 125 MHz):5 172.0,
141.7, 141.0, 140.8, 131.4, 122.7, 117.4, 103.8.3,074.3,
74.1, 30.7, 9.6, 1.9, —0.4; HRMS (ESI) calcd fQeHGNO,Si,
[M+H] " 360.1815, found 360.1808.

7c. This compound was prepared (Procedure A) in 7534 yi
IR (neat): 3222, 2957, 2898, 2149, 1667, 1650, 166%4, 1535
cm’; '"H NMR (CDClk, 500 MHz):8 7.74 (s, 1H), 7.44 (s, 1H),
6.43 (d, 1H,J = 16.8 Hz), 6.25-6.12 (m, 1H), 5.78 (d, 1H=
10.1 Hz), 5.20-5.06 (m, 4H), 0.49 (s, 9H), 0.23 (s,;9FQ
NMR (CDCk, 125 MHz):5 163.7, 141.4, 141.1, 131.7, 131.0,
128.1, 122.8, 117.3, 103.8, 103.2, 74.3, 74.1, 4084; HRMS
GH28NO,Si, [M+H]*358.1659, found
358.1665.

7d: This compound was obtained (Procedure A followed by
TBAF-mediated deprotection) in 20% vyield. IR (ne&dp90,
3060, 2923, 2853, 2360, 2341, 1652, 1604, 15797 t&3"; '"H
NMR (CDCl, 500 MHz): 7.88—7.84 (m, 3H), 7.75 (s, 1H), 7.59—
7.54 (m, 1H), 7.53-7.46 (m, 3H), 5.18-5.12 (m, 4HP33(s,
1H); **C NMR (CDC}, 125 MHz): 165.8, 140.6, 138.4, 137.6,
134.6, 132.1, 128.9, 127.0, 122.5, 116.1, 113.9,,80.3, 74.1,

This compound was obtained (Procedure A) in 56%73.4; HRMS (ESI) calcd for GH.NO, [M+H]" 264.1025,

found 264.1021.



8a: This compound was prepared (Procedure A, but@tcCs
for 1.5 h with 10 equiv of water additive) in 59%eM. IR
(neat): 3259, 2955, 2926, 2889, 2147, 1737, 16586311521
cm’; '"H NMR (CDClk, 500 MHz):3 7.56 (s, 1H), 3.76 (s, 6H),
3.62 (s, 2H), 3.61 (s, 2H), 2.13 (s, 3H), 0.47 (s, 24 (s,
9H); *C NMR (CDCE, 125 MHz):5 172.0, 168.4, 141.7, 141.1,
131.6, 125.5, 125.0, 120.9, 104.0, 103.7, 59.31,581.1, 40.8,
244, 19, -0.3; HRMS (ESI) calcd for ,#3,NOsSi,
[M+H] " 460.1976, found 460.1975.

8b: This compound was prepared in 30% yield by usin
Procedure A but at 150 °C for 1.5 h. IR (neat): (328954,
2926, 2854, 2147, 1737, 1652, 1590, 1564, 1514;Ck NMR
(CDCls, 500 MHz):8 7.62 (s, 1H), 7.26 (s, 1H), 3.76 (s, 6H),
3.62 (s, 2H), 3.60 (s, 2H), 2.33 (q, 2H7 7.4 Hz), 1.24 (t, 3H]
= 7.4 Hz), 0.47 (s, 9H), 0.25 (s, 9HC NMR (CDC}, 125
MHz): § 172.0, 141.6, 141.4, 141.3, 131.2, 125.4, 12004,1,
103.6, 59.3, 53.1, 41.1, 40.8, 30.7, 9.6, 2.0, -ABMS (ESI)
caled for GH3eNOsSi, [M+H] " 474.2132, found 474.2139.

9a This compound was obtained (Procedure A) in 490/%/ie|d

yield. IR (neat): 3295, 2955, 2929, 2871, 1666 916593, 1544
cm™; 'H NMR (CDCl, 500 MHz):5 7.72—7.68 (m, 2H), 7.49 (s,
1H), 7.26-7.23 (m, 2H), 7.10 (S, 1H), 3.89 (t, 2H; 8.4 Hz),

2.90 (t, 2H,J = 8.4 Hz), 2.40 (q, 2H] = 7.8 Hz), 2.38 (s, 3H),

2.36 (t, 2H,J = 7.01 Hz), 1.54-1.48 (m, 2H), 1.46-1.38 (m, 2H),

1.26 (t, 3H,J = 7.6 Hz), 0.91 (t, 2HJ = 7.2 Hz);"*C NMR

(CDCl, 125 MHz): 5 171.8, 144.3, 142.3, 137.6, 133.7, 129.8

129.6, 127.4, 121.5, 118.1, 106.0, 94.8, 77.7,,58008, 30.7,
27.3, 21.9, 21.6, 19.1, 13.6, 9.6; HRMS (ESI) cafed
CoaHagN,05S [M+H]* 425.1899, found 425.1913.

Tetrahedron

11a This compound was obtained (Procedure B) in 80%
yield. IR (neat): 2956, 2899, 2852, 2150, 1708,7,8%67 cri;
'"H NMR (CDCk, 500 MHz):§ 7.79-7.75 (m, 2H), 7.36-7.32
(m, 2H), 6.77 (s, 1H), 4.67-4.60 (m, 4H), 2.43 (s, 3H22 (s,
3H), 0.33 (s, 9H), 0.26 (s, 9H)'C NMR (CDCL, 125 MHz):3
173.0, 144.3, 144.0, 141.2, 141.0, 138.6, 133.9.0,3127.6,
125.8, 123.5, 106.3, 102.1, 54.1, 27.5, 21.5, 8B64; HRMS
(ESI) caled for GH3N,O,SiL,S [M+H]" 541.2013, found
541.201211a' (9%, obtained as an inseparable mixture dith
in a 1:1 ratio):"H NMR (CDCk, 500 MHz):$ 7.80-7.75 (m,

HH), 7.37-7.31 (m, 2H), 6.81 (s, 1H), 4.70-4.60 (m,, 4840

(s, 1H), 2.42 (s, 3H), 2.23 (s, 6H), 0.33 (s, 9HE NMR
(CDCl,, 125 MHz): § (all peaks) 173.0, 144.3, 144.0, 141.9,
1415, 141.2, 141.0, 138.7, 138.6, 133.5, 133.4,313130.0,
127.6, 125.8, 124.7, 124.0, 123.5, 123.1, 106.2.11088.2,
81.1, 78.8, 54.2, 54.0, 53.9, 27.5, 26.9, 21.5, 0.6, -0.4;
HRMS (ESI) calcd for gH,gN,0,SiS [M+H]" 469.1617, found
469.1620.

11b: This compound was obtained (Procedure B) in 63%
. IR (neat): 2956, 2924, 2852, 2149, 1712, 7159567,
1513, 1494 cit; 'H NMR (CDCh, 500 MHz):8 7.79-7.75 (m,
2H), 7.36-7.32 (m, 2H), 6.75 (s, 1H), 4.70-4.56 (m,, 443
(s, 3H), 2.39-2.33 (m, 2H), 2.32 (s, 3H), 1.06 (t, 3H,7.3 Hz),
0.31 (s, 9H), 0.26 (S, 9H)°C NMR (CDCk, 125 MHz): 8
176.3, 173.2, 144.0, 141.2, 141.1, 138.5, 133.9,.013127.6,
125.8, 123.6, 106.2, 102.2, 54.1, 32.4, 27.8, 2.4,0.5, -0.4;

"HRMS (ESI) calcd for GH3N,0,SSh [M+H]* 555.2169, found

555.215111b' (12%): IR (neat): 3256, 3065, 2954, 2824, 2853,
1712, 1598, 1569, 1493 ¢n'H NMR (CDCk, 500 MHz):§
7.79-7.76 (m, 2H), 7.36-7.32 (m, 2H), 6.79 (s, 1HJ444.57

10a This compound was prepared in 79% vyield by usingm, 4H), 3.60 (s, 1H), 2.43 (s, 3H), 2.39-2.34 (m, 2433 (s,

Procedure A but at 150 °C for 30 h with 10 equiv watiitive.
IR (neat): 3458, 2968, 2870, 1763, 1693, 1618, 15466 cm’";
'H NMR (CDCk, 500 MHz):8 8.27 (s, 1H), 7.97 (s, 1H), 7.50
(s, 1H), 5.28 (s, 2H), 2.23 (s, 3H), 0.42 (s, 9HE NMR

3H), 1.06 (t, 3HJ = 7.2 Hz), 0.31 (s, 9H)"*C NMR (CDC},
125 MHz): 8 176.3, 173.2, 150.2, 144.0, 141.8, 141.6, 138.6,
133.4, 130.0, 127.6, 124.6, 124.1, 88.2, 81.1,,58420, 32.5,
27.8, 21.5, 8.6, 0.6; HRMS (ESI) calcd fonrgd:;N,O,SiS

(CDCl,, 125 MHz):8 170.8, 168.2, 149.4, 147.2, 132.5, 131.1,[M+H] " 483.1774, found 483.1775.

121.2, 114.6, 69.4, 28.8,
Ci13H1gNOsSi [M+ H]" 264.1056, found 264.1045.

-0.4; HRMS (ESI) calcd for

11c and 11c' (inseparable mixture): A nixture of these
compounds was obtained (Procedure B) in 87% yieldh it

10b: This compound was prepared in 46% yield by using?.6:1 ratio. IR (neat): 3254, 2956, 2924, 2900,283 50, 1703,

Procedure A but at 150 °C for 9 h with 10 equiv waidditive.
IR (neat): 3212, 3016, 2954, 1756, 1674, 1651, 16328, 1525
cm’; '"H NMR (CDClk, 500 MHz):3 8.38 (s, 1H), 7.99 (s, 1H),
7.61 (s, 1H), 6.47 (d, 1H = 17.0 Hz), 6.23 (dd, 1Hl = 16.9
Hz,J = 10.3 Hz), 5.88 (d, 1Hl = 10.4 Hz), 5.29 (s, 2H), 0.44 (s,
9H); *C NMR (CDC}, 125 MHz):5 170.8, 163.5, 149.5, 147.2,
132.5, 130.7, 129.1, 121.3, 114.7, 69.5, -0.4; HRES) calcd
for C4H1gNO,Si [M+H]" 276.1056 found 276.1057.

1615, 1597, 1567, 1493, 1467; (major isomet)NMR (500
MHz, CDCL): & 7.80-7.75 (m, 2H), 7.37—7.33 (m, 2H), 6.76 (s,
1H), 6.46-6.41 (m, 1H), 6.20-6.11 (m, 1H), 5.69-5164 {H),
4.76-4.52 (m, 4H), 2.47 (s, 3H), 2.43 (s, 3H), 0809H), 0.26
(s, 9H);*C NMR (CDCE, 125 MHz):$ (all peaks) 173.9, 167.2,
144.0, 143.3, 141.9, 141.5, 141.2, 138.7, 138.8.6,3131.3,
131.2, 130.0, 129.8, 127.5, 125.8, 124.7, 124.3.8,2109.8,
106.3, 102.2, 88.3, 81.1, 54.1, 54.0, 27.7, 21.6, 0.5, —0.4;
HRMS (ESI) calcd for gH3/N,0,Si,S [M+H]" 553.2013, found

10c This compound was prepared in 44% yield by usingsg3 o013g.

ProcedureA but 150 °C for 18 h with 10 equiv water additive.

IR (neat): 3301, 2923, 2853, 1741, 1699, 1682, 16847 cm";
'H NMR (CDCk, 500 MHz):5 8.33 (s, 1H), 7.97 (s, 1H), 7.49
(s, 1H), 5.27 (s, 2H), 2.44 (q, 38,= 7.5 Hz), 1.28 (t, 3H) =
7.6 Hz), 0.42 (s, 9H)**C NMR (CDCL, 125 MHz):§ 172.0,
170.8, 149.5, 147.4, 132.4, 130.9, 121.0, 114.4,68..1, 9.5, —
0.4; HRMS (ESI) calcd for GH,0NOsSi [M+H]" 278.1212,

found 278.122210c¢ (16%): IR (neat): 3301, 2923, 2853, 1741,

1699, 1682, 1604, 1547 cin*H NMR (CDCk, 500 MHz): 5
8.15 (s, 1H), 7.84 (d, 1H,= 8.2 Hz), 7.37 (s, 1H), 7.27 (d, 1H),
5.20 (s, 2H), 2.46 (q, 2Hl = 7.6 Hz), 1.28 (t, 3HJ) = 7.6 Hz);
®¥C NMR (CDCk, 125 MHz): § 172.5, 170.7, 148.7, 143.4,
126.5, 120.8, 119.9, 112.2, 69.5, 30.9, 9.4; HRMSIYEalcd
for Cy;H1,NO; [M+H] " 206.0817, found 206.0813.

11d: This compound was obtained (Procedure B) in 48%
yield. IR (neat): 2959, 2933, 2900, 2873, 2151,7, 4597, 1567
cm’; '"H NMR (CDCl, 500 MHz):5 7.78-7.76 (m, 2H), 7.36—
7.33 (m, 2H), 6.75 (s, 1H), 4.71-4.55 (m, 4H), 2.43BH), 2.32
(s, 3H), 2.87-2.79 (m, 1H), 2.43 (s, 3H), 2.32 (s, 3H}0 (d,
3H,J = 6.7 Hz), 1.04 (d, 3H] = 6.6 Hz), 0.32 (s, 9H), 0.26 (s,
9H); *C NMR (CDC}, 125 MHz):5 180.2, 173.5, 144.1, 144.0,
141.5, 141.1, 138.3, 133.6, 130.0, 127.6, 125.8.5,2106.2,
102.2, 54.1, 54.0, 35.0, 27.8, 21.5, 19.5, 198, 90.4; HRMS
(ESI) caled for GgH.N,O,Sib,S [M+H]" 569.2326, found
569.2300.11d' (28%): IR (neat): 3255, 2956, 2920, 2850, 1708,
1597 cm’; 'H NMR (CDCk, 500 MHZz):§ 7.79-7.76 (m, 2H),
7.36-7.33 (m, 2H), 6.79 (s, 1H), 4.74-4.56 (m, 4H§O3(s,
1H), 2.87-2.80 (m, 1H), 2.43 (s, 3H), 2.32 (s, 3H)1Xd, 2H,J
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= 6.7 Hz), 1.05 (d, 2HJ = 6.8 Hz), 0.32 (s, 9H)*C NMR  53.2, 41.0, 40.8, 40.7, 27.8, 17.8, 13.7, 0.7, ~ARMS (ESI)
(CDCl,, 125 MHz):§ 180.2, 173.5, 144.1, 144.0, 142.0, 141.7,calcd for G/H,NOgSi, [M+H]* 530.2394, found 530.2377.
138.4, 130.0, 127.6, 124.6, 124.0, 88.2, 81.2, 58420, 35.0,

2rs 23 [1I\S/9I45F’I]+ Lo g HRMS 9D caled Torieid. IR (neat): 2956, 2929, 2872, 2224, 17110381930
267783z ' ’ ' ' '"H NMR (CDC}, 500 MHz):§ 7.69-7.65 (m, 2H), 7.29-7.25
11le This compound was obtained (Procedure B) in 1G% (i (m, 2H), 7.21 (S, 1H), 3.91 (t, 2H,= 8.7 Hz), 3.02 (t, 2HJ] =
the table it is 45% as a total yield of the mixjugéeld. IR 8.6 Hz), 2.41 (t, 2H,) = 7.0 Hz), 2.39 (s, 3H), 2.28 (s, 6H),
(neat): 2958, 2927, 2901, 2872, 2850, 2152,17187 b1, 'H  1.59-1.51 (m, 2H), 1.48-1.39 (m, 2H), 1.48-1.39 (), .91
NMR (CDCl, 500 MHz):8 7.80-7.76 (m, 2H), 7.36=7.32 (m, (m, 3H,J = 7.4 Hz), 0.29 (s, 9H)"C NMR (CDC}, 125 MHz):

for 13a This compound was obtained (Procedure B) in 71%

2H), 6.74 (s, 1H), 4.72-4.54 (m, 4H), 2.43 (s, 3H)42228
(m, 5H), 1.64-1.54 (m, 2H), 0.88 (t, 38,= 7.4 Hz), 0.32 (s,
9H), 0.26 (s, 9H)**C NMR (CDCk, 125 MHz):6 175.4, 173.3,
144.0, 141.2, 141.1, 138.5, 133.6, 130.0, 127.6,712123.6,
106.2, 102.2, 54.1, 40.8, 27.8, 21.5, 17.7, 13%,-0.4; HRMS
(ESI) calcd for GH.N,O,SibS [M+H]" 569.2326, found
569.2310.11e' (35%) IR (neat): 3261, 2958, 2929, 2873, 2853,
1712, 1597, 1493 cth 'H NMR (CDCk, 500 MHz):§ 7.80—
7.76 (m, 2H), 7.36-7.32 (m, 2H), 6.78 (s, 1H), 4.7844(m,
4H), 3.60 (s, 1H), 2.43 (s, 3H), 2.35-2.29 (m, 5HH3:1.57
(m, 2H), 0.89 (t, 3HJ = 7.0 Hz), 0.32 (s, 9H}’C NMR (CDCH,
125 MHz): & 175.4, 173.3, 144.0, 141.8, 141.7, 138.6, 133.4,
130.0, 127.6, 124.6, 124.1, 88.2, 81.1, 54.2, 54008, 27.8,
21.5, 17.7, 13.6, 0.6; HRMS (ESI) calcd fopgd:aN,0O,SiS
[M+H] " 497.1930, found 497.1946.

6 173.0, 144.6, 144.5, 143.6, 135.6, 134.4, 13328.9, 128.1,
127.4, 114.6, 100.8, 79.1, 49.6, 30.4, 28.1, 27241, 21.6, 19.3,
13.5, 0.7,
525.2243, found 525.2253.

HRMS (ESI) calcd fo€,gH37/N,0,SSi [M+H]"
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