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Overview

“Background and History

=Synthesis of Ynones
= Metal Acetylides

= Transition Metal Catalysis
= Others

=Applications of Ynones
= Cyclizations
= Use in Total Synthesis
= Others



Why Do We Care?

*Due to unsaturation and instability, ynones are easily cyclized in a variety of interesting ways

“These cyclized products often have interesting biological activity, either as natural products or
med chem analogs

=Quick and facile construction of complicated molecules always welcome



First Example:

“Nef showed first example in 1899 using sodium acetylide

O O

)J\ Ether, cold

R™ ClI > R

—e

Nef, J.U.; Liebig’s Ann. 1899, 264.

A

=Very violent reaction and only worked on small scales

“Nef’s example set the stage for various metal acetylides to add into anhydrides, aldehydes, and
other carbonyl compounds



Anhydrides/Aldehydes-Grignards

*“Anhydrides (in large excess) at low temperatures showed formation of ynones directly

O O O

)J\ )J\ -25°C, Et,O _

3 Me O Me // Me

3 58%

=Aldehydes with Grignard reagents discovered to give easily oxidizable proparglic alcohols

O OH
)J\ BrMg———H _
R™H THF R
H
R= Bn, Alkenyl, Alkynyl 45-85%

Kroeger, J.W., Niruwland, J.A., J. Am. Chem. Soc., 1936, 58, 1861.
Jones, E.R.H, Skattebol, L., Whiting, M.C., J. Chem. Soc., 1956, 4765.



Acyl Chlorides With Copper or Zinc

=Copper acetylides with acyl chlorides allowed for more freedom than anhydrides

o) o)
)J\ CUOC(CH3)3, THF .
R™ Cl =—TMS R™ "
TMS

R= Alkyl, Aryl 24-66%

Logue, M.W., Moore, G.L., J. Org. Chem., 1975, 40, 131.

=Zinc can also be utilized

0
)J\ ClZn—=——Ph _ )\
R™ ~ClI o R N
0]

(0]
= ZnX,, EtsN; Pd(PPh g 2
T S

2

) R4
Neat, 30 min, RT of i Vereshchagin, L.I., Yashina, 0.G., Zarva, T.V., Zh. Org.
up to 88% yield Khim., 1996, 2, 1895.

Yuan, H., Shen, Y., Yu, S., Shan, L., Sun, Q., Zhang, W.,

— pPnh + ZnC| Synth. Commun., 2013, 43, 2817.




Acyl Chlorides With Tin or Silver

*Tin acetylides can be coupled with acyl chlorides in the presence of a palladium catalyst

)

0
P BusSn———R' _
R™ "Cl 1 8mol% PACL(PPhy), R X

DCE or HMPA, 65-84°C

64-94%
R= Alkyl, Aryl
R'= Alkyl, Aryl Silyl
Logue, M\W., Teng, K., J. Org. Chem., 1982, 47, 2549.
=Silver could also be utilized
R—=— -AANO3,MeOH _ o — Ag
NH,OH
O O
A re=r
R Cl CCl,, reflux N
R= Me, Ph 36-72%
R'= Alkyl Davis, R.B., Scheiber, D.H., J. Am. Chem. Soc., 1956, 78, 1675.



Weinreb Amides

B ]
o—m + 0
Il R'M H,O ;
R—C_ ,O0—CH, —pp=> | R=C_ O—CH | ——> R—C—R
'r )
CH, _ CH, _
j\ MeNHOMe-HCI )OL M—==—Ph 0
R”CI Py, CHCl; R rTrOMe e R)\
Me M=Li or MgBr Ph
R= Ph, CgH4 87-92%

Nahm, S., Weinreb, S.M., Tetrahedron
Lett., 1981, 22, 3815.



Morpholine Amides

jja‘r\ 0=C OLi add to 0 0eC oLi :dc?j :3 o
THF AcOH . THF
RPN - 2 R’*TNﬁ s A AN OMe o Rl e AN OMe —— ]
I\/ 1h R K/ water | 1h R'| water R R
o] 1.1 equiv O Meo 1.1 equiv MeOH
4 1 2 3
. Crs products® products?
amide alkylllthufm % AUC % AUC % AUC amide alkyllithium % AUC % AUC
entry 4 R 2 R.Li 3 ketone byproduct 4 entry 1 R 2 R’-Li 3 ketone byproduct
1 4a PhCH;CH; 2a BuC=CLi 3a 75 0 25 1 1a PhCH,CH, 2a BuC=CLi 3a =99 0
2 4a PhCH;CH; 2b PhC=CLi 3b 42 0 58 2  1la PhCH,CH, 2b PhC=CLi 3b =99 0
3  4a PhCH,CH, 2c Buli 3¢ 34 22 37 3 1a PhCILCH, 2c Buli 3¢ 77 7b
4 b Ph 2a BuC=CLi 3d 94 0 6 1 1b Ph 7 3a BuC=CLi 3d >99 0
5 4b Ph 2b PhC=CLi 3e 70 0 30 = 1b Ph oh PECECL; 36 -00 0
6 4b Ph 2c Buli 3f 96 4 0 6 1b Ph 2¢ Buli 3f 69 175

? As analyzed by HPLC, area under the curve (AUC) is
measured at 220 nm. Structures confirmed by NMR and LC/MS.

Jackson, M.M., Leverett, C., Toczko, J.F,,
Roberts, J.C., J. Org. Chem., 2002, 67, 5032.



Benzotriazole Esters

Entry Carboxylic acids Terminal Alkynes ¥none Yield" %
8] Li—==—Pent 0
1 z. 75
O \.:_'::_L
b 3b Pemt
O Li———Tem O

g

2 Y o Y s 60
N 0
Actviton @N-" ' m R—=—pou Z
o ' NS

1) i, K 0
TO TR .
1a | a® n Ynone 3a

Entry R Activation system Reaction conditions Yield™ %
1 2a Li* EDC/HORT® THF, —70°C, 15 min. and then rt 15 min. o2

2 2bH EDC/HOBT® P,-Et, THF, —~70°C 15 min. and then rt 15 min. -

3 2b H EDC/HOBT" P,-Et, THF, rt 18 h. -

4 2b H EDC/HOBT® Hydrotalcite, THF, reflux, 18 h. —

5 2bH EDC/HOBT" [ PACIZ{PPhs )z, Cul, TEA, THF or 1,4-dioxane, rt to reflux, 1 h to 18 h. -

& L - u u h% 78
(4]

4] Li
=
/ - . »
a le a 1

o

=
Li] Li
=
8 OH C s 77
~p 1d 4a ~p 3 ‘




Benzotriazole Esters

\g\L;":r': EDCTHOBT Q\Lr\}';f =" w‘: N
 on "
et 15 mi 0}’: ‘3< THF,0°C, 15 min.

0 then r.L., 15 min. 0 Ynone 7
. R N 0%
(T
Ns
S0 1 NaBH,.
MeOH, -20
h.
65 %
dr = 80020
:M]-l2 a]li.BlNH; H,B‘W
: T8, Ih. N CiHe
¢ HO A oty T
b) IN HCL, THF.
OH ]—'}‘l]"ﬂ, 18 h. OH
Dcrythro-sphingosine B5% two steps 8

Morales-Serna, J.A., Sauza, A., Padron de Jesus, G., Gavino, R., Garcia
de la Mora, G., Cardenas, J., Tetrahedron Lett., 2013, 54, 7111.
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Transition Metal Catalysis...Palladium

“First example by Tanaka in 1981

| Z
+ 10 mol% PdCl,(dppf) A
TEA, 20 atm CO O

120°C, 4h

=Little byproduct observed (<1%)

=Several aryl and alkenyl halides tolerated

Kobayashi, T., Tanaka, M., J. Chem. Soc. Chem. Comm., 1981, 333.



Variations on Carbonylative Songashira

=Use of dilute ammonia can reduce the need to use amines as solvents and high pressures of CO
= Rarely saw any Songashira byproduct

cat PdCl,(PPhs), o
(Cul) I
R—==—H + X—Aryl + CO R—==—C—Anyl
(1atm) agqNH3(0.5M)
room temp

Mohamed Ahmed, M.S., Mori, A.,
Org. Lett., 2003, 5, 3057.

=Can also use acyl chlorides without CO

0 0.2 mol % Pd(OAG), o
X, == -
R cl 1eqg.Et;N, neat, 1, 1I0min R Q‘:\

R, R’= Aryl and alkyl

Yields: 40-95% Palimkar, S.S., Kumar, P.H., Jogdand, N.R., Daniel, T., Lahoti,
R.J., Srinivasan, K.V., Tetrahedron Lett., 2006, 47, 5527.

Hf
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Variations on Carbonylative Songashira

=Recently, scope has been expanded to include aryl triflates

OTf
[Pd{csnnanwllcl]z
+C0 +
i Z 1. [Pd)/L
@ + CO+ 2. RNH, EOH

80°C, 8h
R = Bu, 55% 4a
Cy. 60% 4b
Bz, 53% 4¢
9 NMP NEt, 1

10 toluene NEt, 83kl
11 toluene NEt, (i
12 toluene NEt, 63l-<l
[a] Phenyl triflate (1.0 mmol), phenyl acetylene (1.2 mmol), CO (10 bar), Wu, X.-F.,, Sundararaju, B., Neumann, H., Dixneuf,
[{Pd(cinnamyl)Cl},] (1 mol% ), Xantphos (2 mol %), solvent (2 mL), base P.H., Beller, M., Chem. Eur. J., 2011, 17, 106.

(2mmol), 100°C, 20h. DBACO=14-diazabicyclo[2.2.2]octane;




N-Heterocyclic Ynone Synthesis

o 1.0 equiv (COCI), o
’]_L‘ 1, 4-dioxane, 4 h, 50 *C JJ\
R'" “OH = R
then: 2 mol % [PACL,{PPh),] = r2 A Y o P
0 1.0 equiv (COCI), )
“~Aon 1,4-dioxane, 4 h, 50 °C CI @\/ 0 Sph
| then: 2 mal % [PACL(PPh,),], 4 mol % Cul iH i“ N NH
N da 1.0 equiv =—TMs 2f N N WNTEN H /L..
3.0 equiv NEt,, RT, 1h I I NTEN
or == Cl -
- then: 1.0 equiv G'TGI“HH | = [T M | =
S oH  HNO, \? N~ ( j |
N._= HN? ~NH = .
2.5 equiv K,COs, 2-mefhoxyethanol cl N S m“sa Ph
Cl 4h 120°C, 24 h Ba(53%) or  8b(43%) |\ )

5d (X = H, R? = 3-Py, 57 %) ST o 0 o
Se (X = H, R? = N-Boc-T-azaindol-3-yl, 71 %) L Ph = o -
5f (X = CI, R? = Ph, 62 %) MeO™ "N 7 == | S
5i (41 %) SNTNT Ph Ph
0
o 9 X T/\_)I\ i ét o
T e 5u (18 %)
= =3 =
N X N

Sk (X = H, 35 %)
5j (67 %) 51 (X = CI. 69 %) Sm (58 %)

Sv (53 %)

Boersch, C., Merkul, E., Muller, T.J.J., Angew. Chem. Int. Ed.,
2011, 50, 10448.




Palladium/hv-Alkyl Halides Possible

hviXe, Pyrex)
 PdTIAPPhz); (5 mal %)

RH *+ €0 * =R BNz 4eqn
Cety (H;0=10/1,20n O

101M 45am F4

entry R alkynes 2 katones 3 yiedd (%"
1 1a 2a da 1%
R =Ph R =Fh
2 1a b b BB

R'= H'C3H13 A= ﬂ'CﬂHﬁ.

] Ph
EI\)/I/-\I 2 CI\J/L\“%
1b
0 3c 7O
S "
]
1c
TESO
5 \I\/\
I
1d
o 1L
I
19

Ph

R
3d B3%
o (8]
=
S0 Ph
2a
JIe 53%
o]
WH‘
2a
o]

31 65%

Pd/hvy Rj/
R=l +CO + = ERN

R = alkyl E' = aryl, alkyl, TMS

hv (Xe, Pyrex)
C\/\ Pd cat. (5 mol %) C\/\“/}/R
& C,D + = R
! EsN, 20 h

o
1a 2a R=Ph 3a R=Ph
2b H=H'CEH1:]_ 3b R= l‘I-BﬁHﬂ,

Fusano, A., Fukuyama, T., Nishitani, S., Inouye, T., Ryu, |., Org. Lett.,
2010, 12, 2410.

! Ph’-\)\l

8
@
10

11

12°

13

ol
Dol
ok

1e

2b

2b

Ph
U
dg 65%

4]
O\]/ph
3h 57%
0
Ph
==
3 T4
4]

Phi
Eg\g% I

WCDHW
Ik TO%

o
K="
O 3 76%

2c 3m 58%

R = Me.Si o



Palladium Free-Cu(l) Catalyzed

H
: : A
| ’u“m b e  CuIC22(26mok%) 1 J\ ED c| In]
R ] u—
| S Eee ORI 0 7o
Table 3. Comparison of Different Catalytic Systems for the Coupling Reaction of Benzoyl Chloride (1a) L\,H
" L
with Phenylacetylene (2a) CullC22 Cat.
Entry Catalyst Conditions Time [h] Yield *) [%] Ref.
1 Pd(OAcC), Neal, r.L, Ar 0.17 93 [10c]
2 Pd(OAc), Toluene, 110¢ 1 70 [16]
Palladacycle Toluene, 110¢ 1 75 [16]
3 PdCly( PPh, )/Cul H,0, 65° 4 098 [11a]
4 PdCly( PPh,)/Cul THE, r.t. 0.17 96 [11h]
5 NS-MCM-41-Pd/Cul ELN, 50°, N, 36 93 [17]
fi Cul Neat, r.t., Ar 30 78 [14a]
7 Cul/C22 Neal, 60° 0.5 93 )

) Yield of isolated product. *) This work.

13 1k 4MeO-CH, 2Zb Bu 3m 3 35
14 la Ph 2c Hexyl 3m 3.3 a2

) Reaction conditions: 1.0 mmol of 2, 1.4 mmol of 1, 1.2 mmol of EGN, 60°, acrobic condition. ™) Yields
of isolated products.

Mohammadi, E., Movassagh, B., Navidi, M., Helvetica Chimica Acta, 2014, 97, 70.
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Lewis Acid Catalysis-
Organotrifluoroborate Salts

0 BCly a
R1JJ\C| + R —=—BFK — . 1

CH,Cls R'
i, 30 min R?

LPLMLLPLD B0 DL LRERTE FLEC,

N o R 0
N . S TN NG
—_— || o H1 |H|____,.|l" g & Hi‘
1
Re " CI"E;'EI BCl

L ﬁ\ﬂi!__@"lgl

1)
pathC R “Cl---B-CI ”.ﬁ_rfal?

Taylor, C., Bolshan, Y., Org. Lett., 2014, 16, 488.




Oxidative Methods

*Chromium first found to oxidize alkynes (Harsh!)

/\/\/ DCM, rt _ /\/K/
OR

A: 15 equiv CrOz(pyr),

=Williams found more mild cd

“More recently, rhodium in ti

A%\_/
2

[Rha{caphs] (1 mol2o) O
T-HYDRO™ (5 equiv)

CICH,CH,CI 3
40°C

BE % conversion after 10 hours

[Rhzicap),] (1 mol%) o

N

: ® (5 equi
/\%\/ THYDRO® (5 equiv /\/’\/
2

HxO 3
40 °C

89 % conversion aftar 1 hour

1 Rhsicap),

R

~~ "R 5equiv T-HYDRO, /R'
H,0 25-40°C R

R=H, alkyl, Ph, TMS
R'= alkyl
T-HYDRO: 70% w/w aq tBuOOH

42-80%

Shaw, J.E., Sherry, J.J.,
Tetrahedron Lett., 1971, 4379.

Li, P., Fong, W.M., Chao, L.C.F,, Fung, S.H.C,,
Williams, 1.D., J. Org. Chem., 2001, 66, 4087.

McLaughlin, E.C., Doyle, M.P,,
J. Org. Chem., 2008, 73, 4317.



Oxidative Methods-Oxidative C-C Bond
Cleavage of Aldehydes

1 00 el oy el b
TP§—=——0 10 mols AwCly, 20 moi': 3d j\%\
R

g, 40 °C, 10 hr
() 2

H
i ={— dard condtion:
s t-Bu stan 0 s j\(.)\‘_au ....u..- NR
H + (6] H ~TiPg
Bn Bn
1a

3a", 50%

r?—=—ms
1 H
, ; j\l pyrroiiding o AL N TIPS
no oxidation H - J-L.‘F_z,' TIPS /Lﬁ/ﬁ/
AuCl oF AuCly H H
< NR ‘ é R |
‘ Fo]
™R A
lw]
?—=—11=a
¢
A
|
e

wioAu .
pyrroldlm [ ) = ’
b i(%ws Y s
CoCl 7z
3 HV \ TIPS
AuCly
Bni

Bn

~ _
A. quantitative 2a82% TIPS

100 mat% pyrrolidine e

"m

= 10 moi% AuCly, 20 mol% 3d
&0 150, ballon, E1;0. 40°C, 10 hr enj\ TIFS
TIPS -TIFS Q §

2a.%p =-mps ' 9
. 65% 8—_— *2 o [“mu.ﬂ
- JL
]

N H
100 Mo pymokding p"/\[(§° in C—l'

TIPS~ e %0 mol% AuCly, 20 moi% 3, O3 . Y 4
dq 5 Deqg TEMPO )L
H N Q" "mes 9 o
& ERO, 40 °C 10 N ?___TH TIPS =TI
1a 2667 %
I',;::_l

TIPS
X H .
8n

aa e % wE HE % Wang, Z.; Li, L.; Huang, Y.; . Am. Chem. Soc. 2014, 136, 12233.




“Green” Methods-Recyclable Copper
Nanoparticles

O
= .
o \@ Cu-nps/silica gel G =
1a 29 3 equiv. TEA, neat 3a C
10 mmaol B6% vyield )
82

15 mmaol
1 Cu-nps (5) Toluene TEA (3)
2 Cu-nps (5) DCM TEA (3) 12
3 Cu-nps (51 MeCN TEA (3] 49
First run Second run Third run
Entry Supporter yield” (%) yield” (%) yield” (%)
1 7-AL O, 89 83 78
2 Silicagel 95 90 84
3¢ Silica gel 92 88 85

“Reaction conditions: alkyne (0.5 mmol), acyl chloride (1.5 equiv.),
Et;N (3 equiv.), 40 °C overnight, supported Cu-nps (1 mol%). ”Yield
determined by GC using dimethyl phthalate as an internal standard.
“Reaction in the 2 mmol scale.

20 Cu-nps/silica gel (1)  Free TEA (3) 95

Sun, W., Wang, Y., Wu, X,, Yao, X.,
Green Chem., 2013, 15, 2356.
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Applications of Ynones

=Cyclization Methodologies

=Use in Total Synthesis (Generally through Cyclizations)

=Others Applications




Furan Formation

“First reported with palladium in 1986

R2 H ,
Cu(l R
H1§%g0 U{:I H‘ )\”/ .
EtzN-DMA \I_r’ O
H H
3 5

Sheng, H., Lin, S., Huang, Y.Z., Tetrahedron Letters, 1986, 27,
4893.

Kel’in, A., Gevorgyan, V., Journal of Organic Chemistry, 2002,
67, 95.




Bicyclic Alkenes to Furans

[8]
P3(Smol %) 3
o . 2 R W
,0\ # .JI'.,_ p-MEDGﬁH;CGQH
PhEP—Pd (1.5 equiv) (0.5 equiv)
- 1 2 CICH,CH,CI, 1t 3g, 84% 30 81%
X=0,CH;
O Fh Ph e ] Ph
P3 4 Mo OCH, £MoCaH,
MeO
3b, 61% 3, 74% 31, 36%
}mcm 3CICqHy Ph h h
T ¢ A0 A
L
3d, 82% a, T1% ;. 79% 3m, 38% 30, BO% 3p, 47%

Ge, G-C,, Mo, D-L., Ding, C-H., Dai, L-X., Hou,
X-L., Org. Lett., 2012, 14, 5756.
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Asymmetric Synthesis of
Dihydropyranones RN e cr.cron

1) CuOR/(R)-DTBM-Segphos

0]

2 {x mol %), ROH (5 - 200 mol %)
o ? RS THF, -30 to —60 °C RS
H R2 = ‘:-'“ |
R2 * R ) AgOTI (10 mol %) A N0~ “R?
R Jﬁn * = = | R'CHO 1 CHCl, 100 °C or RT
3
1 9 R R g R Entry Aldehyde: Ynone: x Cond Prod. Yield ee
R' R, R [%6]" [%]
M M2 =
underlying concept: M, M* = soft metal 1 iPr(la) Et, H (2a) 5 AH  4aa 81 88
o N 1,F' 21&1 cHex (1b) Et, H (2a) 5 AH 4ba 75 88
R P P. P 4 selective M )* 3 tBu (1¢) Et, H (2a) 3 A 4ca 88 93
o} \M1 >* \:MI E}m}“zaﬁgn ~p 4 Ph(CH,), (1d)  Et, H (2a) 3 AH 4da 55 75
H S pP =R o0 — 5  tBu(lc) Ph, H (2b) 3 Af 4cb 65 95
S H — ROH = 6  tBu(lc) (CH,),OH, H 3 AF 4cc 73 93
R2 R? :\:} R2 R2 (2¢)
R2 R3 j 7 Ph (1e) Et, H (2a) 5 B 4ea 99 91
o 8 Ph(le) Me,H(2d) 5 B 4ed 94 90
H » 0 M2 9 2-naph (11) Et, H (2a) 5 B 4fa 89 83
R<.* !
Hi’&g = R3 R2. = ks
_— : =_.—»3 10 | 1 Et H(2a) 5 B"  4ga 75 83
FI.1 * D""M1‘-.P F|3 .I«\’I
1
L] aemon RO b
I * H o n \©’1n Et, H (2a) 3 Bo 4ha 56 87
b) stabilization of metal aldolate c) electrophilic activation

Shi, S-L., Kanai, M., Shibasaki, M., Angew. Chem., Int. Ed., 2012, 51, 3932.




DMAP-Promoted Formation of THX

“Tetrahydroxanthones are xanthone derivatives that have proved difficult to synthesize, but show
interesting biological properties

O OH
0 O OH 0 A
R oHC 1 DMAP = CHO 0
S (30 mol %) DMAP |
x> U - I | R < M (30 mol %) 0
OH 4o, CHiClh 0" G 0 < Ve OcH,82b (5
OCH; 4,0 o OCH;  OBn OCH;  OBn OH CHoCly, 1t 0
JL da-t ({ = trans); 4a-¢ (c = cis) 5a OCH4 = OHC
8] O GﬁHal: Nﬂz}z Tab |
1
2)Ar-cocl R . a, R = Br, 89% conv, 43% yield (8:9 = 2.4:1) 0
. J+*52c (2 b, R = H, 80% conv, 82% yield (89 = 8:1) ~ (cpy,9 ab
NEt; o]
OCH;  OBn
6 a-c

a) R = H, 65% of 6a-f, 6a-c (2.4:1); 10% of 5a
b) R = Br, 39% of 6b-i, Gb-c (2.3:1); 14% of 5b
c) R = CCH, 59% of 6¢-1, 6e-¢ (2.4:1); 14% of 5¢

Castillo-Contreras, E.B., Dake, G.R., Org. Lett., 2014, 16, 1642.



1,3 Transposition With Gold

£o3, R

¢ R (AR PAUC 5 i) « AGBE, (5 molos) ¢ -
DCE i, 2h @ =—an
o] Q
s Ar= (2 A-di-terfbutylphanyl) &
Yield Yiel
entry 5 6 o8 entry 5 6 o

E
(a]

Ohde
cl Oble

2 qx/\" sb 6b 90 11 (I//@ sk % 6k 81

Q o Q

Ph
Ph

6¢ 12 Q/@ 51 %@ 61 91

o o

R=H, 89

6d:5d=38:62" @,\Eﬁ;}v\ Sike;
I{-Me R=Me, 91 13 Sm 6m 91

g;l 4]
- M., Gevorgyan, 6d’ only _

R=H

=
3q%5¢%
Q\D



1,3 Transposition With Gold

6n 92

60 8%

6r 9C

- = x] m
| I o o o o
o
=
=
o =]
Cad

Shiroodi, R.K., Soltani, M., Gevorgyan,
V., J. Am. Chem. Soc., 2014, 136, 9882.



Pyrrolin-4-ones

=Uriac showed gold catalysis could allow for quick synthesis under mild conditions

iPr Cat. (10mol%) h
ﬁ& iPr Ph

THF
NHBoc Ph Various EIDC \ph
1a Conditions 2a
2a
— entry catalyst base (2 equiv) temp (°C) time (h) yield (%) e (%)" eOH
entr v
i AuCl rt I 96 0 16h
I 2 AuCl K,CO, rt 1 90 60
2 3 AuCl DBP* rt 1 85 70
3 4 AuCl amylene rt 1 82 10
4 5 PPh;AuCl AgShF, rt 1 90 10 .
5 6 Aus05 rt 48 91 82 Ph
6 7 Aus0; 60 1.5 95 99
a8 Au(OH); rt 5 nr 3
iHp 9 Au(OH), 60 24 80 99 8
— 10 Au(OAc); rt 5 nr
11 Au(OAc); 60 24 42 25

“ Determined by chiral HPLC. * 2,6-Di-tert-butylpyridine. “ No reaction.

9] HO
jm'?}\Ph - ;Pr/@‘\ph I — ,-p,u--z:")kph Gouault, N., Le Roch, M., Cornee, C., David,
Boc Boc

| M., Uriac, P., J. Org. Chem., 2009, 74, 5614.




Enantiopure Pyrrolidine from y-Amino-
ynones

7
CH;-O % 4a: R~ (CI1),CI1,
’ \[r“ N AR Ph
0 Bac 4l -H

Entry Conditions 3a/da 3b/4b 3e/de

1 CH,Cl/CH;OH 9:1. 12 h, r.L. 10000 n.d 2l n.d.l2l

2 CH;S03H (0.2 equiv.), CH,Cly, 4 h, r.t. 80:20 70:0 0:901b]

3 CH;80:H (0.8 equiv.), CH;Cl;, 4 h, r.t. 55:10 15:0 0-00lb]

4 CH;50;H (0.8 equiv.), CH,Cl,/CH;OH %1, 4 h, r.1. 090 (85 0:50

] CH;50;H (0.8 equiv.), CH;OH, 4 h, r.t. 090 0:90 05

6 CH;S03H (0.8 equiv.), CH,Cly, H,0 (50 pL), 4 h, r.t. 95:0 100:0 90:5

T CH;® n.d.lal

8 Cam e ) 7~H n.d.lal

O H e 0 \® O  o-cH
[a] n.d: not done C H CTI-IIE:-TIJH' C 0-CHs _ . 0—{::;1
{ 2} f‘0~CH3 el { 2} . CH,OH (%, 3
- Eq. 2 -t - - H
Jac O Boc 8 Boc 0 Boc
: .
e N\
CHACl, ®
o gH ) @g‘ H B
Mever-Schuster < CHANL - _
CH;]"D\W‘H N — [Rﬁanﬂﬂgmunm i 48-':] GHE'D\"\H'Q;{:I CHy
v O EI;.:,.; R o écc VIl R Vu, H-D., Renault, J., Roisnel, T., Gouault, N.,
Uriac, P, Eur. J. Org. Chem., 2014, 4506.
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1,3 Dipolar Cycloaddtion to Pyrroles

o AGOAG 20 mol) 2
Y= Rﬂ’*N""‘cozn‘-‘ PP (40 molie) 3
R THF, 4A MS | Yoo
-40°C R? N
1 2 3
Entry R RYR vield® (%) ¢ (h)

1 CgH; (1a) 4-CIC;H,/Me (2a) 73 0
2 4-CICgH, (1h) 4-CIC,H,/Me (2a) 63 20
3 4-NOyCeH, (1€) 4-ClC H,/Me (2a) 71 20
4 3-BrCgH, (1d) 4-CIC,H,/Me (2a) 69 20
5 2-FCH, (1e) 4-CIC H,/Me (2a) 67 20
6 2-MeCgH, (1f) 4-CIC H,/Me (2a) 62 48
7 2,4-MeCgH, (1g)  4-CICH,/Me (2a) 53 48
8 4MeOCH, (1h)  4-CICH,/Me (2a) 80 48
9¢ 4-MeOCgH, (1h)  4-CICGH,/Me (2a) 51 48
10 4-MeCgH, (1) 4-CICH,/Me (2a) 65 48
1 2-Furyl (1j) 4-CICgH,/Me (2a) 68 20
12 CgHs (1a) 4-CICeH,/Et (2b) 69 12
13 CgH; (1a) 4-CICgH,/t-Bu (2¢) 69 12
14 CgHs (1a) CeHs/Me (2d) 82 20
15° CgH; (1a) CgHs/Me (2d) 61 20
16 CeHs (1a) 4-BrCgHy/Me (2¢) 79 20
17 CeHs (1a) 2-CICgH,/Me (2f) 89 20
18° CgH; (1a) 2-CICH,/Me (2f) 79 20
19 CgH; (1a) 3-BrCsHy/Me (2g) 72 20
20 CgH; (1a) 4-MeC.H,/Me (2h) 76 30
21 CgH; (1a) 2-MeCH,/Me (2i) 82 30
22° CgH; (1a) 2-MeC H,/Me (2) 63 30
23 CgH; (1a) Cy/Me (2j) 31 30

# Conditions: AgOAc (20 mol%), PPh, (40 mol%), THF, 4 A MS, —40 °C.
b Isolated yields. © 10 mol% AgOAc and 20 mol% PPh; were used.

Wang, Z., Shi, Y., Luo, X., Han, D-M., Deng, W-P,,
New J. Chem., 2013, 37, 1742.



Metal-Free Synthesis Pyrroles

3
Ph R2 1 AN
R —) = R H
N KPOs(1eq) || N o @/\NH2+ KPOs(1eq) N7_R.,
A R . Ya /I 1)yomso, rT, air, 2h v
1)DMSO, RT, air, 2 h — 2) 140°C, N3, 12 h ¥
Ph  2)140°C, Nz 12 h PH R - e R

2a-2) 3a 4aa-4ja 2a 3b-3p 4ab-4ap

Entry 2 R' R a Yield” (9%) Entry 3 R R’ a4 Yield® (%)
1 2a H H daa 88 1 3b  2-MeC H,- Ph 4ab 89
2 2b H 4-Me dba 82 2 3¢ 4-MeCgH,- Ph dac 86
3 2 H 2-Me aca 84 3 3d  3-MeOCH,- Ph dad 82
1 2d H 1-OMe ada 75 4 e 4-4BuCgH,- Ph dae 81
5 2e H 4-{Bu dea a1 5 3f  4-CICgH,- Ph daf 64
6 2f H 4-Cl afa 85 6 3g  4-FCgH,- Ph dag 85
7 2g " 4-CF, 1ga 79 7 3h Thiophen-2- Ph 4ah 87
] 2h H 3,4-OMe 4ha 82 8 3i  Cyclohexyl- Ph dai 91
9 2i Me 51 dia 91 9 3j Isopropyl- Ph daj 40
10 2j nBu H 4ja 55° 10 3k Ph 4-MeCgHy  dak 88
11 31 ph 3MeCH,- 4al 81
“ Reaction conditions: benzylamines 2a-2j (1 mmol), 1,3-diphenylprop- 12 3m Ph 2-MeCgH,-  4am 49
2-yn-1-one 3a (1 mmﬂl]LKaPﬂ‘, (1 mmol) and DMSO (2.0 mL) at a 140 °C 13 in Ph 4+-MeOCgH,- 4an 83
under N atmosphere. © Isolated yields based on 1,3-diphenylprop-2-yn- 14 30 Ph 4-CICH ;- da0 70
1-one 3a. " 80% yield was obtained from the corresponding N-nbutyl 15 3p Ph A-FCH,- dap 82
enaminone, 16 3q Ph nBu dJaq 74
17 3r Ph tBu dar 70

) “ Reaction conditions: benzylamine 2a (1 mmol), ynone 3 (1 mmol),
Shen, J., Cheng, G., Cui, X., Chem. Commun., 2013, 49, 10641. K;PO, (1 mmol), DMSO (2.0 mL) at 140 “C under N, atmosphere.
? Isolated yields based on ynone 3.




[4+2] With Cyclic N-Sulfimines

QP o QP o R
% ¥ 0 R
R,@) toluene, 20 °C f’j F{'—f@’/‘ R2°7 toluene, 20 °C @ o
T 9 e 75 24-30 h RES
2 3 2 5 6
entry  R! R? 4  yield® (%) dr* ee? (%) entry R! R? 6 yield® (%) ee (%)
1 H CeH; 4a 80 >19:1 97 1 H CeH; 6a 80 91
2 H 4-MeCegH,  4b 81 191 94 2 7-MeO CeHs 6b 70 90
3 H 4-MeOCgH, 4e 75 191 95 3 6-Cl CeHs 6¢c 64 87
4 H 4-C1CgH 4d 85 191 92 4 6-MeO CeHs 6d 65 90
5 H 4-BrCgH, 4e 80 19:1 91 5 6,8-tBu CeHs 6e 60 87
6 H 4-CF,CgH,  4f 70 181 94 6 H Et 6f 65 94
! i ATCH, g 3 1oL 92 “ General conditions: cyclic N-sulfonylimines 2 (0.1 1) 5
5 H SMGH, b B 191 85 e e T b o
o H 3-MeOCeH,  4i 81 191 92 toluene at 20 °C for 24—30 h. *Isolated yield. ¢ Determined by chiral
10 H 3-ClCgH 4 4j 85 >19:1 97 HPLC analysis.
11 H 3-BrCsH, 4k 82 >19:1 97
19¢ H 2-BrCeH, 41 61 18:1 90 Liu, Y., Kang, T-R,, Liu, Q-Z., Chen, L-M., Wang, Y-C., Liu, J.,

Xie, Y-M,, Yang, J-L., He, L., Org. Lett., 2013, 15, 6090.




1,3 Cycloaddition With Ohira-Bestmann

Hrﬁhﬂag ! N Hb:iTrﬁﬁumg
=

R'= alkylfaryl
th=ar_||rl.l"l'h|5

KOH (1 g)

M=OH
rt

timea: 10 min
yiald: 79 - 90 %

: Q. .omMe
R ~0OMe

R1=alkylaryl
R? = anyl/H

S

R1

=4
g

1
2
3
4
5
6
7
8
9

q
L -OMe
Me' OMe

Nz
2

KOH
MeOH

@fP“DME

[




Click Chemistry

=35Ik , .
o - ' él 0 1. Sonogashira couplir~ al
A~ G{ | Nséi 2 N 2. Silyl deprotection G Cul, BN, NEt, Q
R _CulMEL | F R1L Cl 3. cuaac " then AgF -
Z THF, r.t. ! e - = TIPS THF M= 'N-"Eﬂ
2a-c 2 One-pot process =N
4c 1c
Entry*®  2a—c (R Acetylene (SiR: Pd =—SiR
v (R) ol (SIRs) Cul. b o Entry Cul (equiv) Temperature Time (h) Triazole 1c (yield, ﬁ{]h
1 2a (4-OMe) TMS ul, base (SiR5 = TMS or TIPS)
3 1 1.0 rt 13 64

2 Zb(4-N0;)  TMS 2 10 60°C 13 92
2 2a ($OMe)  TIFS B ] 3 05 60°C 13 89
4 2a(4-OMe) TIPS O . ‘
5 2a (4-OMe) TIPS 4 0.1 rt 5 a1
6 2Zb (4-ND:) TIPS R1IL = Q‘: F~ source 3 Reaction conditions: 1.0 equiv of ynone 4¢ (1.0 mmol), 1.5 equiv of BnNs, Cul
7 2b (4-NO2) TIPS L SiR, =" (0.1, 0.5 or 1.0 equiv), 3.0 equiv of NEts, and 1.5 equiv of AgF, THF (10 mL/mmol
a8 2b (4-NOs) TIPS ynone 4¢).
9 2c(H) TIPS 3 (SiR; = TMS) b Isolated yield.
10 2¢ (H) TIPS L 4 (SIRy=TIPS) _ ¢ 1,10-Phenanthroline of 0.02 equiv was used as a ligand.
11 2c (H) TIPS 2 “L Do)

Hwang, S., Bae, H., Kim, S., Kim, S., Tetrahedron, 2012, 68, 1460.
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Click Chemistry

i) TIPS=acetylens
PA(PPha),Cly 9
il = ¢l Cul, NEts, THF . R = ,.:: iN'RE
Z ii) Cul. R%-N5 6, ligand = NN
2 then AgF, THF 1
Entry  2(R") 6 (R%) Method A® 1 Method B" 1
(yield, %) (yield, %)
1 H Benzyl 1c(83) 1c (85)
2 4-0Me Benzyl 1a (81) 1a (86)
3 4-NOs Benzyl 1b (GE) 1b (65)
4 4-F Benzyl 1d (84) 1d (83)
o
5 \\S ) ol Benzyl 1e (82) le(84)
B H 4-Methoxybenzyl 16{83) 1£{82)
7 H 4-Nitrobenzyl 12 (82) 12 (80)
8 H n-Ocryl 1h (81) 1h (86)
9 H 2-Thienylmethyl 1i (82) 1i{83)
AcO _Ofc
8]
10 H ﬁm& Na 1j (82) 1j (B5)
DA
11 H Phenyl 1k (79) 1k (78)
12 H 4-Methoxyphenyl 11 {81) 11 {80)
13 H 2,6-Diethylphenyl 1m (84) 1m (84)
14 H 4-Nitro —* —*




1,4 Oxazepines/1,3-Oxazines

)I\UN\G D _ F"dﬂb[Pphﬂi
Cul TEA

THF - 25 °C R=H: 1, 42%
(3 equiv) R = OMe: 1e, 64%
R
- | ,I: {2 equiv)
d | M f 1S PBuy (2.4 equiv) | Ba™ M,
N N.__/ _ 25°C-12h

-~ f‘\
|4 R=H 3K, 42% el

R = 0OMe: 31, 93%

Francois-Endelmond, C., Carlin, T., Thuery, P., Loreau, O., Taran, F., Org. Lett., 2010, 12, 40.
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[3+2] Annulations

PFh;EL
{10 mott)
+ Ri-g
PhCOOH

(30 m%;
CHCy, rt

Q

This work:

DABCO (100 mul-%]_ R
Enirv Rr! Rr2 R th Yield® (o) THF &

FPhg
Ph
{RI-LE o
immm
yiekk: 45%
F’hCﬂﬂH O el 13%

PPhaMe (20 mol-%)
-

— S N LA S L) B e |

cﬁE.T?.”ﬁL. " THE
Ia
1 PIVIGU g, oLl LH;y 2.3 74 qam)
14 pFCH, H CH, 5 81 (3n) :
15 p-FCGH, pCH;  CH, 55 87 (30) 4, 64-87% yields
16 pFCH,  pCl CH, 5 72 (3p)
17 pFCH, o-Cl CH, 5 85 (3q)

Lian, Z., Shi, M., Eur. J. Org. Chem., 2012, 581.
Yang, L., Xie, P, Li, E., Li, X., Hunag, Y., Chen, R., Org. Biomol. Chem., 2012, 10, 7628.
Zhou, Q-F,, Chu, X-P,, Ge, F-F,, Li, C., Lu, T., Mol. Divers., 2013, 17, 563.




3+2] Annulations

PhaP (50 mol%)

CH,CI/EA(9/1),r.t.

Entry R! R2 R3 Product Yield (%)b dr (%)°

1 Ph Ph H 3a 63 =00/1

2 Ph 4-Me—Ph H 3b 43 873

3 Ph 4-MeO—Ph H 3c 36 =001

4 Ph 3,4 — (Me()2-Ph H 3d 17 8O/11

5 Ph 4-F-Ph H 3e 50 B5/15

[ Ph 4-C1-Ph H ar 37 90/10

7 Ph 3-CI-Ph H 3g 35 96/4

8 Ph 2-Cl1-Ph H 3h 61 84016

9 Ph 2-Naphthyl H 3i 19 88/12

10 Ph n-Propyl H A

11 Ph Ph 5-Me 3j 26 910

12 Ph Ph 5-F 3k 38 =09/1

:i :hmm—l’h i iCI ;:n :j ;;?:] , Org. Biomol. Chem., 2012, 10, 7628.
. Divers., 2013, 17, 563.

15 4-F-Ph Ph H 3n 43 91/9

16 H Ph H =

17 Et Ph H _a 39




Amino Enyne Catalysis to Spirooxindoles

Stable TS Model for r-M Reaction  Unstable TS Model for r-M Reaction
via Aminoenyne-catalysis via Aminoenyne-catalysis
[Si-face approach] [Re-face approach]

OMe

0-FCgH,CO,H 4b

Ramachary, D.B., Venkaiah, C., Madhavachary R., Org. Lett. 2013, 15, 3042.



5-Membered Spirooxindoles via Tomita
Zipper

C” (p-FCgH,)sP 3d

m (20 mol %) ( , CN
~N DCE m 2M) /\L
2 MoMm 9 4 vom

T vyield® ¢
entry ynone 1 olefin 2 (h) (%)
1 1b:R?% R'=4-MeCgH,, H 2a: Fg=H 36 65 (4ba)
2 le: R% R = 4-MeOCgH,, H 2a 72 66 (4ca)
3  1d: R% R'=4-MOMOC/H,, H 2a 48 60 (4da)
4 le:R% R'=4-FCiH,, H 2a 24 65 (dea)
5 1f:R% R'=4-CIC;H, H 2a 36 65 (4fa)
67 1g: R% R'=Ph, Me 2a 48 66 (4ga)°
7  1h:R%* R'=Ph, Et 2a 48 78 (4ha)
87  1i: R®, R' = 2-Thiophenyl,H 2a 48 64 (4ia)
9 1j: R% R! = Ph, OMOM 2a 12 60 (4ja)*
10 1la:R% R'=Ph H 2q: Fg = 5-F 24 60 (daq)
11 1a 2r: Fg = 5-CI 48 60 (4ar)
12 1a 2s: Fg = 5-Br 36 60 (4as)
13 1a 2t: Fg=5-1 24 60 (4at)
14 1a 2u: Fg=5,7-Mez 36 80 (4au)

2
T 3aadorde Qh.
| | + (20 mol %) f‘\
I ] P —— “on f J
i N DCE {U 2 M) / ,,f
07 "CHsy Fq
1a 2 P 5 pg
R‘\H R2 R[:} 'BuO,C,_
%’J\: r'*q j{k \r “G*
O
[ﬁ (L =° (/ L
2f-2g MDM 2h-2k Boc 9 21-2p Boc
entry olefin 2 catalyst 3 time (h) yield” (%) dr®<
19 2f: R', R = CO-Et Saor3d 72 40 (4af) —
2¢  2fR', R? = CO,Et Je 72 60 (4af) —
3 2g:R' R®*=CN, CO,Et 3a 24 60 (4ag) 1.3:1
4 2g:R',R?>=CN, CO,Et 3d 36 75 (4ag) 1.3:1
5 2h:R'=Ph Je 72  <10(5ah) —
6 2i:R'=C0.Me 3a 24 50 (5ai) 4:1
7  2j:R'=CO.Et 3a 48 70(5aj) 6:1
8 2j:R'=CO.Et 3d or 3e 72 <10(5aj) —
9 2k:R!'=C05Bu 3a 24 70 (5ak) 6:1
10 21;Fg=5-F 3a 24 60 (5al) 9:1
11 2m: Fg=5-Cl 3a 12 55 (bam) 9:1 ., Krishna,
12 2n:Fg=5-Br 3a 12 50 (5an) 17:1 14
20: Fg=5-1 12 50 (5a0) 17:1

2p: Fg =5,7-Mes

12 50 (5ap) 9:1




Beetle Sex Pheromone

=Synthesized by Nguyen is the early 1980’s

1) nBuLi O 1) Alpine-borane
CeHip—= 2) Cul,'l_il OMe _rt, 7 days .
3) CICOCH,4 Z 2) NaOH, MeOH
CgH17 O reflux
CgH17
Lindlar's Catalyst _ N
= ~o~ O o O

CgH47
(R)-(-)-(Z)-5-tetradecen-4-olide

Midland, M.M., Nguyen, N.H., J. Org. Chem., 1981, 46, 4107.



Synthesis of 5-(Acylethynyl)uracils

=Substituted uracil derivatives can function as enzyme inhibitors

ol
O : 0
Q I 4 R
Q A AN PPhaPC, HN pcc.DCM__ HNT
zZ N A Cul, TEA, DMF Ay
" | 83-92% . .
| ) 6 h
07N
o
(PPh),PdCl,, Cul, NaHCO3, MeCN NaOMe,
MeOH
P-0 OH o
R !
- ol
Very low yielding o
<20% .
R: (<20%) = R
o AN
PMPO
07 N
PMPO
el
R" Ph, CGH4Me'p, CGH4OMe'p, CGH4Me-O
OH
OH

Kundu, N.G.; Chaudhuri, L.N.; J. Chem. Soc. Perkin Trans. 1, 1991, 1677.



Synthesis of 5-(Acylethynyl)uracils

=Substituted uracil derivatives can function as enzyme inhibitors

gt Vﬂﬁ

S—Enz

O O

F"O OH P‘O OH
THF = Tetrahydrofolate
H
H,>N N N
YW\( ]\
HN
N
T
R

Kundu, N.G.; Chaudhuri, L.N.; J. Chem. Soc. Perkin Trans. 1, 1991, 1677.
Kundu, N.G.;Dasgupta, S.K.; J. Chem. Soc. Perkin Trans. 1, 1993, 2657.



Total Synthe5|s of SplrobaC|Hene A

"o ,“ FGI I ”,
o \9/ Sabu®

|
I-i+ l o HJ l |:| 15 OMe
HO N 0 R
) s ) U )
W, (' ‘2;/‘ "yb Q
w LI 2 o Y

Unsworth, W.P., Cuthbertson, J.D., Taylor, R.J.K., Org. Lett., 2013, 15, 3306. R R




Spirobacillene A-Key Step!

0
¢) Pd(PPh3),Cl; Y
V4 a) SnGIQEHED bcM A e, BN 2
Q =—TMS _ \
b}TFﬁ. DCM d) TBAF, THF N
|
Enc 21 c Boc
2 ste 19, 92% (2 st
24, R = Boc, 89% (via a) Pe) (2 steps)
25, R = H, 92% (via b) 0
|

c) NaBH, d) m-CPBA
CeCly 7H20 NaHCO4 f) p-TsOH
DCM, MeOH DCM toluene

0

N 26 62%
Boc (82% BRSM)

28, 42% (2 steps) TFA 29 R = Boc, 80%
(24, 22%) g%m 1, R=H, 82%

Unsworth, W.P., Cuthbertson, J.D., Taylor, R.J.K,,
Org. Lett., 2013, 15, 3306.



Cascade Cyclization Toward Phomactin A

differ
sub

[da

I-Mg-I

Mgl, (1.3 equiv)

Phomactin A

CH,Cl,
0°C,3h

A46%

ratio of 7:8 = 1:1

Mgls (1.3 equiv)

THF
0°Ctort,
60%

24 h

8 (R=H)
2.7:1 ratio of 8a (endo)/ 8b (exo)}
9 (R=p-nitrobenzoyl)
2.4:1 ratio of 9a (endo)/ 9b (exo)

Ciesielski

J., Gandon, V., Frontier, A.J., J. Or

. Chem., 2013, 78, 9541.




Cascade Cyclization Toward Phomactin A

HO
o.. LA
18 (axial) 18 (equatorial) 19 (axial) 19 (equatorial) ~
3 7 3 7

Ciesielski, J., Gandon, V., Frontier, A.J., J. Org. Chem., 2013, 78, 9541.



Synthesis of Xanthofulvin

OH
:—< 30
Me
0o o [PACIla(PPhg)z ]

M tBuQ;C O Cul
Me OMe

i
23 New O O OR ' T
THF, -78 °C 0 Me

MOMO
83% -
Me O
R=Me 33
MaOH, H:O
THF, 23 °C ) BuO,.C O xanthofulvin (1)
B7% “R=H 34 vO e e
| I L.-l'lz'l_.-lz, La |
MDMDJ\’)\DJ 56% MOMO 0
3 32

Axelrod, A., Eliasen, A.M., Chin, M.R., Zlotkowski, K.,
Siegel, D., Angew. Chem., Int. Ed., 2013, 52, 3421.
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Meridianins Syntheses

A

A'R'=0H, R®=H, R*=H, R*=H

B:R'=0H, R®=H, R*=Br, R*=H 5 % [Pd(PPh)sCls] N
C:R'=H, R?=Br,R*=H, R*=H 2% Cul 3 N—NH;
1 ' 2 . o THF Ar S R
D:R'=H, R?=H, R®=Br, RzH .~ W =N
E-R'=OH, R?=H R®=H, R=pr 1+ 2 | NN
F-R'=H, R?=Br, R®=Br, R*=H 2 equiv NEt, h )
: . 1 ) N
GRI=H Ri=H R-H Ri= 1aim O, RT, 481 R S (erdanin )
th jjtz " chionmo 4
meridianins en: 3 2 B (28-56 %
R* TNH Na;CO3, A { }
—M
7 [ “y—NH,
ent carbonylative coupling—cyclocondensation synthesis of 2,4,6-trisub- =N
Pd catalyst o TMS vl iodides Arl 1, alkynes HC=CR® 2, and amidinium salts 7% (see -
284 Cul W\ B¢ (meridianin D)

TMS-acetylene

‘ . ] (78 %)
I —_— N N\ \
AN A~ 1equivNE [ NN H
RO X tamco R X N =N
BoC  THE, RT, 48h Boc
[
4
5 )\ -
N \  6d (variolin analogue)

H (59 %)



Aldol Condensation to
Trocheliophorolide B

0 allyl aleahal, 0 0
} 5 (=, 3FProPhenol (20 mol %) oH [CpRu{MeCN )3)PF,, (6 mol %)
PO)Fh; (40 mol %) ,l% (RFCSA (12 mol %) <
. .
7 MegZn, Toluene, 0°C COOMe THF/acetone, 50 °C
72-78% 4% 2
COOMe §7-08% ee
0
)\%\ ™S
1){S5)-CBS, BH..DMS
10 :
™S THF. 15 min, 0°C o] =
{5, S)FProPhencl o] TT%, Q8:2 dr, 98% ee
{10 mol %) o o
- 2) TBAF, AcOH, THF, 7
Et2Zn (50 mol %), 84%
THF, 4°C, 64% 11 Trocheliopharolide B (1)
S67% oo ll” = -25.9° (EtOH, ¢ = 0.08)

Lit: ol "= -27.6° (E1OH, ¢ = 0.07)

Trost, B.M., Quintard, A., Org. Lett., 2012, 14, 4698.



Cladospolide B-D

TBSO
D AD-mixep
H  r-Buli then )HWDE* 80% wﬂa
/J'L BAn s OH
EH%& - 3 3
G Mal OMe
A

1
[l‘m.'l-ﬂ'
. -TSA WJ\DH

0
Noyori (f
. .
5 7
OH
| I \H/"\
1,3-Diaminopropane_ 0
KH rrect
85% Cladospolide B Cladospolide C cmﬁen madi':pnlideﬂ

oTBS
P m;.';, :,:Ph /?\H’V\’l TFAlED‘% TFAL?B%

10 Ts . d—pg oH
o

] 4,5-bis-epi-
Cladospolide C Gladoc-golida B

Xing, Y., O’Doherty, G.A., Org. Lett., 2009, 11, 1107.




Other Applications-Stereodefined
Trisubstituted Olefin Synthesis

~u FI s WY

/ia- O | Q0

5°C Hh.fi\fo — JR
1 - 3 | H\f 4

B BEZ
Rn QO 0 H‘I
y MeOH
R—x0-B — OH
=~~0 R
u 5 | 2
R"= RC=C Kabalka, G.\W., Yu, S., Li, N., Lipprandt, U.,

Tetrahedron Lett., 1999, 40, 37.



Enantioselective Reduction

=Direct formation of chiral propargylic aIcohoIs

Fh, "hlﬂa

A = 'D Hg No E‘ H-""B\b C:Hyy HO H

EH..-' 5'”9; ph

o
C:H 0-B—n — /(cn
/L Hn Catecholborane | % X ) =z Gt

Pr,S| ‘s 78°C sispr, 7 28
57% ee, 98% vyield Ph
H Ph Ph o Y Lpn
1 Cﬁ * HO, H Neg® 3 Ho, M
I-B:\I’.Simes i._ »CEH.I‘ 1""'F‘“ /CEH‘I‘
H - — o 2
R’ Z catecholborane® R / ctte FPraSi 1a catecholborane FProS] 2a
-78°C “78°C 91-98% yleld
entry R’ ee (in %) (er)? yield (%) eeb (in %) (er)
[ .
]E; SII;I 3(CH)3CH: g§ J E’E 41}1) ?3 0 entry R"a CH:Cl toluene
¢ Me3S1 87¢(14:1) 92 a CH;S1Me; 97 (66:1) 95 (39:1)
d i-Pr3Si 96/ (49:1) 95 b n-Bu 92 (24:1) 72 (6:1)
c Me 60 (4:1) 46 (1:3)°

Helal, C.J., Magriotis, P.A., Corey, E.J., J. Am. Chem. Soc., 1996, 118, 10938.



Decarbonylation!

*Mueller demonstrated stoichiometric reaction

o

1 @m%@lﬂ@ﬁﬁ’ﬁbggi P - .
N h
Ph A o Rylenes, reflux Ph
= 8% 78%

Muller, E., Tetrahedron Letters, 1969, 1129.
Mueller, E. Justus Liebigs Ann. Chem.1973, 9, 1583.

*QOur group has made the transformation catalytic

0
2,5 mo|% [Rh i
o el _
Z N 1 phi—>pr— ™"
Ph™ Ph™ " JLh (0.1M), 150°C, 48 h —
P

h 91%91%

Dermenci, A., Whittaker, R.E., Dong, G. Organic
Letters, 2013, 15, 2242.



Conclusions

“Ynones have a rich history
= Have been synthesized in a variety of ways

= Mostly through carbonylative Songashira or metal acetylide addition

*Ynones are prime candidates for a variety of cyclization reactions

= This makes them interesting starting materials and intermediates for both natural product synthesis and
methodology

= Very popular motifs in the literature



Thanks!

Any questions or comments?




0]
/\/\ 1 mol% [Rhy(cap),] /J\/\
Ph 7 5 equiv T-HYDRO Ph -

1) H,0, 40°C, 2h 80%

! O
5 mol% PdCly(PPhy),
=0 w2
. aq 3
THF, rt, 20h OMe
OMe 87%

o 5 mol% AuCI(POAr)3 O
5 mol% AgBF,
g7z X . P
Z S DCE, rt, 2 h 7
TIPS 4

TIPS
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hv, TEA

o
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Pa(0) 7 hv
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Pd
%.,_H
PAIN = = Pa{){COWLy F
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: MethP [1,3]-H shift
PPh,Me
Ph2Ma MaPhEP




