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1. Introduction ketones has also received greater attention inntegears.
Alternatively, radical hydroacylatiGrthrough generation of acyl
F8dical from aldehydes also has the potential toobre an
attractive atom economical method for the synthesiketones
(Scheme 1). However, this approach has been lesstigatd
due to the instability of acyl radical derived frobranched
aldehydes under reaction condition. During the couwé our
ongoing projects on the effective use of hypenvaledine(lll)

Research in the last few decades has witnessed
incredible development of new methods for the C-Ghdbo
formation via radical chemistry. Atom economical reaction
between aldehyde and olefin namely hydroacylatiqgoresent
one of the synthetically useful transformationtfoe construction

o
Ay reagents under photolysfs’ we investigated the hydroacylation
reaction of cyclohexanecarboxaldehy2k with ethyl crotonate
M] NHC l'("') 3a or diethyl ethylidenemalonat8b under the influence of
various hypervalent iodine(lll) reagehtas catalyst (Table 1).
j\ )Oi(x j) Thein situ generation of acyl radicals from branched aldebyde
e By R and its subsequent trapping with electrophiles hawe been
| : | This work previously developed to a synthetically useful levEo our
I w delight, catalytic use of DIBa under the irradiation of UV light
o H (365 nm) gave the hydroacylation proddet or 4b in 11% or
RMR" 81% vyield respectively with high selectivity for ket formation
R (4a/5a = 5.8/1 anddb/5b = 22.5/1; entry 1). Only trace amounts

of reaction products were detected in the absenda of black
light under given conditions (entry 2 and 3). Thassults
trongly indicate that the reaction undergoes &ahgpathway,
hereby generating desired acyl raditatsthe reaction mixture.
We also investigated other iodine(lll) catalysib-e (entries
4~7), and found thald gave a satisfactory result (entry 6).
Among the screened iodine(lll) catalysisl shows higher

Scheme 1. Hydroacylation of olefins with aldehydes

of ketones. Metal catalyzed hydroacylafiand N-heterocyclic
carbenes (NHC3Yatalyzed Stetter reaction are most widely use
approach for the addition of aldehydes to olefasheme 1). In
addition, the development of asymmetric metal gatd
hydroacylatiod and chiral N-heterocyclic carbenes (NHCs)
catatyzed asymmetric Stetter reactibrts synthesize chiral
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(@] COX* le) COX*
)]\ 4 cat. 1d
Alkyl 7 TCOX* —————=  Alkyl COox*
R 365 nm, RT
1 R,
2 Tetrahedron x* = chiral auxilia a-chiral ketone
ry

solubility in CH,CN solvent. Evaluation of different solvents Scheme 2. Hypervalent iodine(lll) catalyzed diastereo-

revealed CHCN as best solvent for this reaction.
concentration of the reaction mixture is also @u@r obtaining
the high yield as well as selectivity, and indeed o a more

concentrated CKCN (1.0 M or 1.6 M) solution including catalyst

1d significantly enhanced both the selectivity (6.4id >25/1)

and the yield (>99%) fofa and4b respectively (entries 8 and 9).
Lowering the catalyst loading ofd decelerates the reaction
progress, however high yield was obtained with prodohg

reaction time (entry 10).

Table 1. Hydroacylation of cyclohexanecarboxaldehyde with

ethyl crotonate or diethyl ethylidenemalonate bgpédryalent
iodine(lll) catalyst8

Q CO2Et  1ark (10 mol%) Q COEt
O)L no T %\ R 365 nm W R
Me CH4CN, Ar Me
2a 3a (R = H) RT,12h 4a (R =H)
3b (R' = CO,Et) 4b (R' = CO,EY)
+
R(O)CO._ _OC(O)R| 1a(R=Me) Me
g 1b (R = CFa) COzEt
1c (R=Ph) R
tare| 1d (R =4-t-BuCgHy)
le (R = 3,5-(t-Bu),CgH3 5a (R'=H)
5b (R' = CO,EY)
Entry Catalyst  Yield (%) 4a/5a°  Yield (%)°  4b/5b°
1 la 11 5.8/1 81 22.5/1
2 none trace nd trace nd
3¢ la trace n.d trace nd
4 1b trace ND 31 12.6/1
5 1c 32 3.0/1 67 23.2/1
6 1d 24 4.8/1 83 25/1
7 le trace ND 40 14/1
8¢ 1d 95 5.2/1 99(95) 25/1
9 1d 99(97)' 6.4/1 88 17.4/1
109 1d 95f 6.6/1 99 25/1

%Unless otherwise specifietgaction of2a (0.75 mmol) andBa
(0.5 mmol) was conducted in the presencel L0 mol%) in
CH:CN (0.5 M) with irradiation of UV light X = 365nm).
PDetermined by 'H NMR analysis using 1,1',2,2-
tetrachloroethane as internal stand&Bktermined by'H NMR
analysis of crude mixturéReaction in the darkReaction in 1.0
M CH,CN. ‘Reaction in 1.6 M CKCN. °Reaction performed for
18 h using 5 mol% ofd. "Yield of isolated product.

To further demonstrate the synthetic potentiallo$é approach,
we have become interested in testing the possibifitadding

acyl radical to chiral alkenes for the diastereest@le radical

hydroacylation. Our approach also enables the useanbus

linear and branched aliphatic aldehydes, which hawely been
used with success in either metal catalyzed hydiatog or

NHC-catalyzed Stetter reactich.Herein, we report the first
diastereoselctive radical hydroacylafibnof alkenes with
aliphatic aldehydes for the stereoselective syighe$ chiral

ketones (Scheme 2).

)-8-phenylmenthol,

The selective radical hydroacylation of chiral olefingh

aldehydes.

2. Results and discussion

At the outset, we first investigated the effect ofrahauxiliary
for

the diastereoselctive radical hydroacylation tween
cyclohexanecarboxaldehyd@a with various chiral alkeneSa-h.
Chiral crotyl esters derived from alcohols sucti-gsmenthol, (—
(-)-borneol, (+)-fenchol affodde
hydroacylated product7a-h in good vyield with poor
diastereoslectivity. Crotyl imide8e derived from §)-4-benzyl-2-
oxazolidinone also gave hydroacylated product inl 1:
diastereoselectivity. Interestingly, crotyl ami@e derived from
(R)-(-)-1-phenylethylamine was found to remain unreact
under standard condition (Table 2).

Table 2. Diasteroselective Hydroacylation of chiral craates

and alkylidenemalonat%s

0O R
1d (20 mol%)
CH3CN Me
2a 6a h 365 nm, RT 7a-h

6a 6b 6C
o]
R = ji.l Rl = J‘L.,L Rl =
Y (0] Y (6] O\”d.r'
PN /l\ Ph o]
R2=H 75%(58:42) R2=H 90% (62:38) RZ=H 98% (52:48)

6d
R = =
A =
I
e ) Me
o PH
R®=H 82% (62:38) R2=H 93% (50:50) R

98% (82:18) A 50% (60:40)
Yleld%(dr)b

®The reaction of2a (0.225 mmol) and6 (0.15 mmol) was

conducted in the presence I (20 mol%) in CHCN (2.4 M)

with irradiation by UV light £ = 365nm)."Yield of isolated

product and diastereoselectivity was determined'tyNMR

analysis of crude reaction mixture.

Then we turned our attention to use chiral alkyletealonates as
substrate. Since the crotyl ester derived from 8)-
phenylmentholbb shows higher reactivity and better selectivity
among other chiral auxiliaries, the corresponding
alkylidenemalonaté was synthesized and subjected to standard
reaction condition. To our surprise, diastereossliég of the
reaction increased significantly to 82:18 d.r. affdrded the



corresponding keton&g in high yield. It is worth mentioning
here that with analogous (-)-menthol derived allgriemalonate
6h diastereoselectivity of the hydroacylated proddobpped
drastically to 60:40 and afforded the correspondiaetpne7h in
moderate yield. Having identified the best chiratibary for this
reaction, we turned our attention to optimize otheaction
parameter. A series of solvents was screened for
diastereoselective radical hydroacylation
cyclohexanecarboxaldehy@a and (-)-8-phenylmenthol derived
benzylidenemalonat®b (Table 3).

Table 3. Optimization of reaction conditidn

O * O COX*
" Gox 1d (20 mol%)
H %\COX* —_— COX*
solvent Ph
Ph 365 nm, RT
2a 8b 9b
X* = (-)-8-phenylmenthyloxy
Entry Solvent Time (h)  Yield (%)  d.re
1 CHCN 12 98 82:18
2 CHCl, 12 80 87:13
3 None 16 98 87:13
4 Benzene 12 98 91:9
5 Toluene 18 98 90:10
6 o-Xylene 18 98 90:10
7 CoFs 12 96 90:10
8 CRCsHs 12 92 90:10
9 CH,CN/CH,Cl, 12 91 92:8
10° CH;CN/CHCI, 12 65 87:13

*The reaction of 2a (0.225 mmol) and8b (0.15 mmol) was
conducted in the presence I (20 mol%) in solvent (2.4 M)
with irradiation of UV light { = 365nm)."Determined by*H
NMR analysis using 1,1',2,2'-tetrachloroethane agerimal
standard.°Determined by*H NMR analysis of crude mixture.
Reaction performed with irradiation of visible light= 400nm).

Non-polar solvents afforded hydroacylated producthigh
diastereoselectivity and yield than polar solventsh as CECN
(Table 3, entries 4-7 vs. entry 1). Interestinglyixed solvent

system CHCN/CH,CI, gave the corresponding product in higher

diastereoselectivity (Table 3, entry 9). Slighthyvkered yield and
diastereoselectivity was observed, when the reag@formed
under visible lightX = 400nm) irradiation (Table 3, entry 10).

To demonstrate the scope of the reaction, a sefiglslehydes
were hydroacylated with alken&s providing the corresponding
ketones9 in uniformly good yield and high diastereoseleityiv
(Table 4). When employingp-trifluoromethyl alkylidene-
malonates3a as substratey-trifluoromethylated chiral keton@a
was obtained in moderate yield with 84:16 d.r. In tase on
benzylidenemalonates, introduction of electron-widwdng and
electron-donating susbtituents on the aryl ring8bf did not
affect the vyield and diastereoselectivities (Takle 9c-e).
Introduction of heteroatom into the cyclohexang riri aldehyde
altered the reactivity and stereochemical outcofme reaction
(Table 2,9b vs 9f). The reaction of ethene tricarboxylat®g
with cyclohexanecarboxaldehydea proceeded efficiently to
afford the corresponding ketone8g in good yield and
diastereoselectivity (Table 2). In addition aebranched an@
branched aldehydes, various linear aldehy?les were reacted

the
between

efficiently with benzylidene malanote8b to give the
corresponding ketones9j-n** with excellent yields and
diastereoselectivities.

Table 4. Diasteroselective Hydroacylation of alkylidene-

malonate derivatives with various aliphatic aldesgd
O Ccox*

JO]\ COX* 1d (20 mol%),
2 CH3CN/CH,Cl,,
ROy T Rv/l\cox* TR Cox*
8 365nm, RT R
X* = (-)-8-phenylmenthyloxy 9a-n
O COX* O COX* O COX*
cHex)H)\COX* cHex COX* cHex COX*
CF3 Ph p-CH3-CGH4

9a: 48% (84:16) 9b: 83% (92:8) 9c: 65% (89:11)

O COX* O COXx* O COX*
cHex COX* cHex COX* COX*
p-F-CgHg, p-CI-CGH4 TsN Ph

9d: 91% (88:12) 9e: 65% (89:11) of: 48% (86:14)

0 cox* 0 cox* O cox*
cHex COX* Etj)\/kcox* Wcox*
COO'Bu Et Ph Ph

9g: 90% (82:18) 9h: 82% (90:10)° 9i: 87% (90:10)

O COx*

O COX*
n-Pr)H/kCOX*
Ph

ok: 80% (88:12)

COX*

Et COX* n-Bu COX*

-

O
Ph

9j: 93% (90:10) 9l: 85% (89:11)

O COx* O CcoOox*

n-Pentyl )H/kCOX*

Ph

n-CgHy7 COX*

Ph

9m: 93% (92:8) 9n: 84% (86:14) Yield % (dr)¢

*The reaction of2 (0.225 mmol) and8 (0.15 mmol) was
conducted in the presence {20 mol%) in 1:1 CEHCN/CH,CI,

(2.4 M) with irradiation by UV lightX = 365nm). 4 equivalents
of 2h were used without solvent for 48 fyield of isolated
product and diastereoselectivity was determined'tyNMR

analysis of crude mixture.

The further synthetic utility of the present diastelective
radical hydroacylation was successfully demonstratede short
formal synthesis of (—)-methyleneolactocin (Schemg™**®
which exhibits potent antibacterial and antitumortivétges.
Exposure of ketonem with 0.6 equivalent of LiBhlleads to the
formation of y-butyrolactonel0 which upon subsequent base
hydrolysis with KOH followed by decarboxylation upon
refluxing in toluene affordeg-butyrolactonell in 36% overall
yield. The lactondl can be converted to (-)-methyleneolactocin
in two steps using literature known meth6Y.Though the
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stereoselectivity of the product was slightly desesh y- = triplet, g = quartet, m = multiplet, br = broadnd app =
butyrolactonell was obtained in only three steps from ketoneapparent), and coupling constants (HZE NMR spectra were
9m. It is worth mentioning here that during this tfamsation, recorded on JEOL JNM-ECA500 (125 MHZ) spectrometer with
(-)-8-phenylmenthol was successfully recovered ¥ 8@ld. complete proton decoupling. Chemical shifts wergorteed in
ppm from the residual solvent as an internal stahda

9 cox LIBH, (0.6 equiv.), Photochemical reactions (365 nm) were carried oingugBL-
-Pr COX*  THF,-78°C-rt F30 LED Ilamp (VBL-F30L-U (365)-3W-H28). High
Ph performance liquid chromatography (HPLC) was perfatroe
om (d.r. = 92:8) nPr— 1o Shimadzu 20A instruments using chiral columns. Ttigh-
X* = (=)-8-phenylmenthyloxy L 20 KO on, resolution mass spectra (HRMS) were performed on é@ruk
2. Toluene, 120°C, microTOF. Optical rotations were measured on a JASCG DIP
1000 digital polarimeter. For thin layer chromatagy (TLC)

e analysis throughout this work, Merck precoated TL{2tgs

HoOC, - o
y ref. 16a . @ (silica gel 60 Gk 0.25 mm) were used. The products were
oS0 T 0”0 ~NOH purified by flash column chromatography on neusiica gel
n-Pr : 60N (Kanto Chemical Co. Inc., 40-50mm). Other simple
n-pr 11 36% (3 steps) /'L? 83% ( ! ) mp

(©)-methyleneolactocin (e, = 82.18) chemicals were purchased and used as such.

4.2, General procedurefor theradical hydroacylation

Scheme 3. Formal total synthesis of (—=)-methyleneolactocin. 4.2.1.Bis(1R,2S5R)-5-methyl-2-(2-phenyl propan-2-

Based on the observed stereochemistry, transitada smodels  yl)cyclohexyl)2-((S)-2-Cyclohexyl-2-oxo-1-phenyl ethyl)mal onate
can be proposed as shown in Figure 1. During thécabd (9b)
addition step, the in situ generated acyl radicall wiefer
sterically less congested face of alkenes. Howdéeface of the
alkene is effectively shielded by the phenyl graimpne of the
chiral auxiliary, which would explain the low diasteselectivity

In a reaction tube containing alkylidene malon&ke (0.15
mmol), hypervalent iodine (lll) catalystd (0.03 mmol) and
cyclohexanecarboxaldehyde (0.225 mmol) were mixed in

. . - . CH:CN:CH,Cl, (1:1) (2.4 M) under argon atmosphere. The
ggzﬁ\ﬁg \F,)vrtc]:/?dgsi;%g;éf;r:drgﬁlij:ﬁnrice addition of radical mixture was irrad_iated by UV _Iight (365 nm) with stirgi for 12

h. After completion of reaction, solvent was remouatder
reduced pressure. The diastereoselectivity of raciated

H H products were calculated from 1H NMR spectra of crude
0.0 0.0 products. Purification by flash column chromatodrggeluting
with hexane/ethyl acetate = 20:1 to 4:1) gave tlreesponding

j z O\Dﬁ j’/~/ O\Dﬁ hydroacylated produ@b (91.1 mg, 0.124 mmol, 83% vyieldjr

R~ TR O : = 92:08; [af’, = 137.97 ¢ 1.3, CHCY); 'H NMR (500 MHz,

CDCly) d 7.32-7.07 (15H, m), 4.80 (1H, dt,= 11.0, 4.5 Hz),
JSi-face attack Re-face attack 4.72 (0.08H, m), 4.55 (1H, di,= 11.0, 4.5 Hz), 4.47 (0.92H, 4,
=11.5 Hz), 3.95 (1H, m), 2.43 (1H, m), 2.12 (1H, m941(1H,

o  Ccox* O  COX*
m), 1.78 (2H, m), 1.64-1.45 (6H, m), 1.42-1.05 (24#), 0.97-
R s coxx R s Cx 0.86 (2H, m), 0.82 (3H, d} = 6.5 Hz), 0.67 (1H, m), 0.60 (3H, d,
favoured oo J = 6.5 Hz), 0.52-0.43 (1H, mJiC NMR (125 MHz, CDG))

(data given for major isomer) d 210.4, 168.4, 16T59.6, 150.4,
134.1,129.8, 128.9, 128.1, 126.1, 126.0, 125.5,3,76.6, 76.2,
Figure 1. Proposed transition state model for stereochemical 56.3, 55.4, 50.8, 50.3, 49.9, 41.1, 40.6, 40.36,334.2, 31.5,

X* = (-)-8-phenylmenthol

outcome. 31.3, 31.0, 29.5, 28.8, 28.6, 27.2, 27.1, 26.08,285.4, 25.1,
) 23.1, 21.8, 21.5; IR (neat) 2929, 1739, 1707, 19264 Ccht;
3. Conclusions HRMS (ESI-TOF) Calcd. for GHeNaOs 755.4646 (M +

In summary, we have developed a mild and efficieathmd for Na[), Found: 755.4653 ([M + N3}

the synthesis of chiral ketones via diastereosetectadical 4.2.2. Synthesis of (4S, 59-5-Pentyl-4-phenyldihydrofuran-
hydroacylation  of  (-)-8-phenylmenthol  derived  chira 2(3H)-one (11)

alkylidenemalonates with aldehydes in highly stesésxdive . .

fashion. The reaction proceeds with low catalyst itogdof To a solution of ketoném (0.228 mmol) in dry THF (2 mL)
hypervalent iodine(lll) reagent under UV-light iriadon. Was added a 3.0 M THF solution of LigkKD.1368 mmol, 45.5
Furthermore, the synthetic utility of this transfation has been ML) at —78°C. The reaction mixture was gradually warmed to
demonstrated in the concise formal synthesis of- (_)room_temp_erature within 3 h and contlnueq to steroight. The
reaction mixture was carefully quenched with sataraig NHCI

methyleneolactocin. ! !
solution and extracted with ethyl acetate (3x10 mlje

4, Experimental section combined organic extracts were washed with brine () then
dried over anhydrous MN&O, and concentrated imacuo. The
4.1 General crude compound was purified by flash column chromaphy

on silica gel (eluting with hexane/AcOEt = 5/1) to aiv

Infrared (IR) spectra were recorded on a Thermer8ific di : . b | 10 4 8-ohenvl
Nicolet iS5 spectrometetH NMR spectra were measured on lastereomeric - mixture O.ﬁ{' utyrolactone and c-pheny
menthol, which was subjected to next step withouthtrrt

JEOL JNM-ECA500 (500 MHZ) spectrometer. Chemical shits ™.~ . )
were reported in ppm from tetramethylsilane (in tese of purification. To a solution 010 (0.164 mmol) in EtOH (2 mL)

CDCly) as an internal standard. Data were reported aswsil was tz_added_ atl 3M aquecl)lus Sg';"tio?_ OftKOH (E;OﬁtmLéfm.(l)Ehﬁ
chemical shift, integration, multiplicity (s = sileg, d = doublet, t reaction mixture was aflowed to stir at same tentpesaor )



It was then poured into mixture of 2N HCI and brinduson. 6.
Aqueous layer was then extracted with ethyl acetat&((3nL).

The combined organic extracts were washed with [{@0amL),

then dried over anhydrous pBO, and concentrated imacuo.

The crudeproduct was then dissolved in toluene (3 mL) and
heated to reflux for 3 h. The reaction mixture wasled to room
temperature and concentratediauo. The crude compound was
purified by flash column chromatography on silical ¢eluting

with hexane/AcOEt = 5/1) to givebutyrolactonell (18.2 mg, 7.
0.082 mmol, 36% yield).

Acknowledgments

This work was partially supported by a Grant-in-Aid for
Scientific Research from the MEXT (Japan). The arglextend
their appreciation to the International ScientifiRartnership
Program ISPP at King Saud University for funding thésearch
work through ISPP#0072.

Refer ences and notes

10.

1. (a) Li, C. J.Chem. Rev. 1993, 93, 2023. (b) Anastas, P. T.;
Kirchhoff, M. M. Acc. Chem. Res. 2002, 35, 686. (c) Lindstrom,
U. M. Chem. Rev. 2002, 102, 2751. (d) Rowlands, G. J.
Tetrahedron 2009, 65, 8603. (e) Rowlands, G. Jetrahedron
2010, 66, 1593.

2. Jun, C.-H.: Jo, E.-A.; Park, J.-\ur. J. Org. Chem. 2007, 1869. 1L

(b) Wills, M. C. Chem. Rev. 2010, 110, 725. (c) Leung, J. C.;

Krische, M. JChem. Sci. 2012, 3, 2202. (d) Murphy, S. K.; Dong, 12.

V. M.; Chem. Commun. 2014, 50, 13645. (e) Ghosh, A.; Johnson,
K. F.; Vickerman, K. L.; Walker, J. A.; Stanley, M. Org. Chem.
Front. 2016, 3, 639.

3. For recent reviews see (a) Biju, A. T.; Kuhl, Nlpfus, F.Acc.
Chem. Res. 2011, 44, 1182. (b) Flanigan, D. M.; Romanov-

Michailidis, F.; White, N. A.; Rovis, TChem. Rev. 2015, 115, 13.
14.

9307.

4. For selected examples: (a) Taura, Y.; Tanaka, My, W. M.;
Funakoshi, K.; Sakai, KTetrahedron 1991, 47, 4879; (b) Kundu,
K.; McCullagh, J. V.; Morehead, Jr. A. T. Am. Chem. Soc.

2005, 127, 16042; (c) Stemmler, R. T.; Bolm, @dv. Synth. 15.

Catal. 2007, 349, 1185; (d) Coulter, M. M.; Dornan, P. K.; Dong,
V. M. J. Am. Chem. Soc. 2009, 131, 6932; (e) Shibata, Y.; Tanaka,
K. J. Am. Chem. Soc. 2009, 131, 12552; (f) Hoffman, T. J.;
Carreira, E. M.Angew. Chem. Int. Ed. 2011, 50, 10670; (g)
Ghosh, A.; Stanley, L. MChem. Commun. 2014, 50, 2765; (h)
Yang, J.; YoshikaiJ. Am. Chem. Soc. 2014, 136, 16748; (i) Du,
X-. W.; Ghosh, A.; Stanley, L. MOrg. Lett. 2014, 16, 4036; (j)
Johnson, K. F.; Schmidt, A. C.; Stanley, L. Gtg. Lett. 2015, 17,
4654; (k) Nagamoto, M.; Nishimura, Them Commun. 2015,
51, 13791; () Johnson, K. F.; Schneider, E. A.; Schaher, B.
P.; Ellern, A.; Scanlon, J. D.; Stanley, L. Khem. Eur. J. 2016,
22, 15619; (m) Rastelli, E. J.; Truong, N. T.; Cditdd. M. Org.
Lett. 2016, 18, 5588. (n) Yang, J.; Rérat, A.; Lim, Y. J.; Gosinin
C.; Yoshikai, N.Angew. Chem. Int. Ed. 2017, 56, 2449.

5. For selected examples: (a) Read de Alaniz, J.;, K&riS.; Moore,
J. L,; Rovis, TJ. Org. Chem. 2008, 73, 2033; (b) Enders, D.; Han,
J.; Henseler, AChem. Commun. 2008, 3989; (c) DiRocco, D. A;;

Oberg, K. M.; Dalton, D. M.; Rovis, . Am. Chem. Soc. 2009, 16.

131, 10872; (d) Rong, Z. —Q.; Li, Y.; Yang, G. -Q.; Y,cS. L.
Synlett 2011, 1033; (e) Jousseaume, T.; Wurz, N. E.; Glorius, F
Angew. Chem. Int. Ed. 2011, 50, 1410; (f) Jia, M. —-Q.; Li, Y.;
Rong, Z. —-Q.; You, S. —LOrg. Biomol. Chem. 2011, 9, 2072; (g)
DiRocco, D. A.; Rovis, TJ. Am Chem. Soc. 2011, 133, 10402,
(h) Piel, I.; Steinmetz, M.; Hirano, K.; FrohlicR.; Grimme, S.;
Glorious, F.Angew. Chem. Int. Ed. 2011, 50, 4983; (i) DiRocco,
D. A.; Noey, E. L.; Houk, K. N.; Rovis, TAngew. Chem. Int. Ed.
2012, 51, 2391; (j) Zhao, X.; Ruhl, K. E.; Rovis, Angew. Chem.
Int. Ed. 2012, 51, 12330; (k) Wurz, N. E.; Daniliuc, C. G
Glorius, F.Chem. Eur. J. 2012, 18, 16297; (I) Bao, Y.; Kumagai,
N.; Shibasaki, M.Tetrahedron: Asymmetry 2014, 25, 1401; (m)
Ozboya, K. E.; Rovis, T.Synlett 2014, 25, 2665; (n) Janssen-
Miller, D.; Schedler, M.; Fleige, M.; Daniliuc, G.; Glorius, F.

int

5
(a) Esposti, S.; Dondi, D.; Fagnoni, M.; Albini, Angew.
Chem. Int. Ed. 2007, 46, 2531; (b) Fitzmaurice, R. J.; Ahern, J.
M.; Caddick, S.Org. Biomol. Chem. 2009, 7, 235; (c) Protti, S.;
Ravelli, D.; Fagnoni, M.; Albini, AChem. Commun. 2009, 7351;
(d) Chudasama, V.; Fitzmaurice, R. J.; Ahern, J. G&addick, S.
Chem. Commun. 2010, 46, 133; (e) Chudasama, V.; Fitzmaurice,
R. J.; Caddick, at. Chem. 2010, 2, 592; (f) Ravelli, D.; Zema,
M.; Mella, M.; Fagnoni, M.; Albini, AOrg. Biomol. Chem. 2010,
8, 4158; (g) Moteki, S. A.; Usui, A.; Selvakumar; 3hang, T.;
Maruoka, K.Angew. Chem. Int. Ed. 2014, 53, 11060.
Sakamoto, R.; Inada, T.; Selvakumar, S.; MotekihSMaruoka,
K. Chem. Commun. 2016, 52, 3758.
For recent reviews on hypervalent iodine(lll) chsimyi, see: (a)
Zhdankin, V. V.; Stang, P. £hem. Rev. 2002, 102, 2523; (b)
Topics in Current Chemistry, Vol. 224: Hypervalent lodine
Chemistry: Modern Developments in Organic Synthesis (Ed.:
Wirth, T.), Springer, Berlin, 2003; (c) Tohma, HKita, Y. Adv.
Synth. Catal. 2004, 346, 111; (d) Wirth, TAngew. Chem. Int. Ed.
2005, 44, 3656; () Zhdankin, V. V.; Stang, P.Chem. Rev. 2008,
108, 5299; (f) Ochiai, MSynlett 2009, 159; (g) Dohi, T.; Kita, Y.
Chem. Commun. 2009, 2073; (h) Singh, F. V.; Wirth, TChem.
Asian. J 2014, 9, 950.
Jiang, J.; Ramozzi, R.; Moteki, S. A.; Usui, A.; Meka, K,;
Morokuma, K.J. Org. Chem. 2015, 80, 9264.
(a) C. B. W. Phippen, C. B. W.; A. M. Goldys, A.MC. S. P.
McErlean, C. S. PEur. J. Org. Chem. 2011, 6957; (b) Lakshmi
Reddy, P.; Kumar, K. P.; Satyanarayana, S.; NarefleReddy,
B. V. S. Tetrahedron Lett. 2012, 53, 1546; (c) Prades, A;
Fernandez, M.; Pike, S. D.; Willis, M. C.; Wellgk, S. Angew.
Chem. Int. Ed. 2015, 54, 8520.
Preliminary communication: Selvakumar,
Maruoka, K.Chem. Eur. J. 2016, 22, 6552.
(a) Katagiri, N.; Watanabe, N.; Sakaki, J.; Kav&i, Kaneko, C.
Tetrahedron Lett. 1990, 31, 4633; (b) Yamada, K.; Maekawa, M.;
Akindele, T.; Nakano, M.; Yamamoto, Y.; Tomioka, &.Org.
Chem. 2008, 73, 9535; (c) Yamada, K.; Maekawa, M.; Akindele,
T.; Yamamoto, Y.; Nakano, M.; Tomioka, Ketrahedron 2009,
65, 903.
The diastereoselectivity ddm was reduced to 70:30 after the
purification by the column chromatography on silie.
(a) Park, B. K.; Nakagawa, M.; Hirota, A.; Nakayariva Agric.
Biol. Chem. 1987, 51, 3443; (b) Park, B. K.; Nakagawa, M;
Hirota, A.; Nakayama, MJ. Antibiot. 1988, 41, 751.
Total synthesis of (—)-methyleneolactocin: (a) devedo, M. B.
M.; Murta, M. M.; Greene, A. EJ. Org. Chem. 1992, 57, 4567,
(b) Zhu, G.; Lu, X.Tetrahedron: Asymmetry 1995, 6, 885; (c)
Zhu, G.; Lu, X.J. Org. Chem. 1995, 60, 1087; (d) Takahata, H.;
Uchida, Y.; Momose, TJ. Org. Chem. 1995, 60, 5628; (e) S. D.
Mawson, S. D.; Weavers, R. Tetrahedron 1995, 51, 11257; (f)
Mandal, P. K.; Maiti, G.; Roy, S. Cl. Org. Chem. 1998, 63,
2829; (g) Chandrasekharam, M.; Liu, R. 3SOrg. Chem. 1998,
63, 9122; (h) Braukmdiller, S.; Briickner, Eur. J. Org. Chem.
2006, 2110; (i) Blanc, D.; Madec, J.; Popowyck, F.; Aydl.;
Phansavath, P.; Ratovelomanana-Vidal, V.; GenéB. Adv.
Synth, Catal 2007, 349, 943; (j) Ghosh, M.; Bose, S.; Maity, S.;
Ghosh, STetrahedron Lett. 2009, 50, 7102; (k) Saha, S.; Roy, S.
C. Tetrahedron 2010, 66, 4278; (I) Hodgson, D. M.; Talbot, E. P.
A.; Clark, B. P.Org. Lett. 2011, 13, 2594; (m) Fernandes, R. A;;
Chowdhury, A. K.Tetrahedron: Asymmetry 2011, 22, 1114; (n)
Zeller, M. A.; Riener, M.; Nicewicz, D. AOrg. Lett. 2014, 16,
4810.
Formal total synthesis of (—)-methyleneolactoci; Honda, T.;
Kimura, N.J. Chem. Soc. Chem. Commun. 1994, 77; (b) Vaupel,
A.; Knochel, P.Tetrahedron Lett. 1995, 36, 231; (c) Vaupel, A.;
Knochel, P.J. Org. Chem. 1996, 61, 5743; (d) Ariza, X,;
Fernandez, N.; Garcia, J.; L6pez, M.; Montserrat, Qrtiz, J.
Synthesis 2004, 128; (e) Hajra, S.; Karmakar, A.; Giri, A. K;;
Hazra, S.Tetrahedron Lett. 2008, 49, 3625; (f) Chowdhury, R.;
Ghosh, S. KTetrahedron: Asymmetry 2011, 22, 1895.

S.; Sakamoh;

Supplementary Material

Supplementary data associated with this article @fiound

Click here to remove instruction text...

Angew. Chem. Int. Ed. 2015, 54, 12492.



