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ABSTRACT

The electroreductive intermolecular coupling of raatic ketones and aldehydes with
a,B-unsaturated esters in the presence of TMSCI devadducts agtrimethylsiloxy esters. The
detrimethylsilylation of the adducts with TBAF affted 5-aryl substitutegtbutyrolactones. The
electroreductive coupling ®i-(4-methoxyphenyl)-1-arylmethaneimines with metagtylate in the
presence of TMSCI gave the adducts as methyl 44a({4-methoxyphenyl)amino)butanoates.
The adducts were transformed to 5-aAutyrolactams by cyclization with NaH and subseque
oxidation with CAN. (x)-Norcotinine was preparearh nicotinaldehyde by this method. The
electroreductive coupling of aromatic ketones aluiranes with acrylonitrile in the presence of
TMSCI gave 4-aryl-4-(trimethylsiloxy)butanenitriles and

4-aryl-4-((4-methoxyphenyl)amino)butanenitrilesspectively.

Keywords: Reductive coupling; Electroreduction; #Aatic ketones; Aromatic aldimines;

y-Butyrolactonesy-Butyrolactams



1. Introduction

In 1980, Shono and co-workers reported that thetreleeductive cross-coupling of carbonyl
compounds witho,B-unsaturated esters is a useful method for thehspig ofy-butyrolactoneg.
After that, this type of reaction has also beetiized with Zrf and Smi** as a reducing agent. In
the first electroreductive intermolecular coupfirand the intramolecular coupling subsequently
reported by Little and co-workershe employed carbonyl compounds were unfortundieiiged
to aliphatic ketones and aldehydes. Therefore, atempted the inter- and intramolecular
electroreductive coupling of aromatic carbonyl compds witha,B-unsaturated esters to extend
the scope of the electroreductive coupling. Medleylwe have already reported the preliminary
results of the electroreductive coupling of aromagidimines with a,p-unsaturated estefs.
Thereafter, the Ni-catalyzed reductive couplincatsfimines with activated alkenes was repofted.
This paper prompted us to further investigate tops of the electroreductive coupling of aromatic
aldimines witha,-unsaturated esters. We report in this paper kbetrereductive coupling of
aromatic ketones, aldehydes, and aldimines wiffrunsaturated esters (Scheme 1). From the
resultanty-trimethylsiloxy andy-amino esters (Y = CfMe), the corresponding 5-aryl substituted
y-butyrolactones and lactams were readily providembpectively (+)-Norcotinine could be
synthesized from nicotinaldehyde by this methodh addition, we report that the electroreductive
coupling of aromatic ketones and aldimines with ykmtrile (Y = CN) produced
4-aryl-4-(trimethylsiloxy)butanenitriles  and  4-add((4-methoxyphenyl)amino)butanenitriles

(Scheme 1).
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Scheme 1. Electroreductive coupling of aromatic ketones, aldehydes and aldimines with

a,B-unsaturated estersand acrylonitrile.



2. Results and discussion

2.1. Electroreductive coupling of aromatic ketones and aldehydes with a,3-unsaturated esters
and nitriles.

In the previous repoftthe electroreduction was carried out ipNEDTs/DMF in the presence
of TMSCI. Under these conditions, aromatic ketoaed aldehydes did not give any coupled
product with a,3-unsaturated esters. On the other hand, we haeady reported that the
electroreductive coupling of aromatic ketones witracylimidazoles? aliphatic aldehydes and
ketones? 3-methoxycarbonylindole¥,1-E-crotonyl- and icinnnamoylimidazolidine-2-on€é,and
1,3-dimethyluracil¥® ' were effected in BINCIOJ/THF or BuNPR/THF in the presence of TMSCI.
We therefore applied these conditions to étectroreduction of benzophenoria) with methyl
acrylate ga), and found that methyl 4,4-diphenyl-4-((trimetijgl)oxy)butanoate 3a) was
obtained in almost the same yield (93-95%) undebibth conditions. In addition, Pt, Au, Ag, Zn,
and Pb gave almost the same results as a cathoteriaha Hence, we carried out the
electroreduction of benzophenoné&a-g with a,3-unsaturated ester®a-d (5 or 2 equiv) in
Bu,NCIO4/THF using a Pt cathode, and the results are suin@thin Table 1. The adducts were
obtained as TMS ether8a-g by the reductive coupling ola-g with 2a, and subsequent
detrimethylsilylation of 3a-g with TBAF gave 5,5-diaryl~butyrolactones4a-g (runs 1-7).
Although the adducts3h-v obtained by the reactions witBb-d could not be purified, the
corresponding-butyrolactonegth-v could be isolated after detrimethylsilylation bétcrude3h-v
(runs 8-22).

Similarly to our already reported reactiorthe presence of TMSCI is essential for the present
electroreductive couplings. When the electrorédacof 1la with 2a was carried out in the
absence of TMSCI, 1,1,2,2,-tetraphenylethane-1oPwas obtained as an only product by pinacol
coupling ofla. This catholyte system (BNCIO,/THF) was employed to the electroreduction of

hexanal with2a to compare with the previously reported catholgstem (EANOTS/DMF)! As
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shown in Scheme 2, the correspondyAgutyrolactond was obtained in 33% yield, and dimethyl
adipate ij) was formed as the major product (60% yield) bgrbdimerization oRa. Since it has
been reported that the sapbutyrolactone was obtained in 86% vyiefdthese results show that

EuNOTs/DMF is superior to BINCIOJ/THF as the catholyte for the electroreductive dimgpof
aliphatic aldehydes witBa.

+2e
TMSCI 1M HCI

/\/\/CHO + 2a

(5 mmol) (1 mmoly ~ BUaNCIO,/THF

(Et,NOTs/DMF)
o o0 7 CO,Me

i 33% ii 60%
(86% in ref. 1)

Scheme 2. Electroreduction of hexanal with 2a.



Table 1. Electroreductive coupling of 1a-g with 2a-d and transfor mation to 4a-v®

R2 +2e R1 R1 R2
Ar\”/Ar . R 1\/\ TMSCI Ar \Ty\( COMe TBAF

o) Cone THF Ar 0

TMSO R? Al O
1a-g 2a-d 3a-k 4
(1 mmol) (5 or 2 mmol) . a-v

run 1 Ar,C=0 2 R R 3 %yeld 4 % yield

1 la Ar=Ph 2a° H H 3a 95 da 90

2 b Ar=4-MeOGH, 2a° H H 3b 90 4 85

3 1c  Ar=4-FGH, 2a° H H 3c 86 4c 80

4 1d dibenzosuberone 2a° H H 3d 87 4 69

5 le dibenzosuberenone2a® H H 3e 84 e 71

6 1f  9-fluorenone 22° H H 3f 37 4 32

7 1g xanthone 28 H H 3g 65 49 57

8 la Ar=Ph 2b¢ Me H 4h 58

9 1b Ar=4-MeOGH; 2b° Me H 4 65

10 1c Ar=4-FGH, 2b¢ Me H 4 54

11 1d dibenzosuberone 2b® Me H 4k 37

12 1e dibenzosuberenone2b® Me H 4 38

13 1g xanthone 2b° Me H 4m 30

14 1l1la Ar=Ph 2c¢ H Me 4n 63

15 1d dibenzosuberone 2c* H Me 40 46

16 1g xanthone 2 H Me 4p 51

17 1a Ar=Ph 2d° Ph H 4q 53

18 1b Ar=4-MeOGH, 2d° Ph H 4 25

19 1c Ar=4-FGH, 2d® Ph H 4s 48

20 1d dibenzosuberone 2d° Ph H 4 47

21 1le dibenzosuberenone2d® Ph H 4u 58

22 1g xanthone 2d° Ph H 4y 36

®The electroreduction df (1 mmol) and2 (5 or 2 mmol) in BuNCIO4J/THF using a Pt cathode at a
constant current of 200 mA (200 Elsolated yields based dn°s mmol.%2 mmol.
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The electroreduction dfa with methyl cinnamate®d-h was carried out with the molar ratio
of 1la/2d-h as 2/1, sinc@d-h are more expensive thaa (Table 2). After desilylation of the crude
adduct3q, the yield of4g was improved to 75% (run 1) in comparison to 53&dyof run 17 in
Table 1. As shown in Table 3, aryl alkyl ketoridsn (runs 1-9) and aromatic aldehydbss
(runs 10-14) were employed in place of benzophenbag. The reaction of acetophenoridn)
with 2a gave the producba in 78% yield, and subsequent desilylation ®d afforded
5-phenyl-5methyl+butyrolactone §a) in 96% vyield (run 1). Although the addudéis,c obtained
by the reactions dth with 2b,c could not be purified, the correspondizgutyrolactone$b (63%)
and6c (69%) could be isolated as mixtures of two diasiarers (50:50 dr) after treatment of the
crude 2b,c with TBAF (runs 2 and 3). Other acetophenofiek (runs 4-6) and phenyl alkyl
ketones 1lI-n (runs 7-9) also applicable to the electroreductosupling with 2a, and the
corresponding 5-aryl-5-methytbutyrolactoneséd-f and 5-phenyl-5-alkyy-butyrolactones6g-i
were obtained by desilylation of the addusdsf and5g-i, respectively. Although the yields were
lowered (35-56%), aromatic aldehydé&s-s were reacted witi?a to give 5j-n (runs 10-14).

Desilylation of5j-n produced 5-aryl-butyrolactone$j-n in high yields.

Table 2. Electroreductive coupling of 1awith 2d-h and transformation to 4q,w-z

+2e R!

Ph\n/Ph . Rl TMSCI  TBAF 7&

S ~Co,Me ue Ph o

1a 2d-h al 4q(3v_z
(2 mmol) (1 mmol) ’

run 2 R 4 % yield

1 2d Ph 4q 75

2 2e  4-MeOGH, 4w 71

3 2t 4-FGH,4 4x 73

4 2g 3,4-methylenedioxyphenyl4y 73

5 2h  2-naphthyl 4z 63

%solated yields based éh



Table 3. Electroreductive coupling of 1h-p with 2a-c and transformation to 6a-k

+2e R R' R?
R2

Ar\n/R . R % TMSCI Ar\T)\(C O,Me TBAF

0 COzMe THF R 0

TMSO R? Al O
1h-p 2a R'=R?=H Sak 6ak
(1 mmol) 2b R'=Me, R?=H )
2c R'=H, R?=Me
(5 mmol)

run 1 Ar R 2 5 %yield 6 % yield (dryf
1 l1h Ph Me 2a 5a 78 6a 96
2 lh Ph Me 2b 6b 63(50:50)
3 1h Ph Me 2c 6c 69 (50:50)
4 i 4-MeOGH, Me 2a 5d 63 6d 90
5 1l 4-FGH, Me 2a 5e 85 6e 92
6 1k  2-naphthyl Me 2a 5f 82 6f 96
7 1 Ph Et 2a 59 87 6g 93
8 Im Ph n-Pr 2a 5h 89 6h 91
9 In Ph i-Pr 2a 51 93 61 92
10 1o Ph H 2a 5 49 6 92
11 1p 4-MeOGH;,4 H 2a 5k 56 6k 91
12 1g 4-FGH4 H 2a 5 35 6l 89
13 1r 3,4-methylenedioxyphenylH 2a 5m 50 6m 94
14 1s 2-naphthyl H 2a 5n 45 6n 95

3solated yields based dnIsolated yields based d&n °Diastereomeric ratio.

In the previous repoft,it is presumed that the electroreductive couplmdnitiated by the
electron transfer to methyl acrylat@a), since 2a is more reducible than aliphatic carbonyl
compounds. We measured the cyclic voltammetry (6M)a, 1h, 1l, and2a (3 mM) in 0.03 M
BusNCIO,/DMF on a platinum cathode. The first reductioakseof their CV data showed tHt
(-1.85 V vs SCE)lh (-2.10 V vs SCE), andl (-1.94 V vs SCE) were more reducible tHzm
since the CV data dfa gave no reduction peak from 0 to —2.20 V vs SCEhese results suggest

that the electroreductive coupling of aromatic cafd compoundsla, 1h, and 1l with 2a is



initiated by the electron transfer 1@, 1h, andlly. Hence, the presumed reaction mechanism of
the electroreductive coupling dfa with 2a can be illustrated as Scheme 3. As previously
reported® carbanionA is formed by the two-electron transfera and O-silylation with TMSCI.
The successive nucleophilic 1,4-additionfofo 2a andO-silylation of the resultant enolate aniBn

produce silyl ketene acet@l Finally, the labileC is readily desilylated t8a during workup.

TMSCI Ph.©_Ph 2a Ph Ph
a — > \r Z OMe
OTMS OTMS
A B
+
OTMS +H
TMSCIl | py, Fh _ TMS* Phoh CO,Me
> OMe ’
C 3a

Scheme 3. Presumed reaction mechanism of electroreductive coupling of 1a with 2a.

Next, to expand the scope of the electroreductivapling of aromatic ketones with
a,B-unsaturated carbonyl compounds, acrylonitrilewas employed in place of methyl acryldse
The electroreduction ofa,h with 7 under the same conditions as described abovegalse the
adducts as 4-trimethylsiloxybutanenitrish, although the yields &a,h were moderate (Scheme

4). The desilylation 08a,h by treatment with TBAF afforded-hydroxybutanenitrile9a,h.



+2e

R
TMSCI
Ph\n/R N Ph CN
CN
O OTMS
1a R=Ph 7 8a 55%
1h R=Me (5 mmol) 8h 42%
(1 mmol)
TBAF Ph\T/\/CN
THF OH
9a 95%
9h 96%

Scheme 4. Electroreductive coupling of 1a,h with 7 and desilylation of 8a,h.

The electroreductive intramolecular coupling wfketo-a,B-unsaturated esterfa-c (n =
0~2) were also effected under the same conditialtspugh the four-, five-, and six-membered
cyclized productdla-c were obtained as diastereomeric mixtures (SchgmeThe desilylation of

11a-c with TBAF gavecis-y-butyrolactoned2a-c andtransy-hydroxy esterd3a-c.

O +2e Ph
M s cor M prve
Ph 2 CO,Et
10a (n = 0) 11a 66% (80:20 dr)
10b (n=1) 11b 83% (50:50 dr)
10c (n =2) 11¢c 84% (50:50 dr)
Ph Ph
TBAF o) ~2OH
— O (®‘ CO,Et
THF R
12a 64% 13a 18%
12b 45% 13b 42%
12¢ 36% 13¢c 38%

Scheme 5. Electroreductive intramolecular coupling of 10a-c and desilylation of 11a-c.

Unfortunately, the electroreduction @0d (n = 3) and subsequent desilylation with TBAF
gave complex mixture. From the mixture, simplyueed alcoholii and 4-(trimethylsilyl)phenyl
analog of10d (iv) were isolated, although intramolecularly cougbedductsl2d and13d could not
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be detected (Scheme 6).

0 +2e

TMSClI  TBAF
Ph)K/(/\)q/\/COZEt >

THF

10d (n = 3)
o)

)Oi/(/\ln/\/oo Et N COEL
Ph 2=
™S iv 16%

iii 23%

Scheme 6. Electroreduction of 10d.

2.2. Electroreductive coupling of aromatic aldimines with methyl acrylate and acetonitrile.

In the preliminary repoft, we disclosed that the electroreduction of
N-(4-methoxyphenyl)-1-phenylmethanimine 144) and
1-(4-chlorophenylN-(4-methoxyphenyl)methaniminel4b) with 2a in E4NOTS/DMF in the
presence of TMSCI gave the adddéha and15b in 63% and 65% vyields, respectively (Table 4,
runs 1 and 2). We have also revealed that thetreteductive coupling ofl4a with
N-acetylimidazole gave the adduct in slightly higheids under the conditions in BNCIO/THF
and BuNPR/THF than those in ENOTs/DMF® Although the electroreduction dfla with 2a
was carried out in BINCIO,/THF and BYyNPFR/THF, the yield ofl5a decreased to some extent
(58% and 55%, respectively). Therefore, the ebeettuction of the other aromatic aldimines
14c-j with 2a was performed in ENOTs/DMF and the adduci$c-j were obtained in moderate to
good vyields (Table 4, runs 3-10). The cyclizat@inl5a-j by treatment with NaH in THF gave
5-aryl-N-(4-methoxyphenyl)y-butyrolactamsl6a-j and then thé&l-4-methoxyphenyl group (An) in
16a-j was removed by treatment with CAN in aqueous axtile to give 5-aryly-butyrolactams
17a-j. From 14j (Ar = 3-pyridyl) derived from nicotinaldehyde, ¢aprcotinine L7)) was
synthesized in three steps (run 10). The An gnouthe adductsl5a-h could be removed by
treatment with CAN, and subsequiprotection of the resultant methyl 4-aryl-4-amintfrates

-11 -



with (Boc)O gave methyl 4-aryl-44{{butoxycarbonyl)amino)butyratel8a-h (Table 5). These
procedures provide a convenient method for thehegms ofy-aryl substitutedy-amino acid
(GABA) derivatives.

Similarly, the electroreduction df4a-h with 7 in E4uNOTs/DMF in the presence of TMSCI
afforded 4-aryl-4-((4-methoxyphenyl)amino)butanglds 19a-h (Table 6). The adduct§9a-h
were converted to 4-aryl-4t{butoxycarbonyl)amino)butanenitril@da-h by the same method as

described above.

Table 4. Electroreductive coupling of 14a-j with 2a and transformation to 16a-j and 17a-|

+2e 1) NaH

Arml . ”s TMSCI ArY\/C02Me ITHF N /@o
~An (5 mmol) NHAnN 2) CAN X
14a-j An = 4-MeOCgH, 15a-j 16a-j X =An
(1 mmol) 17a§ X=H
run 14 Ar 15 %yield 16 %yield 17 % yield
1 14a Ph 15a 63 léa 90 17a 78
2 14b 4-CICGiH, 15b 65 16b 86 17b 79
3 1l4c  4-MeOGH4 15c 51 l6c 81 17c 65
4 14d 2-MeOGH4 15d 65 led 90 17d 72
5 1l4e 4-FGH4 15¢e 60 lée 89 17e 70
6 14f  4-NCGHq4 15f 45 lef 80 17f 78
7 14g 1-naphthyl 159 80 16g 86 17g 80
8  14h 2-naphthyl 15h 74 16h 80 17h 72
9 14i  3,4-(MeO)}CgHsz 15i 63 16i 84 17i 63
10 14j  3-pyridyl 15 53 164 80 177 52

3solated yields based dd. “Isolated yields based di%. Isolated yields based di.
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Table 5. Transfor mation of 15a-h to 18a-h

Ar co,Me AN Ar CO,Me
NHAR 2) (Boc),0 NHBoc
15a-h 18a-h
run 15 Ar 18 % yield
1 15a Ph 18a 70
2 15b  4-CICgH4 18b 71
3 15c 4-MeOGH4 18c 58
4 15d 2-MeOGH4 18d 53
5 15¢ 4-FGH4 18e 67
6 15f  4-NCGHq4 18f 63
7 15g 1-naphthyl 189 62
8 15h  2-naphthyl 18h 65

%solated yields based db.

Table 6. Electroreductive coupling of 14a-h with 7 and transformation to 20a-h

Ar

Arﬁl ) el Ar cN 1) CAN
Nean (5 mmol) NHAN 2) (Boc),0
14a-h 19a-h
(1 mmol)
run 14  Ar 19 %yield 20 % yield
1 14a Ph 19a 68 20a 85
2 14b  4-CICsH, 19 63 20b 86
3 l4c  4-MeOGH4 19c 51 20c 81
4 14d 2-MeOGH4 19d 65 20d 90
5 1l4e 4-FGH,4 19e 60 20e 89
6 14f 4-NCGH, 19f 45 20f 80
7 14g 1-naphthyl 199 80 20g 86
8 14h  2-naphthyl 19h 74 20h 80

3solated yields based dd. PIsolated yields based d.

-13 -
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3. Conclusion

The electroreductive intermolecular coupling ofraatic ketoneda-n and aldehyde%o-s with
a,B-unsaturated esteBs-h in the presence of TMSCI in BNCIO,/THF gave the adducts as 5-aryl
substituteditrimethylsiloxy ester8a-z and5a-n. The adduct8a-z and5a-n were transformed to
the corresponding-butyrolactonegla-z and6a-n by treatment with TBAF. The electroreductive
coupling of aromatic ketones la and 1h with acrylonitrile ) afforded
4-(trimethylsiloxy)butanenitrilesBa and 8h. The electroreductive intramolecular coupling of
aromatic ketones witly,3-unsaturated esters was also effected and foues, fand six-membered
cyclized productslla-c were produced fromw-keto-o,3-unsaturated esterHa-c, respectively.
The electroreductive coupling df-(4-methoxyphenyl)-1-arylmethaneimindsla-j with methyl
acrylate Ra) in the presence of TMSClI in MW™OTs/DMF gave methyl
4-aryl-4-((4-methoxyphenyl)amino)butanoatéSa-j. The adductsl5a-j were transformed to
5-aryly-butyrolactams17a-j by cyclization with NaH and subsequeNtdeprotection of the
resultant 5-aryN-(4-methoxyphenyl)-butyrolactamsl16a-j with CAN. (x)-Norcotinine 17))
was prepared from nicotinaldehyde by this methothe electroreductive coupling dfla-h with 7
afforded 4-aryl-4-((4-methoxyphenyl)amino)butangl@s 19a-h. The adductd5a-h and 19a-h
were transformed to methyl 4-aryl-4-((t-butoxycarppamino)butyrates 18a-h  and
4-aryl-4-({-butoxycarbonyl)amino)butanenitrilé€20a-h, respectively, by treatment with CAN and

subsequeni-protection with (Bog)O.

-14 -



4. Experimental section

4.1. General

THF was freshly distilled from sodium benzophen&egyl radical. DMF, TMSCI, and TEA
were distilled from Cabl Column chromatography was performed on silica gefld NMR (500
MHz) and**C NMR (125 MHz) spectra were measured on a JEOL-BO®500 spectrometer with
tetramethylsilane (TMS) as an internal standard. slpectra were recorded on a Shimadzu
IRAffinity-1 infrared spectrometer. HRMS were measiion a Thermo Scientic Exactive FTMS
spectrometer. Melting points were uncorrected. Caump 10a-d were prepared according to the
reported method:
4.2. Typical procedure of electroreductive coupling of 1 with 2

A 0.3 M solution of BYNCIO, in THF (15 mL) was placed in the cathodic chambker
divided cell (40 mL beaker, 3 cm diameter, 6 cnghbi equipped with a platinum cathode (5 X 5
cn?), a platinum anode (2 X 1 énand a ceramic cylindrical diaphragm (1.5 cm diter). A 0.3
M solution of EANOTs in DMF (4 mL) was placed in the anodic chamfieside the diaphragm).
Benzophenonelf) (182 mg, 1.0 mmol), methyl acrylateaj (0.45 mL, 5.0 mmol), TMSCI (0.64
mL, 5.0 mmol), and TEA (0.70 mL, 5.0 mmol) were addo the cathodic chamber. After 300 C (3
F/mol for 1a) of electricity was passed at a constant currér0® mA at 25 °C under nitrogen
atmosphere, the catholyte was evaporated in vadumresidue was dissolved in diethyl ether (20
mL) and insoluble solid was filtered off. After reral of the solvent in vacuo, the residue was
purified by column chromatography on silica gelx@ees-EtOAc) to give3a (325 mg) in 95%
yield.
4.2.1. Methyl 4,4-diphenyl-4-((trimethylsilyl)oxyfanoate 8a): Colorless paste;Rf 0.65
(hexanes-ethyl acetate, 10:1); IR (ATR) 1736chid NMR (CDCk) 8 -0.10 (s, 9H), 2.16-2.20 (m,
2H), 2.64-2.69 (m, 2H), 3.61 (s, 3H), 7.18-7.22 @H), 7.24-7.28 (m, 4H), 7.30-7.33 (m, 4HiC

NMR (CDCL) 1.6 (q), 28.8 (t), 35.9 (t), 51.3 (), 79.8 (s)6IR(d), 127.7 (d), 146.8 (s), 174.1

-15 -



(s); HRMS (ESI) calcd for &H.70sSi (M + H) 343.1729; found 343.1727.

4.2.2. Methyl 4,4-bis(4-methoxyphenyl)-4-((trimétiyl)oxy)butanoate 3b): Colorless pasteRf
0.35 (hexanes-ethyl acetate, 10:1); IR (ATR) 1786%c'H NMR (CDCk) & -0.11 (s, 9H),
2.15-2.20 (m, 2H), 2.57-2.62 (m, 2H), 3.61 (s, 381Y9 (s, 6H), 6.77-6.81 (m, 4H), 7.20-7.24 (m,
4H); *C NMR (CDCE) 8 1.4 (q), 28.7 (1), 36.1 (t), 51.0 (q), 54.7 (q),T%s), 112.7 (d), 127.7 (d),
139.0 (s), 158.1 (s), 174.0 (s); HRMS (ESI) calod €,,;H3:0sSi (M + H) 403.1941; found
403.1938.

4.2.3. Methyl 4,4-bis(4-fluorophenyl)-4-((trimetbiyyl)oxy)butanoate3c): Colorless pasteRf 0.55
(hexanes-ethyl acetate, 10:1); IR (ATR) 1736¢cht! NMR (CDCk) & —-0.09 (s, 9H), 2.14-2.18 (m,
2H), 2.59-2.64 (m, 2H), 3.61 (s, 3H), 6.93-6.99 @hi), 7.24-7.29 (m, 4H)**C NMR (CDCE)
01.5 (q), 28.7 (t), 36.0 (t), 51.3 (q), 79.1 (s)4BL(d,Iccr=21.3 Hz), 128.4 (dJccc=7.5 Hz),
142.5 (SJccce=3.6 Hz), 161.6 (S)c=246.2 Hz), 173.9 (s); HRMS (ESI) calcd fopg825F205Si

(M + H") 379.1541; found 379.1538.

4.2.4. Methyl 3-(5-((trimethylsilyl)oxy)-10,11-ddrp-5H-dibenzo[a,d][7]annulen-5-yl)propanoate
(3d): Colorless pasteRf0.5 (hexanes-ethyl acetate, 10:1); IR (ATR) 1736"clH NMR (CDCL) &
-0.13 (s, 9H), 2.13 (t, 2H]=8.0 Hz), 2.49 (t, 2HJ=8.0 Hz), 2.98-3.13 (m, 4H), 3.57 (s, 3H),
7.04-7.07 (m, 2H), 7.14-7.18 (m, 2H), 7.21-7.25 @Hl), 7.77-7.81 (m, 2H)*C NMR (CDCE)
01.8 (q), 29.5 (t), 35.9 (t), 43.6 (t), 51.2 (q),-B3s), 125.7 (d), 127.1 (d), 129.6 (d), 130.3 (d),
140.2 (s), 143.7 (s), 173.9 (s); HRMS (ESI) calod €,,;H,50:Si (M + H) 369.1886; found
369.1884.

4.2.5. Methyl 3-(5-((trimethylsilyl)oxy)-5H-diberjaa][7]annulen-5-yl)propanoate3g): Colorless
paste;Rf 0.4 (hexanes-ethyl acetate, 10:1); IR (ATR) 1734"cthl NMR (CDCk) 5 0.36 (s, 9H),
1.80-1.85 (M, 2H), 2.36-2.42 (m, 2H), 3.53 (s, 3HP3 (s, 2H), 7.21-7.25 (m, 2H), 7.29-7.33 (m,
2H), 7.36-7.42 (m, 2H), 7.80-7.84 (m, 2HJC NMR (CDC}) 52.8 (q), 29.5 (t), 30.2 (t), 51.2 (q),

81.5 (s), 124.7 (d), 126.2 (d), 128.3 (d), 1289 {81.5 (d), 131.9 (s), 142.0 (s), 173.3 (s); HRMS
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(ESI) calcd for GH,70sSi (M + HY) 367.1729; found 367.1727.

4.2.6. Methyl 3-(9-((trimethylsilyl)oxy)-9H-fluoredryl)propanoate 3f): Colorless pasteRf 0.5
(hexanes-ethyl acetate, 10:1); IR (ATR) 1736¢cit! NMR (CDCk) & -0.36 (s, 9H), 2.04-2.08 (m,
2H), 2.36-2.40 (m, 2H), 3.54 (s, 3H), 7.26-7.30 @hl), 7.34-7.37 (m, 2H), 7.46-7.48 (m, 2H),
7.60-7.62 (m, 2H)**C NMR (CDCk) 3 1.2 (q), 29.1 (t), 37.1 (t), 51.3 (q), 83.1 (s)9HBL(d), 124.3
(d), 127.6 (d), 128.8 (d), 139.5 (s), 148.1 (sB.87s); HRMS (ESI) calcd for gH»503Si (M + H)
341.1573; found 341.1572.

4.2.7. Methyl 3-(9-((trimethylsilyl)oxy)-9H-xanth8ryl)propanoate 3g): Colorless pasteRf 0.5
(hexanes-ethyl acetate, 10:1); IR (ATR) 1736cht! NMR (CDCk) & -0.29 (s, 9H), 1.80-1.84 (m,
2H), 2.45-2.49 (m, 2H), 3.47 (s, 3H), 7.06-7.09 @h), 7.12-7.16 (m, 2H), 7.28-7.32 (m, 2H),
7.59-7.62 (m, 2H)**C NMR (CDCE) 3 1.3 (q), 29.5 (t), 43.2 (t), 51.2 (q), 70.4 (s)61L(d), 123.1
(d), 124.8 (s), 127.7 (d), 129.0 (d), 149.8 (sB.17s); HRMS (ESI) calcd for gH2504Si (M + H)
357.1522; found 357.1520.

4.2.8. Methyl 4-phenyl-4-((trimethylsilyl)oxy)pente@te BHa): Colorless paste; Rf 0.55
(hexanes-ethyl acetate, 10:1); IR (ATR) 1738 cid NMR (CDCk) & 0.13 (s, 9H), 1.64 (s, 3H),
1.99-2.11 (m, 3H), 2.27-2.35 (m, 1H), 3.59 (s, 3H)L8-7.23 (M, 1H), 7.28-7.33 (m, 2H), 7.34-7.38
(m, 2H); °C NMR (CDCk) 2.2 (q), 29.2 (t), 29.8 (q), 40.4 (t), 51.3 (q),76s), 125.0 (d), 126.4
(d), 127.8 (d), 147.4 (s), 174.2 (s); HRMS (ESlicdafor CisHps05Si (M + HY) 281.1573; found
281.1571.

4.2.9. Methyl 4-(4-methoxyphenyl)-4-((trimethylddyy)pentanoate 5d): Colorless pasteRf 0.4
(hexanes-ethyl acetate, 10:1); IR (ATR) 1736'chd NMR (CDCk) 5 —0.06 (s, 9H), 1.45 (s, 3H),
1.84-1.92 (m, 3H), 2.08-2.18 (m, 1H), 3.42 (s, 3BiB1 (s, 3H), 6.64-6.69 (m, 2H), 7.08-7.13 (m,
2H); 13C NMR (CDCE) 52.2 (q), 29.2 (t), 29.6 (q), 40.5 (), 51.2 (q).®%q), 76.4 (s), 113.1 (d),
126.1 (d), 139.5 (s), 158.1 (s), 174.2 (s); HRMSIjEcalcd for GeH270,Si (M + HY) 311.1679;

found 311.1676.
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4.2.10. Methyl 4-(4-fluorophenyl)-4-((trimethyldjiyxy)pentanoate 5¢): Colorless pasteRf 0.5
(hexanes-ethyl acetate, 10:1); IR (ATR) 1736'cid NMR (CDCk) 5 0.12 (s, 9H), 1.63 (s, 3H),
1.98-2.09 (m, 3H), 2.24-2.35 (m, 1H), 3.60 (s, 3695-7.01 (m, 2H), 7.30-7.34 (m, 2H)C
NMR (CDCk) 6 2.2 (), 29.1 (t), 29.8 (qg), 40.5 (t), 51.3 (q),¥6s), 114.5 (dJcc=20.7 Hz), 126.7
(d, Jecci=7.5 Hz), 143.2 (Sleccc=3.6 Hz), 161.4 (Slc=244.7 Hz), 174.1 (s); HRMS (ESI) calcd
for CisH24FOsSi (M + HY) 299.1479; found 299.1476.

4.2.11. Methyl 4-(naphthalen-2-yl)-4-((trimethy$jbxy)pentanoate5f): Colorless pasteRf 0.5
(hexanes-ethyl acetate, 10:1); IR (ATR) 1736'cid NMR (CDCk) & 0.15 (s, 9H), 1.74 (s, 3H),
2.01-2.09 (m, 1H), 2.11-2.23 (m, 2H), 2.29-2.39 (M), 3.55 (s, 3H), 7.42-7.51 (m, 3H), 7.77-7.85
(m, 4H); *C NMR (CDCE) 2.3 (q), 29.2 (t), 29.6 (q), 40.3 (t), 51.2 (q),H6), 123.6 (d), 123.8
(d), 125.5 (d), 125.8 (d), 127.3 (d), 127.6 (d)812(d), 132.2 (s), 133.0 (s), 144.8 (s), 174.1 (s)
HRMS (ESI) calcd for @H»g0sSi (M + HY) 331.1729; found 331.1724.

4.2.12. Methyl 4-phenyl-4-((trimethylsilyl)oxy)hexate B6g): Colorless paste; Rf 0.55
(hexanes-ethyl acetate, 10:1); IR (ATR) 1736 chtd NMR (CDCk) 8 0.19 (s, 9H), 0.65 (t, 3H]

= 7.4 Hz), 1.85-1.96 (m, 3H), 2.10-2.32 (m, 3HBB(s, 3H), 7.16-7.20 (m, 1H), 7.27-7.32 (m,
4H); **C NMR (CDCE) 2.2 (q), 8.1 (q), 28.9 (1), 35.6 (t), 37.7 (t), 31q), 80.4 (s), 125.6 (d),
126.2 (d), 127.8 (d), 144.9 (s), 174.1 (s); HRMSIjEcalcd for GgHo70sSi (M + HY) 295.1729;
found 295.1726.

4.2.13. Methyl 4-phenyl-4-((trimethylsilyl)oxy)hapbate Bh): Colorless paste;Rf 0.55
(hexanes-ethyl acetate, 10:1); IR (ATR) 1738'chtd NMR (CDCk) 8 0.19 (s, 9H), 0.79 (t, 3H]

= 7.3 Hz), 0.84-0.95 (m, 1H), 1.16-1.28 (m, 1HY5t1.95 (m, 3H), 2.09-2.32 (m, 3H), 3.58 (s, 3H),
7.16-7.21 (m, 1H), 7.27-7.33 (m, 4HYC NMR (CDC}) 5 2.2 (q), 14.0 (q), 16.9 (t), 28.8 (t), 37.9
(t), 45.6 (t), 51.3 (g), 80.0 (s), 125.5 (d), 126€d), 127.8 (d), 145.3 (s), 174.1 (s); HRMS (ESI)
caled for G/H290sSi (M + H') 309.1886; found 309.1883.

4.2.14. Methyl 5-methyl-4-phenyl-4-((trimethylgibdy)hexanoate 5{): Colorless pasteRf 0.5
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(hexanes-ethyl acetate, 10:1); IR (ATR) 1738%chH NMR (CDCk) & 0.22 (s, 9H), 0.75 (d, 3H,

= 6.9 Hz), 0.82 (d, 3H] = 6.6 Hz), 1.91-2.04 (m, 2H), 2.13-2.41 (m, 3HB®B(s, 3H), 7.17-7.21
(m, 1H), 7.27-7.31 (m, 4H)C NMR (CDCE) 82.5 (q), 17.3 (q), 17.9 (q), 29.4 (t), 34.4 (t),B9
(d), 51.3 (q), 83.3 (s), 126.1 (d), 126.3 (d), 22@), 143.7 (s), 174.2 (s); HRMS (ESI) calcd for
C17H2905Si (M + H) 309.1886; found 309.1882.

4.2.15. Methyl 4-phenyl-4-((trimethylsilyl)oxy)bntate §j): Colorless paste; Rf 0.55
(hexanes-ethyl acetate, 10:1); IR (ATR) 1738'citd NMR (CDCk) & -0.14 (s, 9H), 1.76-1.88 (m,
2H), 2.13-2.27 (m, 2H), 3.49 (s, 3H), 4.54 (dd, 3&6.0, 7.3 Hz), 7.05-7.09 (m, 1H), 7.12-7.15 (m,
4H); °C NMR (CDCE) -0.1 (q), 30.1 (t), 35.3 (1), 51.4 (q), 73.5 (d?517 (d), 127.1 (d), 128.1
(d), 144.5 (s), 174.0 (s); HRMS (ESI) calcd fagz30:Si (M + H') 267.1416; found 267.1414.
4.2.16. Methyl 4-(4-methoxyphenyl)-4-((trimethyl3dxy)butanoate5k): Colorless pasteRf 0.45
(hexanes-ethyl acetate, 10:1); IR (ATR) 17367 cmfH NMR (CDCkL) & 1.93-1.99 (m, 2H),
2.30-2.41 (m, 2H), 3.65 (s, 3H), 3.80 (s, 3H), 4(65H,J=6.3 Hz), 6.83-6.86 (m, 2H), 7.19-7.23
(m, 2H);*C NMR (CDCE) 5 -0.1 (q), 30.1 (t), 35.3 (t), 51.3 (q), 55.0 (63,27 (d), 113.4 (d), 126.8
(d), 136.6 (s), 158.6 (s), 173.9 (s); HRMS (ESlcddor CisHo504Si (M + HY) 297.1522; found
297.1520.

4.2.17. Methyl 4-(4-fluorophenyl)-4-((trimethyldjiyxy)butanoate Fl): Colorless pasteRf 0.5
(hexanes-ethyl acetate, 10:1); IR (ATR) 1736cht! NMR (CDCk) & -0.15 (s, 9H), 1.74-1.83 (m,
2H), 2.12-2.26 (m, 2H), 3.49 (s, 3H), 4.52 (dd, 1&6.2, 7.3 Hz), 6.80-6.86 (m, 2H), 7.08-7.12 (m,
2H); **C NMR (CDCE) 5-0.1 (q), 30.0 (1), 35.4 (t), 51.5 (q), 72.9 (d1419 (d,Jccr=21.3 Hz),
127.3 (dJccc=8.4 Hz), 140.4 (Slecce=3.3 Hz), 161.9 (sJcr=245.0 Hz), 173.9 (s); HRMS (ESI)
caled for G4H2FOsSi (M + HY) 285.1322; found 285.1320.

4.2.18. Methyl 4-(benzo[d][1,3]dioxol-5-yl)-4-((triethylsilyl)oxy)butanoateébin): Colorless paste;
Rf0.4 (hexanes-ethyl acetate, 10:1); IR (ATR) 17383lcm’; 'H NMR (CDCk) & 0.03 (s, 9H),

1.91-1.96 (m, 2H), 2.29-2.41 (m, 2H), 3.66, (s, 38p1 (t, 1H,J=6.4 Hz), 5.93-5.95 (m, 2H),
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6.71-6.75 (m, 2H), 6.82-6.84 (m, 1HJC NMR (CDC}) 5-0.1 (s), 30.0 (t), 35.4 (t), 51.3 (q), 73.3
(d), 100.8 (t), 106.2 (d), 107.7 (d), 118.9 (d)813(s), 146.5 (s), 147.4 (s), 173.9 (s): HRMS JESI
calcd for GsH2305Si (M + H') 311.1315; found 311.1312.

4.2.19. Methyl 4-(naphthalen-2-yl)-4-((trimethysjbxy)butanoate 5n): Colorless pasteRf 0.4
(hexanes-ethyl acetate, 10:1); IR (ATR) 1736, 1697 'H NMR (CDCkL) & 0.04 (s, 9H),
2.00-2.12 (m, 2H), 2.32-2.48 (m, 2H), 3.65 (s, 3HB6-4.90 (M, 1H), 7.41-7.49 (m, 3H), 7.72-7.74
(m, 1H), 7.79-7.83 (m, 3H}C NMR (CDCE) 5 0.0 (g), 30.1 (t), 35.3 (t), 51.4 (q), 73.7 (d)41P
(d), 124.4 (d), 125.6 (d), 126.0 (d), 127.6 (d)7.22(d), 128.0 (d), 132.9 (s), 133.2 (s), 142.1 (S)
174.0 (s); HRMS (ESI) calcd for:gH,505Si (M + HY) 317.1573; found 317.1570.

4.2.20. 4,4-Diphenyl-4-((trimethylsilyl)oxy)butarieite (8a): Colorless pastdyf0.5 (hexanes-ethyl
acetate, 10:1); IR (ATR) 2249 ém'H NMR (CDCk) & -0.09 (s, 9H), 2.11-2.16 (m, 2H), 2.67-2.72
(m, 2H), 7.23-7.33 (m, 10H):*C NMR (CDCE) 1.6 (q), 12.0 (t), 37.3 (t), 79.5 (s), 120.1 (s),
126.7 (d), 127.3 (d), 128.0 (d), 145.2 (s); HRMSKEcalcd for GoH2NOSi (M + HY) 310.1627;
found 310.1625.

4.2.21. 4-Hydroxy-4,4-diphenylbutanenitril8hj: Colorless pasteRf 0.5 (hexanes-ethyl acetate,
10:1); IR (ATR) 2247 cnf; 'H NMR (CDCk) 8 0.16 (s, 9H), 1.67 (s, 3H), 1.93-2.00 (m, 1H),
2.05-2.12 (m, 2H), 2.28-2.35 (m, 1H), 7.22-7.28 @H), 7.32-7.35 (M, 4H)-°C NMR (CDC})
52.2 (q), 12.1 (t), 29.6 (q), 41.3 (1), 76.3 (S)0I2(s), 124.9 (d), 126.9 (d), 128.2 (d), 146.1 (s)
HRMS (ESI) calcd for @H.,NOSi (M + H) 248.1471; found 248.1469..

4.2.22. Ethyl 2-(2-Phenyl-2-((trimethylsilyl)oxyybybutyl)acetate {1a): Diastereomeric mixture
(80:20); colorless past&®f 0.3, 0.25 (hexanes-ethyl acetate, 20'H:NMR (CDCk) &-0.10 (s,
7.2H), -0.01 (s, 1.8H), 1.18 (t, 0.68£7.0 Hz), 1.24 (t, 2.4H]=7.0 Hz), 1.64-3.16 (m, 7H), 4.02 (q,
0.4H,J=7.0 Hz), 4.11 (q, 1.6HI=7.0 Hz), 7.21-7.48 (m, 5H}°C NMR (CDC}) 5 1.3 (q), 14.1 (q),
19.9 (1), 32.2 (1), 35.3 (), 45.1 (d), 59.9 (8.6 (s), 125.6 (d), 126.8 (d), 128.0 (d), 146.4 13B.2

(s); HRMS (ESI) calcd for GH»70sSi (M + HY) 307.1729; found 307.1726.
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4.2.23. Ethyl 2-(2-Phenyl-2-((trimethylsilyl)oxydypentyl)acetate 1(b): Diastereomeric mixture
(50:50); colorless past®f 0.3 (hexanes-ethyl acetate, 20:H; NMR (CDCk) 5 -0.07 (s, 4.5H),
0.09 (s, 4.5H), 1.19 (t, 1.5H=7.0 Hz), 1.20 (t, 1.5H)=7.0 Hz), 1.28-2.65 (m, 9H), 4.00 (q, 1H,
J=7.0 Hz), 4.04 (g, 1H]J=7.0 Hz), 7.20-7.42 (m, 5H}*C NMR (CDCk) 1.6 (q), 1.7 (q), 14.0 (q),
21.0 (t), 21.5 (t), 28.2 (1), 29.6 (t), 33.3 (t5.8 (1), 36.7 (t), 39.3 (1), 48.9 (d), 50.7 (d), BY), 59.8
(t), 86.3 (s), 86.7 (s), 125.4 (d), 126.3 (d), T2@l), 126.9 (d), 127.6 (d), 127.7 (d), 144.0 (=)5.5
(s), 172.8 (s), 173.5 (s); HRMS (ESI) calcd fagkz0sSi (M + H') 321.1886; found 321.1883.
4.2.24. Ethyl 2-(2-phenyl-2-((trimethylsilyl)oxyptyhexyl)acetate 11c): Diastereomeric mixture
(50:50); colorless past®f 0.3 (hexanes-ethyl acetate, 20:H; NMR (CDCk) 5-0.15 (s, 4.5H),
0.16 (s, 4.5H), 1.15 (t, 1.5K=7.0 Hz), 1.16 (t, 1.5H}=7.0 Hz), 1.37-2.20 (m, 10.5H), 2.51-2.64
(m, 0.5H), 3.92-4.00 (m, 2H), 7.18-7.43 (m, 5FC NMR (CDC) 3 1.8 (q), 2.6 (q), 13.96 (q),
14.00 (q), 19.7 (1), 21.6 (1), 22.1 (), 25.0 @5.3 (t), 27.7 (1), 30.9 (t), 34.0 (t), 35.5 (tB.3 (t),
42.9 (d), 44.8 (d), 59.7 (q), 59.8 (q), 77.1 (€,28(s), 125.7 (d), 126.1 (d), 126.3 (d), 127.Q (d)
127.6 (d), 127.9 (d), 146.4 (s), 147.0 (s), 178)7173.5 (s); HRMS (ESI) calcd for5:0:Si (M
+ H") 335.5390; found 335.5386.
4.3. Typical Procedure of Desilylation of 3a-z with TBAF in THF

To a solution of3a (86 mg, 0.25 mmol) in THF (5 mL) was added 1 M TB# THF (0.25 mL,
0.25 mmol) at 25 °C and the mixture was stirredformin. After addition of AcOH (15 mg, 0.25
mmol), the solvent was removeétdvacuo The residue was purified by column chromatogragy
silica gel (hexanes-EtOAC) to givie (78 mg) in 95% yield. Compounds,®*%24b *? 4c 82124h 682
4n'6 4q'6 4,[,6 6a,3c,8a 6b,13 60,3c,8a 6d,8a 66,14 69'861 6h,8a 6 '3c,8e 6k,8e 6l '8e 6m,15 6n'8e 9h,3b,8a 12b'16
and12c'’ were known.
4.3.1. 3,4',10,11-Tetrahydro-5'H-spiro[dibenzo[HAannulene-5,2'-furan]-5'-one 4d): White
solid; Rf0.4 (hexanes-ethyl acetate, 5:1); mp 148-149 °GAIRR) 1761 crit; *H NMR (CDCk) &
2.57 (t, 2H,J=8.2 Hz), 2.92 (t, 2HJ=8.2 Hz), 2.99-3.08 (m, 2H), 3.47-3.55 (m, 2H),5¢7L24 (m,

6H), 7.59-7.63 (m, 2H)}*C NMR (CDCE) 5 27.7 (t), 32.4 (t), 38.6 (t), 88.5 (s), 123.6 (6.1 (d),
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127.8 (d), 130.8 (d), 136.6 (s), 141.1 (s), 176)1 Anal. Calcd for GH1c0»: C, 81.79; H, 6.10.
Found: C, 81.75; H, 6.12.

4.3.2. 3',4'-Dihydro-5'H-spiro[dibenzo[a,d][7]annehe-5,2'-furan]-5-one 4g): White solid; Rf
0.45 (hexanes-ethyl acetate, 5:1); mp 134-136 RGATR) 1765 crit; *H NMR (CDCk) & 2.34 (t,
2H, J=8.0 Hz), 2.49 (t, 2HJ=8.0 Hz), 7.06 (s, 2H), 7.29-7.34 (m, 2H), 7.3737.@n, 4H),
7.75-7.80 (m, 2H)*C NMR (CDC}) 527.5 (1), 32.2 (t), 87.3 (s), 122.5 (d), 127.1 (8.6 (d),
129.3 (d), 131.3 (d), 131.5 (s), 139.8 (s), 175)9 Anal. Calcd for GH140»: C, 82.42; H, 5.38.
Found: C, 82.39; H, 5.39.

4.3.3. 3',4'-Dihydro-5'H-spiro[fluorene-9,2'-furasf'-one  @f): Colorless paste; Rf 0.3
(hexanes-ethyl acetate, 5:1); IR (ATR) 1767’ciiH NMR (CDCk) & 2.69 (t, 2H,J=8.5 Hz), 3.07
(t, 2H,J=8.5 Hz), 7.31-7.35 (m, 2H), 7.40-7.44 (m, 2H),5¢7448 (m, 2H), 7.63-7.66 (m, 2HJC
NMR (CDCk) 829.5 (t), 33.0 (t), 90.5 (s), 120.2 (d), 123.3 (#28.3 (d), 130.0 (d), 139.5 (s),
145.1 (s), 177.0 (s); HRMS (ESI) calcd foig8130, (M + H) 237.0916; found 237.0915.

4.3.4. 3,4-Dihydro-5H-spiro[furan-2,9'-xanthen]-5%@ @g): White solid; Rf 0.3 (hexanes-ethyl
acetate, 5:1); mp 110-112 °C; IR (ATR) 1757 %rtH NMR (CDCEL) & 2.58 (t, 2H,J=8.3 Hz), 2.95
(t, 2H, J=8.3 Hz), 7.18-7.26 (m, 4H), 7.36-7.43 (m, 2H),3¢7449 (m, 2H);**C NMR (CDCE)
028.8 (t), 40.8 (t), 79.8 (s), 116.8 (d), 123.8 (t25.0 (d), 129.6 (d), 149.6 (s), 176.4 (s). Anal.
Calcd for GeH1203: C, 76.18; H, 4.79. Found: C, 76.13; H, 4.82.

4.3.5. 5,5-Bis(4-methoxyphenyl)-4-methyldihydrofu2§3H)-one 4i): White solid; Rf 0.2
(hexanes-ethyl acetate, 5:1); mp 109-111 °C; IRR)AT771, 1753 cify *H NMR (CDCk) & 0.90
(d, 3H,J=7.0 Hz), 2.31 (dd, 1HJ=5.6, 17.2 Hz), 2.71 (dd, 1H=7.5, 17.2 Hz), 3.31-3.39 (m, 1H),
3.78 (s, 3H), 3.80 (s, 3H), 6.80-6.85 (m, 2H), 66880 (m, 2H), 7.10-7.14 (m, 2H), 7.37-7.42 (m,
2H); **C NMR (CDCk) 516.9 (q), 37.3 (t), 37.9 (d), 54.9 (q), 55.0 (cf), ®(s), 113.2 (d), 113.6 (d),
126.8 (d), 127.3 (d), 132.8 (s), 134.9 (s), 158)5159.0 (s), 175.7 (s). Anal. Calcd fo8,004: C,

73.06; H, 6.45. Found: C, 73.01; H, 6.47.
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4.3.6 5,5-Bis(4-fluorophenyl)-4-methyldihydrofura(8H)-one 4§j): Colorless paste;Rf 0.25
(hexanes-ethyl acetate, 5:1); IR (ATR) 1782%fH NMR (CDCk) 5 0.90 (d, 3H,J=6.9 Hz), 2.33
(dd, 1H,J=4.6, 17.2 Hz), 2.72 (dd, 1H=7.5, 17.2 Hz), 3.33-3.41 (m, 1H), 6.98-7.09 (m,)4H
7.17-7.22 (m, 2H), 7.44-7.49 (m, 2H)C NMR (CDCE) 517.0 (q), 37.3 (t), 38.0 (d), 91.3 (s),
115.1 (d Joce=21.3 Hz), 115.5 (dJcc=21.6 Hz), 127.3 (dlecce=7.8 Hz), 128.0 (dJocce=8.4 Hz),
136.1 (S,Jcccc=3.6 Hz), 138.4 (S)cccc=3.6 Hz), 161.9 (s)c=247.1 Hz), 162.3 (s]cr=248.0
Hz), 175.2 (s); HRMS (ESI) calcd for@15F,0, (M + H') 289.1040; found 289.1037.

4.3.7. 3'-Methyl-3',4',10,11-tetrahydro-5'H-spirap@nzo[a,d][7]annulene-5,2'-furan]-5'-one4k):
White solid; Rf 0.35 (hexanes-ethyl acetate, 5:1); mp 163-165 RQATR) 1761 crit; *H NMR
(CDCl) 5 0.87 (d, 3H,=7.3 Hz), 2.22 (d, 1HJ=17.2 Hz), 2.74 (dd, 1H=7.6, 17.2 Hz), 2.90-2.98
(m, 1H), 3.06-3.14 (m, 1H), 3.26-3.34 (M, 1H), 33154 (m, 2H), 7.09-7.23 (M, 6H), 7.45-7.49 (m,
1H), 7.71-7.75 (m, 1H)**C NMR (CDCE) 3 17.6 (q), 32.2 (t), 32.4 (t), 36.4 (t), 40.6 (dL. B (s),
123.6 (d), 125.2 (d), 126.0 (d), 126.3 (d), 1278)p £30.1 (d), 131.6 (d), 136.2 (s), 136.5 (s),.538
(s), 140.4 (s), 176.2 (s). Anal. Calcd ford,50,: C, 81.99; H, 6.52. Found: C, 81.92; H, 6.50.
4.3.8. 3'-Methyl-3',4'-dihydro-5'H-spiro[dibenzof[7]annulene-5,2'-furan]-5'-one 4]): White
solid; Rf 0.5 (hexanes-ethyl acetate, 5:1); mp 137-138 °C(ARR) 1780, 1763, 1684 ¢ *H
NMR (CDCk) & 0.54 (d, 3HJ=7.4 Hz), 2.06 (d, 2HJ=17.2 Hz), 2.43 (dd, 1H]=8.0, 17.2 Hz),
2.99-3.07 (m, 1H), 7.04 (d, 1H=12.0 Hz), 7.07 (d, 1H]=12.0 Hz), 7.28-7.44 (m, 6H), 7.65-7.70
(m, 1H), 7.83-7.88 (m, 1H)}*C NMR (CDCE) & 17.6 (q), 34.8 (d), 36.1 (t), 90.5 (s), 122.9 (d),
123.9 (d), 127.1 (d), 127.2 (d), 128.5 (d), 1281y 128.8 (d), 129.3 (d), 131.2 (d), 131.3 (d), .831
(s), 131.9 (s), 136.6 (s), 139.7 (s), 176.0 (sklAGalcd for GgH150,: C, 82.58; H, 5.84. Found: C,
82.54; H, 5.87

4.3.9. 3-Methyl-3,4-dihydro-5H-spiro[furan-2,9'-xtuen]-5-one 4m): Colorless pasteRf 0.3
(hexanes-ethyl acetate, 5:1); IR (ATR) 1775, 1755 cn’; *H NMR (CDCk) & 0.63 (d, 3H,

J=6.9 Hz), 2.54 (dd, 1HJ=11.6, 17.0 Hz), 2.62-2.71 (m, 1H), 2.80 (dd, 1H8.0, 17.0 Hz),
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7.16-7.29 (m, 5H), 7.34-7.43 (m, 2H), 7.55-7.59 @H); °C NMR (CDCE) 8 13.8 (q), 35.8 (1),
47.1 (d), 83.2 (s), 116.4 (d), 116.9 (d), 120.018B.5 (d), 124.0 (s), 124.1 (d), 125.1 (d), 136)2
129.4 (d), 129.7 (d), 150.2 (s), 150.8 (s), 1764 HRMS (ESI) calcd for GH1s05 (M + H)
267.1021; found 267.10109.

4.3.10. 4'-Methyl-3',4',10,11-tetrahydro-5'H-spidifpenzo[a,d][7]annulene-5,2'-furan]-5'-one&lq):
White solid;Rf0.5 (hexanes-ethyl acetate, 5:1); mp 155 °C; IRRAI769 crit; *H NMR (CDCh)

5 1.24 (d, 3HJ=7.5 Hz), 2.39 (t, 1HJ=12.0 Hz), 2.63-2.73 (m, 1H), 2.92-3.01 (m, 1HP533.14
(m, 1H), 3.35 (dd, 1HJ=9.2, 12.0 Hz), 3.45-3.59 (m, 2H), 7.12-7.24 (m)1H49-7.53 (m, 1H),
7.69-7.73 (m, 1H)**C NMR (CDCE) 8 14.8 (q), 32.4 (t), 32.7 (t), 34.2 (d), 47.1 85,4 (s), 123.7
(d), 124.0 (d), 126.2 (d), 126.6 (d), 127.9 (d)812(d), 130.5 (d), 131.4 (d), 136.6 (s), 136.8 (S)
140.3 (s), 142.6 (s), 178.9 (s). Anal. Calcd fgsHzsO,: C, 81.99; H, 6.52. Found: C, 81.96; H,
6.54.

4.3.11. 4-Methyl-3,4-dihydro-5H-spiro[furan-2,9'nthen]-5-one 4p): Colorless pasteRf 0.4
(hexanes-ethyl acetate, 5:1); IR (ATR) 1765, 17@2:c'H NMR (CDCk) & 1.40 (d, 3H,J=7.3 Hz),
2.18 (dd, 1HJ=9.5, 13.3 Hz), 2.74 (dd, 1H=9.5, 13.3 Hz), 3.11-3.20 (m, 1H), 7.16-7.24 (m)4H
7.34-7.40 (m, 3H), 7.49-7.51 (m, 1HJiC NMR (CDCE) 815.7 (q), 34.7 (d), 49.4 (), 77.6 (s),
116.5 (d), 117.0 (d), 123.7 (d), 123.8 (s), 124l {(24.5 (d), 124.7 (s), 125.2 (d), 129.4 (d),.529
(d), 149.7 (s), 150.0 (s), 179.2 (s); HRMS (ESlicdaor Ci7H1:05 (M + HY) 267.1021; found
267.10109.

4.3.12. 5,5-Bis(4-methoxyphenyl)-4-phenyldihydfu2(3H)-one 4r): Colorless pasteRf 0.2
(hexanes-ethyl acetate, 5:1); IR (ATR) 1771, 1780"c'H NMR (CDCk) & 2.81 (dd, 1H,J=5.7,
17.2 Hz), 2.96 (dd, 1H]=8.0, 17.2 Hz), 3.68 (s, 3H), 3.80 (s, 3H), 4.48, (tH, J=5.7, 8.0 Hz),
6.57-6.62 (m, 2H), 6.85-6.93 (m, 6H), 7.11-7.15 @H), 7.49-7.53 (m, 2H)**C NMR (CDC})
637.1 (t), 51.0 (d), 55.1 (q), 55.3 (q), 92.8 (2B (d), 113.8 (d), 127.3 (d), 127.6 (d), 127.) (d

128.3 (d), 128.6 (d), 132.1 (s), 135.2 (s), 138)1 158.5 (s), 159.2 (s), 175.9 (s); HRMS (ESI)
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caled for G4H2304 (M + H) 375.1596; found 375.1594.

4.3.13. 5,5-Bis(4-fluorophenyl)-4-phenyldihydrofita(3H)-one 4s): White solid; Rf 0.4
(hexanes-ethyl acetate, 5:1); mp 124-125 °C; IRR)AT769, 1738 cify *H NMR (CDCk) & 2.82
(dd, 1H,J=4.8, 17.2 Hz), 2.99 (dd, 1H=8.0, 17.2 Hz), 4.43 (dd, 1KH=4.8, 8.0 Hz), 6.73-6.80 (m,
2H), 6.88-6.99 (m, 4H), 7.06-7.17 (m, 5H), 7.5627 (&, 2H);**C NMR (CDCE) 537.0 (t), 50.8
(d), 92.0 (s), 114.6 (dcc=21.6 Hz), 115.6 (dJcc—=21.6 Hz), 127.5 (d), 127.97 (@scc=8.4 Hz),
127.98 (d,Jccc=8.4 Hz), 128.36 (d), 128.43 (d), 135.6 (dcce=2.4 Hz), 137.9 (s), 138.6 (s,
Jecee=3.6 Hz), 161.6 (sJc=247.1 Hz), 162.3 (SJcr=248.3 Hz), 175.2 (s). Anal. Calcd for
Ca2H16F202: C, 75.42; H, 4.60. Found: C, 75.36; H, 4.65.

4.3.14. 3'-Phenyl-3',4'-dihydro-5'H-spiro[dibenzod{ 7]annulene-5,2'-furan]-5'-one  4u):
Colorless pasteRf0.45 (hexanes-ethyl acetate, 5:1); IR (ATR) 1775'ctil NMR (CDCk) & 2.46
(d, 1H,J=17.8 Hz), 2.79 (dd, 1H}=8.6, 17.8 Hz), 4.07 (d, 1H=8.6 Hz), 6.90 (d, 1H, J=12.0 Hz),
6.92-7.05 (m, 7H), 7.14 (d, 1H512.0 Hz), 7.19-7.24 (m, 1H), 7.33-7.37 (m, 1H¥277.47 (m,
2H), 7.74-7.79 (m, 2H)**C NMR (CDC}) 5 36.4 (t), 46.9 (d), 91.5 (s), 122.9 (d), 123.9 (D6.6
(d), 126.8 (d), 127.2 (d), 127.4 (d), 127.8 (d)8R(d), 128.5 (d), 128.9 (d), 129.5 (d), 130.3 (d)
131.6 (s), 131.8 (s), 133.0 (s), 136.5 (s), 148)) 140.4 (s), 176.3 (s); HRMS (ESI) calcd for
Ca4H190, (M + H") 339.1385; found 339.1383.

4.3.15. 3-Phenyl-3,4-dihydro-5H-spiro[furan-2,9'nthen]-5-one 4v): White solid; Rf 0.45
(hexanes-ethyl acetate, 5:1); mp 166-167 °C; IRR)AT798, 1771, 1734 ¢cin*H NMR (CDCk) &
2.99 (dd, 1H,J=8.2, 17.7 Hz), 3.24 (dd, 1HI=12.3, 17.7 Hz), 3.79 (dd, 1H=8.2, 12.3 Hz),
6.40-6.46 (m, 2H), 6.81-6.86 (m, 1H), 6.95-7.02 @hl), 7.05-7.16 (m, 3H), 7.20-7.41 (m, 4H),
7.67-7.72 (m, 1H)**C NMR (CDC}) 533.4 (t), 58.0 (d), 83.6 (s), 116.2 (d), 116.5 (d)9.9 (s),
123.1 (d), 123.5 (s), 124.1 (d), 124.5 (d), 124l)7 {27.5 (d), 127.8 (d), 127.9 (d), 129.5 (d), .629
(d), 133.5 (s), 150.3 (s), 150.7 (s), 175.7 (s)alAGalcd for G,H160s: C, 80.47; H, 4.91. Found: C,

80.46; H, 4.94.
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4.3.16. 4-(4-Methoxyphenyl)-5,5-diphenyldihydrofu(3H)-one 4w): White solid; Rf 0.3
(hexanes-ethyl acetate, 5:1); mp 131-132 °C; IRR)AL786, 1769 cify *H NMR (CDCk) & 2.76
(dd, 1H,J=5.4, 17.3 Hz), 2.96 (dd, 1K=8.0, 17.3 Hz), 3.72 (s, 3H), 4.44 (dd, 1}45.4, 8.0 Hz),
6.64-6.68 (m, 2H), 6.81-6.85 (m, 2H), 7.02-7.13 &Hl), 7.30-7.34 (m, 1H), 7.36-7.41 (m, 2H),
7.61-7.65 (m, 2H)>*C NMR (CDC}) 837.4 (t), 50.2 (d), 55.0 (q), 92.8 (s), 113.6 (}6.0 (d),
126.2 (d), 127.1 (d), 127.6 (d), 128.0 (d), 128§ 129.5 (d), 130.1 (s), 139.8 (s), 143.1 (s),.358
(s), 175.8 (s). Anal. Calcd for,gH,003: C, 80.21; H, 5.85. Found: C, 80.26; H, 5.82.

4.3.17. 4-(4-Fluorophenyl)-5,5-diphenyldihydrofura(8H)-one 4x): White solid; Rf 0.35
(hexanes-ethyl acetate, 5:1); mp 154-156 °C; IRRAT771 crit; *H NMR (CDCh) 8 2.75 (dd, 1H,
J=4.5, 17.5 Hz), 2.99 (dd, 1H=8.0, 17.5 Hz), 4.48 (dd, 1H=4.5, 8.0 Hz), 6.77-6.84 (m, 2H),
6.87-6.93 (m, 2H), 7.01-7.12 (m, 5H), 7.30-7.35 (i), 7.37-7.42 (m, 2H), 7.60-7.65 (m, 2H3C
NMR (CDClk) 6 37.5 (t), 50.1 (d), 92.8 (s), 115.2 (#c—=21.6 Hz), 126.0 (d), 126.1 (d), 127.3 (d),
127.8 (d), 128.2 (d), 128.7 (d), 130.0 Jdcc=8.4 Hz), 134.3 (S)cccc=3.6 Hz), 139.8 (s), 142.8
(s), 161.8 (sJc=247.1 Hz), 175.5 (s). Anal. Calcd forH17FO,: C, 79.50; H, 5.16. Found: C,
79.55; H, 5.17.

4.3.18. 4-(Benzo[d][1,3]dioxol-5-yl)-5,5-diphenytgidrofuran-2(3H)-one 4y): White solid; Rf
0.25 (hexanes-ethyl acetate, 5:1); mp 198-200 RQATR) 1763 crit; *H NMR (CDCk) & 2.72
(dd, 1H,J=5.0, 17.5 Hz), 2.95 (dd, 1H=8.0, 17.5 Hz), 4.41 (dd, 1Hs5.0, 8.0 Hz), 5.85-5.87 (m,
2H), 6.34 (d, 1HJ=1.7 Hz), 6.48 (dd, 1HJ=1.7, 8.0 Hz), 6.59 (d, 1H=8.0 Hz), 7.07-7.15 (m,
5H), 7.29-7.34 (m, 1H), 7.36-7.41 (m, 2H), 7.6037 (&, 2H);**C NMR (CDC}E) 337.5 (t), 50.7
(d), 92.8 (d), 101.0 (t), 107.9 (d), 108.6 (d), IRR), 125.9 (d), 126.2 (d), 127.2 (d), 127.7 (d),
128.1 (d), 128.6 (d), 132.1 (s), 139.8 (s), 143)] 146.6 (s), 147.5 (s), 175.6 (s). Anal. Calcd fo
Ca3H1804: C, 77.08; H, 5.06. Found: C, 77.02; H, 5.06.

4.3.19. 4-(Naphthalen-2-yl)-5,5-diphenyldihydrof2(3H)-one 4z): White solid; Rf 0.35

(hexanes-ethyl acetate, 5:1); mp 213-215 °C; IRRATL767 crit; *H NMR (CDCk) 5 2.88 (dd, 1H,
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J=5.2, 17.6 Hz), 3.06 (dd, 1H=8.2, 17.6 Hz), 4.66 (dd, 1H=5.2, 8.2 Hz), 6.92-6.96 (m, 1H),
7.00-7.05 (m, 3H), 7.07-7.12 (m, 2H), 7.31-7.36 (), 7.38-7.46 (m, 4H), 7.49 (brs, 1H), 7.56 (d,
1H, J=8.6 Hz), 7.67-7.73 (m, 4H)-*C NMR (CDCk) 837.5 (t), 51.2 (d), 92.8 (s), 125.97 (d),
126.01 (d), 126.1 (d), 126.16 (d), 126.21 (d), 22g), 127.4 (d), 127.6 (d), 127.9 (d), 128.1 (d),
128.6 (d), 132.3 (s), 132.9 (s), 135.9 (s), 139)8X43.2 (s), 175.5 (s). Anal. Calcd fois,002: C,
85.69; H, 5.53. Found: C, 85.73; H, 5.57.

4.3.20. 5-Methyl-5-(naphthalen-2-yl)dihydrofuran-2(3H)-onéof): Colorless paste;Rf 0.25
(hexanes-ethyl acetate, 5:1); IR (ATR) 1761 'ciH NMR (CDCk) 8 1.81 (s, 3H), 2.44-2.71 (m,
4H), 7.41-7.53 (m, 3H), 7.81-7.88 (m, 4H3C NMR (CDC}) 5 28.6 (t), 28.9 (q), 35.6 (t), 86.7 (S),
122.2 (d), 122.3 (d), 126.0 (d), 126.3 (d), 1278 127.9 (d), 128.3 (d), 132.3 (s), 132.6 (s),.241
(s), 176.3 (S); HRMS (ESI) calcd foréEi1s0, (M + HY) 227.1072; found 227.10609.

4.3.21. 5-Isopropyl-5-phenyldihydrofuran-2(3H)-o(@&): Colorless pasteRf 0.2 (hexanes-ethyl
acetate, 10:1); IR (ATR) 1765 ¢in'H NMR (CDCk) & 0.86 (d, 3HJ=6.9 Hz), 0.92 (d, 3H=6.9
Hz), 2.11-2.19 (m, 1H), 2.36-2.44 (m, 1H), 2.488.6n, 3H), 7.27-7.38 (m, 5H)**C NMR
(CDCL) & 16.7 (q), 17.1 (q), 28.7 (1), 31.8 (t), 37.9 (618 (s), 125.4 (d), 127.2 (d), 127.8 (d),
141.3 (s), 176.4 (S); HRMS (ESI) calcd forz8:70, (M + H") 205.2729; found 205.2727.

4.3.22. 4-Hydroxy-4,4-diphenylbutanenitril@a): Colorless pasteRf 0.3 (hexanes-ethyl acetate,
5:1); IR (ATR) 3447, 2249 cth *H NMR (CDCk) & 2.12 (s, 1H), 2.29-2.34 (m, 2H), 2.65-2.71 (m,
2H), 7.26-7.31 (m, 2H), 7.32-7.39 (m, 8HIC NMR (CDCE) 812.1 (t), 37.6 (t), 77.4 (s), 120.4 (s),
125.9 (d), 127.5 (d), 128.5 (d), 145.2 (s); HRMSKEcalcd for GeH1gNO (M + H') 238.1232;
found 238.1230.

4.3.23. (1R*5R*)-1-Phenyl-2-oxabicyclo[3.2.0]heptd-one {2a): Colorless paste;Rf 0.3
(hexanes-ethyl acetate, 5:1); IR (ATR) 1771'cAH NMR (CDCk) 5 1.86-1.96 (m, 1H), 2.35-2.44
(m, 1H), 2.56-2.65 (m, 2H), 2.67-2.75 (m, 1H), 2(@t, 1H,J=8.6, 18.3 Hz), 3.25-3.31 (m, 1H),

7.30-7.42 (m, 5H)*C NMR (CDCE) 521.8 (1), 33.4 (t), 36.2 (1), 40.2 (d), 90.4 (sp4L5 (d),
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128.0 (d), 128.5 (d), 140.6 (s), 177.3 (s); HRMSSIjEcalcd for GoH150, (M + H') 189.0916;
found 189.0915.

4.3.24. Ethyl 2-((1R*,2S*)-2-hydroxy-2-phenylcyalpp)acetate {3a): Colorless pasteRf 0.2
(hexanes-ethyl acetate, 5:1); IR (ATR) 3426, 17B013 cm’; 'H NMR (CDCk) 51.16 (t, 3H,
J=7.2 Hz), 1.44-1.53 (m, 1H), 1.88-2.01 (m, 2H),82D18 (m, 1H), 2.31-2.41 (m, 1H), 2.63-2.71
(m, 1H), 2.94-3.06 (m, 2H), 3.97-4.07 (m, 2H), 7287 (m, 5H);**C NMR (CDCE) 5 14.1 (q),
19.2 (t), 34.4 (1), 36.0 (t), 45.0 (d), 60.3 (8.7 (s), 125.6 (d), 127.2 (d), 128.2 (d), 142.313B.1
(s); HRMS (ESI) calcd for GH1903 (M + H") 235.1334 found 235.1332.

4.3.25. Ethyl 2-((1R*,2S*)-2-hydroxy-2-phenylcy@apyl)acetate X3b): Colorless pasteRf 0.25
(hexanes-ethyl acetate, 5:1); IR (ATR) 3460, 17B013 cm’; 'H NMR (CDCk) 51.16 (t, 3H,
J=7.3 Hz), 1.44-1.54 (m, 1H), 1.82-2.15 (m, 6H),82237 (m, 1H), 2.56-2.66 (m, 1H), 3.12 (brs,
1H), 4.00 (g, 2H,)=7.3 Hz), 7.22-7.27 (m, 1H), 7.30-7.40 (m, 4£C NMR (CDCE) 514.0 (q),
21.9 (1), 30.9 (t), 36.6 (t), 39.8 (t), 48.2 (dD.4 (t), 84.1 (s), 126.0 (d), 126.8 (d), 127.9 (4.8
(s), 173.7 (s); HRMS (ESI) calcd for£E,:03 (M + H") 249.1491; found 249.1489.

4.3.26. Ethyl 2-((1R*,25*)-2-hydroxy-2-phenylcydaii)acetate 13c): Colorless pasteRf 0.3
(hexanes-ethyl acetate, 5:1); IR (ATR) 3495, 17B017 cm’; *H NMR (CDCk) 51.15 (t, 3H,
J=7.3 Hz), 1.42-1.59 (m, 3H), 1.66-1.91 (m, 5H),22019 (m, 2H), 2.23 (dd, 1H=10.5, 15.5 Hz),
2.46-2.53 (M, 1H), 3.92-3.99 (m, 2H), 7.23-7.28 i), 7.30-7.37 (m, 2H), 7.45-7.51 (m, 2KC
NMR (CDCk) 6 14.1 (qg), 20.1 (t), 21.4 (t), 25.7 (t), 32.5 (t4.8 (1), 41.7 (d), 60.2 (t), 74.5 (s),
125.7 (d), 127.2 (d), 128.2 (d), 146.8 (s), 1729 HRMS (ESI) calcd for GH»305 (M + HY)
263.1647; found 263.1646.

4.3.27. Ethyl (E)-9-hydroxy-9-phenylnon-2-enoaii€): (Colorless pasteRf 0.25 (hexanes-ethyl
acetate, 5:1); IR (ATR) 1717, 1699, 1651°5rH NMR (CDCH) & 1.24-1.49 (m, 6H), 1.28 (t, 3H,
J=7.2 Hz), 1.66-1.74 (m, 1H), 1.76-1.85 (m, 1H),£22120 (m, 2H), 4.18 (q, 2H, J=7.2Hz), 4.66

(dd, 1H,J=5.8, 7.5 Hz), 5.77-5.81 (m, 1H), 6.94 (dt, 1846.9, 15.5 Hz), 7.25-7.30 (m, 1H),
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7.32-7.38 (m, 4H)**C NMR (CDCE) 3 14.2 (q), 25.5 (t), 27.8 (t), 28.9 (t), 32.0 (8.8 (t), 60.1 (t),
74.4 (d), 121.2 (d), 125.8 (d), 127.4 (d), 128.4 (@4.8 (s), 149.3 (d), 166.8 (s); HRMS (ESI)
calcd for G/H2:03 (M + HY) 277.1804; found 277.1803.
4.3.28. Ethyl (E)-9-ox0-9-(4-(trimethylsilyl)phejndn-2-enoate i¢): Colorless paste;Rf 0.6
(hexanes-ethyl acetate, 5:1); IR (ATR) 1717, 168353 cnt; 'H NMR (CDCk) 8 -0.29 (s, 9H),
1.29 (t, 3H,J=7.2 Hz), 1.38-1.46 (m, 2H), 1.48-1.56 (m, 2H),1:1779 (m, 2H), 2.19-2.25 (m, 2H),
2.96 (t, 2H,J=7.3 Hz), 4.18 (q, 2HJ=7.2Hz), 5.81 (d, 1HJ=15.6 Hz), 6.92-6.99 (m, 1H),
7.60-7.64 (m, 2H), 7.89-7.92 (m, 2HYC NMR (CDCE) 8 -1.4 (q), 14.2 (q), 24.0 (t), 27.8 (t), 28.8
(1), 31.9 (1), 38.3 (1), 60.1 (t), 121.4 (d), 1260, 133.5 (d), 137.0 (s), 146.9 (s), 149.0 (65.5 (s),
200.4 (s); HRMS (ESI) calcd forsgHz003Si (M + HY) 347.2042; found 347.2038.
4.4, Typical procedure of electroreductive coupling of 14 with 2a

A 0.3 M solution of EANOTs in DMF (15 mL) was placed in the cathodic chamof a
divided cell (40 mL beaker, 3 cm diameter, 6 cnghi equipped with a platinum cathode (5 X 5
cn?), a platinum anode (2 X 1 énand a ceramic cylindrical diaphragm (1.5 cm digem). A 0.3
M solution of EANOTs in DMF (4 mL) was placed in the anodic chamfoeside the diaphragm).
Aldimine 14a (211 mg, 1.0 mmol), methyl acrylatgaj (0.45 mL, 5.0 mmol), TMSCI (0.64 mL,
5.0 mmol), and TEA (0.70 mL, 5.0 mmol) were addedhe cathodic chamber. After 300 C (3
F/mol for 14a) of electricity was passed at a constant currér200 mA at 25 °C under nitrogen
atmosphere, the catholyte was poured into watem{bp and the aqueous solution was extracted
with ether (20 mL X 3). After removal of the sol¥en vacuo, the residue was purified by column
chromatography on silica gel (hexanes-EtOAc) teedia (188 mg) in 63% yield. Compounds
15a,” 19a,” and19c¢’ were known.
4.4.1. Methyl 4-(4-chlorophenyl)-4-((4-methoxypHhiyino)butanoate 15b): Colorless pasteRf
0.3 (hexane-ethyl acetate, 5:1); IR (neat) 3383211688 crit; 'H NMR (CDCk) § 2.02-2.15 (m,
2H), 2.37-2.44 (m, 2H), 3.67 (s, 3H), 3.69 (s, 3428 (t, 1H,J=6.9 Hz), 6.42-6.46 (m, 2H),
6.66-6.70 (M, 2H), 7.25-7.30 (m, 4HYC NMR (CDCE) & 30.6 (t), 33.0 (t), 51.4 (q), 55.4 (q), 57.6
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(d), 114.4 (d), 114.5 (d), 127.6 (d), 128.5 (d)243(s), 140.9 (s), 141.9 (s), 151.8 (s), 173.6 (s)
HRMS (ESI) calcd for ggH2.CINO3z (M + H) 334.1210; found 334.1207.

4.4.2. Methyl 4-(4-methoxyphenyl)-4-((4-methoxyghamino)butanoatelbc): Colorless pasteRf
0.25 (hexane-ethyl acetate, 5:1); IR (neat) 3383411684 cnf; *H NMR (CDCk) & 2.00-2.18 (m,
2H), 2.38 (t, 2H,J=7.3H,), 3.66 (s, 3H), 3.69 (s, 3H), 3.78 (s, 3H), 4.23.H,J=6.9 Hz), 6.45-6.49
(m, 2H), 6.66-6.70 (m, 2H), 6.83-6.86 (m, 2H), 7225 (m, 2H):**C NMR (CDCE) 5 30.8 (t),
33.1 (1), 51.4 (q), 55.0 (q), 55.5 (q), 57.6 (W4% (d), 114.5 (d), 127.3 (d), 130.1 (d), 135X (s
141.3 (s), 151.7 (s), 158.5 (s), 173.8 (s); HRMSI{Ealcd for GoHNO, (M + H') 330.1705;
found 330.1703.

4.4.3 Methyl 4-(2-methoxyphenyl)-4-((4-methoxyphamino)butanoate16d): Colorless pasteRf
0.3 (hexane-ethyl acetate, 5:1); IR (neat) 3383411686 crt; '"H NMR (CDCk) § 2.06-2.21 (m,
2H), 2.33-2.48 (m, 2H), 3.64 (s, 3H), 3.68 (s, 3BIB7 (s, 3H), 4.65 (t, 1HI=6.9 Hz), 6.48-6.53
(m, 2H), 6.65-6.69 (m, 2H), 6.85-6.89 (m, 2H), ZA81 (m, 1H), 7.22-7.25 (m, 1H}*C NMR
(CDCl) & 31.1 (t), 31.2 (t), 51.3 (q), 53.1 (d), 55.1 (§5.4 (q), 110.3 (d), 114.4 (d), 114.5 (d),
120.6 (d), 127.1 (d), 127.8 (d), 130.6 (s), 14Kp 151.6 (s), 156.8 (s), 174.0 (s); HRMS (ESI)
caled for GgH24NO4 (M + HY) 330.1705; found 330.1703.

4.4.4. Methyl 4-(4-fluorophenyl)-4-((4-methoxypHgaayino)butanoate 15e): Colorless pastelRf
0.3 (hexane-ethyl acetate, 5:1); IR (neat) 3378611686 crt; '"H NMR (CDCk) § 2.01-2.16 (m,
2H), 2.37-2.43 (m, 2H), 3.67 (s, 3H), 3.69 (s, 3HR9 (t, 1H,J=6.9 Hz), 6.42-6.47 (m, 2H),
6.66-6.70 (m, 2H), 6.97-7.02 (m, 2H), 7.27-7.31 @H); *C NMR (CDC}) & 30.7 (t), 33.2 (t),
51.5 (q), 55.5 (q), 57.6 (d), 114.5 (d), 114.6 (5.3 (d,Jece=21.1 Hz), 127.8 (dJccc=8.6 Hz),
139.0 (S,Jcccc=2.9 Hz), 141.1 (s), 151.9 (s), 161.7 J8=243.8 Hz), 173.7 (s); HRMS (ESI)
calcd for GgH2:FNOs (M + HY) 318.1505; found 318.1502.

4.4.5. Methyl 4-(4-cyanophenyl)-4-((4-methoxyph@mgino)butanoate 16f): Colorless pasteRf
0.4 (hexane-ethyl acetate, 2:1); IR (neat) 3372622728 crit; 'H NMR (CDCk) § 2.07-2.12 (m,

2H), 2.39-2.51 (m, 2H), 3.68 (s, 3H), 3.69 (s, 34B7 (t, 1H,J=6.7 Hz), 6.38-6.42 (M, 2H),
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6.66-6.70 (m, 2H), 7.45-7.48 (m, 2H), 7.60-7.63 @hi); °C NMR (CDCE) 5 30.6 (t), 32.8 (1),
51.6 (q), 55.5 (q), 58.0 (d), 110.7 (s), 114.3 (d}.6 (s), 118.7 (s), 127.1 (d), 132.4 (d), 148)9
140.5 (s), 149.3 (s), 152.0 (d), 173.5 (s); HRMSIjEcalcd for GoHxN,O3 (M + HY) 325.1552;
found 325.1550.

4.4.6. Methyl 4-((4-methoxyphenyl)amino)-4-(naplahél-yl)butanoate 1659): White solid; Rf
0.35 (hexane-ethyl acetate, 5:1); mp 96-98 °Cnigaf) 3408, 1734, 1686 ¢in'H NMR (CDCE) &
2.10-2.20 (m, 1H), 2.32-2.41 (m, 1H), 2.45-2.66 @H), 3.66 (s, 3H), 3.67 (s, 3H), 5.16-5.22 (m,
1H), 6.41-6.50 (m, 2H), 6.61-6.67 (m, 2H), 7.40L, J=7.8 Hz), 7.49-7.53 (m, 1H), 7.55-7.61 (m,
3H), 7.75 (d, 1H,J=8.3Hz), 7.90 (d, 1HJ=8.3Hz), 8.22 (d, 1HJ=8.3Hz); **C NMR (CDCE) 5
30.8 (t), 32.0 (t), 51.4 (q), 53.6 (d), 55.4 ()41 (d), 114.6 (d), 122.3 (d), 122.7 (d), 125.8 (d
125.5 (d), 126.0 (d), 127.4 (d), 129.0 (d), 13&)8 133.9 (s), 138.4 (s), 141.1 (s), 151.6 (s),473
(s). Anal. Calcd for gH23NOs: C, 75.62; H, 6.63; N, 4.01. Found: C, 75.58; 626 N, 3.91.

4.4.7. Methyl 4-((4-methoxyphenyl)amino)-4-(naplgh&-yl)butanoate 16h): White solid; Rf
0.25 (hexane-ethyl acetate, 2:1); mp 121-123 °C(ARR) 3352, 1724 cit *H NMR (CDCk) &
2.13-2.16 (m, 2H), 2.44 (t, 2H=7.3 Hz), 3.65 (s, 3H), 3.66 (s, 3.H), 4.08 (brd),14.46 (t, 1H,
J=6.8 Hz), 6.49-6.53 (m, 2H), 6.64-6.68 (M, 2H),T7448 (m, 3H), 7.76-7.83 (m, 4HYC NMR
(CDCl) 5 30.8 (t), 33.0 (1), 51.4 (q), 55.4 (q), 58.4 (#)4.5 (d), 114.6 (d), 124.4 (d), 125.1 (d),
125.4 (d), 125.9 (d), 127.5 (d), 127.6 (d), 128l 132.6 (s), 133.2 (s), 140.7 (s), 141.3 (s),.851
(s), 173.8 (s). Anal. Calcd for,gH23NOs: C, 75.62; H, 6.63; N, 4.01. Found: C, 75.56; H566 N,
3.94.

4.4.8. Methyl 4-(3,4-dimethoxyphenyl)-4-((4-metlpbvgnyl)amino)butanoatel%i): Pale yellow
paste;Rf0.3 (hexane-ethyl acetate, 2:1); IR (neat) 1728;cid NMR (CDCk) & 2.02-2.10 (m, 1H),
2.11-2.19 (m, 1H), 2.39 (t, 2H=7.2 Hz), 3.66 (s, 3H), 3.69 (s, 3H), 3.74 (brs),13185 (s, 3H),
3.86 (s, 3H), 4.23 (t, 1H}=6.8 Hz), 6.47-6.51 (m, 2H), 6.67-6.71 (m, 2H),BE82 (M, 1H),
6.84-6.88 (m, 2H)**C NMR (CDC}) 6 30.8 (t), 33.1 (t), 51.5 (q), 55.5 (q), 55.6 (8,2 (d), 109.3

(d), 111.0 (d), 114.47 (d), 114.52 (d), 118.3 (B5.7 (s), 141.3 (s), 147.8 (s), 149.0 (s), 154)8 (
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173.8 (s); HRMS (ESI) calcd foragH26NOs (M + H') 360.1811; found 360.1808.

4.4.9. Methyl 4-((4-methoxyphenyl)amino)-4-(pyri@hyl)butanoate 15j): Pale yellow pasteRf
0.35 (hexane-ethyl acetate, 1:2); NMR (CDCk) § 2.06-2.20 (m, 2H), 2.45 (t, 2H=7.0 Hz), 3.67
(s, 3H), 3.69 (s, 3H), 3.99 (brs, 1H), 4.37 (t, DH7.0 Hz), 6.43-6.47 (m, 2H), 6.66-6.70 (M, 2H),
7.24 (dd, 1HJ=4.7, 8.0 Hz), 7.64-7.67 (m, 1H), 8.48-8.50 (m, 1860 (d, 1HJ=1.9 Hz);C
NMR (CDCL) & 30.8 (t), 33.0 (t), 51.8 (q), 55.6 (q), 56.3 (i}4.6 (d), 114.8 (d), 123.6 (d), 133.9
(d), 138.7 (s), 140.7 (s), 148.6 (d), 148.7 (d)2.25(s), 173.7 (s); HRMS (ESI) calcd for
C17H21N203 (M + H) 301.1552; found 301.1550.

4.4.10. 4-(4-Chlorophenyl)-4-((4-methoxyphenyl)amjinuitanenitrile {9b): Pale yellow pasteRf
0.55 (hexane-ethyl acetate, 2:1); IR (neat) 33@85xm"; 'H NMR (CDCk) & 2.14-2.29 (m, 2H),
2.45-2.52 (m, 1H), 2.58-2.65 (m, 1H), 3.82 (s, 3#B3 (t, 1H,J=7.1 Hz), 6.60-6.64 (m, 2H),
6.81-6.84 (m, 2H), 7.36-7.40 (m, 2H), 7.42-7.45 @hi); °C NMR (CDCE) 5 14.2 (t), 33.3 (1),
55.4 (q), 56.8 (d), 114.6 (d), 114.9 (d), 119.3 {&7.5 (d), 128.8 (d), 132.9 (s), 140.2 (s), 146)5
152.2 (s); HRMS (ESI) calcd for;@H:sCIN,O (M + H') 301.1108; found 301.1105.

4.4.11. 4-(2-Methoxyphenyl)-4-((4-methoxyphenylyajtiutanenitrile {9d): Pale yellow pasteRf
0.55 (hexane-ethyl acetate, 2:1); IR (neat) 33@85xm"; 'H NMR (CDCk) & 2.09-2.19 (m, 2H),
2.39-2.50 (m, 2H), 3.69 (s, 3H), 3.89 (s, 3H), 4(6&H,J=6.9 Hz), 6.53-6.57 (m, 2H), 6.67-6.71
(m, 2H), 6.87-6.91 (m, 2H), 7.19-7.24 (m, 2E)C NMR (CDCE) & 14.4 (t), 31.6 (t), 53.3 (d), 55.1
(9), 55.4 (g), 110.5 (d), 114.5 (d), 114.8 (d), .¥16s), 120.6 (d), 127.2 (d), 128.3 (d), 129.2 (s),
140.9 (s), 152.0 (s), 156.8 (s); HRMS (ESI) calod €sH2:N,O, (M + H") 297.1603; found
297.1601.

4.4.12. 4-(4-Fluorophenyl)-4-((4-methoxyphenyl)amjiutanenitrile {9e): Pale yellow pasteRf
0.5 (hexane-ethyl acetate, 2:1); IR (neat) 336&52a1"; '"H NMR (CDCk) & 2.03-2.19 (m, 2H),
2.31-2.39 (m, 1H), 2.44-2.51 (m, 1H), 3.70 (s, 3#pY1 (t, 1H,J=6.9 Hz), 6.50-6.54 (m, 2H),
6.69-6.72 (m, 2H), 7.00-7.05 (m, 2H), 7.27-7.32 @hl); °C NMR (CDCE) 5 14.3 (t), 33.5 (1),

55.5 (q), 56.9 (d), 114.6 (d), 115.0 (d), 115.7X=21.7 Hz), 119.3 (s), 127.8 (dcc=7.7 Hz),
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137.6 (s), 140.3 (s), 152.3 (), 162.0%s=245.9 Hz); HRMS (ESI) calcd for@H:sFN,O (M +
H") 285.1403; found 285.1400.

4.4.13. 4-(3-Cyano-1-((4-methoxyphenyl)amino)prigg@rzonitrile {9f): Pale yellow pasteRkf 0.3
(hexane-ethyl acetate, 2:1); IR (neat) 3368, 2228;c'H NMR (CDCk) & 2.08-2.15 (m, 2H),
2.39-2.46 (m, 1H), 2.52-2.59 (m, 1H), 3.69 (s, 3&K0 (t, 1H,J=7.0 Hz), 6.46-6.50 (m, 2H),
6.68-6.72 (m, 2H), 7.44-7.47 (m, 2H), 7.62-7.65 @hi); °C NMR (CDCE) 5 14.4 (t), 33.2 (1),
55.5 (q), 57.2 (d), 111.2 (s), 114.7 (d), 114.9 (dB.5 (s), 119.0 (s), 127.0 (d), 132.6 (d), 139)8
147.9 (s), 152.4 (s); HRMS (ESI) calcd fofgB1gNz0 (M + H') 292.1450; found 292.1447.

4.4.14. 4-((4-Methoxyphenyl)amino)-4-(naphthaleybbutanenitrile (99): Pale yellow pastelRf
0.5 (hexane-ethyl acetate, 2:1); IR (neat) 336@522m*; 'H NMR (CDCk) & 2.10-2.18 (m, 1H),
2.35-2.43 (m, 1H), 2.45-2.52 (m, 1H), 2.60-2.67 {#), 3.67 (s, 3H), 3.93 (brs, 1H), 5.29 (dd, 1H,
J=4.7, 8.4 Hz), 6.50-6.54 (m, 2H), 6.66-6.69 (m, 2A¥1 (dd, 1H,J=7.4, 8.0 Hz), 7.51-7.56 (m,
2H), 7.59-7.63 (m, 1H), 7.78 (d, 1KH=8.2 Hz), 7.90-7.94 (m, 1H), 8.17 (d, 188.5 Hz);°C
NMR (CDCk) & 14.3 (t), 32.6 (t), 52.8 (d), 55.3 (q), 114.4 (t)4.5 (d), 119.6 (s), 121.8 (d), 122.6
(d), 125.4 (d), 125.5 (d), 126.4 (d), 127.8 (d)9.02(d), 130.5 (s), 133.8 (s), 137.0 (s), 140.5 (s)
151.9 (s); HRMS (ESI) calcd for,@,:N,0 (M + H') 317.1654; found 317.1652.

4.4.15. 4-((4-Methoxyphenyl)amino)-4-(naphthaleyhButanenitrile (9h): White solid; Rf 0.55
(hexane-ethyl acetate, 2:1); mp 117-118 °C; IR (ABER60, 2249 ci; *H NMR (CDCk) &
2.14-2.29 (m, 2H), 2.33-2.41 (m, 1H), 2.46-2.53 (H), 3.68 (s, 3H), 3.85 (brs, 1H), 4.59 (t, 1H,
J=7.0 Hz), 6.56-6.60 (m, 2H), 6.67-6.71 (m, 2H),ZZ#451 (m, 3H), 7.78-7.79 (m, 1H), 7.80-7.86
(m, 3H); *C NMR (CDC}) § 14.2 (t), 33.2 (t), 55.4 (d), 57.6 (q), 114.6 (4.9 (d), 119.4 (s),
123.8 (d), 125.2 (d), 125.8 (d), 126.2 (d), 12dp 127.6 (d), 128.7 (d), 132.7 (s), 133.1 (s),.239
(s), 140.6 (s), 152.1 (s). Anal. Calcd forl@,0N.0: C, 79.72; H, 6.37; N, 8.85. Found: C, 79.75; H,
6.41; N, 8.80.

4.5. Typical procedure of cyclization of 15to 16

To a solution ofl5a (75 mg, 0.25 mmol) in THF (5 mL) was added NaR2fOmL, 0.25 mmol)
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at 25 °C. The mixture was refluxed for 30 min ahdrnt cooled to room temperature. After the
solvent was removenh vacuq the residue was purified by column chromatographysilica gel
(hexanes-EtOAc) to givé6a in 85% yield. Compoundtsa’ and16c’ were known.

4.5.1. 5-(4-Chlorophenyl)-1-(4-methoxyphenyl)pyidiol-2-one (6b): White solid; Rf 0.15
(hexane-ethyl acetate, 2:1); mp 123-125 °C; IR 878 cm'; *H NMR (CDCk) § 1.90-2.01 (m,
1H), 2.56-2.80 (s, 3H), 3.71 (s, 3H), 5.15 (dd, 1&B.5, 6.4 Hz), 6.74-6.80 (m, 2H), 7.12-7.17 (m,
2H), 7.22-7.28 (m, 4H)**C NMR (CDC}) 5 28.8 (t), 30.8 (t), 55.1 (q), 63.5 (d), 113.8 (424.1
(d), 127.4 (d), 128.9 (d), 130.6 (s), 133.3 (s)9.83(s), 156.8 (s), 174.4 (s). Anal. Calcd for
C17H16CINO2: C, 67.66; H, 5.34; N, 4.64. Found: C, 67.73; B7/5N, 4.58.

4.5.2. 5-(2-Methoxyphenyl)-1-(4-methoxyphenyl)didio-2-one (6d): White solid; Rf 0.25
(hexane-ethyl acetate, 5:1); mp 104-106 °C; IR )r&897 cm'; *H NMR (CDCk) § 1.91-2.00 (m,
1H), 2.52-2.75 (m, 3H), 3.73 (s, 3H), 3.88 (s, 35{53-5.57 (M, 1H), 6.76-6.80 (M, 2H), 6.82-6.91
(m, 2H), 7.03-7.07 (m, 1H), 7.19-7.24 (m, 1H), ZB39 (m, 2H):**C NMR (CDCE) 5 27.0 (t),
31.1 (t), 55.2 (q), 55.3 (q), 58.8 (d), 110.6 (3.8 (d), 120.6 (d), 123.3 (d), 126.4 (d), 1281} (
128.9 (s), 131.5 (s), 156.4 (s), 174.9 (s). Anallc@ for GgH1gNOgs: C, 72.71; H, 6.44; N, 4.71.
Found: C, 72.74; H, 6.45; N, 4.61.

4.5.3. 5-(4-Fluorophenyl)-1-(4-methoxyphenyl)pyidiol-2-one (6€): White solid; Rf 0.15
(hexane-ethyl acetate, 2:1); mp 105-106 °C; IR 886 cm'; *H NMR (CDCk) § 1.93-2.01 (m,
1H), 2.57-2.67 (m, 2H), 2.68-2.79 (m, 1H), 3.723), 5.16 (dd, 1HJ=5.0, 7.9 Hz), 6.76-6.80 (m,
2H), 6.95-7.01 (m, 2H), 7.15-7.20 (m, 2H), 7.2157(ch, 2H):**C NMR (CDCE) & 29.0 (t), 30.9 (%),
55.2 (q), 63.6 (d), 113.9 (d), 115.8 (@dc=21.1 Hz), 124.3 (d), 127.8 (dscc=8.6 Hz), 130.8 (s),
137.1 (S, Jccce=3.8 Hz), 156.9 (s), 162.1 (slcF=246.6 Hz), 174.5 (s). Anal. Calcd for
CiH16FNO,: C, 71.56; H, 5.65; N, 4.91. Found: C, 71.55; 05N, 4.79.

4.5.4. 4-(1-(4-Methoxyphenyl)-5-oxopyrrolidin-2bghzonitrile 16f): Pale yellow pasteRf 0.3
(hexane-ethyl acetate, 1:2); IR (neat) 2228, 1686;c'H NMR (CDCk) & 1.93-1.99 (m, 1H),

2.61-2.76 (s, 3H), 3.73 (s, 3H), 5.25 (dd, TE5.3, 7.8 Hz), 6.76-6.80 (m, 2H), 7.21-7.25 (m, 2H)
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7.32-7.35 (m, 2H), 7.58-7.61 (m, 2HJiC NMR (CDCE) & 28.6 (t), 30.7 (t), 55.2 (q), 63.6 (d),
111.6 (s), 114.0 (d), 118.3 (s), 123.9 (d), 12@)8 {30.4 (s), 132.7 (d), 146.8 (s), 156.9 (s),.374
(s); HRMS (ESI) calcd for GH17N,O, (M + H) 293.1290; found 293.1288.

4.5.5. 1-(4-Methoxyphenyl)-5-(naphthalen-1-yl)plidim-2-one (69): Pale yellow pasteRf 0.25
(hexane-ethyl acetate, 2:1); IR (neat) 1693'ciil NMR (CDCk) & 1.98-2.18 (m, 1H), 2.54-2.83
(m, 3H), 3.69 (s, 3H), 5.98 (brs, 1H), 6.72-6.76, @), 7.29 (d, 1HJ=7.3Hz), 7.36 (t, 1H,
J=7.3Hz), 7.40-7.50 (m, 2H), 7.51-7.63 (m, 2H), 7(d6 1 H,J=8.3Hz), 7.91 (d, 1 HJ=8.3Hz),
8.03 (d, 1 H,)=8.3Hz);*3C NMR (CDCE) § 27.2 (t), 30.8 (t), 54.8 (q), 60.0 (d), 113.5 (t}2.0 (d),
125.1 (d), 125.6 (d), 126.2 (d), 127.8 (d), 12&lp 129.7 (s), 131.5 (s), 133.9 (s), 135.5 (s),.A56
(s), 174.4 (s); HRMS (ESI) calcd forE,0NO, (M + HY) 318.1494; found 318.1492.

4.5.6. 1-(4-Methoxyphenyl)-5-(naphthalen-2-yl)plidim-2-one (@6h): White solid; Rf 0.35
(hexane-ethyl acetate, 1:1); mp 143-144 °C; IR (AIR95, 1684, 1672 ch *H NMR (CDCk) &
2.03-2.12 (m, 1H), 2.61-2.73 (m, 2H), 2.77-2.86 i), 3.68 (s, 3H), 5.33 (dd, 184.9, 7.6 Hz),
6.71-6.77 (m, 2H), 7.29-7.37 (m, 3H), 7.43-7.49 @hl), 7.64 (s, 1H), 7.73-7.83 (m, 3HYC
NMR (CDCL) & 28.7 (t), 30.9 (t), 55.1 (q), 64.3 (d), 113.8 (#33.6 (d), 124.0 (d), 125.0 (d), 126.0
(d), 126.3 (d), 127.5 (d), 128.9 (d), 131.0 (s)2.%3(s), 133.0 (s), 138.6 (s), 156.6 (), 174.6 (s)
Anal. Calcd for GiH19NOy: C, 79.47; H, 6.03; N, 4.41. Found: C, 79.43; % N, 4.29.

4.5.7. 5-(3,4-Dimethoxyphenyl)-1-(4-methoxyphenyighidin-2-one (6i): Colorless pastaxf 0.3
(hexane-ethyl acetate, 1:2); IR (neat) 1686'ctil NMR (CDCk) & 1.96-2.04 (m, 1H), 2.55-2.65
(m, 2H), 2.69-2.79 (m, 1H), 3.72 (s, 3H), 3.8138l), 3.82 (s, 3H), 5.11 (dd, 1KHz5.0, 7.7 Hz),
6.69 (brs, 1H), 6.72-6.80 (m, 4H), 7.23-7.28 (m):2£C NMR (CDC}) 5 29.1 (t), 31.0 (t), 55.2 (q),
55.7 (q), 55.8 (q), 64.1 (d), 108.9 (d), 111.1 (d)3.8 (d), 118.5 (d), 124.3 (d), 131.0 (s), 133)7
148.4 (s), 149.3 (s), 156.8 (s), 174.6 (s); HRMSI{Ealcd for GoHoNO, (M + H') 328.1549;
found 328.1546.

4.5.8. 1-(4-Methoxyphenyl)-5-(pyridin-3-yl)pyrraid2-one (6j): Pale yellow solidRf 0.3 ethyl

acetate-ethanol, 10:1); mp 73-75 °C; IR (neat) 12678 cni; 'H NMR (CDCk) & 1.96-2.05 (m,
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1H), 2.62-2.81 (m, 3H), 3.72 (s, 3H), 5.23 (t, IH6.2 Hz), 6.76-6.80 (M, 2H), 7.20-7.26 (m, 3H),
7.50-7.54 (m, 1H), 8.48-8.50 (m, 1H), 8.52 (d, T&1.9 Hz);**C NMR (CDCE) 5 28.8 (t), 30.9 (1),
55.3 (q), 61.9 (d), 114.1 (d), 123.8 (d), 124.5 (80.3 (s), 133.7 (d), 136.8 (s), 148.2 (d), 146)2
157.1 (s), 174.4 (s). Anal. Calcd fogH16N20,: C, 71.62; H, 6.01; N, 10.44. Found: C, 71.65; H,
6.03; N, 10.38.
4.6. Typical procedure of oxidation of 16 to 17

To a solution ofl6a (53 mg, 0.2 mmol) in CECN (5 mL) was added an aqueous solution (3
mL) of CAN (241 mg, 0.44 mmol) at 5 °C. After beistirred for 30 min at this temperature, the
mixture was diluted with bO (20 mL) and extracted with ethyl acetate (20 mB)x After the
solvent was removenh vacuq the residue was purified by column chromatographysilica gel
(hexanes-EtOAc) to givé7a in 85% yield. Compounds7a,'® 17b,* 17¢,*® 17d,*° 17¢,*° and 17j%°
were known.
4.6.1. 4-(5-Oxopyrrolidin-2-yl)benzonitrilelTf): White solid;Rf 0.5 ethyl acetate-ethanol, 10:1);
white solid; mp 166-167 °C; IR (neat) 3161, 223884, 1655 cnf; *H NMR (CDCk) & 1.90-1.99
(m, 1H), 2.40-2.53 (m, 2H), 2.61-2.69 (m, 1H), 4(82LH,J=7.3 Hz), 6.04 (brs, 1H), 7.41-7.45 (m,
2H), 7.66-7.70 (m, 2H)*3C NMR (CDCE) & 30.1 (t), 30.8 (t), 57.7 (d), 111.7 (s), 118.4 (6.3
(d), 132.7 (d), 147.9 (s), 179.0 (s). Anal. Caled &,;H:oN,O: C, 70.95; H, 5.41; N, 15.04. Found:
C, 71.01; H, 5.45; N, 14.94.
4.6.2. 5-(Naphthalen-1-yl)pyrrolidin-2-on&7g): White solid;Rf 0.25 (hexane-ethyl acetate, 1:2);
mp 149-151 °C; IR (neat) 3177, 1690 tmMH NMR (CDCk) & 2.03-2.11 (m, 1H), 2.40-2.51 (m,
2H), 2.79-2.87 (m, 1H), 5.55 (dd, 1H=5.5, 7.8 Hz), 6.31 (brs, 1H), 7.47 (t, 1B57.3Hz),
7.51-7.58 (m, 3H), 7.81 (d, 1H=7.8 Hz), 7.89-7.92 (m, 1H), 7.95 (d, 1858.3Hz);*C NMR
(CDCl3) 6 29.65 (t), 29.72 (t), 54.4 (d), 121.1 (d), 12243, 125.4 (d), 125.7 (d), 126.2 (d), 127.9
(d), 128.9 (s), 129.9 (s), 133.8 (s), 138.1 (sp.27s). Anal. Calcd for GH13NO: C, 79.59; H,
6.20; N, 6.63. Found: C, 79.56; H, 6.22; N, 6.57.

4.6.3. 5-(Naphthalen-2-yl)pyrrolidin-2-ond #h): White solid; Rf 0.3 (hexane-ethyl acetate, 1:2);
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mp 183-184 °C; IR (ATR) 3179, 1686 &mH NMR (CDC) & 2.03-2.12 (m, 1H), 2.43-2.58 (m,
2H), 2.62-2.70 (m, 1H), 4.93 (t, 1H=7.2 Hz), 5.97 (brs, 1H), 7.39-7.43 (m, 1H), 7.4347(m,
2H), 7.74 (s, 1H), 7.81-7.89 (m, 3HYIC NMR (CDC}) & 30.2 (t), 31.0 (t), 58.1 (d), 123.6 (d),
124.2 (d), 126.1 (d), 126.5 (d), 127.7 (d), 1248 128.9 (d), 132.9 (s), 133.2 (s), 139.8 (s),.678
(s). Anal. Calcd for @H13NO: C, 79.59; H, 6.20; N, 6.63. Found: C, 79.61624; N, 6.55.
4.6.4. 5-(3,4-Dimethoxyphenyl)pyrrolidin-2-ond7i): Colorless pasteRf 0.15 (hexane-ethyl
acetate, 1:5)*H NMR (CDCk) & 1.92-2.00 (m, 1H), 2.37-2.58 (m, 3H), 3.87 (s, 3BiB8 (s, 3H),
4.70 (t, 1H,J=7.3 Hz), 6.45 (brs, 1H), 6.80 (s, 1H), 6.84 (s):2fC NMR (CDC}) § 30.4 (t), 31.4
(t), 55.9 (q), 56.0 (q), 57.9 (d), 108.5 (d), 11(d}, 117.8 (d), 134.8 (s), 148.6 (s), 149.3 (8.5
(s); HRMS (ESI) calcd for GH1sNOs (M + HY) 222.1130; found 222.1128.
4.7. Typical procedure of transformation of 15to 18

To a solution oft5a (75 mg, 0.25 mmol) in C¥CN (5 mL) was added an aqueous solution (3
mL) of CAN (302 mg, 0.55 mmol) at 5 °C. The mixtweas stirred for 30 min at this temperature
and then neutralized with sat. NaHEC&Y. To the mixture were added 48g03/5H,0 (62 mg, 0.25
mmol), (Boc)O (164 mg. 0.75 mmol), and NaHG@®3 mg, 0.75 mmol). After being stirred for 1 h
at 25 °C, the mixture was extracted with ethyl ae{20 mL x 3). After the solvent was removed
vacuq the residue was purified by column chromatograpihysilica gel (hexanes-EtOAc) to give
18a in 70% yield. Compoundf>* and20a’ were known.
4.7.1. Methyl 4-((tert-butoxycarbonyl)amino)-4-phiutanoate 18a): White solid; Rf 0.3
(hexane-ethyl acetate, 5:1); mp 81-82 °C; IR (ABRp5, 1732, 1684 ch '*H NMR (CDCk) &
1.41 (brs, 9H), 2.00-2.16 (m, 2H), 2.28-2.43 (M), 28166 (s, 3H), 4.60-4.70 (m, 1H), 4.91 (brs,
1H), 7.24-7.29 (m, 3H), 7.32-7.36 (m, 2H3C NMR (CDCEk) & 28.1 (q), 30.8 (t), 31.5 (t), 51.4 (q),
54.2 (d), 79.1 (s), 126.1 (d), 127.1 (d), 128.4 (2.0 (s), 155.1 (s), 173.5 (s). Anal. Calcd for
Ci16H23NOy: C, 65.51; H, 7.90; N, 4.77. Found: C, 65.56; 907 N, 4.65.
4.7.2. Methyl 4-((tert-butoxycarbonyl)amino)-4-(@karophenyl)butanoatel@b): White solid; Rf

0.3 (hexane-ethyl acetate, 5:1); mp 110-112 °QARR) 3389, 1730, 1684 ¢ *H NMR (CDCk)
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§ 1.41 (brs, 9H), 1.96-2.12 (m, 2H), 2.29-2.42 (H),23.67 (s, 3H), 4.56-4.69 (m, 1H), 4.93 (brs,
1H), 7.19-7.23 (m, 2H), 7.29-7.32 (m, 2KC NMR (CDC}) & 28.3 (q), 30.7 (t), 31.3 (t), 51.6 (q),
53.7 (d), 79.4 (s), 127.5 (d), 128.6 (d), 132.8 1€)0.8 (s), 155.1 (s), 173.5 (s). Anal. Calcd for
Ci16H22CINO.: C, 58.63; H, 6.76; N, 4.27. Found: C, 58.65; H,76 N, 4.20.

4.7.3. Methyl 4-((tert-butoxycarbonyl)amino)-4-(4tmoxyphenyl)butanoatdgc): White solid;Rf
0.3 (hexane-ethyl acetate, 5:1); mp 94-95 °C; IRRA3374, 1732, 1682 ¢ *H NMR (CDCh) &
1.41 (brs, 9H), 1.97-2.17 (m, 2H), 2.26-2.41 (m),2865 (s, 3H), 3.79 (s, 3H), 4.53-4.65 (m, 1H),
4.84 (brs, 1H), 6.85-6.88 (m, 2H), 7.17-7.22 (m):ZFC NMR (CDCE) § 28.3 (), 31.0 (t), 31.7 (t),
51.7 (q), 53.9 (d), 55.3 (q), 79.4 (s), 114.0 (B7.4 (d), 134.1 (s), 155.20 (s), 158.8 (s), 118)7
Anal. Calcd for G/H2sNOs: C, 63.14; H, 7.79; N, 4.33. Found: C, 63.12; B37 N, 4.29.

4.7.4. Methyl 4-((tert-butoxycarbonyl)amino)-4-(2tmoxyphenyl)butanoatég&d): Colorless Paste;
Rf0.3 (hexane-ethyl acetate, 5:1); IR (ATR) 336&32,71688, 1678 cih *H NMR (CDCk) § 1.41
(brs, 9H), 1.97-2.17 (m, 2H), 2.26-2.41 (m, 2HBRB(s, 3H), 3.79 (s, 3H), 4.53-4.65 (m, 1H), 4.84
(brs, 1H), 6.85-6.88 (m, 2H), 7.17-7.22 (m, 2EC NMR (CDCE) & 28.3 (q), 31.0 (t), 31.7 (1),
51.7 (q), 53.9 (d), 55.3 (q), 79.4 (s), 114.0 (B7.4 (d), 134.1 (s), 155.20 (s), 158.8 (s), 118)7
HRMS (ESI) calcd for §HogNOs (M + HY) 324.1811; found 324.18009.

4.7.5. Methyl 4-((tert-butoxycarbonyl)amino)-4-(4-fluoragtyl)butanoate 18e): Colorless Paste;
Rf 0.3 (hexane-ethyl acetate, 5:1); IR (ATR) 337%32,71682 crit; 'H NMR (CDCk) 5 1.41 (brs,
9H), 1.96-2.15 (m, 2H), 2.27-2.43 (m, 2H), 3.66 8&]), 4.58-4.69 (m, 1H), 5.12 (brs, 1H),
6.98-7.04 (m, 2H), 7.22-7.27 (m, 2HfC NMR (CDCE) & 28.2 (q), 30.8 (t), 31.5 (t), 51.6 (q), 53.7
(d), 79.5 (s), 115.4 (dJccr=21.6 Hz), 127.8 (dJccc=8.1 Hz), 138.0 (s), 155.1 (s), 161.9 (s,
Jcr=245.0 Hz), 173.6 (s); HRMS (ESI) calcd forgB23FNOs (M + HY) 312.1611; found 312.1608
4.7.6. Methyl 4-((tert-butoxycarbonyl)amino)-4-(idipalen-1-yl)butanoatelBg): White solid; Rf
0.25 (hexane-ethyl acetate, 5:1); mp 128-130 °C}(ARR) 3331, 1730, 1684 cm 'H NMR
(CDCly) & 1.43 (brs, 9H), 2.17-2.38 (m, 2H), 2.42-2.54 (rh}),23.68 (s, 3H), 5.01 (brs, 1H),

5.49-5.57 (m, 1H), 7.45-7.47 (m, 2H), 7.48-7.52 (Hl), 7.53-7.57 (m, 1H), 7.76-7.80 (m, 1H),
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7.87 (d, 1H,J=8.0Hz), 8.17 (d, 1H]=8.4 Hz);*C NMR (CDC}) & 28.2 (q), 30.9 (t), 33.4 (t), 49.8
(d), 51.5 (q), 79.3 (s), 122.4 (d), 123.0 (d), 12d), 125.6 (d), 126.3 (d), 127.9 (d), 128.7 (d),
130.8 (s), 133.8 (s), 137.9 (s), 155.2 (s), 178)6Anal. Calcd for GH.sNO4: C, 69.95; H, 7.34; N,
4.08. Found: C, 69.95; H, 7.39; N, 4.05.

4.7.7. Methyl 4-((tert-butoxycarbonyl)amino)-4-(ihdpalen-2-yl)butanoatel@h): White solid; Rf
0.25 (hexane-ethyl acetate, 5:1); mp 122-123 °QARR) 3377, 1730, 1716, 1686 &mH NMR
(CDCl) 6 1.42 (brs, 9H), 2.11-2.25 (m, 2H), 2.31-2.46 (H),23.65 (s, 3H), 4.75-4.88 (m, 1H),
5.01 (brs, 1H), 7.37-7.42 (m, 1H), 7.44-7.50 (m),2H72 (brs, 1H), 7.79-7.85 (m, 3HJC NMR
(CDCl) & 28.2 (q), 30.9 (t), 31.4 (t), 51.5 (q), 54.3 (@.3 (s), 124.3 (d), 124.9 (d), 125.6 (d),
126.0 (d), 127.4 (d), 127.7 (d), 128.4 (d), 133)p 133.1 (s), 139.4 (s), 155.2 (s), 173.5 (s).lAna
Calcd for GoH2sNO4: C, 69.95; H, 7.34; N, 4.08. Found: C, 69.89; B57 N, 3.98.

4.7.8. tert-Butyl (3-cyano-1-(4-chlorophenyl)propdrbamate 20b): White solid; Rf 0.5
(hexane-ethyl acetate, 2:1); mp 130-132 °C; IR (ABR85, 2243, 1688, 1678 &n'H NMR
(CDCl) & 1.42 (brs, 9H), 2.01-2.24 (m, 2H), 2.30-2.41 (H),24.63-4.74 (m, 1H), 4.81 (d, 1H,
J=8.0 Hz), 7.20-7.23 (m, 2H), 7.33-7.36 (m, 2C NMR (CDC}) 5 14.4 (1), 28.2 (q), 32.0 (),
53.4 (d), 80.1 (s), 118.9 (s), 127.6 (d), 129.9 (B3.6 (s), 139.2 (s), 155.1 (s). Anal. Calcd for
Ci1sH19CIN2O,: C, 61.12; H, 6.50; N, 9.50. Found: C, 61.18; FB46 N, 9.37.

4.7.9. tert-Butyl (3-cyano-1-(4-methoxyphenyl)pfigarbamate 20c): White solid; Rf 0.4
(hexane-ethyl acetate, 2:1); mp 133-134 °C; IR (ABB87, 2247, 1682 chm *H NMR (CDCk) &
1.43 (brs, 9H), 2.01-2.11 (m, 1H), 2.16-2.27 (m),1M427-2.35 (m, 2H), 3.81 (s, 3H), 4.58-4.67 (m,
1H), 4.75 (brs, 1H), 6.88-6.91 (m, 2H), 7.17-7.21, @H); *C NMR (CDCE) 5 14.4 (t), 28.2 (q),
32.2 (t), 53.5 (d), 55.2 (q), 79.9 (s), 114.3 9.2 (s), 127.5 (d), 132.4 (s), 155.2 (s), 158)2 (
Anal. Calcd for GgH2oN20s: C, 66.18; H, 7.64; N, 9.65. Found: C, 66.26; 67 N, 9.53.

4.7.10. tert-Butyl (3-cyano-1-(2-methoxyphenyl)pipgarbamate 20d): White solid; Rf 0.5
(hexane-ethyl acetate, 2:1); mp 125-126 °C; IR (ABB77, 2247, 1682 chm *H NMR (CDCk) &

1.43 (brs, 9H), 2.05-2.40 (m, 4H), 3.88 (s, 3H)7744.84 (m, 1H), 5.52 (d, 1H]=8.9 Hz),
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6.89-6.96 (M, 2H), 7.15-7.19 (m, 1H), 7.26-7.31 (ih); **C NMR (CDCE) & 14.6 (t), 28.2 (q),
31.3 (t), 52.7 (d), 55.3 (q), 79.6 (s), 110.0 ()9.5 (s), 121.0 (d), 127.8 (s), 128.7 (d), 129y (
155.3 (s), 156.9 (s). Anal. Calcd forgl2:N.0s3: C, 66.18; H, 7.64; N, 9.65. Found: C, 66.20; H,
7.65; N, 9.57.

4.7.11. tert-Butyl (3-cyano-1-(4-fluorophenyl)prtyoprbamate 20e): White solid; Rf 0.45
(hexane-ethyl acetate, 2:1); mp 124-125 °C; IR (ABB79, 2247, 1680 ch *H NMR (CDCk) &
1.42 (brs, 9H), 2.02-2.26 (m, 2H), 2.32-2.39 (m),2463-4.73 (m, 1H), 4.80 (brs, 1H), 7.04-7.09
(m, 2H), 7.23-7.28 (m, 2H}3C NMR (CDCE) 5 14.4 (t), 28.2 (q), 32.2 (t), 53.4 (d), 80.1 (5.8
(d, Jeci=22.8 Hz), 119.0 (s), 127.9 (cc=7.2 Hz), 136.4 (s), 155.1 (s), 162.2J6:=247.1 Hz).
Anal. Calcd for GsH19FN2O2: C, 64.73; H, 6.88; N, 10.07. Found: C, 64.776192; N, 9.98.

4.7.12. tert-Butyl (3-cyano-1-(4-cyanophenyl)propgtbamate Z0f): Pale yellow pasteRf 0.3
(hexane-ethyl acetate, 2:1); IR (ATR) 3348. 223B6L.cm’; 'H NMR (CDCk) & 1.44 (brs, 9H),
2.03-2.20 (m, 2H), 2.36-2.50 (m, 2H), 4.71-4.84 (bh]), 5.14 (brs, 1H), 7.40-7.45 (m, 2H),
7.65-7.70 (m, 2H)**C NMR (CDCE) & 14.4 (t), 28.1 (q), 31.8 (t), 53.7 (d), 80.4 (5)1.7 (),
118.4 (s), 118.7 (d), 126.9 (d), 132.7 (d), 1463 155.0 (s); HRMS (ESI) calcd for,&loN50,
(M + H") 286.1556; found 286.1553.

4.7.13. tert-Butyl (3-cyano-1-(naphthalen-1-yl)pybparbamate 20g): White solid; Rf 0.5
(hexane-ethyl acetate, 2:1); mp 147-149 °C; IR (ABB81, 2251, 1680 chm *H NMR (CDCk) &
1.44 (brs, 9H), 2.33-2.41 (m, 2H), 2.46-2.53 (m,) 2491 (brs, 1H), 5.54 (d, 1H=7.4 Hz),
7.41-7.45 (m, 1H), 7.47 (t, 18=7.8 Hz), 7.51-7.55 (m, 1H), 7.56-7.60 (m, 1H),37(8, 1H,J= 8.0
Hz), 7.90 (d, 1HJ=7.8 Hz), 8.11 (d, 1HJ=8.4 Hz);™*C NMR (CDCE) & 14.4 (t), 28.0 (q), 31.7 (t),
49.5 (d), 79.2 (s), 119.3 (s), 122.6 (d), 125.1185.8 (d), 126.5 (d), 128.4 (d), 128.8 (d), 1385
133.7 (s), 136.5 (s), 155.3 (s). Anal. Calcd fesHz:N.O,: C, 73.52; H, 7.14; N, 9.03. Found: C,
73.59; H, 7.21; N, 8.94.

4.7.14. tert-Butyl (3-cyano-1-(naphthalen-2-yl)pyhparbamate 20h): White solid; Rf 0.5

(hexane-ethyl acetate, 2:1); mp 138-139 °C; IR (ABR91, 2249, 1684 chm *H NMR (CDCk) &

- 40 -



1.43 (brs, 9H), 2.15-2.41 (m, 4H), 4.81-4.93 (m), 1493 (brs, 1H), 7.36-7.40 (m, 1H), 7.48-7.54
(m, 2H), 7.73 (brs, 1H), 7.81-7.89 (m, 3t NMR (CDC}) & 14.3 (t), 28.2 (q), 32.0 (t), 54.1 (d),
79.9 (s), 119.1 (s), 123.9 (d), 125.2 (s), 126)1 186.4 (d), 127.5 (d), 127.8 (d), 128.9 (d), 832.
(s), 133.1 (s), 137.7 (s), 155.2 (s). Anal. Caled@;9H22N-0,: C, 73.52; H, 7.14; N, 9.03. Found:

C, 73.56; H, 7.19; N, 8.97.

-41 -



References and notes

(1) Shono, T.; Ohmizu, H.; Kawakami, S.; SugiyamaJTetrahedron Lett1980, 21, 5029.

(2) (a) Shono, T.; Hamaguchi, H.; Nishiguchi, I.; Saskk; Miyamoto, T.; Miyamoto, M.; Fuijita,
S.Chem. Lett1981, 1217. (b) Corey, E. J.; Pyne, S.Tetrahedron Lett1983, 24, 2821.

(3) (a) Otsubo, K.; Inanaga, J.; Yamaguchi, Mtrahedron Lett1986, 24, 5763. (b) Fukuzawa,
S.; Nakanishi, A.; Fujinami, T.; Sakai, €hem. Commun1986, 624. (c) Fukuzawa, S.;
Nakanishi, A.; Fujinami, T.; Sakai, 3. Chem. Soc. Perkin1B88, 1669. (d) Molander, G. A.;
Kenny, C.Tetrahedron Lett1987, 28, 4367.

(4) For arecent review on the reductive coupling v8thh, see: Szostak, M.; Fazakerley, N. J.;
Parmar, D.; Procter, D. Chem. Rev2014, 114, 5959.

(5) Little, D.; Fox, D. P.; Hijfte, L. V.; Dannecher,RSowell, G.; Wolin, R. L.; Moéns, L.; Baizer,
M. M. J. Org. Chem1988, 53, 2287.

(6) Shono, T.; Kise, N.; Kunimi, N.; Nomura, Rhem. Lett1991, 2191.

(7) Yeh, C.-H.; Korivi, R. P.; Cheng, C.-Angew. Chem. Int. EQ008, 47, 4892.

(8) Recent reports for the synthesis wbutyrolactones and lactams, see: (a) Ha, T. M;
Chatalova-Sazepin, C.; Wang, Q.; Zhu, Ahgew. Chem. Int. Ed2016, 55 9249. (b)
Moriyama, K.; Sugiue, T.; Nishinohara, C.; Togo,JHOrg. Chem2015, 80, 9132. (c) Lioyd,
M. G.; D’Acunto, M.; Taylor, R. J.K.; Unsworth, WP. Tetrahedron2015, 71, 7107. (d)
Tsunoi, S.; Maruoka, Y.; Suzuki, I.; ShibataQig. Lett 2015, 17, 4010. (e) Su, Y.; Tu, Y.-Q.;
Gu, P.Org. Lett 2014, 16, 4204.

(9) (a) Kise, N.; Agui, S.; Morimoto, D.; Ueda, N. Org. Chem2005, 70, 9407. (b) Kise, N.;
Shiozawa, Y.; Ueda, Nletrahedror2007, 63, 5415. (c) Kise, N.; Sueyoshi, A.; Takeuchi, S.;
Sakurai, T.Org. Lett.2013, 15, 2746. (d) Kise, N.; Hamada, Y.; Sakurai,Org. Lett 2014,

16, 3348. (e) Kise, N.; Miyamoto, H.; Hamada, Y.; 8al, T. Tetrahedron Lett2015, 56,
4599, (f) Kise, H.; Hamada, Y.; Sakurai,JT.Org. Chem2016, 81, 5101.

(10) Kise, N.; Morimoto, STetrahedror2008, 64, 1763.

-42 -



(11)
(12)
(13)
(14)

(15)

(16)
(17)
(18)
(19)

(20)

(21)

Xie, J.-H.; Guo, L.-C.; Yang, X.-H.; Wang, L.-X.hdu, Q.-L.Org. Lett 2012, 14, 4758.
Huang, J.-T.; Su, T.-L.; Watanabe, K. A.Org. Chem1991, 56, 4811.

Fang, J.-M.; Hong, B.-C.; Liao, L.-B. Org. Chem1987, 52, 855.

Reddy, M. S.; Kumar, Y. K.; Thirnpath, |rg. Lett 2012, 14, 824.

(a) Grover, H. K.; Emmett, M. R.; Kerr, M. Arg. Lett 2013, 15, 4838. (b) Liang,T.; Zhang,
W.; Krische, M. JJ. Am. Chem. So2015, 137, 16024.

Tarantino, K. T,; Liu, P.; Knowles, R. R. Am. Chem. So2013, 135 10022.

Jeffs, P. W.; Molina, G.; Case, M. M.; Cortese ANJ. Org. Chem1982, 47, 3871.

Guijarro, D.; Pablo, Oscar, P.; Yus, M.Org. Chem2013, 78, 3647.

Armanino, N.; Carreiea, E. M. Am. Chem. So2013, 135, 6814.

lvanov, K. L.; Villemson, E. V.; Budynina, E. Mydnova, O. A.; Trushkov, I. V.; Melnikov,
M. Y. Chem. Eur. J2015, 21, 4975.

Zuo, Z.; Cong, H.; Li, W.; Choi, J.; Fu, G. C.; Mditlan, D. W. C.J. Am. Chem. So2016,

138 1832.

-43 -



