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entry base additive solvent yielda 

1 LDA - THF 28% 
2 LHMDS - THF 32% 
3 LHMDS MS5Å THF 60% 
4 NaH MS5Å DMSO 7%b,c 

5 NaH MS5Å DMSO 80%d 

a Isolated yield unless otherwise indicated. 
b Determined by 1H NMR. 
c Noncyclized intermediates were also obtained in 73% yield. 
d The crude mixture was refluxed in AcOH for 16 h. 
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1) ƶʉ)ʪ�<ǳî 

Ac: acetyl 

Bn: benzyl 

Bu: butyl 

Et: ethyl 

Me: methyl 

MOM: methoxymethyl 

Ph: phenyl 

Pr: propyl 

W: electron-withdrawing group 

 

2) ǘĜ˒ɤɏ)ʪ�<ǳî 

DMA: N,N-dimethylacetoamide  

DMF: N,N-dimethylformamide 

DMI: 1,3-dimethylimidazolidinone 

DMSO: dimethyl sulfoxide 

LDA: lithium diisopropylamide 

LHMDS: lithium bis(trimethylsilyl)amide 

MOMCl: chloromethyl methyl ether 

MS 5Å: molecular sieve 5Å 

NaHMDS: sodium bis(trimethylsilyl)amide 

NMP: N-methyl pyrrolidone 

PCC: pyridium chlorochromate 

TFAA: trifluoroacetic acid anhydrite 

THF: tetrahydrofuran 

TMSI: trimethylsilyl iodide 

 

3) �*�*ǳî 

EIMS: electron ionization mass spectrometry 

EL: electron-luminescence 

HIV: human immunodeficiency virus 

HMBC: heteronuclear multiple bond correlation 

HMQC: heteronuclear multiple quantum correlation 

IR: infra red 

TLC: thin layer chromatography 
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Scheme 1. Lv��ɦİ¨*ˊƲĒƇçť&α-l��/*ķʨ. 
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Scheme 2. 1.4-�ÖȾʶçť&ŕ�Ȯ�ȵðǪÜçť)9<α-l��ðů. 

 

 

 

Scheme 3. α-l��ðůǋ@ťǬ���Y�Rf��ɦİ¨*ðů. 
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ǧ),:"�+
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ǥNa� 10, 15e-g)ĭ�$+ Merckȋ*čõ 22@åȹ)� ď˒ċ&�$ LHMDS@Ǭ��&�> 39%

�: 72%*èǧ% 5¥˒6¥)�=�=ʤǥ*ȷƇċ@ƣ�<α-l��¨ 16e-h@Š�(entries 5-8)� 
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Table 1. şƬ*Ɨǋ@ÍǬ��α-l��*ðů 

 

 

entry substrate conditions product yield (%)a 

1 

 

A 

 

44 

2 

 

15b (n=1, R=OMe) A 
 

16b (n=1, R=OMe) 45 

3 15c (n=3, R=H) A 16c (n=3, R=H) 46 

4 

 

A 

 

72 

5 

 

15e (R1=Me, R2=Ph) B 

 

16e (R1=Me, R2=Ph) 72 

6 15f (R1=Me, R2=Et) B 16f (R1=Me, R2=Et) 39 

7 15h (R1=Et, R2=n-Pr) B 16g (R1=Et, R2=n-Pr) 65 

8 10 (R1=n-Pr, R2=n-Bu) B 16h (R1=n-Pr, R2=n-Bu) 60 
a Isolated yield. 
Condition A: The enolate of the substrate 15a-d was prepared with 1.2 eq. of LDA in THF at −78 ºC to −5 ºC for 
1.75 h. The malonate 6 was added to the reaction mixture at −30 ºC and the reaction was performed at rt for 
additional 2.75 h. 
Condition B: The enolate of the substrate 10 or 15e-h was prepared with 1.0 eq. of LHMDS in THF for 1 h. The 
malonate 6 was added to the reaction mixture at 0 ºC and the reaction was performed at rt overnight (for 23-32 
h). 
 

 

 

 

 

O O O

OMe

O
MeO

O

O

OMe

OMe

conditions

10 or 15 16

6

O
15a

O O

OMe

O

16a

O

n

R O O

OMe

O

n

R

S

O

15d

S

O O

OMe

O

16d

R2

O
R1 O O

OMe

O

R2

R1



 
- 6 - 

ș 3ȝ 3-B�OKRJ�td�-5-B���-α-l��*ðůǋ*Ƴɢ 

 

ș 1ʾ 3¥)ʸĝǇŕŨċ@ƣ�< 5-B���-α-l��ðů*�=3%*čõ­ 

 

� Boger & Mullican �čõ��α-l��ðů)��$+˒ǪǥNa�˒17,18,19Gf��aǫů*ʐŷŨ

�ÿ˄&(:(���(? Ⱦo�a�Ü%�<αǜȦ@ 1 "��ƀ�(�ʤǥNa� 23 ˒3�+J

�td�ċ*�ȗ)ñ�B�K�ċ@7"ĭȍNa� 22,23 @Èǹǣɹ&�<ťǬ­��ğĈ�(�!

��ĥʳ�Ðȝ)��$Ŝ:*ðůǋ@ÍǬ��Ďð˒èǧ)Ņ+
<7**ÿ˄(�ǿǻ*α-l�

�¨ 16a-h @ðů�<�&�%������(�:�Gf��aǫů)��<ʐŷŨ*ÿ˄*�6˒

�ɣ*Na�¨9;7ǃɿǻçť�ǡʵ&(<�&��Ū�=<ʹĭȍʤǥNa�%*čõ+ǼǞ%


!�� 

� �Ɨ˒ˊƲĒƇçťȆȓ*Ƴɢċɹ* 1 "%
< 3 ¥)ʸĝǇŕŨċ˒5 ¥)B���ċ@ƣ�<

α-l��*ðů*čõ+ʹŉ)ʭ:=$���2007ō) Kim:+ Baylis-Hillmançť*ǫůǣ 17&q

�S�mFd�Na� 18 &*�ÖȾʶçť&Ȯ�GT_�ʖÉ)��<ÖǆÉɞ)9;J�t�ʛ

19 &�˒TFAA @Ǭ��ǪÜ& PCC ʛÜ)9; 3 ¥)q�YD�ċ@ƣ�< 5-B���-α-l��¨

21/&İ��ːScheme 4A �ˑ24�Ɨ˒Merckȋ+ș 1ȝ)$Ȩ��� C-BR�Ü@ȫ<�Y�Rf�

�ɦİ¨ 24 *ðů@ɡǰ���˒�Ū)ç�Sq�S�Na� 22 �:+ 6 ¥)q�S�ċ@ƣ�<

3-B�OKRJ�td�-5-B���-α-l���Š:=��&@čõ���22ɍȺ*Ȅ<ʭ;%+ 3 ¥

)ʸĝǇŕŨċ@7" 5-B���-α-l��*ðů­+�=: 2­*čõ��(�!�� 

 

 

 

 

Scheme 4. 3¥)ʸĝǇŕŨċ@ƣ�< 5-B���α-l��*ðů­. 
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ș 2ʾ q�S�G\�Na��: 5-B���-α-l��ðů*Ƴɢ 

 

� ƽ)ɍȺ+˒ʹĭȍʤǥNa��:* 5,6-�ȷƇ-α-l��ðů@Ƴɢ�<�&)���Boger &

Mullican *ðůǋ@Ǭ�˒3�˒z`�ċɹ&�$q�S�G\�Na� 25a &v��ʛɦİ¨ 6 �

: 6¥)G\�ċ@ƣ�< 5-B���-α-l��¨ 26a *ðů@Ƴɢ��ːTable 2 �ˑ�=3%*čõ

)ş� THF �ďċ&�$ LDA 
<�+ LHMDS @Ǭ��&�>˒ǿǻ* 26a +�=�= 28%˒32%

&¦èǧ%��Š:=(�!�ːentries 1, 2 �ˑ��%˒çťȤ�%ǹǫ�<yZf��@ʯä�<ǿ

ǻ%z�K{��R�n 5ÅːMS 5Åˑ@ǓÖ��&�>˒èǧ+ 60%)3%ƎĀ�=�ːentry 3 �ˑ 

 

 

Table 2. 5-B���-α-l��ðů*ƫ¢Ƴɢ 

 

entry base additive solvent Time (h) yield (%)a 

1 LDAb - THF 22 28 

2 LHMDSc - THF 24 32 

3 LHMDSc MS 5Å THF 21 60 

4 NaHd MS 5Å THF 21 complex 

5 NaHd MS 5Å DMSO 22 7e,f 

6 NaHd MS 5Å DMSO 22 80g 

a Isolated yield unless otherwise indicated. 
b The enolate was prepared from 25a with LDA at −78 ºC to −5 ºC. 
c The enolate was prepared from 25a with LHMDS at 0 ºC. 
d The enolate was prepared from 25a with NaH at rt. 
e Determied by 1H NMR. 
f Compounds 27 and 28, which are noncyclized intermediates, were also obtained in 70% and 3% yields, 
respectively. 

   
g The crude mixture was refluxed with AcOH for 16 h. 
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� ǃɿǻɇě(èǧ%ǿǻ* 26a �Š:=�*%˒Table 2, entry 3*ƫ¢@Ǭ�$q�W�Ǫ� p¥

)ȑ�*ȷƇċ@ƣ�<q�S�Na� 25b-f@Èǹǣɹ&�$ 5B���-α-l��¨ 26b-f*ðů@

Ƴɢ��ːScheme 5 �ˑ���(�:˒ǿǻ*α-l��¨ 26b-f+ 30% �*¦èǧ
<�+Â�Š:

=(�!�� 

 

 
Scheme 5. Table 2, entry 3*ƫ¢@Ǭ�� pȷƇ-5-B���-α-l��ðů*Ƴɢ. 

 

 

� ��% α˒-l��¨ 26b-f@Ǘɼ*��èǧ%Š<)+�:(<ƫ¢*ƢʏÜ�Ťə%
<&ȹ
��

ǿǻ* 5-B���-α-l��¨@Š<)+˒q�S�Na�*q�S�¥%*Ⱦo�a�Ü%ǫů�<

ǢÕġƍʘGf��a@ȫ$çť�ʋɑ�<Ťə�
<��*�6˒Ŀˋ�ďċ%
< LHMDS +Ƨ

çť)�ò�%
<&ȹ
˒ĦǕ�ďċ&�$ǆȦÜca�Ex@Ǭ�<�&%ǢÕġƍʘGf��

a@ȫ$çť�ʋɑ�<�&@ƥŝ���ďċ@ǆȦÜca�Ex)Ēơ����%+ɗʵ(ǒðǣ

@�
<*4%
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& Schroder� 29*ʛɟĜȵðǪÜçť)9< 5-B�K�-α-l��-6-J�t�ʛ 30*ðů@čõ�$
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J�xȢɖ@ɑ�èǧ 81ˏ% 26a�Š:=�ːScheme 7 �ˑ 
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Scheme 6. Buchner& Schroder)9<ʛɟĜȵðǪÜçť)9<α-l��ðů. 

 

 

 

Scheme 7. ʛɟĜȵðǪÜçť*�ºĥˉ. 
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Scheme 8. q�S�Na�¨*ðů. 

 

 

 

ș 5ȝ� 5¥
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77%%
!�ːentry 11 �ˑ3��6 ¥) 2-m�d�ċ@ƣ�< 40 @èǧ 75ˏ˒3�˒5-(2-\Gd�)

ċ@ƣ�< 41@ 57ˏ*èǧ%Š<�&�%��� 
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Table 3. ċɹ�ɆŨ*Ƴɢ 

 

entry substrate Ar R base / solvent product yield (%)a 

1 25b p-MeOC6H4- Et NaH / DMSO 26b 73 

2 25c p-PhC6H4- Et NaH / DMSO 26c 57 

3 25d p-NO2C6H4- Et NaH / DMSO 26d 66 

4 25e p-FC6H4- Et NaH / DMSO 26e 68 

5 25f p-CF3C6H4- Et NaH / DMSO 26f 65 

6 25g m-CF3C6H4- Et NaH / DMSO 26g 77 

7 25h o-CF3C6H4- Et NaH / DMSO 26h 41 

8 25i Ph i-Pr NaH / DMSO 26i 90 

9 25j Ph n-Bu NaH / DMSO 26j 79 

10 18 Ph Ph LHMDS / THF 38 85 

11 35 p -CF3C6H4- Ph LHMDS / THF 
NaH / DMSO 

39 77 
58 

12 36 p -CF3C6H4- 2-furyl LHMDS / THF 40 75 

13 37 2-thienyl Ph LHMDS / THF 41 57 
a Isolated yield. 
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ș 2Ȗ 
 

α-l��¨�:Tl�kRL�[3.1.0]pKP�¨/*ˊƲĒƇçť 
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<�˒�*ċɹðů*ʳ)V��`C

l_C)$Lv��ɦİ¨&Sy\�T�sKXdExy\�b)9<ˊƲĒƇçť�ɚÈ�=��8

�(? 3˒¥)ʸĝǇŕŨċ@ƣ�<Lv��ɦİ¨ 1)ĭ�$ 2Řʞ*Sy\�T�sKXdEx

y\�b@Ǭ�<�&% 2ǜȦĐǜ@¤�RL�r�Z[b]q�Ym�� 2 @ƶȟ�<ˊƲĒƇçť%


<ːScheme 9 �ˑƧçť+Lv��¨ 1 �: 1 Řʞǿ*Sy\�T�sKXdExy\�b)9<

Corey-Chaykovsky çť)$RL�o�i��ʩ¨ 3 �řů�=˒�*7*+çťƫ¢��ĢĤ%


;Ȁ ) 2 Řʞǿ*Sy\�T�sKXdExy\�b*�La�ʖ¥/*ǇưƏƉ˒�=@ęƻ&

��RL�o�i�Ǫ*ʨɔ˒�*Ş*Ǫ*Æƶȟ)9;RL�r�Z[b]q�Ym�� 2 @ƶȟ�<

bwfçť%
<�Ƨçť+Sy\�T�sKXdExy\�b�RL�o�i�ÜÑ&ǇưÑ* 2

"*śÓ@Ź��&%˒RL�o�i�Ǫ*ǫů&ʨǪ*�ǂʲ)ʪ��bwfçť*ʋɑ)ĩ��

$�<�ƙ)Ƨçť@ĕǟǣ*ċƧˊƲƶȟ)ÍǬ�<�&% Linderol A118 Adunctin B12*ĕǟǣÂ

ðů�ʎů�=$���˒�=3%)Ƨçť*Èǹǣɹ+Lv��ˊƲ*4)ʭĤ�=$��� 

�  

 
Scheme 9. Lv��ɦİ¨*ˊƲĒƇçť*çťƻƶ. 
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� ��% ɍ˒Ⱥ+Sy\�T�sKXdExy\�b@Ǭ��ˊƲĒƇçť*ʏťȞĄžĔ@ǿƁ�˒

3�Lv��¨*łǪƶʉ*ɈˇƘŨ@ƃʯ�� 5,6,7,8-_a�jbLv��¨ː6 ýǪƶʉ&*ȵǪ

ĉα-l��¨ˑ%*Ƴɢ)ȂŲ���çťƻƶ9;˒Lv��ɦİ¨*ˊƲĒƇçť%+ł¹q�W

�Ǫ�çť*ʋɑ)Ĕ�(Śʼ@�
$�<�&�Ĩƞ)ƅǖ%�<˒�(? mFfKRbDI�

*ĢĤ�ĩ��$�<&ȹ
:=<�6˒q�W�Ǫ*ɈˇƘŨ*ƃʯ�çť)'*9�(Śʼ@�


<*�Ʌö�ƀ�=<� 

 

 

ș 1ȝ 5,6,7,8-_a�jb�Lv��¨%*Ƴɢ&ɦİ¨Ü)9<ǫůǣ*ƶʉǈĤ 

 

� Ƴɢ*�6*ċɹ&�$ðů�Ĩƞ(ƓǦƙȄ* 3-yaKRJ�td�-5,6,7,8-_a�jb�Lv

��¨ː6 ýǪƶʉ&*ȵǪĉα-l��¨ˑ45a 17,18@ʐ.�Sy\�T�sKXdExy\�b&*

çť@Ƴɢ��ːScheme 10 �ˑ3�ŉǋ)ş� DMSO� 2.0Řʞ*Sy\�T�sKXdExy\�

b&Üðǣ 45a*çť@ɤ4�&�>˒Ɩ�(ǫůǣ�èǧ 35%%Š:=�� 

 

 
a Prepared using Me3S(O)I (2.4 eq.) and NaH (2.0 eq.). 

Scheme 10. 5,6,7,8-_a�jb�Lv��ːȵǪĉα-l��ˑɦİ¨*ˊƲĒƇçť. 

 

 

� ˋÉɞȽɹʞÉƭːHREIMSˑ9;Š:=�ǫůǣ*ÉĝŔ+ C13H16O4%
;�45a9;y\��á

¥ 2µÉĐǜ��ǫůǣ%
<&ƅĤ%�������ǫůǣ* 1H NMRæ. 13C NMRTrLa�+

ɗʵ%
!��6�ŘË�*ƶʉǈĤ@ɑ��&+ǃɿǻăʷ%
!�ːFigure 2A �ˑ�Ɨ�ǫůǣ+

ďÜș�ʠɤˉ)$ʱŨ@Ȋ�˒IR)$ 3028 cm−1*ôè�ɝī�=˒�:) 1H NMR)$ 10 ppm�

ʅ)Ŗ�(�:7n��b(R�M�]a*l�L�ɥ6:=��6˒Gf��Ũǆʛċ*ğĈ�Ȋ

þ�=����%˒ɗʵ( NMR TrLa�+ǫůǣ*Na-Gf���ĒǴŨ)ǮƬ�<&ƅǖ��

ɦİ¨Ü)9<ƶʉǈĤ@ɑ��&)����ĒǴŨ@ŴÎ�<ǿǻ%˒Gf��ċ*²ɱċ&�$

yaKRy\�ːMOMˑċ@İÁ�<�&&���ˊƲĒƇçťǫůǣ@ǆȦÜca�Ex˒L��

Sy\�G�_�ːMOMClˑ%Çǩ��&�> MOM Ü¨ 47a @ 75%*èǧ%Š<�&�%��

ːScheme 11 �ˑ 
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Scheme 11. ˊƲĒƇçť*ǫůǣ*ƶʉǈĤ*�6*ɦİ¨Ü. 

 

 

   

    

Figure 2.� ːAˑˊƲĒƇçťǫůǣ 46a& 46a’*�ĒǴŨ¨ǒðǣ* 1H NMRTrLa�ː400 MHz 

in CDCl3ˑ.ːBˑMOMÜ¨ 47a* 1H NMRTrLa�ː400 MHz in CDCl3ˑ. 
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� MOMÜ¨ 47a* NMRǖĤ@ɑ!�&�>˒�Ūʇ; 47a* NMRTrLa�+ˊƲĒƇçťǫů

ǣ&ǃɿ� R˒�o�(TrLa�&(!�ː Figure 2B �ˑMOMÜ¨ 47a* 1H NMR˒13C NMR H˒MQC˒

HMBC)9<ïȑ NMRɞƭ�:MOMÜ¨ 47a+Tl��ţ&kRL�[3.1.0]pKV�ƶʉ@ƣ�<

Üðǣ%
<&ƅĤ%��ːFigure 3 �ˑ�*�6˒ˊƲĒƇçť*ǫůǣ+Tl�[kRL�[3.1.0]p

KP�-RL�pKP�] 46a&�*�ĒǴŨ¨ 46a’*ǒðǣ%
<&ƅĤ%��� 

 

 

 

Figure 3. MOMÜ¨ 47*TrLa�ɞƭ. 

 

 

�:)˒ȁĭʘȷ&Ƣȩǻ(ƶʉǈĤ@ɑ��6)ȬƠÜ@ǿǻ&�˒Üðǣ 46a & 46a’/* p-n

�zq�S�ċ*İÁ@Ƴɢ��ːScheme 12 �ˑŠ:=�ȬƠ@ʙʛG\�-n-pKP�*ǒðǘĜ9

;ÆȬƠ��&�> p˒-n�zq�S�Ü¨ 48*áȬƠ�Š:=��6˒�* XȲȬƠƶʉɞƭ�:

ɦİ¨ 48+ 1R,1’R, 5S*ȁĭʘȷ@ƣ�<Tl�kRL�pKP�%
<&ǈĤ%��ːFigure 4 �ˑ

�=:ȬƮ9;˒_a�jb�Lv��¨ːȵǪĉα-l��¨ 4ˑ5a)ĭ�Sy\�T�sKdExy

\�b@Ǭ�<�&%�rac-(1R,1’R,5S)-Tl�[kRL�[3.1.0]pKP�-RL�pKP�]¨*Na-Gf

���ĒǴŨ¨ǒðǣː46a & 46a’ˑ@ȕ¨ʐŷǻ)�
<ˊƲĒƇçť�ʋɑ�<�&�Ɲ:�&

(!�� 

 

 

   

Scheme 12. ˊƲĒƇçť*ǫůǣ*ƶʉǈĤ*�6*ɦİ¨Ü. 
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Figure 4. ɦİ¨ 48* ORTEPą. 

 

 

ș 2ȝ ˊƲĒƇçť*ƫ¢ƢʏÜ 

 

� Ðȝ)$ 5,6,7,8-_a�jb�Lv��¨ːȵǪĉα-l��¨ˑ45a &Sy\�T�sKdExy\

�b*ˊƲĒƇçť)9;˒́ ŉ)ǤŢǻ(ƶʉ@ƣ�<Tl�kRL�[3.1.0]pKP�¨ 46a�Š:

=<�&@ɚÈ���ǫůǣ)ó3=<Tl�ĉRL�o�i�ƶʉ+˒Tl�Ǫ*|d�L(ƶʉ

ǻǤŢ&RL�o�i�*ǁ4)9<ˋ�çťŨ�ƥŝ%��ðůÜġ3�ÔɏÜġ*�ɝǝ�:Ʌ

öǑ��35ĥʳ)�̂ K~ZN8�*˅ȴ¨%
< Omphalotus olearius�:áʶ�=<ĕǟǣD�S�

S +Tl�RL�o�i�ƶʉ*çťŨ)ǮƬ�<ŵȿǷǍŨ@ƣ�$�;˒�*ɦİ¨* irofluven

+ɀŏɤˉș II ȁ3%ʋA%�<�363�˒RL�o�i�ƶʉ)ǮƬ�<O�mHy�R}�*Ć

ĤÜªǬ*�6kRL�[3.1.0]pKP�ƶʉ+ÔɏȆȓ)&!$ʜə(ƶʉ%
<�37,38Tl�kRL

�[3.1.0]pKP�¨+Tl�ĉRL�o�i�ƶʉ&kRL�[3.1.0]pKP�ƶʉ*gDn�]bƶ

ʉ%
<&ɠ
<��*9�(ƶʉ*ðů­+ʹŉ)ʭ:=$�;˒37,39Ĩƞ)ÁŲëȽ(Èǹǣɹ%


< 3-B�OKRJ�td�-α-l��¨�:Tl�kRL�[3.1.0]pKP�¨@ƶȟ�<çť*ʨǹ

@ǿƁ��èǧƎĀ@ǿƁ��ƫ¢Ƴɢ)ȂŲ��� 

 

� ƫ¢Ƴɢ@ɑ�)
�;˒3�Sy\�T�sKXdExy\�b*ɫɖ)Ťə(ɤɏ˒a�y\

�T�sKXdEx~�Sb&ǆȦÜca�Ex*Řʞ@Ƴɢ��ːTable 4, entries 1-7 �ˑ�=: 2"

*ɤɏ*Řʞ@ entry 1*ƫ¢%
<a�y\�T�sKXdEx~�Sb 2.4Řʞ˒ǆȦÜca�E

x 2.0Řʞ�:ĐÖ��<&èǧ+ƎĀ�$���entry 4*a�y\�T�sKXdEx~�Sb 3.8

Řʞ˒ǆȦÜca�Ex 3.2 Řʞ@Ǭ�<ƫ¢%èǧ+ 73%)3%ƎĀ����Ɨ˒�= �*ɤɏ

ʞ*ĐÖ+èǧ*¦�@ż��ː entries 5-7 �ˑƫ¢Ƴɢ)$çť)Ťə(Sy\�T�sKXdExy

\�b+ǩɭǻ)+ 2 Řʞ%
<�˒ƳɢȬƮ�: 3 Řʞ*y\�b�Ťə%
<�&�Ɲ:�&(

!��3Řʞǿ*Sy\�T�sKXdExy\�b*śÓ)ʪ�$+Ş*ș 4ȝ)$ɩƝ�<� 

�  �*ȬƮ9; ɤ˒ɏʞ@ entry 4*ƫ¢)ĆĤ�ǘĜ@Ƴɢ���ǘĜ@ DMSO�:Sy\�s�

xBwbːDMFˑ)Ēơ��&�>˒èǧ 71%& DMSO &12ñȏŐ&(!�ːentry 8 �ˑ3� 1,3-

Sy\�Dw[Y�Sf�ːDMIˑ, Sy\�BVaBwbːDMAˑ@Ǭ��ʳ)+ɉŋèǧ+¦�

��ːentries 9,10 �ˑ���˒THF8a�G�&�!�ǃɿǻƵŨ*¦�ǘĜ@Ǭ��Ďð)+çť+

Â�ʋɑ�(�!��ƧˊƲĒƇçť*ʋɑ)+ DMSO˒DMF�DMA�DMI &�!�ʹo�a�Ũ

ƵŨǘĜ�Ťˀ%
<� 
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Table 4. ˊƲĒƇçť*ƫ¢ƢʏÜ 

 
entry Me3S(O)I (equiv.) NaH (equiv.) solvent yield (%)a 

1 2.4 2.0 DMSO 35 

2 3.0 2.5 DMSO 44 

3 3.6 3.0 DMSO 71 

4 3.8 3.2 DMSO 73 

5 4.2 3.5 DMSO 65 

6 4.8 4.0 DMSO 61 

7 6.0 5.0 DMSO 27 

8 3.8 3.2 DMF 71 

9 3.8 3.2 DMI 66 

10 3.8 3.2 DMA 57 

11 3.8 3.2 THF no reaction 

12 3.8 3.2 toluene no reaction 
a Isolated yield of a mixture of keto-enol tautomers. 

 

 

� Š:=�Ƣʏƫ¢@ċ) 3˒¥)ʸĝǇŕŨċ&�$İÁ�$�<B�OKRJ�td�ċ*çť/

*Śʼ)"�$ɫƯ���Üðǣ 45a *yaKRJ�td�ċ@ t-naKRJ�td�ċ
<�+q

�S�IKRJ�td�ċ)ĒƇ��_a�jb�Lv��¨ː ȵǪĉα-l��¨ 4ˑ5c, d@ Scheme 13

*Ɨǋ%ðů���a�y\�R��~�SbːTMSIˑ@Ǭ�$Üðǣ 45a*yaKRJ�td�ċ

*Ⱦy\�Ü@ɑ�˒40J�t�ʛɦİ¨ 49&��Ş) EDC D˒MAP@Ǭ�� t-nZf��
<�+

q�S�B�O��&*ȵðçť)9;_a�jb�Lv��¨ 45c, d@¦èǧ%+
<�Š��45b

+�-l��¨ðů)��<yaKRy\��v��ʛSy\�*�?;)GaKRy\��v��

ʛSG\� 9@Ǭ�$ðů��� 

 

 

 
Scheme 13. α-l��¨* 3¥GT_�ʖ*ĒƇ. 
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� _a�jb�Lv��¨ː ȵǪĉα-l��¨ 4ˑ5b-dĭ�$Sy\�T�sKdExy\�b@Ǭ�

$ˊƲĒƇçť@ɑ!�&�>˒yaKRJ�td�¨ 45a &ǃɿ���=*Üðǣ)��$7èǧ

+¦���ːTable 5 �ˑGaKRJ�td�¨ 45b%+ɉŋ*èǧ*¦�)ǲ3!��˒t-naKRJ

�td�¨ 45c˒q�S�IKRJ�td�¨ 45d%+èǧ+ĔŊ)¦���ːenties 2-4 �ˑ3�˒q

�S�IKRJ�td�¨ 45d %+ãƔ*ǏĘ)ʥƟʩ@ə���ƧˊƲĒƇçť)��$+çťċ

ɹ* 3 ¥ʸĝǇŕŨċ*B�OKRJ�td�ċ&�$˒9;Ŀ*ı�(ǃɿǻʸĝĪŐ*¦��&

�Ƥ3��&ȹ
:=� Ş+ 3 ¥ʸĝǇŕŨċ@yaKRJ�td�ċ)ĆĤ��ċɹ�ɆŨ*Ƴ

ɢ@ɑ��&)��� 

 

 

Table 5. GT_�ʖ¥*Śʼ)ʪ�<Ƴɢ 

 

entry substrate R time (h) producta yield (%)b 

1 45a Me 4 46a 73 

2 45b Et 4 46b 59 

3 45c t-Bu 4 46c 43 

4 45d Bn 24 46d 34 
a Structures were determined by transformation to the corresponding MOM-protected enol derivatives. 
b Isolated yield of a mixture of keto-enol tautomers. 
 

 

 

ș 3ȝ ˊƲĒƇçť*ċɹ�ɆŨ*Ƴɢ 

 

� ƽ)ƧˊƲĒƇçť*ŎȞ(ʏť@ǿƁ�˒ċɹ�ɆŨ@ɫƯ����=3%)ƧˊƲĒƇçť+

Lv��ɦİ¨*ł¹Ǫƶʉ*ɈˇƘŨ@ƃʯ��_a�jb�Lv��¨%
< 6 ýǪƶʉ&*ȵ

Ǫĉα-l��¨)ĭ�$Ƴɢ�$��� Ʒ˒�(Ǫƶʉ&*ȵǪĉα-l��¨8 5,6¥ʤǥȷƇċ@ƣ

�<α-l��¨)ĭ�$*ʏť@Ƴɢ��ː Table 6 �ˑ(� è˒ǧ+ˊƲĒƇçť*áʶèǧ@ɣʀ�˒

ƶʉǈĤ+ˊƲĒƇçťŞ)Š:=�ǫůǣ)ĭ�$ MOMċİÁ@ɑ� M˒OMÜ¨TrLa�`�

Z�:ɑ!��3�˒ł¹ȵǪƶʉ*ǜȦǪPDU)"�$Ƴɢ��ːentries 1-4 �ˑƧçť+ 5ýǪ�

7ýǪ�8ýǪ&*ȵǪĉα-l��¨ 45e-g %7ÅǙ)ʋɑ��ĭť�<Tl�[kRL�[3.1.0]pKP

�-RL�B�J�] 46e-g� 62-76%&ǃɿǻɇě(èǧ%Š:=���:)˒ĔǪǥƶʉ%
< 12ý

Ǫ&*ȵǪĉα-l�� 45h %7çť+ʋɑ�Tl�[kRL�[3.1.0]pKP�-RL�b`J�] 46h @

�ȏŐ*èǧ%Š<�&�%���Entry4 *ȵǪĉα-l��¨ 45h *ˊƲĒƇçť%+˒Lv��ɦ

İ¨&ñƷ*çťƷŔ%ʋɑ�<�&%ǫů��&ȹ
:=<Sjb�m��¨ 507 19%*èǧ%Š

O
O

O

ORH

HO O

O

OR DMSO, rt

Me3S(O)I (3.8 eq.)
NaH (3.2 eq.)
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:=��ƧˊƲĒƇçť+ł¹Ǫƶʉ)�:)q�W�Ǫ�ʊ(!� 3ǪŨα-l��¨ 45i-k%7ʏť

ëȽ%
!�ːentry 5-7 �ˑǤ)q�YRL�poZ�ƶʉ&*ȵǪĉα-l��¨ 45k*çť%+˒ĭ

ť�<ǫůǣ� 89%&Ƣ7ˋ�èǧ%Š:=��BVZ��ċ@ƣ�<α-l��¨ 45l %7ÿ˄(�

çť+ʋɑ�˒ơ(<ðůķʨ�ƥŝ%�<Tl�kRL�pKP� 46l @ 62%%Š<�&�%��

ːentry 8 �ˑȵǪƶʉ)ȔȦ8ʛȦ�ȇˍ('*p_�ãĝ@óƣ�<ȵǪĉα-l��¨ 45m-o%7ʏ

ťëȽ%
;�Tl�[kRL�[3.1.0]pKP�-lr�S�] 46m˒Tl�[kRL�[3.1.0]pKP�-L

�v�] 46n˒Tl�[kRL�[3.1.0]pKP�-\IL�v�] 46o� 44-65%*�ȏŐ*èǧ%Š:=�

ːentries 9-11 �ˑ�*çť+ȵǪĉα-l��¨*4(:�ʹȵǪĉα-l��¨%7ťǬëȽ%
!��5

¥& 6 ¥)�=�=ʤǥB�K�ȷƇċ@ƣ�<ʹȵǪĉα-l��¨ 45p-s �:7ĭť�<kRL�

[3.1.0]pKP�¨ 46p-s��ȏŐ*èǧ%Š:=�� 
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Table 6. ˊƲĒƇçť*ċɹ�ɆŨ*Ƴɢ 

 

entry substrate producta yield (%)b 

1 

 

45e (n=1) 

 

46e (n=1) 75 

2 45f (n=3) 46f (n=3) 76 

3 45g (n=4) 46g (n=4) 62 

4 45h (n=8) 46h (n=8) 43c 

5 
 

45i (n=1, R=OMe) 

 

46i (n=1, R=OMe) 62 

6 45j (n=2, R=H) 46j (n=2, R=H) 75 

7 45k (n=3, R=H) 46k (n=3, R=H) 89 

8 

  

62 

9 

  

44 

10 

 

45n (X=O) 
 

46n (X=O) 58 

11 45o (X=S) 46o (X=S) 65 

O
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O
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12 

 

45p (R1=Me, R2=Ph) 

 

46p (R1=Me, R2=Ph) 66 

13 45q (R1=Me, R2=Et) 46q (R1=Me, R2=Et) 55 

14 45r (R1=Et, R2=n-Pr) 46r (R1=Et, R2=n-Pr) 48 

15 45s (R1=n-Pr, R2=n-Bu) 46s (R1=n-Pr, R2=n-Bu) 42 
a Structures were determined by transformation to the corresponding MOM-protected enol derivatives. 
b Isolated yield of a mixture of keto-enol tautomers. 
c Product 50 was also obtained in 19% yield. 
 

 
 

 

 

 

 

 

ș 4ȝ çťƻƶ*ȹī 

 

ș 1ʾ çťƻƶɞƝ@ǿǻ&��ʜǆȦƸɰÜ 

 

� ƽ)çťƻƶ*ȹī@ɑ��&&���3��ʜǆȦÜSy\�T�sKXdExy\�b

ːCD2=S(O)(CD3)2ˑ@Ǭ�$ˊƲĒƇçť@ɑ��&)9<ʜǆȦ�q�Üĥˉ@Ƴɢ��ːScheme 

14 �ˑŉǋ)ş�ðů��ʜǆȦÜa�y\�T�sKXdEx~�Sb 41�:ɫɖ��ʜǆȦÜSy

\�T�sKXdExy\�b& 45a *çť@ɑ�˒ɹʞÉƭ9; 4 "*ʜǆȦ�İÁ�=�Tl�

kRL�pKP�¨ 51 � 49%*èǧ%Š:=���:) MOMċ*İÁ@ɑ�˒ʜǆȦÜ¨ 52 @è

ǧ 54%%Š<�&�%���ʜǆȦÜ¨ 52*ʜǆȦÜǧ+ 47a& 52* 1H NMRTrLa�*ȒÉ·

�:ȜÈ���ʜǆȦÜ¨ 52* 1H NMR)$ 2.4 ppmæ. 2.8 ppm�ʅ*l�L)$ȒÉ·*ǔĲ�

ɚ:=�ːFigure 5 �ˑkRL�pKP�ƶʉ* 1¥æ. 4¥) 3"ʜǆȦ�İÁ�=$�<7*&ƅ

ǖ%�<�3�˒ˊƲĒƇçťǫůǣ%+ 4"*ʜǆȦ*ğĈ�Ȉɥ%�<�6˒1¥˒3¥æ. 4¥

)ʜǆȦ�İÁ�=$�<&ȹī%�<� 

 

O O

OMe

O

R2

R1

R2

R1

O
O

O

OMeH

H

O
OH

OMe

O

H

H

50



 
- 22 - 

 

Scheme 14. çťƻƶɞƝ@ǿǻ&��ʜǆȦƸɰÜĥˉ. 

 

 

 

 

Figure 5.�  ːAˑʜǆȦÜ¨ 52 * 1H NMRTrLa�ː400 MHz in CDCl3ˑ. ːBˑMOMÜ¨ 47a*
1H NMRTrLa�ː400 MHz in CDCl3ˑ. 
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ș 2ʾ Sy\�T�sKXdExy\�b*Ťəʞ 

 

� ș 2ȝ)��<ƫ¢ƢʏÜ)$ a˒�y\�T�s

KXdEx~�Sb 3.8 Řʞ˒ǆȦÜca�Ex 3.2

Řʞ�(? ˒Sy\�T�sKXdExy\�b

3.2 Řʞ@Ǭ��ƫ¢�%Ƣ7ɇě(èǧ%ǫůǣ�

Š:=<�&@Ɲ:�)���Table 4 *ƫ¢Ƴɢ)

��$ɫɖ�=<Sy\�T�sKXdExy\�

b*ŘʞƑ&ǫůǣ*èǧ*ʪ¯@o�]a��

ːFigure 6 �ˑSy\�T�sKXdExy\�b@ 3

Řʞ �Ǭ�<�&%èǧ�ŧǛ)ƎĀ�$�<�

&+Ɲ:�%
;˒�Ɨ˒3.5Řʞ �*Sy\�T

�sKXdExy\�b*¬Ǭ%+ȳ8�)èǧ+¦��$�<����(�:˒Ƨçť%+Sy\

�T�sKXdExy\�bǮƬ*y\��á¥ 2 µÉĐǜ��ǫůǣ�Š:=<�&�:çť*ʋ

ɑ)+Sy\�T�sKXdExy\�b+ 2Řʞ%ÞÉ%
<&ȹ
:=<���%ɍȺ+ �˒α-l

��¨& 2 Řʞ*Sy\�T�sKXdExy\�b)9;ˊƲĒƇçť�ʋɑ��Ş)Š:=�ǫ

ůǣ� 1 Řʞ*Sy\�T�sKXdExy\�b@Ǐɷ�$�<�&��ªƴ¡ɩ@ȕ$����

$ �˒=@ċ)ˊƲĒƇçťǫůǣ 46ağĈ�%*J�O� 53*Sy\�T�sKXdExy\�b

@Ǭ�� Corey-Chaykovskyçť@Ƴɢ�<�&&��� 

� ĥˉŲʿ@ Figure 7)Ȋ��3�˒ɫɖ��Sy\�T�sKXdExy\�b* DMSOǘǐ)ˊ

ƲĒƇçťǫůǣ 46a@Ö
ĦǕ% 2ƟʩƊź��Ş �˒*ǘǐ)J�O� 53@Ö
ǫůǣ@ȢƯ�

��J�O� 53+ˊƲĒƇçťǫůǣ 46aʹğĈ�%+ 1Řʞ*Sy\�T�sKXdExy\�b

�:Ĥʞǻ)ĭť�<RL�o�i�Üðǣ 54/&ĒƇ�=<�&+ƙ)Ȉɥ�$�<ː Scheme 15 �ˑ 

 

 

 

Figure 7. ˊƲĒƇçťǫůǣğĈ�)��<J�O� 53* Corey-Chaykovskyçť*ĥˉŲʿ. 

 

 

� J�O� 53* Corey-Chaykovskyçť*ƳɢȬƮ@ Table 7)Ȋ��3�˒1Řʞ*Sy\�T�s

KXdExy\�b@Ǭ�$Ƴɢ��&�>RL�o�i�¨ 54+ 10%��Š:=� Ʀ˒çť*J�

O� 53+Ĥʞǻː90ˏˑ)Ăè�=�ːentry 1 �ˑ�Ɨ˒2Řʞ*Sy\�T�sKXdExy\�b

CH2=S(O)Me2
in DMSO
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rt, 2 h
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O
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O
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H
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Figure 6.Sy\�T�sKXdExy\�

b*ŘʞƑ&èǧ*ȁʪ. 
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@Ǭ��ʳ)+Ĥʞǻ)RL�o�i�¨ 54 �Š:=�ːentry 2 �ˑ�*ȬƮ+�ɣ*ªƴ¡ɩ@ŗ

�ƍƀ�<7*%
<� 

 

 

Scheme 15. J�O� 53* Corey-Chaykovskyçť. 

 

 

Table 7. J�O� 53& 46a* Corey-Chaykovskyçť 

 

 

entry CH2S(O)Me2 (eq.) 
yield (%)a 

54 recovery of 46a 

1 1.0 10b 84 

2 2.0 quant. 81 
a Isolated yield. 
b Unreacted 53 was recovered in quantitative yield. 
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ș 3ʾ 3¥B�OKRJ�td�ċ*Śʼ)ʪ�<Ƴɢ 

 

� ƽ) 3 ¥*ʸĝǇŕŨċ&�$*B�OKRJ�td�ċ*ŤəŨ)ʪ�$Ƴɢ���ƓǦɣʀ*

Ɨǋ)ş�˒42α-l��¨ 45a * 3¥B�OKRJ�td�ċ@Ⱦǜʛ)9;ʯä�α-l��¨ 55 @

Š�ːScheme 16 �ˑα-l��¨ 55)ĭ�$Sy\�T�sKXdExy\�b@Ǭ�$ˊƲĒƇçť

@ɤ4�&�>˒ǿǻǫůǣ+Â�Š:=�˒ãƔ�Éɞ�<*4%
!��α-l��¨ 55+Â�Ă

è%�(�!��&�: α˒-l��¨ 55&Sy\�T�sKXdExy\�b*çť�ʋɑ��Ş)˒

©:�*ř%Éɞ�$�<7*&ȹ
:=<� 

 

 

Scheme 16. 3¥ǞȷƇα-l��¨)��<ˊƲĒƇçť*Ƴɢ. 

 

 

 

ș 4ʾ �Ū�=<çťƻƶ 

 

�  �*ĥˉ�ĥ9;ƅĤ�=<çťƻƶ@ Scheme 17 )Ȋ��Lv��ɦİ¨)��<ˊƲĒƇç

ť&ñƷ) 3˒� 1Řʞǿ*Sy\�T�sKXdExy\�b)9<α-l��¨ 56*vDN�éĨ

¨ʖÉ%* Corey-Chaykovskyçť9;RL�o�i��ʩ¨ 57�ǫů� 2˒Řʞǿ*Sy\�T�s

KXdExy\�b)9<�La�ʖ¥/BZ]L@ŕ�ʟ&��RL�o�i�Ǫ*ʨǪ�ʋɑ�

�ʩ¨ 58 &(<�3¥yaKJ�td�ċːʸĝǇŕŨċˑ+RL�o�i�Ǫ*ʨɔ&ʸĝ*BL

VoZ�&�$�ʩ¨ 58)��<ĢĤÜ)ĩ��$�<&ȹ
:=<�o�a�ȎÛ)9;D�b�

ʩ¨ 59&(; D˒�bʖ¥�α,β-�ˆùJ�td�ċ*βǜȦ)BZ]L� α˒J�hdI��ʩ¨ 60

& 61�ǫů�<��*ʳ˒ł¹*J�td�ċ� 5ýǪƶʉ&*ȕ¨çǹ@��<9�(O�mHy

�R}� 61*αJ�hdI�*Sy\�T�sKXdExD�b*�ǜȦ/*BZ]L&DMSO*Ⱦ

ʶ�ʋɑ�kRL�[3.1.0]pKP�¨ 63 �á�*SBT_�I�%Š:=<�3 Řʞǿ*Sy\�T

�sKXdExy\�b+˒��=�*ǂʲ)��$β-NaGT_�ƶʉ)ǮƬ�<ʛŨo�a�*

Ⱦo�a�Ü)Ǐɷ�=˒ca�Exď 64 & 65 �ǫů�=<�64 & 65 +çťȩ�Ş* 1N HCl aq.

)9<ŞÇǩ)9;kRL�pKP�¨ 63/&Æǫ�<&ȹ
:=<�ƧˊƲĒƇçť+ 2Řʞ*S

y\�T�sKXdExy\�b)9<α-l��¨�:RL�o�i��ʩ¨@ȫǮ�<ɗƑĂ*ǜ

Ȧ-ǜȦȬð*řů&Êƕ)9;˒kRL�[3.1.0]pKP�¨@ƶȟ�<bwfçť%
<� 

 

 

O O DMSO, rt

55

Me3S(O)I (3.8 eq.)
NaH (3.2 eq.)

decomp.
O O

45a

AcOH/H2O/H2SO4
(4:2:1)OMe

O

110 ºC, 27 h
36%



 
- 26 - 

  

Scheme 17. α-l��ˊƲĒƇçť*ƅĤçťƻƶːSy\�T�sKXdExy\�bǮƬ*o�a

�+ĖĞ%Ȋ�$�<ˑ. 
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ș 3Ȗ 

 
5-B���-α-l��¨�:ȵǪĉSjb�m��¨/*ˊƲĒƇçť 

 

 

ș 1ȝ� 5-B���-α-l��¨*ˊƲĒƇçť&ǫůǣ*ƶʉǈĤ 

 

� ÐȖ*α-l��¨*ˊƲĒƇçť*ċɹ�ɆŨ*Ƴɢ)��$˒6-G\�-3-yaKRJ�td�-5-

mFd�-α-l�� 26a)ĭ�$Ƣʏƫ¢�)Sy\�T�sKXdExy\�b@Ǭ�$ˊƲĒƇç

ť@ɤ4���*ȬƮ˒ÐȖ)$Ƴɢ�� 5 ¥)B�K�ċ@ƣ�<α-l��¨&+Ǵ(;˒ȵǪĉ

Sjb�m��¨ 66a� major¨&�$èǧ 35ˏ k˒RL�[3.1.0]pKP�¨ 67a� minor¨&�èǧ

19%%Š:=<çť�ʋɑ��ːScheme 18 �ˑ43 

 

  

Scheme 18. 5-B���-α-l��*ˊƲĒƇçť. 

 

 

� Major¨*Sjb�m��¨ 66a*ƶʉ+˒1H NMRTrLa�)��$ƺ˂¥* 2"*o�a�)

ǮƬ�<ǤŢǻ(l�L��=�= 4.06-4.11 ppm& 5.43 ppm)ɝī�=��&&˒HMQC˒HMBC˒

NOE)9< 2ƽ½ NMRɞƭ�:ƅĤ�=���:)  ˒ 66a*áȬƠ* XȲƶʉɞƭ@ɑ��&%ǈ

Ĥ��ːFigure 8 �ˑ�Ɨ˒kRL�[3.1.0]pKP�¨ 67a* 1H NMRTrLa�)��$˒ɅöǑ�

�&)ÐȖ&+Ǵ(;˒Na¨)�ĒǴŨ�Ĕ��»�$���3� 6˒7a%7áȬƠ�Š:=�*%

�* XȲƶʉɞƭ�:˒3¥yaKRJ�td�ċ*ȕ¨Üġ�α*kRL�[3.1.0]pKP�¨%
<

�&�ǈĤ%��ːFigure 9 �ˑNa¨*ğĈǃ�Ĕ��ǩǮ&�$+˒67a*q�W�Ǫ& 3¥β *ǆ

Ȧ&*ʩ* CH-π ȁ�ªǬ�ĩ��$�<7*&ȹ
:=<� 

 

� 5-B���-α-l��¨ 26a �:ǫů�<Sjb�m��¨ 66a *9�(m��ƶʉæ.�*ɦİ¨

+Üġǻ�ǫǣġǻ)Ʌö
<ƶʉ* 1"&�
˒44ē�*Sjb�m��¨*ƶȟǋ�čõ�=$�

<�45�*�6˒ȵǪĉSjb�m��*ƶȟ@ǿƁ� α˒-l��¨ 5¥B���ċ*ȷƇċÚƮ@Í
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Figure 8.� Sjb�m��¨ 66a* 2D NMRɞƭ& ORTEPą. 

 

                      

Figure 9.� kRL�pKP�¨ 67a* ORTEPą. 

 

 

 

ș 2ȝ� Sjb�m��¨*èǧ�ʐŷŨƎĀ@ǿǻ&��ƫ¢Ƴɢ 

 
� 5-B���-α-l��¨�:Sjb�m��¨/*ˊƲĒƇçť*ʨǹ@ɑ�0�˒3�+Sjb�

m��¨/*èǧæ.ʐŷŨ*ƎĀ@ǿǻ&��ƫ¢Ƴɢ@ɑ!��Lv��ɦİ¨*ˊƲĒƇçť

8˒ș 2 Ȗ*α-l��*ˊƲĒƇçť&ñƷ)˒ǫůǣ%
<Sjb�m��ƶʉÄ)Sy\�T�

sKXdExy\�b 2Řʞ)ǮƬ�<y\��á¥ 2µÉ*Đǜ�Ȉɥ%�<�&�: 2˒Řʞ �

*Sy\�T�sKXdExy\�b@Ǭ�$ɤɏʞ*Ƴɢ@ɑ!�ːTable 8 �ˑ2.4 Řʞ*Sy\�

T�sKXdExy\�b@Ǭ�$ˊƲĒƇçť@Ƴɢ��&�>˒Sjb�m��¨ 66a � major

¨&�$èǧ 40%%Š:=  ˒ 66a&kRL�pKP�¨ 67a*Âèǧ+ 61%%
!�ːentry 1 �ˑ�=

 �*Sy\�T�sKXdExy\�b@Ǭ�$çť@Ƴɢ�$7˒��=*Ďð)��$7�ȏ

Ő*èǧ&ʐŷŨ% 66a�Š:=<*4%
!�ːentries 2-5 �ˑɤɏʞ*ĐÖ)¤�˒�ɚ 66a*ʐŷ

Ũ�ò��$�<9�)ɚé�:=<�˒�=+çťȤ�)ğĈ�<ʍÒ*Sy\�T�sKXdE

xy\�b*�6˒ǫů�� 67a *Éɞ�ʋɑ�$�<�6%
<&ȹ
:=<�ĥʳ)˒ɤɏʞ*

ĐÖ)ť�$ 66a& 67a*Âèǧ*¦��Ȉɥ�=�� 
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Table 8. Sy\�T�sKXdExy\�b*Řʞ)ʪ�<Ƴɢ 

 

entry CH2=S(O)Me2 (eq.)a yield of 66a (%)b 66a : 67ac total yield (%)b 

1 2.4 40 66 : 34 61 

2 3.0 40 67 : 33 60 

3 3.5 40 69 : 31 58 

4 4.0 40 73 : 27 55 

5 5.0 35 70 : 30 50 
a CH2=S(O)Me2 was prepared from Me3S(O)I with NaH at rt for 30 min. 
b Isolated yield. 
c Determined by isolated yield. 
 

 

� ��% S˒y\�T�sKXdExy\�b@ 2.4Řʞ)ĆĤ�$ ǘ˒Ĝ*Ƴɢ@ɑ!�ː Table 9 �ˑ

ǘĜ@ DMSO�: DMA N˒-y\�l��b�ː NMP )ˑĒơ��&�>èǧ*¦��4:=�ː enties 

2, 3 �ˑ�Ɨ% D˒MF@Ǭ��ƫ¢%+ɉŋÂèǧ+¦���7** ʐ˒ŷŨ*ò��ɚ:=�ː 66a: 55%, 

66a:67a = 82:18, entry 4 �ˑ����Ɨ%˒çťƟʩ*œʥ+ǫůǣ*Éɞ@ŕ�ɻ���6�èǧ*¦

�@ż�*4%
!�ːentries 5, 6 �ˑ 

 

Table 9. ǘĜÚƮ)ʪ�<Ƴɢ 

 

entry solvent time (h) yield of 66a (%)b 66a : 67ac total yield (%)b 

1 DMSO 2 40 66 : 34 61 

2 DMA 2 32 76 : 24 42 

3 NMP 2 36 80 : 20 45 

4 DMF 2 45 82 : 18 55 

5 DMF 24 38 83 : 17 46 

6 DMF 72 20 67 : 33 30 
a CH2=S(O)Me2 was prepared from Me3S(O)I with NaH at rt for 30 min. 
b Isolated yield. 
c Determined by isolated yield. 
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� ƽ)˒ǘĜ&�$ DMF@Ǭ�$JE�Z�DI�*Śʼ@ɫƯ���Table 1˒2%+ǆȦÜca�

Ex@Ǭ�$Sy\�T�sKXdExy\�b@ɫɖ�$���˒ɫɖ*ʳ)¬Ǭ�<ďċ@

t-BuOK˒LHMDS)Ēơ��ːTable 10, entries 2, 3 �ˑt-BuOK@Ǭ��ƫ¢%+èǧ+¦��<*4%


!���Ɨ˒LHMDS @Ǭ��Ďð+ɅöǑ��&)Sjb�m�� 66a + 13ˏ��Š:=�)˒

kRL�pKP� 67a� 39ˏŠ:=<&�� major¨& minor¨*ʆɾ�Ȉɥ%��ː66a : 67a = 25 : 

75 �ˑ�*�&�:˒ǆȦÜca�ExǮƬ*ca�ExDI��Sjb�m��ǫů)Ƣʏ%
<�

&�Ȋþ�=��3�˒�DTʛ&�$ďÜB�wdEx˒ďÜ�ʡ˒ɂÜvMeREx*ǓÖ7Ƴ

ɢ���èǧ*¦�@ż�*4%˒Sc(OTf)3æ. Yb(OTf)3@ǓÖ
46��Ďð)+ǿǻǣ+Â�Š:=

(�!�(entries 4-8)� 

 

 

Table 10. JE�Z�DI�ÚƮ)ʪ�<Ƴɢ 

 

entry base additive time (h) yield of 66a (%)a 66a : 67ab total yield (%)a 

1 NaHc - 2 45 82 : 18 55 

2 t-BuOKd - 2 23 92 : 8 25 

3 LHMDSe - 2 13 25 : 75 (39%)f 52 

4 NaHc AlCl3 2 37 76 : 24 49 

5 NaHc ZnCl2 2 34 71 : 29 48 

6 NaHc MgBr2 24 14 >99 : 1  14 

7 NaHc Sc(OTf)3 24 decomp.g 

8 NaHc Yb(OTf)3 24 decomp.g 

a Isolated yield. 
b Determined by isolated yield. 
c CH2=S(O)Me2 was prepared from Me3S(O)I with NaH at rt for 30 min. 
d CH2=S(O)Me2 was prepared from Me3S(O)I with t-BuOK at rt for 30 min. 
e CH2=S(O)Me2 was prepared from Me3S(O)I by addition of LHMDS at −40 ºC and stirring at rt for 30 min. 
f Value in parentheses is the yield of 67a. 
g Recovery of 26a was obtained in about 20% yield. 
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� ƽ)çťǕŐ)"�$Ƴɢ���çťǕŐ@ 0 ºC )3%��<&èǧ�ʐŷŨ*ƎĀ�4:=�

ːTable 11, entry 2 �ˑ�(? Ƨ˒ƫ¢�%+?��(ʞ*ãƔĂè&Ã)Sjb�m��¨ 66a� 51ˏ

*èǧ%Š:=�ː 66a : 67a = 86 : 14 �ˑçťƟʩ*œʥ%+èǧ+ɉŋ¦��<*4%
!�ː entry 3 �ˑ

3�˒�:)çťǕŐ@��<&çťʈŐ*¦��Ȉɥ�=��6ːentries 4, 5ˑ˒ Table 11˒entry 2*

ƫ¢@Sjb�m��¨ðů*Ƣʏƫ¢&���47 

 

 

Table 11. çťǕŐ)ʪ�<Ƴɢ 

 

entry temp. time (h) yield of 66a (%)b 66a : 67ac total yield (%)b 

1 rt 2 45 82 : 18 55 

2 0 ºC 4 51 86 : 14 59d 

3 0 ºC 12 49 86 : 14 57d 

4 −5 ºC 24 45 94 : 6 48d 

5 −10 ºC 24 46 >99 : 1 46d 

a CH2=S(O)Me2 was prepared from Me3S(O)I with NaH at rt for 30 min. 
b Isolated yield. 
c Determined by isolated yield. 
d Recovery of 26a was obtained in about 3-6% yield. 
 

 

 

ș 3ȝ� α-l��¨* 5¥B���ċ�*ȷƇċÚƮ)ʪ�<Ƴɢ 

 

� 5¥q�W�Ǫ�*ȷƇċ+˒ˊƲĒƇçť)Ĕ�(Śʼ@�
<�&��Ū�=<���%˒q�

W�Ǫ p ¥)ʸĝ®�Ũċ&�$yaKRċ˒mFd�ċ˒3�ʸĝǇŕŨċ&�$da�ċ˒m�

I�ċ˒a�m�I�y\�ċ@ƣ�< 5-B���-α-l��¨@ċɹ&�$˒ˊƲĒƇçť@ɤ4<

�&%�*ȷƇċÚƮ)"�$Ƴɢ��ː Table 12, entries 2-6 �ˑy ĝ®�Ũċ%
<yaKRċ*İÁ

%+ǞȷƇ*Ďðːentry 1ˑ&Âèǧ+1&A'Ē?:(�!��˒Sjb�m��¨*ʐŷŨ�¦�

��ːentry 2 �ˑ3�˒mFd�ċ@İÁ��ʳ)+ǞȷƇ*Ďð&12ñȏŐ*ȬƮ&(!�ːentry 

3 �ˑ�Ɨ˒ʸĝǇŕŨċ%
<da�ċ˒m�I�ċ˒a�m�I�y\�ċ)��$+Sjb�m

��¨ 66d-f�12á�*ǫůǣ&�$Š:=�ːentries 4-6 �ˑ�=:ȬƮ9;˒Sjb�m��¨@

ʐŷǻ)Š<)+q�W�Ǫ p ¥*ȷƇċ&�$ʸĝǇŕŨċ�Ƥ3��&ɠ
<�ƽ)˒ȷƇċ@

a�m�I�y\�ċ)ĆĤ�ȷƇ¥ȷ*Ƴɢ@ɑ!�ːentries 6-8 �ˑmȷƇ 5-B���-α-l��¨

*ˊƲĒƇçť%+ǞȷƇ¨&12ñ�ȬƮ&(!�ːentry 7 �ˑ���˒oȷƇ¨%+ɅöǑ�ȬƮ
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�Š:=�ːentry 8 �ˑ�(? ˒oȷƇ¨ 5-B���-α-l��¨*ˊƲĒƇçť%+˒Âèǧ 60%&

ɇě%
!��˒Sjb�m��¨ 66h+ 16ˏ&?����Š:=�)˒kRL�pKP�¨ 67h�

44%Š:=<&�� major¨& minor¨*ʆɾǨɳ�ɝī�=���*�6˒Sjb�m��¨@Š<

)+q�W�Ǫ o ¥*ȷƇċİÁ+ě3��(�&ƅǖ�=<�ʆɾǨɳ)ʪ�<ȹī+Ş*ș 5 ȝ

)$ɣʀ�<� 

 

 

 

Table 12. 5¥B���ċ)��<ȷƇċÚƮ*Ƴɢ 

 

 

entry 26 R1 R2 R3 products yield of 66 (%)b 66 : 67c total yield (%)b 

1 26a H H H 66a, 67a 51 86 : 14 59 

2 26b OMe H H 66b, 67b 40 69 : 31 58 

3 26c Ph H H 66c, 67c 47 89 : 11 53 

4 26d NO2 H H 66d, 67d 52 >99 : 1 52 

5 26e F H H 66e, 67e 40 >99 : 1 40 

6 26f CF3 H H 66f, 67f 54 >99 : 1 54 

7 26g H CF3 H 66g, 67g 51 91 : 9 56 

8 26h H H CF3 66h, 67h 16 27 : 73 (44%)d 60 
a CH2=S(O)Me2 was prepared from Me3S(O)I with NaH at rt for 30 min. 
b Isolated yield. 
c Determined by isolated yield. 
d Value in parentheses is the yield of 67h. 
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ș 4ȝ� ċɹ�ɆŨ*Ƴɢ 

 

� Ðȝ*ȷƇċÚƮ*Ƴɢ9;˒5-B���-α-l��ˊƲĒƇçť)��$Sjb�m��¨@Š<

)+ 5˒¥q�W�Ǫ)ĭ�$ p¥/*ʸĝǇŕŨċ*İÁ�ě3���&�Ɲ:�&(!����%˒

�*ũč@ċ) 5-B���α-l��ˊƲĒƇçť*ċɹ�ɆŨ*Ƴɢ@ɑ!��6¥)DXo�l�ċ˒

n-n\�ċ˒mFd�ċ@ƣ�< 5-B���-α-l��¨ 26i,j, 38)��$7ñƷ*çť�ʋɑ�˒S

jb�m��¨ 66i-k � major¨&�$ 60%ȏŐ*èǧ%Š:=˒3�Âèǧ7ǃɿǻɇě%
!��

ːTable 13, entries 1-3 �ˑ5¥q�W�Ǫ p¥)a�m�I�y\�ċ˒6¥)mFd�ċ@ƣ�<α-l

��¨ 39%*ˊƲĒƇçť)��$+ S˒jb�m��¨/*ʐŷŨ+ò����ː 66l : 67l = >99: 1ˑ˒

èǧ+ 55%&�ȏŐ)ǲ3!�ːentry 4 �ˑ6¥) 2-m�d�ċ@ƣ�< 5-B���-α-l��¨ 40%

7ÿ˄(�çť+ʋɑ�˒ĭť�<Sjb�m��¨ 66m� major¨&�$Š:=�ːentry 5 �ˑ�:

) 5˒¥)mFd�ċ%+(�\ImF�Ǫ@ƣ�< 5-B���-α-l��¨ 41%7ñƷ)çť�ʋɑ

�Sjb�m��¨ 66n� major¨&�$Š:=�ːentry 6 �ˑ�*�&�:˒Ƨçť%+ 5¥*B�

��ċ&�$ɈˇƘp_�Ǫ7Ǭ�<�&�%�<�&�Ȋþ�=�� 

 

 

Table 13. 5¥B���-α-l��*ċɹ�ɆŨ*Ƴɢ 

 

 

entry substrate R R’ products yield of 66 (%)b 66 : 67c total yield (%)b 

1 26i H i-Pr 66i, 67i 63 82 : 18 77 

2 26j H n-Bu 66j, 67j 61 92 : 8 66 

3 38 H Ph 66k, 67k 61 92 : 8 66 

4 39 CF3 Ph 66l, 67l 55 >99 : 1 55 

5 40 CF3 2-furyl 66m, 67m 56 93 : 7 60 

6 41 

 

66n, 67n 69 90 : 10 77 

a CH2=S(O)Me2 was prepared from Me3S(O)I with NaH at rt for 30 min. 
b Isolated yield. 
c Determined by isolated yield. 
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ș 5ȝ� ʜǆȦƸɰÜĥˉ&�Ū�=<çťƻƶ 

 

� 5-B���-α-l��¨*ˊƲĒƇçť)��$7ÐȖș 4 ȝ&ñƷ)çťƻƶƅĤ*�6*ʜǆȦ

�q�Ü@Ƴɢ���ʜǆȦÜa�y\�T�sKXdEx~�Sb�:ɫɖ��ʜǆȦÜSy\�

T�sKXdExy\�b@ DMF �α-l��¨ 26a &Çǩ��&�>˒ʜǆȦÜSjb�m��¨

68�èǧ 57%)$Š:=�ːScheme 19 �ˑʜǆȦÜSjb�m��¨ 68*ʜǆȦÜǧ+ 1H NMRT

rLa�*ȒÉ·�:ȜÈ���ʜǆȦÜ¨ 68%+ɹʞÉƭ�: 3"*ʜǆȦ*ğĈ@Ȉɥ���3

�˒ʜǆȦÜ¨ 68* 1H NMRTrLa��: 2.4 ppm& 3.7 ppm�ʅ* 4¥*y\��ʖ¥o�a�

)ǮƬ�<l�L˒æ. 5.4 ppm�ʅ* 6a¥*ƺ˂¥o�a�*l�L*ȒÉ·*ǔĲ�Ȉɥ%��

�&�:˒�=: 3"*ʖ¥)ʜǆȦ�İÁ�=$�<&ƅĤ�=�ːFigure 10 �ˑ 

 

  
a Prepared using (CD3)3S(O)I (2.4 eq.) and NaH (2.4 eq.).  

Scheme 19. 5-B���-α-l��ˊƲĒƇçť*ʜǆȦƸɰÜĥˉ. 

 

 

 

 

 

Figure 10.� Sjb�m��¨ 66a&ʜǆȦÜ¨ 68* 1H NMRTrLa�. 
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� �ɣ*ʜǆȦƸɰÜæ.ƫ¢Ƴɢ*ȬƮ�: Scheme 20 *çťƻƶ@ƅĤ���3�˒ÐȖ*α-l

��ˊƲĒƇçť&ñƷ)˒5-B���-α-l��¨ 69 * Corey-Chaykovsky çť)9<RL�o�i

��ʩ¨ 70 *řů˒ŕ�Ȯ��*ʨǪ)9;D�b�ʩ¨ 71 �ǫů�<�D�bʖ¥*vDN�é

Ĩ¨*βǜȦ/*BZ]L�ʋɑ�˒αJ�hdI��ʩ¨ 72 &(<��*ʳ˒5-B���-α-l��

¨*ˊƲĒƇçť%+ B˒���ċ*ȷƇċÚƮ*�6ɴʸɋ+ʹĵĈÜ�Gf��a�ʩ¨ 74& 75

@ȫ$ːpath Bˑ˒ Sjb�m��¨ 76@řů�<��Ɨ��*ʹĵĈÜ*�6αJ�hdI�*BZ

]L)9<kRL�[3.1.0]pKP�¨ 73řů/* path A*çť+ŴÎ�=<�¦Ǖ*çťƫ¢8 5¥

B���ċ/*ʸĝǇŕŨċ*İÁ+ �˒:)Gf��a�ʩ¨*ĢĤÜ@°ʋ�<�6αJ�hdI

�*BZ]L@ŴÎ�<�3�˒Gf��aʖ¥*JE�Z�DI�&�$+�\ExDI�9;7

ca�ExDI��ě3����*9�(Gf��a�ʩ¨*řů@ȫ$˒Gf��aʖ¥*BZ]

L)9<ǜȦ-ʛȦȬðřů˒DMSO*Ⱦʶ&Na-Gf���ĒǴŨ)9;Sjb�m��¨ 76�ƶ

ȟ�=<&ȹ
:=<� 

 

 

  

Scheme 20. 5-B���-α-l��ˊƲĒƇçť*ƅĤçťƻƶːSy\�T�sKXdExy\�bǮ

Ƭ*o�a�+ĖĞ%Ȋ�$�<ˑ. 

 

 

� (�˒ƅĤçťƻƶ9; 5-B���-α-l��¨�:Sjb�m��¨@ major¨&�$Š<)+˒

Gf��a�ʩ¨ 74 & 75 )��$˒Gf��aʖ¥&B���ċ�ñ�Ōʺ)(<Ťə�
<��

Ɨ˒5 ¥B���ċ o ¥/*ȷƇċİÁ+˒α-l��¨ 6 ¥)ǮƬ�<ȷƇċ R’
<�+ 5 ýǪƶʉ

&*ȕ¨çǹ@ǫ5�6˒Gf��a�ʩ¨ 77 & 78 @ȯƀ�<*�ăʷ&(<ːScheme 21 �ˑ�*

�6 ȁ˒ĭǻ)αJ�hdI�*BZ]L�¼¾�= o˒ȷƇ 5-B���-α-l��¨%+kRL�pK
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P�¨ 80� major¨&�$Š:=<ʆɾǨɳ�ɝī�=�7*&ȹ
:=<� 

 

 

Scheme 21. 5-(oȷƇ-B���)-α-l��)��<ȕ¨ʴħ. 

 

 

 

� ƧȆȓ%+ 5˒¥B���ċ*ȷƇċÚƮ@ÍǬ��α-l��¨�:Sy\�T�sKXdExy\

�b@Ǭ�<Sjb�m��¨/*ˊƲĒƇçť*ʨŻ@ɑ!��ƧˊƲĒƇçť%+ DMF � 0 ºC

%*çťƫ¢� 5˒¥B���ċ p¥)ʸĝǇŕŨċ@İÁ�<�&%Sjb�m��¨/*ʐŷŨ�

ò����3� 5˒¥B���ċ&�$ɈˇƘp_�Ǫ7Ǭ�<�&�%�<�6˒Ʒ�(Sjb�m

��ɦİ¨ðů7ƥŝ%�<� 
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Ȭɧ 
 

� ɍȺ+˒ȇˍD�bçťÑ�Sy\�T�sKXdExy\�b�@Ǭ��Lv��ɦİ¨*ˊƲ

ĒƇçť*q�W�Ǫʖ)��<ɈˇƘŨ@ƃʯ��p_�ǪÜðǣα-l��¨/*ķʨ@ɑ!�� 

 

1. ʹĭȍʤǥNa�%
<q�S�G\�Na�@çťċɹ&�� 5-B���-3-B�OKRJ�

td�-α-l��¨*ðů@Ƴɢ����*ȬƮ˒DMSO � MS5Å ğĈ�˒ďċ&�$ǆȦÜc

a�Ex@Ǭ���Öçť*Ş)˒ȡǫůǣ@ʙʛ�ÖǢʑǎƫ¢)ʬ��&%˒2 ǂʲ˒1 Ă

*Ȣɖ)$ˋèǧ% 5-B���-α-l��¨@ðů�<Ųǋ@Ȉȕ��� 

 

2. Lv��¨q�W�Ǫʖ)��<ɈˇƘŨ@ƃʯ�� 3-yaKRJ�td�-_a�jb�Lv

��¨ː6 ýǪƶʉ&*ȵǪĉα-l��¨ˑ)ĭ�$Sy\�T�sKXdExy\�b@Ǭ�

�ˊƲĒƇçť@Ƴɢ���Š:=�ǫůǣ*ɦİ¨ÜŞ* 2ƽ½ NMRɞƭæ. XȲƶʉɞƭ

�:˒ˊƲĒƇçť*ǫůǣ+Tl�[kRL�[3.1.0]pKP�-RL�pKP�]*�ĒǴŨ¨ǒ

ðǣ%
!��ƧˊƲĒƇçť*�ɆŨ@ɫƯ��ȬƮ 5˒ 6˒¥)Ʒ�(Ǫƶʉ@ƣ�<ȵǪĉ

α-l��¨8 5¥& 6¥)�=�=ʤǥ*ȷƇċ@ƣ�<ʹȵǪĉα-l��¨�:ĭť�<kR

L�[3.1.0]pKP�¨��ȏŐ�:ɇě(èǧ%Š:=��çťƻƶɞƝ@ǿƁ��ʜǆȦƸɰ

Üĥˉ('�: Ƨ˒ˊƲĒƇçť+RL�o�i��ʩ¨@ȫǮ� ǜ˒Ȧ-ǜȦȬð*řů&Êƕ

�ʊȮ�$ʋɑ�<bwfçť%
<&ƅĤ�$�<� 

 

3. 5-B���-α-l��¨�:+ȵǪĉSjb�m��¨� major ¨&�$˒kRL�[3.1.0]pKP

�¨� minor¨&�$Š:=��ƫ¢Ƴɢ*ȬƮ˒DMF� 0 ºC*ƫ¢%Sjb�m��¨*è

ǧæ.ʐŷŨ�ò����3�˒5¥B���ċ p¥/*ʸĝǇŕŨċ*İÁ)9;Sjb�m

��¨/*ʐŷŨ+ò��<� o˒¥/*ȷƇċİÁ%+ major¨& minor¨�ʆɾ�˒kRL

�[3.1.0]pKP�¨� major ¨&�$Š:=��ƧˊƲĒƇçť+ 6 ¥)Ʒ�(ȷƇċ@ƣ�<

5-B���-α-l��¨%ȵǪĉSjb�m��¨� major¨&�$�ȏŐ�:ǃɿǻɇě(èǧ

%Š:=��5-B���-α-l��¨*ˊƲĒƇçť%+˒ʧǪƟ)��<Gf��a�ʩ¨*ǫ

ů) 5¥B���ċ�Śʼ�$�<7*&ƅĤ�$�<� 

 

 

� ƧȆȓ%ʨŻ��ˊƲĒƇçť+Ĩƞ)ðůëȽ(p_�ǪÜðǣ�:˒|d�L(ˊƲ@ƣ�<

ǫůǣ@�
<bwfçť%
<��Ş˒Ƨçť�ðůŁȏ*ȅȵÜ8˒ǫǣǍŨǣɹ('*ƻȽŨ

Éĝ*Ôɖ)ťǬ�=<�&@ƥŝ�<� 
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ɯʁ 
 

� ȩ?;)ɀ4 Ƨ˒Ȇȓ)ʳ�$ȩƾšŭȠ(šƁİ&šʻƋ@ɸ;3���ʗɏȌĔġ ɏüɖʉġ

Éʝ ĺ�ƿɑƐƂ)ţ9;Ŭɯ*ū@ɓ�3��âđŞƥɪȏ9;ȆȓĦ*�ý&�$ʄ
$ʽ�˒

�*Őġ¥@Žé�<�&�%��*+-&
)¾ǫ*�ʰ&Ǒ�Ŭɯǯ���3�� 

 

� ƧȆȓ@ʋ6<)
�!$˒ēĔ(šƁİ&š×ɠ@ɸ;3���ʗɏȌĔġ ɏüɖʉġÉʝ  �

ıľȀ�ɮň)Ǒ�ŬɯɄ�3�� 

 

� Ŷ)ɟ=˒ĥˉ)ʳ�$ȑ�ƣǽ(š×ɠ&šƁİ@ɸ;3���ʗɏȌĔġ ɏüɖʉġÉʝ�  

ļˎģƹ×Ɛ˒�ʗɏȌĔġ ġǫĥȸƍƈV�Z� ıʪ Ȑ×Ɛ)Ǒ�ŬɯɄ�3�� 

� âđŞƥɪȏÁġƟ�:ǨĈ)Ƀ<3% Ƒ˒ē�*ìúǛÙ@ɸ;3���ʗɏȌĔġ ɏüɖʉġ

Éʝ ƣ¿¸ǊâđːǨ ǀőŀĚĝĔġ ɏġʖ ×Ɛˑ)Ǒ�ŬɯɄ�3�� 

� ƧȆȓ*¾ˈ�@ɑ!$ʽ�˒ƧȆȓ*�!��@ª!$ʽ�3���ʗɏȌĔġ Ɯ ƻȽÉĝÜ

ġƐĦ Navnath Dnyanoba Yadavâđ)Ǒ�ŬɯɄ�3�� 

� ƧȆȓ)ʳ�$ēĔ(šàÕ@ʽ�3���ʗɏȌĔġ ɏüɖʉġÉʝ ɐĻ ûǄ˒ȘƩȀ�Ǆ˒

ǭʒ§ĠǄ)Ǒ�ŬɯɄ�3�� 

� 3�˒ƧȆȓ*ʪʊȆȓ@ɑ�)
�;˒ēĔ(šàÕ@ʽ�3���ʗɏȌĔġ ɏüɖʉġÉʝ 
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� ưȉǅÃˌTrLa�*ǖĤ)��$ƣǽ(š×ɠ@ɸ;˒áȬƠ X Ȳƶʉɞƭ@ɑ!$ʽ�3�

��ʗɏȌĔġ ÃñÍǬƻāV�Z� ıŀ±ƽʕɮň)Ǒ�ŬɯɄ�3�� 

� ɹʞÉƭ*ǖĤ&ƣǽ(š×ɠ@ɸ;3���ʗɏȌĔġ ÃñÍǬƻāV�Z� ȶǭ«�ĝɮň˒

ˋĳʔĝ×ƐːǨ �ʗɏȌĔġ ġǫĥȸƍƈV�Z�ˑ˒ ǠĶßˇĝ ųɒĮʦȼý)Ǒ�ŬɯɄ�

3�� 

� ½ȦÉƭ@ɑ!$ʽ�3���ʗɏȌĔġ ÃñÍǬƻāV�Z�Ĭǭ±�×Ɛ)Ǒ�ŬɯɄ�3
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bĜÀo 
 

 

Ġõ�u�ÑÌĠõî¦��î¦�ËĢÛ��(�1H NMR �� 13C NMR � JEOL EX-270 (1H: 270 

MHz), JEOL AL-300 (1H: 300 MHz; 13C: 75 MHz), Varian INOVA 400NB (1H: 400 MHz; 13C: 100 MHz) 

spectrometers �î¦�Ňî¦ð¡�� CDCl3*ÿ�Ň�¤=QHr�GHZXE\=Z_*xĲÙï

úĪ���ÿ�Ň���¤=QHrŅ0.00 ppmņ*�ï��� ppm�Ċ��ŅĂ��ke�Į'; s = 

singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br = broad, dd = double doublet, ddd = double double 

doublet, dt = double triplet, td = triple doublet, tt = triple tripletņ�Ĭ���?T6H\� Shimadzu FTIR-8400

�î¦�Ň½�Â� cm−1�Ċ���Īĸ|Ï� JEOL JMS-GC mate spectrometer��î¦���sĔ|

Ï� Perkin Elmer Series II CHNS/O Analyzer 2400�î¦����ĕÉ XĖ×įĤÏ� Rigaku RAXIS 

RAPID imaging plate area detector *ÿ��Ň7ZQ,/HYM6^XaDa��ĝ��� Mo-KαĖ*

ÿ��î¦���3ZW6^VH7ZQ.a�� Silica gel 60 (grade 7734, 60-230 mesh, Merck Co., Inc.)

�(�� Silica gel 60N (Kanto Chemical Co., Inc.) pÿ���Þ#čÝ�Á¸��¶�ļ���ŇQ]a

WIZ/��4Z?�v*ÿ�Ň-\;_�(��ĎĔĿ�Ýe��¶*ġ��� 
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Đ 1ď�ļ�(§ł 
 

 

Đ 2đ  Table 1�§ł  

 

Methyl 5,6,7,8,9,10,11,12,13,14-decahydro-2-oxo-2H-cyclododeca[b]pyran-3-carboxylate (16a); α-pyrone

�º�bĜÀo  

16a�Äü�Åá�´��º���17,18Q]aWIZ/�� 200 mLc�J?QZ?:�ĎĔĿ�Ý

e diisopropylamine (0.922 mL, 666 mg, 6.58 mmol) � THF (15 mL) *t)Ň−78 ºC�z���³Ňn-BuLi 

(2.69 M in n-hexane, 2.45 mL, 6.59 mmol) *$��'ñe���15|Ļ	
� 0 ºC �Æí�ŇLDAð

è*Ĩģ���LDAðè*y�−78 ºC�z��Ňcyclododecanone (15a, 1.00 g, 5.49 mmol) � THF (5 mL) 

ðè*$��'ñe����¶í²*−78 ºC	&−5 ºC � 1.75ÈĻ	
�Æí��³�Ňy�−30 ºC

 �z��Ňdimethyl methoxymethylenemalonate (6, 1.15 g, 6.58 mmol) � THF�(5 mL) ðè*~�Ň¨

í �Æí�Ň2.75ÈĻ¿¼����¶è* 0 ºC�z��Ň1 N �ĵÞðè (60 mL) *~�ŇCHCl3

�� 3 �»{���ÊÚ¬*öÞĈĵJH[0W�gø³Ňð¡*ë�ā����µ&)�Ēþºú

*=[39\3ZW6^VH7ZQ.a (n-hexane/AcOEt = 2:1) �ēģ�Ň 16a�(705 mg, 44%) *öĝ

�R[@WÉ���µ�� 

Rf = 0.37 (n-hexane/AcOEt = 2:1); mp 81-83 ºC (n-hexane); 1H NMR (400 MHz, CDCl3) δ: 1.27-1.44 (m, 12H), 

1.63-1.70 (m, 2H), 1.81-1.88 (m, 2H), 2.42 (t, 2H, J = 7.2 Hz), 2.61 (t, 2H, J = 7.2 Hz), 3.90 (s, 3H), 8.11 (s, 

1H); 13C NMR (100 MHz, CDCl3) δ: 22.2, 22.5, 24.0, 24.1, 24.2, 24.8, 25.0, 25.6, 27.4, 27.9, 52.6, 114.4, 116.0, 

152.6, 158.4, 164.3, 168.2; IR (KBr): 1771, 1707, 1628, 1549 cm-1; LR-EIMS m/z: 292 (M+, 100.0), 264 (21.4), 

205 (24.8), 55 (41.4), 41 (46.7); HR-EIMS calcd for C17H24O4: 292.1675. Found: 292.1680. 

 

Methyl 7-methoxy-2-oxo2,5-dihydro-2H-indeno[1,2-b]pyran-3-carboxylate (16b) 

� 16b� 16a��Ø�Åá���º��� 

Yield: 45% (755 mg); Rf = 0.46 (n-hexane/AcOEt = 3:2); ńĝĹûĕÉ; mp 189-191 ºC (AcOEt); 1H NMR 

(400 MHz, CDCl3) δ: 3.68 (s, 2H), 3.90 (s, 3H), 3.92 (s, 3H), 7.02 (dd, 1H, J = 2.0, 8.6 Hz), 7.11 (d, 1H, J = 2.0 

Hz), 7.72 (d, 1H, J = 8.6 Hz), 8.45 (s, 1H); 13C NMR (100 MHz, CDCl3) δ: 32.9, 52.5, 55.7, 108.2, 110.9, 114.8, 

115.6, 122.6, 127.1, 147.2, 148.2, 158.6, 162.7, 165.1, 167.8; IR (CHCl3): 1763, 1692, 1612, 1595, 1526 cm−1; 

LR-EIMS m/z: 272 (M+, 100.0), 241 (21.9), 213 (15.6); HR-EIMS calcd for C15H12O5: 272.0684. Found: 

272.0682. 

 

Methyl 2-oxo-2,5,6,7-tetrahydro-2H-benzo[6,7]cyclohepta[1,2-b]pyran-3-carboxylate (16c) 

� 16c� 16a��Ø�Åá���º��� 

Yield: 42% (700 mg); Rf = 0.33 (n-hexane/AcOEt = 3:1); ńĝR[@WÉ; mp 133-134 ºC (n-hexane-AcOEt); 
1H NMR (400 MHz, CDCl3) δ: 2.26-2.36 (m, 4H), 2.66 (t, 2H, J = 6.6 Hz), 3.94 (s, 3H), 7.31 (ddd, 1H, J = 0.8, 

1.7, 7.3 Hz), 7.37-7.45 (m, 2H), 7.73 (ddd, 1H, J = 0.8, 1.7, 7.3 Hz), 8.23 (s, 1H); 13C NMR (100 MHz, CDCl3) 

δ: 27.3, 31.7, 33.6, 52.7, 113.7, 116.2, 126.9, 128.4, 129.6, 131.3, 132.1, 141.2, 153.2, 158.3, 164.0, 164.5; IR 
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(CHCl3): 1765, 1533 cm−1; LR-EIMS m/z: 270 (M+, 92.4), 242 (100.0), 183 (31.7), 155 (26.6); HR-EIMS calcd 

for C16H14O4: 270.0892. Found: 270.0895. 

 

Methyl 2-oxo-2H,5H-thiochromeno[4,3-b]pyran-3-carboxylate (16d) 

� 16d� 16a��Ø�Åá���º��� 

Yield: 72% (1.20 g); Rf = 0.36 (n-hexane/AcOEt = 2:1); ńĝR[@WÉ; mp 158-159 ºC (toluene); 1H NMR 

(400 MHz, CDCl3) δ: 3.84 (s, 2H), 3.93 (s, 3H), 7.25-7.29 (m, 1H), 7.34-7.35 (m, 2H), 7.96-7.99 (m, 1H), 8.19 

(s, 1H); 13C NMR (100 MHz, CDCl3) δ: 27.0, 52.8, 107.7, 114.1, 126.43, 126.44, 126.9, 127.7, 132.2, 136.2, 

150.3, 157.0, 159.8, 163.9; IR (CHCl3): 1737, 1724, 1705, 1520 cm−1; LR-EIMS m/z: 274 (M+, 100.0), 245 

(43.5), 187 (71.0); HR-EIMS calcd for C14H10O4S: 274.0300. Found: 274.0296. 

 

Methyl 6-butyl-2-oxo-5-propyl-2H-pyran-3-carboxylate (16h); Typical procedure for the synthesis of 

α-pyrones 16e-h 

� 16h�Äü�Åá�´��º���22 Q]aWIZ/�� 50 mLÐj�J?QZ?:�ĎĔĿ�Ý

e 5-nonanone (10, 819 mg, 1mL, 5.76 mmol) � THF (5 mL) t)Ň0 ºC�z���³ŇLHMDS (1 M in 

THF, 5.7 mL, 5.7 mmol) *ñe���30|³ dimethyl methoxymethylenemalonate (6, 1.00 g, 6.34 mmol) �

THF (1.2 mL) ðè*$��'ñe�Ň̈ í �Æí��³Ň32ÈĻ¿¼����¶è* 0 ºC�z��Ň

1N �ĵÞðè*~��¶è� pH* 4�ĨÃ��, CHCl3�� 3�»{���öÞĈĵJH[0W�g

ø³Ňð¡*ë�ā����µ&)�Ēþºú*=[39\3ZW6^VH7ZQ.a 

(n-hexane/AcOEt = 3:1) �ēģ�Ň16h (869 mg, 60 %) *öĝ�àûú���µ�� 

Rf = 0.39 (n-hexane/AcOEt = 2:1); 1H NMR (400 MHz, CDCl3) δ: 0.94 (t, 3H, J = 7.4 Hz), 0.96 (t, 3H, J = 7.4 

Hz), 1.33-1.59 (m, 4H), 1.63-1.71 (m, 2H), 2.34 (t, 2H, J = 7.8 Hz), 2.56 (t, 2H, J = 7.8 Hz), 3.90 (s, 3H), 8.09 (s, 

1H); 13C NMR (100 MHz, CDCl3) δ: 13.6, 13.7, 22.5, 23.4, 29.6, 31.0, 31.0, 52.5, 113.8, 115.5, 153.0, 158.5, 

164.4, 168.5; IR (CHCl3): 1740, 1553, 1437 cm-1; LR-EIMS m/z: 252 (M+, 63.2), 224(51.4), 195(62.6), 181(100), 

85(32.3); HR-EIMS calcd for C14H20O4: 252.1362. Found: 252.1361. 

 

Methyl 5-methyl-2-oxo-6-phenyl-2H-pyran-3-carboxylate (16e) 

� 16e� 16h��Ø�Åá���º��� 

Yield: 72% (1.23 g); Rf = 0.26 (n-hexane/AcOEt = 2:1); ńĝR[@WÉ; mp 119-120 ºC (diisopropyl ether); 
1H NMR (400 MHz, CDCl3) δ: 2.26 (s, 3H), 3.94 (s, 3H), 7.47-7.51 (m, 3H), 7.64-7.66 (m, 2H), 8.22 (s, 1H); 
13C NMR (100 MHz, CDCl3) δ: 16.8, 52.7, 111.4, 114.5, 128.5 (2C), 128.8 (2C), 130.9, 131.6, 154.6, 157.9, 

162.7, 164.2; IR (CHCl3): 1744, 1709, 1539 cm−1; LR-EIMS m/z: 244 (M+, 65.6), 216 (100.0), 185 (41.3), 105 

(63.4), 77 (46.4); HR-EIMS calcd for C14H12O4: 244.0735. Found: 244.0739. 

 

Methyl 6-ethyl-5-methyl-2-oxo-2H-pyran-3-carboxylate (16f) 

� 16f� 16h��Ø�Åá���º��� 

Yield: 39% (725 mg); Rf = 0.33 (n-hexane/AcOEt = 3:2); ńĝàûú; 1H NMR (400 MHz, CDCl3) δ: 1.25 (t, 

3H, J = 7.6 Hz), 2.07 (s, 3H), 2.59 (q, 2H, J = 7.6 Hz), 3.90 (s, 3H), 8.08 (s, 1H); 13C NMR (100 MHz, CDCl3) 
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δ: 11.1, 14.7, 25.1, 52.6, 110.2, 113.6, 154.0, 158.6, 164.3, 169.3; IR (CHCl3): 1759, 1736, 1553 cm−1; 

LR-EIMS m/z: 196 (M+, 22.2), 167 (35.1), 153 (31.0), 57 (100.0); HR-EIMS calcd for C10H12O4: 196.0735. 

Found: 196.0737. 

 

Methyl 5-ethyl-2-oxo-6-propyl-2H-pyran-3-carboxylate (16g) 

� 16g� 16h��Ø�Åá���º��� 

Yield: 65% (1.05 g); Rf = 0.40 (n-hexane/AcOEt = 3:1); ńĝàûú; 1H NMR (400 MHz, CDCl3) δ: 0.98 (t, 

3H, J = 7.4 Hz), 1.16 (t, 3H, J = 7.6 Hz), 1.68-1.78 (m, 2H), 2.40 (q, 2H, J = 7.6 Hz), 2.54 (t, 2H, J = 7.6 Hz), 

3.91 (s, 3H), 8.13 (s, 1H); 13C NMR (100 MHz, CDCl3) δ: 13.7, 14.7, 20.9, 22.3, 33.0, 52.6, 114.1, 117.2, 152.6, 

158.5, 164.4, 168.0; IR (CHCl3): 1759, 1738 cm−1; LR-EIMS m/z: 224 (M+, 36.3), 196 (29.4), 181 (49.7), 167 

(100.0); HR-EIMS calcd for C12H16O4: 224.1048. Found: 224.1045. 

 

Đ 4đ  Scheme 8�§ł  

 

1-(4-Fluorophenyl)butan-2-one (25e); Ó®3FR[_7�¶�bĜÀo 29 

� Q]aWIZ/�� 100 mLc�J?QZ?:�-\;_Ŀ�Ýe 2-(4-fluorophenyl)acetic acid (1.00 

g, 6.49 mmol) *t)ŇCH2Cl2 (15 mL) �ðĤ�Ň0 ºC�z����Oxalyl chloride (1.40 g, 0.943 mL, 11.0 

mmol)*~�ŇDMF* 5ñ~�(����¶*ĺ �����ÈŇÝn�Ąþ*ĉħ���0 ºC��

30|Ļ¿¼�, ¨í �Æí��³��&� 1ÈĻ¿¼���ë�ā�*ġ�Ňµ&)�Üì* benzene 

(15 mL) �ðĤ�ŇPd(PPh3)4 (300 mg, 0.260 mmol) *~���0 ºC�z���³ŇEt2Zn (6.12 mL, 1.06 M 

in n-hexane, 6.49 mmol) *$��'ñe�Ň¨í �Æí�� 15ÈĻ¿¼����¶è*y² 0 ºC�

z���³�Þ*~�ŇAZ/Hd�óİ�Ňóè* AcOEt� 3�»{���ÊÚ¬*Ł�ŀ�Þ�

äæ�ŇöÞĈĵJH[0W�gø³Ňð¡*ë�ā����µ&)�Ēþºú*=[39\3ZW

6^VH7ZQ.a�(n-hexane/AcOEt = 10:1) �ēģ�(��� 25e (70%, 704 mg) *öĝ�èn��

�µ�� 

Rf = 0.36 (n-hexane/AcOEt = 10:1); 1H NMR (400 MHz, CDCl3) δ: 1.04 (t, 3H, J = 7.2 Hz), 2.48 (q, 2H, J = 7.2 

Hz), 3.67 (s, 2H), 6.98-7.04 (m, 2H), 7.14-7.19 (m, 2H); 13C NMR (100 MHz, CDCl3) δ: 7.7, 35.3, 48.7, 115.5 

(d, 2JC,F = 21.2 Hz, 2C), 130.1 (d, 4JC,F = 3.1 Hz), 130.9 (d, 3JC,F = 8.0 Hz, 2C), 161.9 (d, 1JC,F = 244.0 Hz), 

208.7; IR (CHCl3): 1717, 1510 cm−1; LR-EIMS m/z: 166 (M+, 10.3), 109 (38.5), 57 (100.0); HR-EIMS calcd for 

C10H11FO: 166.0794. Found: 166.0790. 

 

1-(4-Methoxyphenyl)butan-2-one48 (25b) 

� 25b� 25e��Ø�Åá���º��� 

Yield: 99% (3.18 g); Rf = 0.64 (n-hexane/AcOEt = 2:1); ńĝèn; 1H NMR (270 MHz, CDCl3) δ: 1.22 (t, 3H, 

J = 7.3 Hz), 2.46 (q, 2H, J = 7.3 Hz), 3.62 (s, 2H), 3.80 (s, 3H), 6.84-6.89 (m, 2H), 7.10-7.15 (m, 2H). 

 

1-(Biphenyl-4-yl)butan-2-one49 (25c) 

� 25c � 25e��Ø�Åá���º��� 
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Yield: 79% (831 mg); Rf = 0.33 (n-hexane/AcOEt = 10:1); ńĝ�n; 1H NMR (270 MHz, CDCl3) δ: 1.06 (t, 

3H, J = 7.3 Hz), 2.52 (q, 2H, J = 7.3 Hz), 3.74 (s, 2H), 7.22-7.60 (m, 9H). 

 

1-(4-Nitrophenyl)butan-2-one (25d) 

� 25d � 25e��Ø�Åá���º��� 

Yield: 55% (584 mg); Rf = 0.34 (n-hexane/AcOEt = 7:2); ńĝR[@WÉ; mp 47-51 ºC (n-hexane); 1H NMR 

(400 MHz, CDCl3) δ: 1.08 (t, 3H, J = 7.4 Hz), 2.55 (q, 2H, J = 7.4 Hz), 3.83 (s, 2H), 7.37 (br-d, 2H, J = 9.0 Hz), 

8.19 (br-d, 2H, J = 9.0 Hz); 13C NMR (100 MHz, CDCl3) δ: 7.7, 36.0, 48.9, 123.7 (2C), 130.4 (2C), 141.7, 147.0, 

206.9; IR (CHCl3): 1716, 1607 cm−1; LR-EIMS m/z: 193 (M+, 3.4), 137 (23.6), 57 (100.0); HR-EIMS calcd for 

C10H11NO3: 193.0739. Found: 193.0733. 

 

1-[4-(Trifluoromethyl)phenyl]butan-2-one (25f) 

� 25f � 25e��Ø�Åá���º��� 

Yield: 74% (787 mg); Rf = 0.62 (n-hexane/AcOEt = 3:1); öĝ-Y\Q,?; 1H NMR (400 MHz, CDCl3) δ: 

1.06 (t, 3H, J = 7.2 Hz), 2.51 (q, 2H, J = 7.2 Hz), 3.76 (s, 2H), 7.32 (d, 2H, J = 8.0 Hz), 7.59 (d, 2H, J = 8.0 Hz); 
13C NMR (100 MHz, CDCl3) δ: 7.7, 35.7, 49.1, 124.1 (q, 1JC,F = 270.6 Hz), 125.5 (q, 3JC,F = 3.8 Hz, 2C), 129.3 

(q, 2JC,F = 23.3 Hz), 129.8 (2C), 138.3, 207.7; IR (CHCl3): 1714 cm−1; LR-EIMS m/z: 216 (M+, 5.0), 159 (52.5), 

109 (27.7), 57 (100.0); HR-EIMS calcd for C11H11F3O: 216.0762. Found: 216.0765. 

 

1-[3-(Trifluoromethyl)phenyl]butan-2-one (25g) 

� 25g � 25e��Ø�Åá���º��� 

Yield: 80% (2.53 g); Rf = 0.38 (n-hexane/AcOEt = 10:1); ńĝèn; 1H NMR (400 MHz, CDCl3) δ: 1.07 (t, 3H, 

J = 7.2 Hz), 2.52 (q, 2H, J = 7.2 Hz), 3.76 (s, 2H), 7.38-7.40 (m, 3H), 7.53 (br-d, 1H, J = 7.6 Hz); 13C NMR (100 

MHz, CDCl3) δ: 7.7, 35.7, 49.0, 123.8 (q, 3JC,F = 4.2 Hz), 124.0 (q, 1JC,F = 270.0 Hz), 126.2 (q, 3JC,F = 3.8 Hz), 

129.0, 130.9 (q, 2JC,F = 31.9 Hz), 132.9 135.2, 207.7; IR (CHCl3): 1715 cm−1; LR-EIMS m/z: 216 (M+, 20.7), 159 

(100.0), 57 (67.6); HR-EIMS calcd for C11H11F3O: 216.0762. Found: 216.0766. 

 

1-[2-(Trifluoromethyl)phenyl]butan-2-one (25h) 

� 25h� 25e��Ø�Åá���º��� 

Yield: 87% (2.75 g); Rf = 0.28 (n-hexane/AcOEt = 10:1); éńĝèn; 1H NMR (400 MHz, CDCl3) δ: 1.08 (t, 

3H, J = 7.6 Hz), 2.33 (q, 2H, J = 7.6 Hz), 3.90 (s, 2H), 7.28 (d, 1H, J = 7.6 Hz), 7.38 (t, 1H, J = 7.6 Hz), 7.51 (dt, 

1H, J = 0.8, 7.6 Hz), 7.66 (d, 1H, J = 7.6 Hz); 13C NMR (100 MHz, CDCl3) δ: 7.7, 35.6, 46.2, 124.3 (q, 1JC,F = 

272.4 Hz), 126.1 (q, 3JC,F = 5.4 Hz), 127.1, 128.7 (q, 2JC,F = 29.6 Hz), 131.8, 132.8, 132.9 (q, 3JC,F = 1.9 Hz), 

207.3; IR (CHCl3): 1720 cm−1; LR-EIMS m/z: 216 (M+, 17.6), 159 (100.0), 57 (47.5); HR-EIMS calcd for 

C11H11F3O: 216.0762. Found: 216.0758. 

 

1-Phenyl-2-[4-(trifluoromethyl)phenyl]ethanone50 (35); 6Z/B_ěôĵ�¶�bĜÀo 30 

� Q]aWIZ/�� 100 mLc�J?QZ?:�-\;_Ŀ�Ýe 2-[4-(trifluoromethyl)phenyl]acetic 
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acid (200 mg, 0.980 mmol) � methyl benzoate (133 mg, 0.120 mL, 0.980 mmol) *t)Ň DMF (3 mL) �ð

Ĥ�Ň−10 ºC�z����NaHMDS (1.1 M in THF, 3.60 mL, 3.96 mmol) * 1|Ļ	
�$��'ñe�

�³Ň−10 ºC �� 3.5 ÈĻ¿¼���−10 ºC ��¶è�Ł���-_YK0WÞðè*~�Ň AcOEt 

� 3�»{��� ÊÚ¬*Þ�äæ�ŇöÞĈĵJH[0W�gø³Ňð¡*ë�ā����µ&)

�Ēþºú*3ZW6^VH7ZQ.a�(n-hexane/AcOEt = 10:1)�ēģ�(��� 35 (64%, 165 mg) 

*öĝ��n���µ�� 

Rf = 0.46 (n-hexane/AcOEt = 5:1); 1H NMR (270 MHz, CDCl3) δ: 4.36 (s, 2H), 7.37-7.63 (m, 7H), 8.00-8.04 (m, 

2H). 

 

1-(Furan-2-yl)-2-[4-(trifluoromethyl)phenyl]ethanone (36) 

� 36 � 35��Ø�Åá���º��� 

Yield: 83% (211 mg); Rf = 0.61 (n-hexane/AcOEt = 2:1); öĝR[@WÉ; mp 120-122 ºC (n-hexane); 1H 

NMR (400 MHz, CDCl3) δ: 4.12 (s, 2H), 6.57 (dd, 1H, J = 1.8, 3.6 Hz), 7.26 (dd, 1H, J = 0.8, 3.6 Hz), 7.43 

(br-d, 2H, J = 8.0 Hz), 7.59 (br-d, 2H, J = 8.0 Hz), 7.62 (dd, 1H, J = 0.8, 1.8 Hz); 13C NMR (100 MHz, CDCl3) 

δ: 44.9, 112.6, 118.0, 124.1 (q, 1JC,F = 262.2 Hz), 125.5 (q, 3JC,F = 3.8 Hz, 2C), 129.3 (q, 2JC,F = 32.2 Hz), 129.9 

(2C), 137.9, 146.8, 152.2, 185.6; IR (KBr): 1676 cm−1; LR-EIMS m/z: 254 (M+, 5.3), 95 (100.0); HR-EIMS 

calcd for C13H9F3O2: 254.0554. Found: 254.0559. 

 

1-Phenyl-2-(thiophen-2-yl)ethanone (37) 

� 37 � 35��Ø�Åá���º��� 

Yield: 70% (1.00 g); Rf = 0.59 (n-hexane/AcOEt = 5:1); ńĝ-Y\Q,?; 1H NMR (400 MHz, CDCl3) δ: 

4.490 (br-s, 1H), 4.493 (br-s, 1H), 6.93-6.95 (m, 1H), 6.97 (dd, 1H, J = 3.2, 5.0 Hz), 7.23 (dd, 1H, J = 1.6, 5.0 

Hz), 7.46-7.50 (m, 2H), 7.58 (tt, 1H, J = 1.4, 7.6 Hz), 8.01-8.04 (m, 2H); 13C NMR (100 MHz, CDCl3) δ: 39.4, 

125.1, 126.8, 126.9, 128.6 (2C), 128.7 (2C), 133.4, 135.5, 136.1, 196.0; IR (CHCl3): 1686, 1599 cm−1; LR-EIMS 

m/z: 202 (M+, 27.8), 105 (100.0), 97 (20.5), 77 (70.9); HR-EIMS calcd for C12H10O4S: 202.0452. Found: 

202.0449. 

 

Đ 3đ  Table 2, entry 6�§ł  

 

Methyl 6-ethyl-2-oxo-5-phenyl-2H-pyran-3-carboxylate (26a); 5--[a\-α-P^_ 26a-h�º�bĜ

Ào  

� Q]aWIZ/�� 100 mLc�J?QZ?:�-\;_Ŀ�Ýe 1-phenylbutan-2-one (25a, 1.00 mL, 

6.68 mmol) � MS 5Å (508 mg) � DMSO (20 mL) *t)��¹òè�¨í� sodium hydride (60% in 

mineral oil, 294 mg, 7.35 mmol) *bÝ�~�Ň1ÈĻ¿¼���Dimethyl methoxymethylenemalonate (6, 

1.40 g, 8.02 mmol) � DMSO (10 mL) ðè*¨í�~�Ň�&� 18ÈĻ¿¼���ßzeŇ1 N �ĵ

Þðè*~��¶è� pH* 4�ĨÃ³Ň AZ/Hd�óİ�(��� MS 5Å*Ľ��Ňóè* ether 

� 3 �»{���ÊÚ¬*Þ�äæ�ŇöÞĈĵJH[0W�gø³Ňð¡*ë�ā��(���Ň

Ēþºú*ńĝàûú�(2.27 g) ���µ��µ&)�Ēþºú* AcOH (40 mL) �ðĤ�Ň16ÈĻı
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å�� (àçí²: 135 ºC)�ë�ā�*ġ�Ňµ&)�2]_>ĝ�àûú*=[39\3ZW6^V

H7ZQ.a�(n-hexane/AcOEt = 3:1)�ēģ�(��� 26a (80%, 1.38 g) *éńĝàûú���µ�� 

Rf = 0.41 (n-hexane/AcOEt = 2:1); 1H NMR (270 MHz, CDCl3) δ: 1.26 (t, 3H, J = 7.6 Hz), 2.60 (q, 2H, J = 7.6 

Hz), 3.91 (s, 3H), 7.24-7.49 (m, 5H), 8.23 (s, 1H); 13C NMR (100 MHz, CDCl3) δ: 11.9, 25.5, 52.6, 113.7, 117.9, 

128.3, 128.8 (2C), 129.0 (2C), 134.7, 152.6, 158.0, 164.0, 169.9; IR (CHCl3): 1761, 1744, 1709, 1541 cm−1; 

LR-EIMS m/z: 258 (M+, 100.0), 197 (79.4), 173 (90.2), 115 (52.3); HR-EIMS calcd for C15H14O4: 258.0892. 

Found: 258.0901. 

 

Đ 5đ  Table 2�§ł  

 

Methyl 6-ethyl-5-(4-methoxyphenyl)-2-oxo-2H-pyran-3-carboxylate (26b) 

� 26b� 26a��Ø�Åá���º��� 

Yield: 73% (1.21 g, 2 steps); Rf = 0.24 (n-hexane/AcOEt = 2:1); ńĝàûú; 1H NMR (400 MHz, CDCl3) δ: 

1.25 (t, 3H, J = 7.6 Hz), 2.60 (q, 2H, J = 7.6 Hz), 3.85 (s, 3H), 3.90 (s, 3H), 6.95-6.99 (m, 2H), 7.16-7.20 (m, 

2H), 8.20 (s, 1H); 13C NMR (100 MHz, CDCl3) δ: 11.9, 25.5, 52.6, 55.3, 113.6, 114.3 (2C), 117.5, 126.8, 130.0 

(2C), 152.9, 158.1, 159.6, 164.1, 169.7; IR (CHCl3): 1759, 1740, 1709, 1611, 1541 cm−1; LR-EIMS m/z: 288 

(M+, 85.5), 256 (35.5), 227 (100.0), 203 (57.1); HR-EIMS calcd for C16H16O5: 288.0997. Found: 288.0996. 

 

Methyl 5-(biphenyl-4-yl)-6-ethyl-2-oxo-2H-pyran-3-carboxylate (26c) 

� 26c� 26a��Ø�Åá���º��� 

Yield: 57% (920 mg, 2 steps); Rf = 0.37 (n-hexane/AcOEt = 2:1); ńĝâûúĪ; 1H NMR (400 MHz, CDCl3) 

δ: 1.29 (t, 3H, J = 7.6 Hz), 2.66 (q, 2H, J = 7.6 Hz), 3.91 (s, 3H), 7.32-7.50 (m, 5H), 7.60-7.69 (m, 4H), 8.27 (s, 

1H); 13C NMR (100 MHz, CDCl3) δ: 12.2, 25.8, 52.9, 114.0, 117.8, 127.3 (2C), 127.9 (2C), 128.0, 129.1 (2C), 

129.5 (2C), 133.8, 140.3, 141.5, 152.8, 158.3, 164.3, 170.2; IR (CHCl3): 1761, 1740, 1709, 1541 cm−1; 

LR-EIMS m/z: 334 (M+, 91.8), 273 (100.0), 249 (32.5); HR-EIMS calcd for C21H18O4: 334.1205. Found: 

334.1203. 

 

Methyl 6-ethyl-5-(4-nitrophenyl)-2-oxo-2H-pyran-3-carboxylate (26d) 

� 26d� 26a��Ø�Åá���º��� 

Yield: 66% (1.06 g, 2 steps); Rf = 0.29 (n-hexane/AcOEt = 2:1); ńĝR[@WÉ ; mp 132-135 ºC 

(AcOEt-n-hexane); 1H NMR (400 MHz, CDCl3) δ: 1.30 (t, 3H, J = 7.4 Hz), 2.61 (q, 2H, J = 7.4 Hz), 3.92 (s, 

3H), 7.48 (dt, 2H, J = 2.2, 9.0 Hz), 8.20 (s, 1H), 8.33 (td, 2H, J = 2.2, 9.0 Hz); 13C NMR (100 MHz, CDCl3) δ: 

11.9, 25.7, 52.8, 114.4, 115.9, 124.2 (2C), 129.9 (2C), 141.3, 147.7, 151.2, 157.2, 163.6, 170.4; IR (KBr): 1753, 

1709, 1599, 1547, 1524 cm−1; LR-EIMS m/z: 303 (M+, 100.0), 275 (84.0), 260 (39.7), 218 (62.4); HR-EIMS 

calcd for C15H13NO6: 303.0743. Found: 303.0741. 

 

Methyl 6-ethyl-5-(4-fluorophenyl)-2-oxo-2H-pyran-3-carboxylate (26e) 

� 26e� 26a��Ø�Åá���º��� 
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Yield: 68% (473 mg, 2 steps); Rf = 0.31 (n-hexane/AcOEt = 3:1); ńĝàûú; 1H NMR (400 MHz, CDCl3) δ: 

1.26 (t, 3H, J = 7.6 Hz), 2.56 (q, 2H, J = 7.6 Hz), 3.91 (s, 3H), 7.12-7.18 (m, 2H), 7.21-7.26 (m, 2H), 8.18 (s, 

1H); 13C NMR (100 MHz, CDCl3) δ: 11.9, 25.5, 52.7, 113.8, 116.1 (d, 2JC,F = 21.6 Hz, 2C), 116.9, 130.6 (d, 3JC,F 

= 8.4 Hz, 2C), 130.7, 152.4, 157.9, 162.6 (d, 1JC,F = 247.4 Hz), 164.0, 170.0; IR (CHCl3): 1763, 1742, 1711, 

1541 cm−1; LR-EIMS m/z: 276 (M+, 100.0), 248 (46.7), 233 (42.0), 191 (92.5); HR-EIMS calcd for C15H13FO4: 

276.0798. Found: 276.0796. 

 

Methyl 6-ethyl-2-oxo-5-[4-(trifluoromethyl)phenyl]-2H-pyran-3-carboxylate (26f) 

� 26f� 26a��Ø�Åá���º��� 

Yield: 65% (513 mg, 2 steps); Rf = 0.39 (n-hexane/AcOEt = 2:1); éńĝ-Y\Q,?; 1H NMR (400 MHz, 

CDCl3) δ: 1.28 (t, 3H, J = 7.6 Hz), 2.60 (q, 2H, J = 7.6 Hz), 3.92 (s, 3H), 7.41 (dd, 2H, J = 0.6, 8.7 Hz), 7.73 (dd, 

2H, J = 0.6, 8.7 Hz), 8.20 (s, 1H); 13C NMR (100 MHz, CDCl3) δ: 11.9, 25.6, 52.8, 114.2, 116.6, 123.8 (q, 1JC,F 

= 270.5 Hz), 126.0 (q, 3JC,F = 4.0 Hz, 2C), 129.3 (2C), 130.7 (q, 2JC,F = 32.6 Hz), 138.4, 151.8, 157.6, 163.8, 

170.2; IR (CHCl3): 1765, 1742, 1713, 1545 cm−1; LR-EIMS m/z: 326 (M+, 100.0), 298 (63.3), 283 (49.6), 241 

(61.8); HR-EIMS calcd for C16H13F3O4: 326.0766. Found: 326.0769. 

 

Methyl 6-ethyl-2-oxo-5-[3-(trifluoromethyl)phenyl]-2H-pyran-3-carboxylate (26g) 

� 26g� 26a��Ø�Åá���º��� 

Yield: 77% (1.16 g, 2 steps); Rf = 0.38 (n-hexane/AcOEt = 2:1); ńĝàûú; 1H NMR (400 MHz, CDCl3) δ: 

1.28 (t, 3H, J = 7.6 Hz), 2.59 (q, 2H, J = 7.6 Hz), 3.92 (s, 3H), 7.46-7.49 (m, 1H), 7.53-7.54 (m, 1H), 7.61 (tt, 1H, 

J = 0.8, 7.6 Hz), 7.68-7.71 (m, 1H), 8.20 (s, 1H); 13C NMR (100 MHz, CDCl3) δ: 11.9, 25.6, 52.7, 114.2, 116.6, 

123.6 (q, 1JC,F = 270.9 Hz), 125.3 (q, 3JC,F = 3.8 Hz), 125.6 (q, 3JC,F = 3.7 Hz), 129.6, 131.6 (q, 2JC,F = 32.3 Hz), 

132.2, 135.6, 151.9, 157.6, 163.8, 170.3; IR (CHCl3): 1763, 1747, 1713, 1543 cm−1; LR-EIMS m/z: 326 (M+, 

100.0), 298 (55.7), 283 (41.1), 241 (54.2); HR-EIMS calcd for C16H13F3O4: 326.0766. Found: 326.0764. 

 

Methyl 6-ethyl-2-oxo-5-[2-(trifluoromethyl)phenyl]-2H-pyran-3-carboxylate (26h) 

� 26h� 26a��Ø�Åá���º��� 

Yield: 41% (621 mg, 2 steps); Rf = 0.33 (n-hexane/AcOEt = 2:1); ńĝàûú; 1H NMR (400 MHz, CDCl3) δ: 

1.17 (t, 3H, J = 7.6 Hz), 2.25-2.41 (m, 2H), 3.89 (s, 3H), 7.27-7.29 (m, 1H), 7.56-7.66 (m, 2H), 7.80-7.82 (m, 

1H), 8.06-8.07 (m, 1H); 13C NMR (100 MHz, CDCl3) δ: 11.1, 25.9, 52.7, 113.0, 114.6, 123.6 (q, 1JC,F = 272.4 

Hz), 126.7 (q, 3JC,F = 5.3 Hz), 129.3, 129.6 (q, 2JC,F = 29.6 Hz), 132.1, 132.3, 133.0 (q, 3JC,F = 2.0 Hz), 151.9, 

157.8, 163.8, 170.3; IR (CHCl3): 1763, 1747, 1711, 1543 cm−1; LR-EIMS m/z: 326 (M+, 100.0), 298 (63.7), 283 

(48.1), 241 (32.8), 57 (28.7); HR-EIMS calcd for C16H13F3O4: 326.0766. Found: 326.0761. 

 

Methyl 6-isopropyl-2-oxo-5-phenyl-2H-pyran-3-carboxylate (26i) 

� 26i� 26a��Ø�Åá���º��� 

Yield: 90% (1.45 g, 2 steps); Rf = 0.31 (n-hexane/AcOEt = 4:1); éńĝâûúĪ; 1H NMR (400 MHz, CDCl3) 

δ: 1.25 (d, 6H, J = 6.8 Hz), 2.95-3.05 (m, 1H), 3.90 (s, 3H), 7.23-7.27 (m, 2H), 7.39-7.48 (m, 3H), 8.19 (s, 1H); 
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13C NMR (100 MHz, CDCl3) δ: 20.2 (2C), 30.6, 52.6, 113.7, 116.9, 128.3, 128.8 (2C), 129.0 (2C), 134.8, 152.7, 

158.0, 164.0, 172.8; IR (CHCl3): 1763, 1740, 1709, 1526 cm−1; LR-EIMS m/z: 272 (M+, 66.4), 229 (100.0), 197 

(65.3), 173 (71.1); HR-EIMS calcd for C16H16O4: 272.1048. Found: 272.1050. 

 

Methyl 6-butyl-2-oxo-5-phenyl-2H-pyran-3-carboxylate (26j) 

� 26j� 26a��Ø�Åá���º��� 

Yield: 79% (1.23 g, 2 steps); Rf = 0.26 (n-hexane/AcOEt = 4:1); ńĝàûú; 1H NMR (400 MHz, CDCl3) δ: 

0.84 (t, 3H, J = 7.4 Hz), 1.24-1.33 (m, 2H), 1.64-1.72 (m, 2H), 2.57 (t, 2H, J = 7.8 Hz), 3.91 (s, 3H), 7.23-7.27 

(m, 2H), 7.38-7.47 (m, 3H), 8.21 (s, 1H); 13C NMR (100 MHz, CDCl3) δ: 13.6, 22.3, 29.6, 31.7, 52.7, 113.6, 

118.4, 128.3, 128.9 (2C), 129.0 (2C), 134.8, 152.6, 158.1, 164.1, 169.3; IR (CHCl3): 1763, 1744, 1711, 1526 

cm−1; LR-EIMS m/z: 286 (M+, 100.0), 229 (42.3), 215 (63.3), 197 (59.3), 173 (63.8); HR-EIMS calcd for 

C17H18O4: 286.1205. Found: 286.1207. 

 

Methyl 2-oxo-5,6-diphenyl-2H-pyran-3-carboxylate (38); α-pyrones 38-41�º�bĜÀo  

� Q]aWIZ/�� 50 mLÐj�J?QZ?:�-\;_Ŀ�Ýe 1,2-diphenylethanone (18, 1.00 g, 

5.10 mmol) � MS 5Å (500 mg) � THF (5 mL) *t)��¹òè* 0 ºC�z��ŇLHMDS (5.10 mL, 1.0 

M in THF, 5.10 mmol) *$��'ñe��³Ň0 ºC �� 30 |Ļ¿¼���  0 ºC � Dimethyl 

methoxymethylenemalonate (6, 977 mg, 5.61 mmol) � THF (3 mL) ðè*~�Ň̈ í�Æí� 19ÈĻ¿¼

����¶è*y² 0 ºC�z��Ň1 N �ĵÞðè*~��¶è� pH* 4�ĨÃ³ŇAZ/Hd�

óİ�(��� MS 5Å*Ľ��Ňóè* ether � 3�»{���ÊÚ¬*Þ�äæ�ŇöÞĈĵJH

[0W�gø³Ňð¡*ë�ā����µ&)�Ēþºú*=[39\3ZW6^VH7ZQ.a�

(n-hexane/AcOEt = 3:1)�ēģ�(��� 38��¶fĻn  (1.80 g, 38:�¶fĻn = 1.0:1.6)*µ�� 

� 38��¶fĻn�ê�ú (1.44 g, 4.04 mmol) * AcOH (30 mL) �ðĤ�Ň24ÈĻıå�� (àçí

² : 135 ºC)�ë�ā�*ġ�Ňµ&)�Ēþºú*=[39\3ZW6^VH7ZQ.a�

(n-hexane/AcOEt = 3:1)�ēģ�(��� 38 (85%, 1.06 g, 2 steps) *ńĝR[@WÉ���µ�� 

Rf = 0.39 (n-hexane/AcOEt = 2:1); mp 167-170 ºC (THF-n-hexane); 1H NMR (400 MHz, CDCl3) δ: 3.94 (s, 3H), 

7.20-7.43 (m, 10H), 8.35 (s, 1H); 13C NMR (100 MHz, CDCl3) δ: 52.7, 114.2, 117.9, 128.3 (2C), 129.12 (2C), 

129.14 (3C), 129.5 (2C), 131.0, 131.1, 135.3, 153.6, 157.4, 162.7, 164.0; IR (KBr): 1786, 1744, 1703, 1541, 

1489 cm−1; LR-EIMS m/z: 306 (M+, 100.0), 278 (46.1), 105 (29.6); HR-EIMS calcd for C19H14O4: 306.0892. 

Found: 306.0884. 

 

Methyl 2-oxo-6-phenyl-5-[4-(trifluoromethyl)phenyl]-2H-pyran-3-carboxylate (39) 

� 39 � 38 ��Ø�Åá���º��ŅĴĵf~÷ıå*ġ�}�=[39\3ZW6^VH7ZQ

.a��ēģ�ġ�����ņ� 

Yield: 77% (109 mg, 2 steps); Rf = 0.33 (n-hexane/AcOEt = 3:1); ńĝ-Y\Q,?; 1H NMR (400 MHz, 

CDCl3) δ: 3.95 (s, 3H), 7.28-7.44 (m, 7H), 7.62 (br-d, 2H, J = 8.0 Hz), 8.33 (s, 1H); 13C NMR (100 MHz, 

CDCl3) δ: 52.9, 114.6, 116.5, 123.8 (q, 1JC,F = 270.9 Hz), 126.1 (q, 3JC,F = 3.6 Hz, 2C), 128.6 (2C), 129.5 (2C), 

129.6 (2C), 130.5 (q, 2JC,F = 32.6 Hz), 130.7, 131.5, 139.1, 152.8, 157.0, 163.5, 163.8; IR (CHCl3): 1763, 1751, 
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1713, 1537, 1518 cm−1; LR-EIMS m/z: 374 (M+, 87.3), 346 (81.6), 315 (16.2), 259 (17.2), 105 (100.0); 

HR-EIMS calcd for C20H13F3O4: 374.0766. Found: 374.0760. 

 

Methyl 6-(furan-2-yl)-2-oxo-5-[4-(trifluoromethyl)phenyl]-2H-pyran-3-carboxylate (40) 

� 40 � 38 ��Ø�Åá���º��ŅĴĵf~÷ıå*ġ�}�=[39\3ZW6^VH7ZQ

.a��ēģ�ġ�����ņ� 

Yield: 75% (161 mg, 2 steps); Rf = 0.53 (n-hexane/AcOEt = 2:1); ńĝR[@WÉ ; mp 163-166 ºC 

(n-hexane-AcOEt); 1H NMR (400 MHz, CDCl3) δ: 3.92 (s, 3H), 6.50 (dd, 1H, J = 1.6, 3.6 Hz), 6.94 (dd, 1H, J = 

0.8, 3.6 Hz), 7.38 (dd, 1H, J = 0.8, 1.6 Hz), 7.46 (br-d, 2H, J = 8.0 Hz), 7.72 (br-d, 2H, J = 8.0 Hz), 8.21 (s, 1H); 
13C NMR (100 MHz, CDCl3) δ: 52.8, 112.8, 113.2, 114.3, 117.8, 123.9 (q, 1JC,F = 230.9 Hz), 125.7 (q, 3JC,F = 3.8 

Hz, 2C), 129.7 (2C), 130.7 (q, 2JC,F = 32.6 Hz), 138.5, 145.5, 146.6, 152.8, 153.1, 156.0, 163.7; IR (CHCl3): 

1767, 1753, 1709, 1562, 1529, 1502 cm−1; LR-EIMS m/z: 364 (M+, 100.0), 336 (73.4), 95 (84.5); HR-EIMS 

calcd for C18H11F3O5: 364.0558. Found: 364.0563. 

 

Methyl 2-oxo-6-phenyl-5-(thiophen-2-yl)-2H-pyran-3-carboxylate (41) 

� 41 � 38 ��Ø�Åá���º��ŅĴĵf~÷ıå*ġ�}�=[39\3ZW6^VH7ZQ

.a��ēģ�ġ�����ņ� 

Yield: 57% (515 mg, 2 steps); Rf = 0.33 (n-hexane/AcOEt = 3:1); éńĝĹûĕÉ ; mp 114-116 ºC 

(n-hexane-AcOEt); 1H NMR (400 MHz, CDCl3) δ: 3.94 (s, 3H), 6.94 (dd, 1H, J = 1.2, 3.6 Hz), 7.01 (dd, 1H, J = 

3.6, 5.2 Hz), 7.31-7.35 (m, 3H), 7.42 (tt, 1H, J = 1.2, 7.6 Hz), 7.51-7.54 (m, 2H), 8.37 (s, 1H); 13C NMR (100 

MHz, CDCl3) δ: 52.8, 111.4, 114.1, 127.2, 127.7, 128.0, 128.4 (2C), 129.3 (2C), 131.0, 131.4, 136.1, 153.5, 

157.0, 163.4, 163.8; IR (CHCl3): 1761, 1744, 1713, 1541, 1526, 1489 cm−1; LR-EIMS m/z: 312 (M+, 100.0), 284 

(33.1), 105 (68.1), 77 (32.9); HR-EIMS calcd for C17H12O4S: 312.0456. Found: 312.0453. 
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Đ 2ď�ļ�(§ł 

 

 

Đ 2đ  Scheme 13�§ł  

 

5,6,7,8-Tetrahydro-2-oxo-2H-1-benzopyran-3-carboxylic acid (49) 

� 49 �Äü�Åá�´��º���40 Q]aWIZ/�� 20 mL Ðj�J?QZ?:�-\;_Ŀ

�Ýe Me3SiI (192 mg, 0.13 mL, 0.961 mmol) *t)Ň45a17,18 (200 mg, 0.961 mmol) � CHCl3 (2 mL) ð

è*~��³Ň22ÈĻıå����¶è*¨í �z��, Þ (1 mL) *~� 10|Ļ¿¼��³ŇCHCl3 

(5 mL) � Ł�E2ĈĵJH[0WÞðè (10 mL) *~��&� 20|Ļ¿¼���CHCl3 � 3�»{

�ŇÊÚ¬*Ł�ôĵÞĔJH[0WÞðè��ĭ»{�ŇÞ¬� 1 N �ĵÞðè*~� pH* 2�

ĨÃ���þºú*Þ¬	& CHCl3��»{�ŇÊÚ¬*Ł�E2ĈĵJH[0WÞðè�äæ�, ö

ÞĈĵV7L=0W�gø³Ňð¡*ë�ā��(��� 49 (127 mg, 68%)*öĝR[@WÉ���µ

�� 

Rf = 0.13 (n-hexane/AcOEt = 1:1); mp: 116-118 ºC (diethyl ether); 1H NMR (270 MHz, CDCl3) δ: 1.77-1.94 (m, 

4H), 2.54-2.59 (m, 2H), 2.67-2.71 (m, 2H), 8.32 (s, 1H), 12.20 (s, 1H); 13C NMR (100 MHz, CDCl3) δ: 21.0, 

21.5, 25.3, 27.9, 112.1, 115.7, 153.3, 163.1, 165.3, 166.7; IR (KBr): 1747, 1678, 1562 cm−1; LR-EIMS m/z: 194 

(M+, 83.8), 150 (100), 138 (71.0), 121 (89.5); HR-EIMS calcd for C10H10O4: 194.0579. Found: 194.0586. 

 

tert-Butyl 5,6,7,8-tetrahydro-2-oxo-2H-1-benzopyran-3-carboxylate (45c) 

� 10 mLJ?QZ?:f� 49 (200 mg, 1.03 mmol) �CH2Cl2 (4 mL) ðè* 0 ºC�z��Ň t-BuOH (197 

mg, 0.11 ml, 1.13 mmol)ŇDMAP (126 mg, 1.03 mmol)ŇEDC•HCl (217 mg, 1.13 mmol) *~��³Ň¨í

 �Æí� 18ÈĻ¿¼����¶è� AcOEt*~�±Ķ�, 1 N �ĵÞðè, Ł�ôĵÞĔJH[0

WÞðè, Ł�ŀ�Þ�äæ���ÊÚ¬*öÞĈĵJH[0W�gø³Ňð¡*ë�ā����µ&

)�Ēþºú*=[39\3ZW6^VH7ZQ.a�(n-hexane/AcOEt = 3:1) �ēģ�(��� 45c 

(91.4 mg, 35%) *öĝ�R[@WÉ���µ�� 

Rf = 0.56 (n-hexane/AcOEt = 2:1); mp: 128-129 ºC (diethyl ether-n-hexane); 1H NMR (400 MHz, CDCl3) δ: 

1.56 (s, 9H), 1.72-1.85 (m, 4H), 2.45-2.48 (m, 2H), 2.54-2.58 (m, 2H) 7.86 (s, 1H); 13C NMR (100 MHz, 

CDCl3) δ: 21.2, 21.8, 25.2, 27.7, 28.1 (3C), 82.0, 112.4, 115.4, 150.7, 158.5, 162.4, 165.2; IR (CHCl3): 1763, 

1703, 1631, 1551 cm-1; LR-EIMS m/z: 250 (M+, 21.6), 194 (100), 150 (89.0), 57 (33.8); HR-EIMS calcd for 

C14H18O4: 250.1205. Found: 250.1205. 

 
Benzyl 5,6,7,8-tetrahydro-2-oxo-2H-1-benzopyran-3-carboxylate (45d) 

� 45d� 45c��Ø�Åá���º��� 

Yield: 25% (18.4 mg); Rf = 0.52 (n-hexane/AcOEt = 2:1); ńĝàûú; 1H NMR (270 MHz, CDCl3) δ: 

1.71-1.87 (m, 4H), 2.43-2.46 (m, 2H), 2.56-2.60 (m, 2H), 5.34 (s, 2H), 7.30-7.46 (m, 5H), 7.99 (s, 1H); 13C 

NMR (100 MHz, CDCl3) δ: 21.2, 21.8, 25.2, 27.9, 67.0, 112.7, 113.8, 128.21 (2C), 128.24, 128.6 (2C), 135.7, 

151.9, 158.3, 163.4, 166.2; IR (CHCl3): 1759, 1707, 1636, 1553 cm-1; LR-EIMS m/z: 284 (M+, 4.0), 178 (32.5), 
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150 (90.1), 91 (100.0); HR-EIMS calcd for C17H16O4: 284.1049. Found: 284.1041. 

 
 
Đ 1đ  Scheme 11��Đ 2đ Table 4, entry 4�§ł  
α-P^_�>XE\?\U5CK0WXE[I	& 46a-s��ŃÔ�¾�¶� 47a-s��XH5

=XE\��«t  

 

 
Methyl 

rac-(1R,1'R,5S)-2-(methoxymethoxy)-2'-oxospiro[bicyclo[3.1.0]hex-2-ene-6,1'-cyclohexane]-3-carboxylate 

(47a); ŃÔ�¾�¶�bĜÀo  

� ĎĔĿ�ÝeŇ20 mLÐj�J?QZ?:� NaH (60% in mineral oil, 61.2 mg, 1.53 mmol) � DMSO (2 

mL) *t)��¹òè�¨í� trimethylsulfoxonium iodide (403 mg, 1.83 mmol) *bÝ�~�, 30|Ļ

¨í�¿¼�(���>XE\?\U5CK0WXE[I*Ĩģ�����ÈŇ�¶è�ąĝ�¹ò

è	&öĝ�ðè�������>XE\?\U5CK0WXE[Iðè�¨í� 45a (100 mg, 0.480 

mmol) *~�Ň4ÈĻ¿¼���ßzeŇ1N �ĵÞðè*~��¶è� pH * 4�ĨÃ³ŇCHCl3�

3�»{���ÊÚ¬*Þ�äæ�ŇöÞĈĵJH[0W�gø³Ňð¡*ë�ā����µ&)�Ē

þºú*=[39\3ZW6^VH7ZQ.a�(n-hexane/AcOEt = 3:1) �ēģ�(��� 46a�8H-

1Ma\h�ă·nê�ú (82.0 mg, 73%) *éĬĝ�àûú���µ��  

Rf = 0.38 (n-hexane/AcOEt = 3:1, Ferric (III) chloride); IR (CHCl3): 3280, 1744, 1724, 1695, 1659 cm−1; 

LR-EIMS m/z: 236 (M+, 31.5), 204 (54.6), 176 (44.1), 122 (100.0); HR-EIMS calcd for C13H16O4: 236.1049. 

Found: 236.1042. 

� -\;_Ŀ�ÝeŇ20 mLÐj�J?QZ?:f� 46a (70.0 mg, 0.296 mmol) � THF (2 mL) ðè*

0 ºC�z��Ň NaH (60% in mineral oil, 17.8 mg, 0.444 mmol)*~�Ň0 ºC�� 30|Ļ¿¼����¶

è� MOMCl (33.7 µL, 0.444 mmol) *ñe�Ň¨í �Æí��³� 5ÈĻ¿¼����¶è* 0 ºC

�z��ŇÞ*~��³ŇAcOEt � 3 �»{���ÊÚ¬*öÞĈĵJH[0W�gø³Ňð¡*ë

�ā����µ&)�Ēþºú*=[39\3ZW6^VH7ZQ.a�(n-hexane/AcOEt = 2:1) �ēģ

�(��� 47a (62.0 mg, 75%) *ńĝ�àûú���µ�� 

Rf = 0.28 (n-hexane/AcOEt = 2:1); 1H NMR (400 MHz, CDCl3) δ: 1.61 (t, 2H, J = 6.4 Hz), 1.72-1.78 (m, 2H), 

1.89-1.95 (m, 2H), 2.17 (dt, 1H, J = 0.8, 7.4 Hz), 2.37 (ddd, 1H, J = 0.8, 2.8, 17.8 Hz), 2.44 (t, 2H, J = 6.8 Hz), 

2.75 (dd, 1H, J = 2.4, 7.2 Hz), 2.82 (dd, 1H, J = 7.6, 17.8 Hz), 3.47 (s, 3H), 3.71 (s, 3H), 5.08 (d, 1H, J = 6.6 Hz), 

5.16 (d, 1H, J = 6.6 Hz); 13C NMR (100 MHz, CDCl3) δ: 21.3, 23.2, 23.7, 28.1, 28.5, 35.5, 37.0, 40.0, 50.9, 56.5, 

95.5, 107.6, 163.5, 164.2, 209.3; IR (CHCl3): 1718, 1614 cm−1; LR-EIMS m/z: 280 (M+, 22.5), 203 (100.0), 91 

(81.0), 55 (96.1); HR-EIMS calcd for C15H20O5: 280.1311. Found: 280.1315. 
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47a� HMQC?T6H\  

 

 

47a� HMBC?T6H\  
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Đ 2đ Table 5�§ł  

 

Ethyl rac- 

(1R,1'R,5S)-2-(methoxymethoxy)-2'-oxospiro[bicyclo[3.1.0]hex-2-ene-6,1'-cyclohexane]-2'-one-3-carboxyla

te (47b) 

� 47b� 47a��Ø�Åá���º��� 

Yield: 59% (46b from 45b), 70% (47b from 46b); Rf = 0.34 (n-hexane/AcOEt = 2:1); ńĝàûú; 1H NMR 

(400 MHz, CDCl3) δ: 1.28 (t, 3H, J = 7.2 Hz), 1.60-1.63 (m, 2H), 1.72-1.78 (m, 2H), 1.89-1.95 (m, 2H), 2.16 (dt, 

1H, J = 0.9, 7.2 Hz), 2.37 (ddd, 1H, J = 1.0, 2.8, 17.8 Hz), 2.44 (t, 2H, J = 6.8 Hz), 2.73 (dd, 1H, J = 2.8, 7.2 Hz), 

2.82 (dd, 1H, J = 7.2, 18.0 Hz), 3.48 (s, 3H), 4.11-4.23 (m, 2H), 5.07 (d, 1H, J = 6.4 Hz), 5.16 (d, 1H, J = 6.4 

Hz); 13C NMR (100 MHz, CDCl3) δ: 14.4, 21.3, 23.2, 23.8, 28.2, 28.5, 35.5, 37.1, 40.0, 56.4, 59.6, 95.5, 108.1, 

163.3, 163.9, 209.3; IR (CHCl3): 1686, 1620 cm-1; LR-EIMS m/z: 294 (M+, 3.3), 249 (10.9), 203 (17.4), 122 

(18.8), 45 (100.0); HR-EIMS calcd for C16H22O5: 294.1467. Found: 294.1460. 

 

tert-Butyl 

rac-(1R,1'R,5S)-2-(methoxymethoxy)-2'-oxospiro[bicyclo[3.1.0]hex-2-ene-6,1'-cyclohexane]-3-carboxylate 

(47c) 

� 47c� 47a��Ø�Åá���º��� 

Yield: 43% (46c from 45c), 70% (47c from 46c); Rf = 0.35 (n-hexane/AcOEt = 2:1); öĝàûú; 1H NMR 

(400 MHz, CDCl3) δ: 1.48 (s, 9H), 1.60-1.65 (m, 2H), 1.73-1.79 (m, 2H), 1.89-1.95 (m, 2H), 2.14 (dt, 1H, J = 

0.9, 7.3 Hz), 2.31 (ddd, 1H, J = 0.9, 2.7, 17.8 Hz), 2.43 (dt, 2H, J = 1.2, 6.9 Hz), 2.71 (dd, 1H, J = 2.8, 7.2 Hz), 

2.77 (dd, 1H, J = 7.4, 17.8 Hz), 3.47 (s, 3H), 5.05 (d, 1H, J = 6.4 Hz), 5.13 (d, 1H, J = 6.4 Hz); 13C NMR 

(100 MHz, CDCl3) δ: 21.3, 23.2, 23.8, 28.0, 28.3 (3C), 28.7, 35.4, 37.3, 40.0, 56.4, 79.6, 95.4, 109.7, 162.3, 

163.4, 209.5; IR (CHCl3): 1686, 1620 cm-1; LR-EIMS m/z: 322 (M+, 4.8), 266 (16.3), 221 (24.3), 204 (50.7), 57 

(25.7), 45 (100.0); HR-EIMS calcd for C18H26O5: 322.1780. Found: 322.1774. 

 

Benzyl 

rac-(1R,1'R,5S)-2-(methoxymethoxy)-2'-oxospiro[bicyclo[3.1.0]hex-2-ene-6,1'-cyclohexane]-3-carboxylate 

(47d) 

� 47d� 47a��Ø�Åá���º��� 

Yield: 34% (46d from 45d), 36% (47d from 46d); Rf = 0.50 (n-hexane/AcOEt = 2:1); öĝàûú; 1H NMR 

(400 MHz, CDCl3) δ: 1.61-1.63 (m, 2H), 1.72-1.78 (m, 2H), 1.89-1.95 (m, 2H), 2.17 (dt, 1H, J = 0.8, 7.4 Hz), 

2.40 (ddd, 1H, J = 0.8, 2.8, 17.6 Hz), 2.43 (t, 2H, J = 7.2 Hz), 2.75 (dd, 1H, J = 2.8, 7.4 Hz), 2.85 (dd, 1H, J = 

7.4, 17.6 Hz), 3.43 (s, 3H), 5.08 (d, 1H, J = 6.4 Hz), 5.14 (d, 1H, J = 12.8 Hz), 5.18 (d, 1H, J = 6.4 Hz), 5.21 (d, 

1H, J = 12.8 Hz), 7.28-7.40 (m, 5H); 13C NMR (100 MHz, CDCl3) δ: 21.4, 23.2, 23.7, 28.3, 28.4, 35.6, 37.0, 

40.0, 56.5, 65.3, 95.5, 107.5, 127.77 (2C), 127.82, 128.4 (2C), 136.6, 163.6, 164.1, 209.3; IR (CHCl3): 1689, 

1618 cm-1; LR-EIMS m/z: 356 (M+, 3.3), 122 (11.7), 91 (100.0); HR-EIMS calcd for C21H24O5: 356.1624. 

Found: 356.1618. 
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Đ 3đ  Table 6�§ł  

 

Methyl 

rac-(1R,1'R,5S)-2-(methoxymethoxy)-2'-oxospiro[bicyclo[3.1.0]hex-2-ene-6,1'-cyclopentane]-3-carboxylate 

(47e) 

� 47e� 47a��Ø�Åá���º��� 

Yield: 75% (46e from 45e), 69% (47e from 46e); Rf = 0.24 (n-hexane/AcOEt = 3:1); ńĝàûú; 1H NMR 

(300 MHz, CDCl3) δ: 1.80-1.84 (m, 2H), 1.92-2.05 (m, 2H), 2.11 (t, 1H, J = 6.8 Hz), 2.39-2.43 (m, 2H), 2.50 

(dd, 1H, J = 2.7, 17.7 Hz), 2.61 (dd, 1H, J = 2.7, 6.6 Hz), 2.91 (dd, 1H, J = 6.9, 17.7 Hz), 3.47 (s, 3H), 3.70 (s, 

3H), 5.03 (d, 1H, J = 6.5 Hz), 5.17 (d, 1H, J = 6.5 Hz); 13C NMR (75 MHz, CDCl3) δ: 20.5, 23.1, 27.3, 29.4, 

36.5, 38.5, 39.3, 50.9, 56.4, 95.4, 106.3, 164.3, 164.6, 216.3; IR (CHCl3): 1717, 1687, 1621 cm-1; LR-EIMS m/z: 

266 (M+, 3.0), 190 (53.5), 189 (100.0), 108 (59.1), 55 (69.7); HR-EIMS calcd for C14H18O5: 266.1154. Found: 

266.1149. 

 

Methyl 

rac-(1R,1'R,5S)-2-(methoxymethoxy)-2'-oxospiro[bicyclo[3.1.0]hex-2-ene-6,1'-cycloheptane]-3-carboxylate 

(47f) 

� 47f� 47a��Ø�Åá���º��� 

Yield: 76% (46f from 45f), 74% (47f from 46f); Rf = 0.35 (n-hexane/AcOEt = 4:1); ńĝàûú; 1H NMR 

(300 MHz, CDCl3) δ: 1.58-1.75 (m, 8H), 2.12 (t, 1H, J = 6.9 Hz), 2.36 (dd, 1H, J = 2.0, 18.0 Hz), 2.69-2.71 (m, 

2H), 2.74 (dd, 1H, J = 2.7, 7.1 Hz), 2.83 (dd, 1H, J = 7.3, 18.0 Hz), 3.47 (s, 3H), 3.71 (s, 3H), 5.10 (d, 1H, J = 

6.3 Hz), 5.12 (d, 1H, J = 6.3 Hz); 13C NMR (75 MHz, CDCl3) δ: 21.4, 25.1, 27.9, 29.1, 30.9, 31.0, 39.0, 39.4, 

44.3, 50.9, 56.4, 95.5, 107.7, 164.2 (2C), 212.5; IR (CHCl3): 1718, 1693, 1633, 1609 cm-1; LR-EIMS m/z: 294 

(M+, 11.5), 217 (28.3), 136 (100.0), 55 (80.5); HR-MS calcd for C16H22O5: 294.1467. Found: 294.1473. 

 

Methyl 

rac-(1R,1'R,5S)-2-(methoxymethoxy)-2'-oxospiro[bicyclo[3.1.0]hex-2-ene-6,1'-cyclooctane]-3-carboxylate 

(47g) 

� 47g� 47a��Ø�Åá���º��� 

Yield: 62% (46g from 45g), 77% (47g from 46g); Rf = 0.26 (n-hexane/AcOEt = 3:1); ńĝàûú; 1H NMR 

(300 MHz, CDCl3) δ: 1.38-1.44 (m, 2H), 1.49-1.59 (m, 2H), 1.65-1.89 (m, 4H), 1.92-2.04 (m, 2H), 2.13 (t, 1H, J 

= 7.0 Hz), 2.45 (dd, 1H, J = 1.8, 17.8 Hz), 2.63 (dd, 1H, J = 3.9, 8.1 Hz), 2.69-2.74 (m, 1H), 2.79-2.88 (m, 2H), 

3.49 (s, 3H), 3.70 (s, 3H), 5.08 (d, 1H, J=6.5 Hz), 5.14 (d, 1H, J=6.5 Hz); 13C NMR (75 MHz, CDCl3) δ: 19.5, 

25.5, 26.3, 27.8, 29.4, 29.5, 29.8, 36.5, 38.6, 39.7, 50.8, 56.5, 95.5, 107.0, 164.2, 164.5, 214.1; IR (CHCl3): 1717, 

1687, 1621 cm-1; LR-EIMS m/z: 308 (M+, 2.2), 150 (13.2), 45 (100.0); HR-EIMS calcd for C17H24O5: 308.1624. 

Found: 308.1628. 
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Methyl 

rac-(1R,1'R,5S)-2-(methoxymethoxy)-2'-oxospiro[bicyclo[3.1.0]hex-2-ene-6,1'-cyclododecane]-3-carboxylat

e (47h) and methyl 

rac-(3aR,14bS)-3-hydroxy-3a,5,6,7,8,9,10,11,12,13,14,14b-dodecahydro-1H-cyclododeca[b]cyclopenta[d]fu

ran-2-carboxylate (50) 

� 47h and 50� 47a��Ø�Åá���º��� 

47h: Yield: 43% (46h from 45h), 77% (47h from 46h); Rf = 0.31 (n-hexane/AcOEt = 2:1); ńĝàûú; 1H 

NMR (300 MHz, CDCl3) δ: 1.25-1.38 (m, 14H), 1.66-1.76 (m, 4H), 2.02 (t, 1H, J = 7.0 Hz), 2.43 (dd, 1H, J = 

2.2, 17.4 Hz), 2.49-2.75 (m, 3H), 2.82 (dd, 1H, J = 7.7, 17.4 Hz), 3.50 (s, 3H), 3.71 (s, 3H), 5.09 (d, 1H, J = 6.6 

Hz), 5.22 (d, 1H, J = 6.6 Hz); 13C NMR (100 MHz, CDCl3) δ: 21.3, 22.3, 23.1, 23.7, 23.8, 24.2, 24.6, 25.3, 25.9, 

26.7, 29.0, 32.8, 35.1, 40.8, 50.9, 56.5, 95.6, 106.7, 164.3 (2C), 209.9; IR (CHCl3): 1716, 1614 cm-1; LR-EIMS 

m/z: 364 (M+, 5.3), 206 (30.8), 45 (100.0), 41 (22.5); HR-EIMS calcd for C21H32O5: 364.2250. Found: 364.2246. 

50: Yield: 19% (35.0 mg); Rf = 0.70 (n-hexane/AcOEt = 2:1); öĝR[@WÉ ; mp 99-101 ºC 

(AcOEt-n-hexane); 1H NMR (300 MHz, CDCl3) δ: 1.23-1.46 (m, 12H), 1.67-1.79 (m, 2H), 1.92-2.04 (m, 3H), 

2.18-2.38 (m, 3H), 2.45 (td, 1H, J=1.5, 14.6 Hz), 2.60 (dd, 1H, J = 8.4, 14.6 Hz), 3.50 (t, 1H, J = 8.4 Hz), 3.77 (s, 

3H), 5.31 (dd, 1H, J = 1.5, 8.4 Hz), 9.90 (s, 1H); 13C NMR (75 MHz, CDCl3) δ: 20.9, 22.0, 22.2, 22.6, 24.2 (2C), 

24.4, 24.5, 24.55, 24.63, 30.2, 42.4, 51.4, 83.7, 101.5, 109.7, 149.9, 169.7, 170.1; IR (CHCl3): 1721, 1667, 1627 

cm-1; LR-EIMS m/z: 320 (M+, 26.9), 288 (37.3), 81 (41.0), 55 (100.0); HR-EIMS calcd for C19H28O4: 320.1987. 

Found: 320.1981. 

 

Methyl 

rac-(1R,5S,6R)-5'-methoxy-2-(methoxymethoxy)-1'-oxo-1',3'-dihydrospiro[bicyclo[3.1.0]hexane-6,2'-inden

]-2-ene-3-carboxylate (47i) 

� 47i� 47a��Ø�Åá���º��� 

Yield: 62% (46i from 45i), 68% (47i from 46i); ńĝ-Y\Q,?; 1H NMR (300 MHz, CDCl3) δ: 2.35 (t, 1H, 

J = 6.6 Hz), 2.68 (dd, 1H, J = 2.7, 17.7 Hz), 2.87 (d, 1H, J = 18.0 Hz), 2.88 (dd, 1H, J = 2.7, 6.6 Hz), 2.96 (d, 1H, 

J = 18.0 Hz), 3.05 (dd, 1H, J = 6.6, 17.9 Hz), 3.45 (s, 3H), 3.74 (s, 3H), 3.88 (s, 3H), 5.05 (d, 1H, J = 6.6 Hz), 

5.12 (d, 1H, J = 6.6 Hz), 6.91-6.94 (m, 2H), 7.67-7.70 (m, 1H); 13C NMR (75 MHz, CDCl3) δ: 27.4, 28.0, 30.2, 

35.6, 38.8, 50.9, 55.6, 56.5, 95.6, 105.8, 109.8, 115.1, 124.9, 130.4, 155.4, 164.4, 165.0, 165.5, 201.3; IR 

(CHCl3): 1684, 1627, 1600 cm-1; LR-EIMS m/z: 344 (M+, 10.4), 299 (18.0), 267 (27.0), 186 (54.9), 45 (100.0); 

HR-EIMS calcd for C19H20O6: 344.1260. Found: 344.1254. 

 

Methyl 

rac-(1R,5S,6R)-2-(methoxymethoxy)-1'-oxo-3',4'-dihydro-1'H-spiro[bicyclo[3.1.0]hexane-6,2'-naphthalen]-

2-ene-3-carboxylate (47j) 

� 47j� 47a��Ø�Åá���º��� 

Yield: 75% (46j from 45j), 47% (47j from 46j); öĝR[@WÉ; mp 105-106 ºC (AcOEt-n-hexane); 1H NMR 

(300 MHz, CDCl3) δ: 1.93 (dt, 2H, J = 2.1, 6.6 Hz), 2.38 (dt, 1H, J = 0.9, 6.6 Hz), 2.49 (ddd, 1H, J = 0.9, 6.6, 
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24.0 Hz), 2.89-2.97 (m, 4H), 3.46 (s, 3H), 3.74 (s, 3H), 5.09 (d, 1H, J = 6.6 Hz), 5.16 (d, 1H, J = 6.6 Hz), 

7.25-7.34 (m, 2H), 7.48 (dt, 1H, J = 1.5, 7.2 Hz), 7.97 (dd, 1H, J = 0.9, 8.1 Hz); 13C NMR (75 MHz, CDCl3) δ: 

20.1, 28.0, 29.0, 29.1, 34.6, 37.6, 51.0, 56.4, 95.6, 107.7, 126.7, 127.2, 128.4, 132.7, 133.4, 143.8, 163.9, 164.2, 

196.6; IR (CHCl3): 1686, 1661, 1615 cm-1; LR-EIMS m/z: 328 (M+, 8.4), 251 (12.0), 170 (37.5), 45 (100.0); 

HR-EIMS calcd for C19H20O5: 328.1311. Found: 328.1305. 

 

Methyl 

rac-(1'R,5'S,6R)-2'-(methoxymethoxy)-5-oxo-5,7,8,9-tetrahydrospiro[benzo[7]annulene-6,6'-bicyclo[3.1.0]

hexan]-2'-ene-3'-carboxylate (47k) 

� 47k� 47a��Ø�Åá���º��� 

Yield: 89% (46k from 45k), 60% (47k from 46k); Rf = 0.17 (n-hexane/AcOEt = 3:1); ńĝàûú; 1H NMR 

(300 MHz, CDCl3) δ: 1.61-1.96 (m, 4H), 2.44 (t, 1H, J = 7.2 Hz), 2.56 (dd, 1H, J = 2.7, 18.0 Hz), 2.87-2.98 (m, 

4H), 3.48 (s, 3H), 3.71 (s, 3H), 5.15 (d, 1H, J = 6.3 Hz), 5.21 (d, 1H, J = 6.3 Hz), 7.16 (d, 1H, J = 6.9 Hz), 

7.27-7.32 (m, 1H), 7.40-7.47 (m, 2H); 13C NMR (75 MHz, CDCl3) δ: 18.3, 24.5, 30.1, 30.9, 31.5, 36.9, 38.8, 

50.9, 56.5, 95.6, 107.3, 126.8, 127.5, 128.6, 132.0, 138.5, 140.0, 164.2, 164.4, 206.9; IR (CHCl3): 1686, 1655, 

1615 cm-1; LR-EIMS m/z: 324 (M+, 4.0), 297 (6.4), 45 (100.0); HR-EIMS calcd for C20H22O5: 342.1467. Found: 

342.1461. 

 

Methyl 

rac-(1R,5S,6R)-2-(methoxymethoxy)-4'-oxodispiro[bicyclo[3.1.0]hexane-6,3'-cyclohexane-1',2''-[1,3]dioxol

an]-2-ene-3-carboxylate (47l) 

� 47l� 47a��Ø�Åá���º��� 

Yield: 62% (46l from 45l), 77% (47l from 46l); Rf = 0.27 (n-hexane/AcOEt = 1:1); öĝR[@WÉ; mp 

117-119 ºC (AcOEt-n-hexane); 1H NMR (300 MHz, CDCl3) δ: 1.72 (m, 2H), 2.07 (dd, 1H, J = 1.8, 6.8 Hz), 

2.11-2.18 (m, 1H), 2.26 (t, 1H, J = 7.2 Hz), 2.33 (dd, 1H, J = 2.8, 18.0 Hz), 2.58-2.63 (m, 2H), 2.75 (dd, 1H, J = 

2.6, 7.1 Hz), 2.83 (dd, 1H, J = 7.2, 17.9 Hz), 3.48 (s, 3H), 3.70 (s, 3H), 3.88-3.99 (m, 4H), 5.04 (d, 1H, J = 6.6 

Hz), 5.32 (d, 1H, J = 6.4 Hz); 13C NMR (75 MHz, CDCl3) δ: 27.4, 28.5, 29.6, 32.3, 33.6, 37.1, 38.2, 50.8, 56.5, 

64.3, 64.6 (2C), 95.6, 107.7, 163.5, 164.1, 207.5; IR (CHCl3): 1663, 1613 cm-1; LR-MS m/z: 338 (M+, 12.6), 293 

(14.9), 99 (44.6), 45 (100.0); HR-MS calcd for C17H22O7: 338.1366. Found: 338.1371. 

 

1'-Ethyl 3-methyl rac-(1R,3'R,5S)-2-(methoxymethoxy)- 

4'-oxospiro[bicyclo[3.1.0]hex-2-ene-6,3'-piperidine]-1',3-dicarboxylate (47m) 

� 47m� 47a��Ø�Åá���º��� 

Yield: 44% (46m from 45m), 84% (47m from 46m); Rf = 0.25 (n-hexane/AcOEt = 1:1); ńĝàûú; 1H NMR 

(300 MHz, CDCl3) δ: 1.26 (t, 3H, J = 7.1 Hz), 2.21 (t, 1H, J = 6.9 Hz), 2.54-2.69 (m, 3H), 2.84-2.92 (m, 2H), 

3.45 (s, 3H), 3.56-3.76 (m, 3H), 3.71 (s, 3H), 3.91-3.99 (m, 1H), 4.08-4.23 (m, 2H), 5.01 (d, 1H, J = 6.5 Hz), 

5.14 (d, 1H, J = 6.5 Hz); 13C NMR (75 MHz, CDCl3) δ: 14.3, 28.8, 28.9, 35.7, 36.9, 38.7, 38.8, 41.0, 50.9, 56.5, 

61.7, 95.5, 128.7, 130.8, 155.2, 163.8, 206.0; IR (CHCl3): 1688, 1617 cm-1; LR-EIMS m/z: 353 (M+, 2.8), 308 
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(100.0), 277 (98.1), 45 (8.4); HR-EIMS calcd for C17H23O7N: 353.1474. Found: 353.1477. 

 

Methyl 

rac-(1'R,3R,5'S)-2'-(methoxymethoxy)-4-oxospiro[2H-1-benzopyran-3(4H)-6'-bicyclo[3.1.0]hex-2'-ene]-3'-

carboxylate (47n) 

� 47n� 47a��Ø�Åá���º��� 

Yield: 58% (46n from 45n), 84% (47n from 46n); ńĝàûú; 1H NMR (300 MHz, CDCl3) δ: 2.52-2.57 (m, 

2H), 2.91-2.99 (m, 2H), 3.45 (s, 3H), 3.74 (s, 3H), 4.33 (s, 2H), 5.09 (d, 1H, J = 6.6 Hz), 5.13 (d, 1H, J = 6.6 Hz), 

6.97-7.06 (m, 2H), 7.46-7.51 (m, 1H), 7.88 (d, 1H, J = 7.8 Hz); 13C NMR (75 MHz, CDCl3) δ: 26.4, 28.6, 32.6, 

36.9, 51.0, 56.4, 64.7, 95.7, 107.1, 118.0, 121.4, 121.6, 127.0, 135.9, 161.6, 162.5, 163.9, 190.8; IR (CHCl3): 

1660, 1614 cm-1; LR-EIMS m/z: 330 (M+, 7.2), 253 (7.9), 121 (7.1), 45 (100.0); HR-EIMS calcd for C18H18O6: 

330.1103. Found: 330.1097. 

 

Methyl 

rac-(1R,5S,6S)-2-(methoxymethoxy)-4'-oxospiro[bicyclo[3.1.0]hexane-6,3'-thiochroman]-2-ene-3-carboxyl

ate (47o) 

� 47o� 47a��Ø�Åá���º��� 

Yield: 65% (46o from 45o), 81% (47o from 46o); ńĝàûú; 1H NMR (300 MHz, CDCl3) δ: 2.52-2.60 (m, 

2H), 2.95-3.16 (m, 2H), 3.11 (t, 2H, J = 18.8 Hz), 3.47 (s, 3H), 3.74 (s, 3H), 5.12 (d, 1H, J = 6.6 Hz), 5.28 (d, 1H, 

J = 6.6 Hz), 7.18-7.42 (m, 3H), 8.04 (dd, 1H, J = 1.2, 9.2 Hz); 13C NMR (75 MHz, CDCl3) δ: 25.3, 29.0, 30.0, 

35.0, 38.5, 51.1, 56.6, 96.0, 107.3, 125.5, 128.0, 129.6, 131.7, 133.1, 141.3, 163.5, 164.0, 193.1; IR (CHCl3): 

1716, 1693, 1656, 1614 cm-1; LR-EIMS m/z: 346 (M+, 4.0), 301 (10.0), 269 (15.4), 45 (100.0); HR-EIMS calcd 

for C18H18O5S: 346.0875. Found: 346.0882. 

 

Methyl rac-(1R,5S,6R)-6-benzoyl-2-(methoxymethoxy)-6-methylbicyclo[3.1.0]hex-2-ene-3-carboxylate 

(47p) 

� 47p� 47a��Ø�Åá���º��� 

Yield: 66% (46p from 45p), 63% (47p from 46p); Rf = 0.43 (n-hexane/AcOEt = 2:1); éńĝàûú; 1H NMR 

(400 MHz, CDCl3) δ: 1.29 (s, 3H), 2.30 (dt, 1H, J = 1.2, 7.2 Hz), 2.59 (ddd, 1H, J = 1.2, 3.5, 17.6 Hz), 2.87 (dd, 

1H, J = 3.5, 7.2 Hz), 2.95 (dd, 1H, J = 7.2, 17.6 Hz), 3.52 (s, 3H), 3.73 (s, 3H), 5.17 (d, 1H, J = 6.6 Hz), 5.31 (d, 

1H, J = 6.6 Hz), 7.43-7.49 (m, 2H), 7.53 (tt, 1H, J = 1.4, 7.2 Hz), 7.81-7.83 (m, 2H); 13C NMR (100 MHz, 

CDCl3) δ: 10.3, 25.6, 28.5, 33.5, 33.6, 51.0, 56.5, 95.5, 107.8, 128.4 (2C), 128.5 (2C), 132.2, 137.1, 164.1, 164.4, 

201.8; IR (CHCl3): 1697, 1674, 1622 cm-1; LR-EIMS m/z: 316 (M+, 14.1), 271 (18.5), 158 (100.0), 105 (50.4), 

45 (33.0); HR-EIMS calcd for C18H20O5: 316.1310. Found: 316.1312. 

 

Methyl rac-(1R,5S,6R)-2-(methoxymethoxy)-6-methyl-6-propionylbicyclo[3.1.0]hex-2-ene-3-carboxylate 

(47q)  

� 47q� 47a��Ø�Åá���º��� 
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Yield: 55% (46q from 45q), 62% (47q from 46q); Rf = 0.39 (n-hexane/AcOEt = 2:1); öĝàûú; 1H NMR 

(400 MHz, CDCl3) δ: 1.05 (t, 3H, J = 7.2 Hz), 1.26 (s, 3H), 2.10 (dt, 1H, J = 0.8, 7.4 Hz), 2.39 (ddd, 1H, J = 0.8, 

2.8, 17.6 Hz), 2.66 (q, 2H, J = 7.2 Hz), 2.71 (dd, 1H, J = 2.8, 7.4 Hz), 2.84 (dd, 1H, J = 7.4, 17.6 Hz), 3.46 (s, 

3H), 3.71 (s, 3H), 5.04 (d, 1H, J = 6.4 Hz), 5.15 (d, 1H, J = 6.4 Hz); 13C NMR (100 MHz, CDCl3) δ: 7.8, 7.9, 

28.8, 29.2, 33.5, 33.6, 37.4, 50.9, 56.4, 95.4, 107.6, 164.2, 164.3, 210.4; IR (CHCl3): 1751, 1728, 1697, 1655, 

1603 cm-1; LR-EIMS m/z: 268 (M+, 5.4), 135 (15.1), 110 (35.1), 95 (29.1), 57 (33.1), 45 (100.0); HR-EIMS 

calcd for C14H20O5: 268.1310. Found: 268.1313. 

 

Methyl rac-(1R,5S,6R)-2-(methoxymethoxy)-6-ethyl-6-butyrylbicyclo[3.1.0]hex-2-ene-3-carboxylate (47r) 

� 47r� 47a��Ø�Åá���º��� 

Yield: 48% (46r from 45r), 66% (47r from 46r); Rf = 0.50 (n-hexane/AcOEt = 2:1); öĝàûú; 1H NMR 

(400 MHz, CDCl3) δ: 0.92 (t, 3H, J = 7.4 Hz), 0.97 (t, 3H, J = 7.2 Hz), 1.56-1.69 (m, 4H), 2.14 (dt, 1H, J = 0.8, 

7.3 Hz), 2.42 (ddd, 1H, J = 0.8, 2.8, 17.9 Hz), 2.66 (q, 2H, J = 7.4 Hz), 2.67 (dd, 1H, J = 2.8, 7.3 Hz), 2.84 (dd, 

1H, J = 7.3, 17.9 Hz), 3.49 (s, 3H), 3.71 (s, 3H), 5.08 (d, 1H, J = 6.4 Hz), 5.16 (d, 1H, J = 6.4 Hz); 13C NMR 

(100 MHz, CDCl3) δ: 12.1, 13.7, 15.1, 17.5, 27.3, 29.0, 35.7, 40.5, 41.1, 50.9, 56.5, 95.5, 107.2, 164.2, 164.3, 

209.0; IR (CHCl3): 1751, 1730, 1693, 1622 cm-1; LR-EIMS m/z: 296 (M+, 6.8), 138 (47.2), 109 (38.9), 71 (32.9), 

45 (100.0); HR-EIMS calcd for C16H24O5: 296.1624. Found: 296.1621. 

 

Methyl rac-(1R,5S,6R)-2-(methoxymethoxy)-6-propyl-6-valeryl bicyclo[3.1.0]hex-2-ene-3-carboxylate (47s) 

� 47s� 47a��Ø�Åá���º��� 

Yield: 42% (46s from 45s), 49% (47s from 46s); Rf = 0.26 (n-hexane/AcOEt = 4:1); öĝàûú; 1H NMR 

(400 MHz, CDCl3) δ: 0.91 (t, 3H, J = 7.6 Hz), 0.92 (t, 3H, J = 7.2 Hz), 1.25-1.42 (m, 4H), 1.50-1.62 (m, 4H), 

2.12 (dt, 1H, J = 0.8, 7.2 Hz), 2.41 (ddd, 1H, J = 1.2, 3.0, 18.0 Hz), 2.54 (t, 2H, J = 7.2 Hz), 2.69 (dd, 1H, J = 2.8, 

7.2 Hz), 2.84 (dd, 1H, J = 7.6, 17.6 Hz), 3.49 (s, 3H), 3.72 (s, 3H), 5.08 (d, 1H, J = 6.2 Hz), 5.16 (d, 1H, J = 6.2 

Hz); 13C NMR (100 MHz, CDCl3) δ: 13.8, 14.6, 21.1, 22.4, 24.4, 26.2, 27.3, 29.1, 35.5, 38.9, 39.6, 51.0, 56.5, 

95.5, 107.1, 164.2, 164.3, 209.2; IR (CHCl3): 1693, 1620 cm-1; LR-EIMS m/z: 324 (M+, 5.2), 166 (23.4), 85 

(21.0), 57 (28.1), 45 (100.0); HR-EIMS calcd for C18H28O5: 324.1937. Found: 324.1936. 

 
Đ 1đ  Scheme 12�§ł  
 

Methyl 

rac-(1R,1'R,3S,5S)-3-(4-bromobenzyl)-2,2’-dioxospiro[bicyclo[3.1.0]hexane-6,1'-cyclohexane]-3-carboxylat

e (48) 

� ĎĔĿ�ÝeŇ30 mLÐj�J?QZ?:f� 46a (200 mg, 0.847 mmol) � DMF (4 mL) ðè* 0 ºC

�z��ŇNaH (60% in mineral oil, 51 mg, 1.27 mmol) *~�Ň 0 ºC � 30 |Ļ¿¼���0 ºC �

p-Bromobenzylbromide (254 mg, 1.02 mmol) *~��³Ň¨í�Æí�Ň22ÈĻ¿¼���y� 0 ºC�

z��Ň�¶è�Þ*~�ŇCHCl3 ��»{���ÊÚ¬*Ł�ŀ�Þ�äæ��³ŇöÞĈĵJH

[0W�gø³Ňð¡*ë�ā����µ&)�Ēþºú*=[39\3ZW6^VH7ZQ.a�
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(n-hexane/AcOEt = 3:1) �ēģ�(��� 48 (231 mg, 67%)*öĝ�ĹûĕÉ���µ�� 

Rf = 0.34 (n-hexane/AcOEt = 2:1); mp 121-123 ºC (diisopropyl ether); 1H NMR (300 MHz, CDCl3) δ: 1.72-1.93 

(m, 6H), 2.04-2.07 (m, 1H), 2.31-2.53 (m, 5H), 3.00 (d, 1H, J = 13.5 Hz), 3.19 (d, 1H, J = 13.5 Hz), 3.76 (s, 3H), 

7.02 (d, 2H, J = 8.1 Hz), 7.41 (d, 2H, J = 8.4 Hz); 13C NMR (75 MHz, CDCl3) δ: 22.9, 23.4, 24.9, 26.9, 31.2, 

39.7, 40.1, 40.5, 42.5, 52.7, 65.0, 121.5, 131.55 (2C), 131.62 (2C), 134.4, 169.6, 205.8, 207.4; IR (KBr): 1775, 

1734, 1690 cm-1; LR-EIMS m/z: 406 (3.0), 404 (M+, 2.9), 203 (19.5), 175 (23.2), 122 (100.0); HR-EIMS calcd 

for C20H21BrO4: 404.0623. Found: 404.0630; Anal. calcd for C20H21BrO4: C; 59.27, H; 5.22. Found: C; 59.34, H; 

5.25. 

 
48� XĖĕÉ×įĤÏ  

 

A. Crystal Data  

 
Empirical Formula C20H21BrO4 

Formula Weight 405.29 

Crystal Color, Habit colorless, platelet 

Crystal Dimensions 0.300 X 0.250 X 0.100 mm 

Crystal System triclinic 

Lattice Type Primitive 

Lattice Parameters a =   7.1334(8) Å 

 b =  11.084(2) Å 

 c =  12.679(2) Å 

 α =  65.718(4) o 

 β =  84.358(3) o 

 γ =  78.742(4) o 

 V = 896.0(2) Å3 

Space Group P-1 (#2) 

Z value 2 

Dcalc 1.502 g/cm3 

F000 416.00 

µ(MoKα) 23.221 cm-1 

 

B. Intensity Measurements 

 

Diffractometer R-AXIS RAPID 

Radiation MoKα (λ = 0.71075 Å) 

 graphite monochromated 

Voltage, Current 50kV, 100mA 
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Temperature 23.0oC 

Detector Aperture 280 x 256 mm 

Data Images 44 exposures 

ω oscillation Range (χ=45.0, φ=0.0) 130.0 - 190.0o 

Exposure Rate  120.0 sec./o 

 

ω oscillation Range (χ=45.0, φ=180.0) 0.0 - 160.0o 

Exposure Rate  120.0 sec./o 

Detector Position 127.40 mm 

Pixel Size 0.100 mm 

2θmax 54.9o 

No. of Reflections Measured Total: 8892 

 Unique: 4068 (Rint = 0.0607) 

Corrections Lorentz-polarization 

  Absorption 

  (trans. factors: 0.626 - 0.793) 

  Secondary Extinction 

  (coefficient: 1.27600e-002) 

 

Đ 4đ  Scheme 14�§ł  
 

Methyl 

rac-(1R,5S,6R)-2-(methoxymethoxy)-2'-oxospiro[bicyclo[3.1.0]hexane-6,1'-cyclohexan]-2-ene-3-carboxylat

e-1,4,4-d3 (52) 

� 52� tri(methyl-d3)sulfoxonium iodide*ÿ�� 47a��Ø�Åá���º��� 

Yield: 49% (51 from 46a), 49% (52 from 51); Rf = 0.29 (n-hexane/AcOEt = 2:1); ńĝàûú; 1H NMR (400 

MHz, CDCl3) δ: 1.60-1.63 (m, 2H), 1.72-1.78 (m, 2H), 1.89-1.95 (m, 2H), 2.12-2.18 (m, 1H), 2.35-2.43 (m, 

0.17H), 2.43 (dt, 2H, J = 0.8, 6.8 Hz), 2.72-2.77 (m, 0.18H), 2.79-2.85 (m, 0.19H), 3.47 (s, 3H), 3.71 (s, 3H), 

5.08 (d, 1H, J = 6.4 Hz), 5.16 (d, 1H, J = 6.4 Hz); 13C NMR (100 MHz, CDCl3) δ: 21.3, 23.1, 23.2, 23.5-23.7 

(m), 27.7-28.0 (m), 35.4, 36.8-37.1 (m), 40.0, 50.9, 56.4, 95.5, 107.3-107.6 (m), 163.4-163.6 (m), 164.2, 209.2; 

IR (CHCl3): 1686, 1616 cm-1; LR-EIMS m/z: 283 (M+, 67.0), 239 (47.9), 207 (63.8), 124 (100.0); HR-EIMS 

calcd for C15H17D3O5: 283.1499. Found: 283.1496. 

 
Đ 4đ  Scheme 16�§ł  
 

5,6,7,8-Tetrahydro-2H-chromen-2-one (55)51 

� 30 mLJ?QZ?:� 45a (500 mg, 2.40 mmol) *t)ŇAcOH-H2O-H2SO4 (15 mL, 4:2:1) �ðĤ�Ň

27 ÈĻıå����¶è*¨í �z��ŇÞ�±Ķ��³ŇCHCl3� � �»{���ÊÚ¬*Þ�
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äæ�ŇöÞĈĵJH[0W�gø³Ňð¡*ë�ā����µ&)�Ēþºú*=[39\3ZW

6^VH7ZQ.a�(n-hexane/AcOEt = 4:1) �ēģ�(��� 52 (130 mg, 36%) *öĝ��n���

µ�� 

Rf = 0.45 (n-hexane/AcOEt = 2:1); 1H NMR (270 MHz, CDCl3) δ: 1.70-1.85 (m, 4H), 2.37-2.42 (m, 2H), 

2.50-2.55 (m, 2H), 6.14 (d, 1H, J = 9.4 Hz), 7.09 (d, 1H, J = 9.4 Hz).   
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Đ 3ď�ļ�(§ł 

 

 

Đ 2đ  Table 11, entry 2�§ł  

 

Methyl rac-(3aR,6aS)-2-ethyl-6-hydroxy-3-phenyl-3a,6a-dihydro-4H-cyclopenta[b]furan-5-carboxylate 

(66a) and methyl rac-(1R,3S,5S,6R)-2-oxo-6-phenyl-6-propionylbicyclo[3.1.0]hexane-3-carboxylate (67a); 

5--[a\-α-P^_ŃÔ�¾�¶�bĜÀo  

� Q]aWIZ/�� 20 mLÐj�J?QZ?:�-\;_Ŀ�Ýe NaH (60% in mineral oil, 37.2 mg, 

0.929 mmol) � DMF (3 mL) *t)��¹òè�¨í� trimethylsulfoxonium iodide (204 mg, 0.929 mmol) 

*bÝ�~�, 30|Ļ¨í�¿¼�(���>XE\?\U5CK0WXE[I*Ĩģ�����ÈŇ

�¶è�ąĝ�¹òè	&öĝ�ðè�������>XE\?\U5CK0WXE[I�ðè* 0 

ºC�z��Ň45a (100 mg, 0.480 mmol) � DMF (2 mL) ðè*$��'~�Ň0 ºC� 4ÈĻ¿¼���

0 ºC� 1N �ĵÞðè*~��¶è� pH* 4�ĨÃ³Ňether� 3�»{���ÊÚ¬*Þ�Ł�ŀ

�Þ�äæ��³ŇöÞĈĵJH[0W�gø³Ňð¡*ë�ā����µ&)�Ēþºú*=[3

9\3ZW6^VH7ZQ.a�(n-hexane/AcOEt = 10:1 to 4:1) �ēģ�(���Ň66a (51%, 57.0 mg) 

*öĝ�R[@WÉ���Ň67a (8%, 9.3 mg) *öĝ�ĹûĕÉ����)�)µ��  

66a: Rf = 0.73 (n-hexane/AcOEt = 2:1); mp 114-115 ºC (n-hexane); 1H NMR (400 MHz, CDCl3) δ: 1.15 (t, 3H, 

J = 7.6 Hz), 2.35-2.43 (m, 3H), 2.70 (dd, 1H, J = 7.8, 14.6 Hz), 3.74 (s, 3H), 4.06-4.11 (m, 1H), 5.43 (dd, 1H, J 

= 1.2, 9.4 Hz), 7.15-7.25 (m, 3H), 7.30-7.38 (m, 2H), 9.95 (s, 1H); 13C NMR (100 MHz, CDCl3) δ: 11.7, 20.4, 

31.9, 43.9, 51.4, 84.1, 102.0, 111.4, 125.7, 127.0 (2C), 128.5 (2C), 134.6, 154.4, 169.0, 170.1; IR (KBr): 3267, 

1680, 1645 cm-1; LR-EIMS m/z: 286 (M+, 81.6), 254 (100), 172 (98.3), 57 (57.0). HR-EIMS calcd for C17H18O4: 

286.1205. Found: 286.1196. 

67a: Rf = 0.41 (n-hexane/AcOEt = 2:1); mp 120-122 ºC (diisoprpyl ether); 1H NMR (400 MHz, CDCl3) δ: 0.89 

(t, 3H, J = 7.0 Hz), 1.83 (t, 1H, J = 8.4 Hz), 2.15-2.32 (m, 3H), 2.90-2.80 (m, 3H), 3.64 (s, 3H), 7.24-7.42 (m, 

5H); 13C NMR (100 MHz, CDCl3) δ: 7.7, 25.5, 35.5, 35.6, 43.6, 46.8, 52.0, 52.6, 128.7 (2C), 130.8 (3C), 133.4, 

169.0, 205.8, 206.5; IR (KBr): 1747, 1724, 1701 cm-1; LR-EIMS m/z: 286 (M+, 33.0), 197 (35.4), 172 (100.0), 

157 (35.9), 141 (45.2), 129 (43.2), 115 (47.5), 57 (72.5). HR-EIMS calcd for C17H18O4: 286.1205. Found: 

286.1201. 
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66a� HMQC?T6H\  

 

 

 

66a� HMBC?T6H\  

 

 

 

 

 



 
- 63 - 

66a� NOESY?T6H\  

 

 

 

 

66a� XĖĕÉ×įĤÏ  

 

A. Crystal Data  

 

Empirical Formula C17H18O4 

Formula Weight 286.33 

Crystal Color, Habit colorless, needle 

Crystal Dimensions 0.400 X 0.250 X 0.100 mm 

Crystal System monoclinic 

Lattice Type Primitive 

Lattice Parameters a =   19.0458(17) Å 

 b =  4.9570(4) Å 

 c =  16.8190(18) Å 

 α =  90.0000 o 
 β =  108.739(2) o 
 γ =  90.0000 o 
 V = 1503.7(3) Å3 

Space Group P 1 21/c 1 (#14) 

Z value 4 
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Dcalc 1.265 g/cm3 

F000 608.00 

µ(MoKα) 0.089 cm-1 

 

B. Intensity Measurements 

 

Diffractometer R-AXIS RAPID 

Radiation MoKα (λ = 0.71075 Å) 

 graphite monochromated 

Voltage, Current 50kV, 100mA 

Temperature 23.0oC 

Detector Aperture 280 x 256 mm 

Data Images 44 exposures 

ω oscillation Range (χ=45.0, φ=0.0) 130.0 - 190.0o 

Exposure Rate  120.0 sec./o 

 

ω oscillation Range (χ=45.0, φ=180.0) 0.0 - 160.0o 

Exposure Rate  120.0 sec./o 

Detector Position 127.40 mm 

Pixel Size 0.100 mm 

2θmax 54.9o 

No. of Reflections Measured Total: 13322 

 Unique: 3434 (Rint = 0.0394) 

Corrections Lorentz-polarization 

  Absorption 

  (trans. factors: 0.615 - 0.991) 

  Secondary Extinction 

  (coefficient: 1.27600e-002) 

 

67a� XĖĕÉ×įĤÏ  

 

A. Crystal Data  

 
Empirical Formula C17H18O4 

Formula Weight 286.33 

Crystal Color, Habit colorless, needle 

Crystal Dimensions 0.300 X 0.200 X 0.200 mm 

Crystal System monoclinic 
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Lattice Type Primitive 

Lattice Parameters a =   8.4850(8) Å 

 b =  9.0703(8) Å 

 c =  19.7135(18) Å 

 α =  90.0000 o 

 β =  94.442(3) o 

 γ =  90.0000 o 

 V = 1512.6(3) Å3 

Space Group P 1 21/n 1 (#14) 

Z value 4 

Dcalc 1.265 g/cm3 

F000 608.00 

µ(MoKα) 0.089 cm-1 

 

B. Intensity Measurements 

 

Diffractometer R-AXIS RAPID 

Radiation MoKα (λ = 0.71075 Å) 

 graphite monochromated 

Voltage, Current 50kV, 100mA 

Temperature 23.0oC 

Detector Aperture 280 x 256 mm 

Data Images 44 exposures 

ω oscillation Range (χ=45.0, φ=0.0) 130.0 - 190.0o 

Exposure Rate  120.0 sec./o 

 

ω oscillation Range (χ=45.0, φ=180.0) 0.0 - 160.0o 

Exposure Rate  120.0 sec./o 

Detector Position 127.40 mm 

Pixel Size 0.100 mm 

2θmax 54.9o 

No. of Reflections Measured Total: 14125 

 Unique: 3430 (Rint = 0.0333) 

Corrections Lorentz-polarization 

  Absorption 

  (trans. factors: 0.797 - 0.982) 

  Secondary Extinction 

                                        (coefficient: 1.27600e-002) 
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Đ 3đ Table 12�§ł 

 

Methyl rac-(3aR,6aS) 

-2-ethyl-6-hydroxy-3-(4-methoxyphenyl)-3a,6a-dihydro-4H-cyclopenta[b]furan-5-carboxylate (66b) and 

methyl rac-(1R,3S,5S,6R)-6-(4-methoxyphenyl)-2-oxo-6-propionylbicyclo[3.1.0]hexane-3-carboxylate (67b) 

� 66b� 67b � 66a� 67a��Ø�Åá���º��� 

66b: Yield: 40% (43.9 mg); Rf = 0.47 (n-hexane/AcOEt = 3:1); öĝĹûĕÉ; mp 99-100 ºC (n-hexane); 1H 

NMR (400 MHz, CDCl3) δ: 1.13 (t, 3H, J = 7.6 Hz), 2.33-2.39 (m, 3H), 2.67 (dd, 1H, J = 7.6, 14.8 Hz), 3.73 (s, 

3H), 3.81 (s, 3H), 4.00-4.05 (m, 1H), 5.41 (dd, 1H, J = 1.6, 9.6 Hz), 6.86-6.92 (m, 2H), 7.09-7.14 (m, 2H), 9.94 

(s, 1H); 13C NMR (100 MHz, CDCl3) δ: 11.7, 20.3, 31.8, 44.1, 51.4, 55.3, 84.0, 102.0, 110.9, 114.0 (2C), 127.0, 

128.3 (2C), 153.2, 157.7, 169.2, 170.1; IR (CHCl3): 1732, 1672, 1632, 1609 cm-1; LR-EIMS m/z: 316 (M+, 59.7), 

284 (100.0), 202 (71.6), 187 (32.0); HR-EIMS calcd for C18H20O5: 316.1310. Found: 316.1309. 

67b: Yield: 16% (18.0 mg); Rf = 0.29 (n-hexane/AcOEt = 3:1); öĝàûú; 1H NMR (400 MHz, CDCl3) δ: 

0.89 (t, 3H, J = 7.0 Hz), 1.90 (dt, 1H, J = 0.8, 8.4 Hz), 2.20-2.31 (m, 3H), 2.78-2.86 (m, 3H), 3.65 (s, 3H), 3.83 

(s, 3H), 6.85-6.94 (m, 2H), 7.15-7.17 (m, 2H); 13C NMR (100 MHz, CDCl3) δ: 7.7, 25.5, 35.5, 35.6, 43.7, 46.0, 

52.1, 52.6, 55.3, 115.0 (2C), 125.1, 131.9 (2C), 159.7, 169.1, 206.0, 207.1; IR (CHCl3): 1745, 1724, 1699 cm-1; 

LR-EIMS m/z: 316 (M+, 77.1), 284 (56.1), 227 (44.5), 202 (100.0); HR-EIMS calcd for C18H20O5: 316.1310. 

Found: 316.1307. 

 

Methyl rac-(3aR,6aS) 

-3-(biphenyl-4-yl)-2-ethyl-6-hydroxy-3a,6a-dihydro-4H-cyclopenta[b]furan-5-carboxylate (66c) and 

methyl rac-(1R,3S,5S,6R)-6-([1,1'-biphenyl]-4-yl)-2-oxo-6-propionylbicyclo[3.1.0]hexane-3-carboxylate 

(67c) 

� 66c� 67c� 66a� 67a��Ø�Åá���º��� 

66c: Yield: 47% (50.7 mg); Rf = 0.51 (n-hexane/AcOEt = 3:1); éńĝR[@WÉ ; mp 138-140 ºC 

(diisopropyl ether); 1H NMR (400 MHz, CDCl3) δ: 1.18 (t, 3H, J = 7.6 Hz), 2.41-2.48 (m, 3H), 2.75 (dd, 1H, J = 

7.8, 14.8 Hz), 3.73 (s, 3H), 4.09-4.14 (m, 1H), 5.45 (dd, 1H, J = 1.6, 9.2 Hz), 7.24-7.29 (m, 2H), 7.33 (tt, 1H, J = 

1.4, 7.2 Hz), 7.41-7.47 (m, 2H), 7.55-7.61 (m, 4H), 9.96 (s, 1H); 13C NMR (100 MHz, CDCl3) δ: 11.7, 20.6, 32.0, 

43.8, 51.4, 84.2, 102.1, 111.1, 126.8 (2C), 127.1 (3C), 127.3 (2C), 128.8 (2C), 133.6, 138.3, 140.7, 154.8, 169.0, 

170.1; IR (CHCl3): 1672, 1634, 1601 cm-1; LR-EIMS m/z: 362 (M+, 79.3), 330 (100.0), 248 (70.0); HR-EIMS 

calcd for C23H22O4: 362.1518. Found: 362.1515. 

67c: Yield: 6% (6.3 mg); Rf = 0.35 (n-hexane/AcOEt = 3:1); ńĝàûú; 1H NMR (400 MHz, CDCl3) δ: 0.92 

(t, 3H, J = 7.2 Hz), 1.96 (t, 1H, J = 8.4 Hz), 2.21-2.39 (m, 3H), 2.83-2.92 (m, 3H), 3.65 (s, 3H), 7.31-7.67 (m, 

9H); 13C NMR (100 MHz, CDCl3) δ: 7.7, 25.5, 35.6, 43.7, 46.5, 52.1, 52.6, 127.0 (3C), 127.8 (2C), 128.9 (3C), 

131.2 (2C), 132.3, 139.8, 141.5, 169.0, 205.9, 206.5; IR (CHCl3): 1745, 1724, 1701 cm-1; LR-EIMS m/z: 378 

(M+, 16.0), 362 (87.3), 330 (44.1), 248 (100.0); HR-EIMS calcd for C23H22O4: 362.1518. Found: 362.1512. 
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Methyl 

rac-(3aR,6aS)-2-ethyl-6-hydroxy-3-(4-nitrophenyl)-3a,6a-dihydro-4H-cyclopenta[b]furan-5-carboxylate 

(66d) 

� 66d� 66a��Ø�Åá���º��� 

Yield: 52% (56.9 mg); Rf = 0.50 (n-hexane/AcOEt = 2:1); ńĝR[@WÉ; mp 156-161 ºC (AcOEt-n-hexane); 
1H NMR (400 MHz, CDCl3) δ: 1.20 (t, 3H, J = 7.6 Hz), 2.34 (td, 1H, J = 1.6, 14.8 Hz), 2.48 (q, 2H, J = 7.6 Hz), 

2.80 (ddd, 1H, J = 0.4, 7.4, 14.8 Hz), 3.74 (s, 3H), 4.10-4.15 (m, 1H), 5.51 (dd, 1H, J = 1.6, 8.4 Hz), 7.30-7.31 

(m, 2H), 8.17-8.21 (m, 2H), 9.95 (s, 1H); 13C NMR (100 MHz, CDCl3) δ: 11.3, 21.0, 32.1, 43.4, 51.5, 84.7, 

102.2, 110.8, 124.0 (2C), 126.7 (2C), 141.9, 145.0, 159.0, 168.3, 169.8; IR (CHCl3): 1674, 1638, 1593, 1508 

cm-1; LR-EIMS m/z: 331 (M+, 88.9), 299 (100.0), 217 (83.7), 57 (83.7); HR-EIMS calcd for C17H17NO6: 

331.1056. Found: 331.1053. 

 

Methyl rac-(3aR,6aS) 

-2-ethyl-3-(4-fluorophenyl)-6-hydroxy-3a,6a-dihydro-4H-cyclopenta[b]furan-5-carboxylate (66e) 

� 66e� 66a��Ø�Åá���º��� 

Yield: 40% (44.1 mg); Rf = 0.44 (n-hexane/AcOEt = 4:1); öĝĹûĕÉ; mp 114-115 ºC (n-hexane); 1H NMR 

(400 MHz, CDCl3) δ: 1.13 (t, 3H, J = 7.6 Hz), 2.31-2.38 (m, 3H), 2.68 (ddd, 1H, J = 0.4, 8.0, 14.8 Hz), 3.74 (s, 

3H), 4.00-4.06 (m, 1H), 5.43 (dd, 1H, J = 1.6, 9.6 Hz), 6.99-7.05 (m, 2H), 7.12-7.17 (m, 2H), 9.94 (s, 1H); 13C 

NMR (100 MHz, CDCl3) δ: 11.6, 20.3, 31.8, 44.1, 51.4, 84.1, 101.9, 110.5, 115.4 (d, 2JC,F = 21.2 Hz, 2C), 128.6 

(d, 3JC,F = 7.2 Hz, 2C), 130.6 (d, 4JC,F = 3.4 Hz), 154.2, 161.0 (d, 1JC,F = 244.4 Hz), 169.0, 170.0; IR (KBr): 1672, 

1634, 1510 cm-1; LR-EIMS m/z: 304 (M+, 82.2), 272 (100.0), 190 (92.1), 175 (57.9); HR-EIMS calcd for 

C17H17FO4: 304.1111. Found: 304.1106. 

 

Methyl rac-(3aR,6aS) 

-2-ethyl-6-hydroxy-3-[4-(trifluoromethyl)phenyl]-3a,6a-dihydro-4H-cyclopenta[b]furan-5-carboxylate 

(66f) 

� 66f� 66a��Ø�Åá���º��� 

Yield: 54% (58.7 mg); Rf = 0.59 (n-hexane/AcOEt = 2:1); ĬĝR[@WÉ; mp 101-103 ºC (n-hexane); 1H 

NMR (400 MHz, CDCl3) δ: 1.17 (t, 3H, J = 7.6 Hz), 2.34 (td, 1H, J = 1.6, 14.8 Hz), 2.42 (q, 2H, J = 7.6 Hz), 

2.74 (dd, 1H, J = 7.8, 14.8 Hz), 3.73 (s, 3H), 4.08-4.13 (m, 1H), 5.47 (dd, 1H, J = 1.6, 9.2 Hz), 7.29 (d, 2H, J = 

8.2 Hz), 7.57 (d, 2H, J = 8.2 Hz), 9.95 (s, 1H); 13C NMR (100 MHz, CDCl3) δ: 11.5, 20.6, 31.9, 43.6, 51.5, 84.4, 

102.1, 110.7, 124.3 (q, 1JC,F=270.1 Hz), 125.4 (q, 3JC,F=3.8 Hz, 2C), 126.9 (2C), 127.4 (q, 2JC,F=32.2 Hz), 138.4, 

156.6, 168.7, 169.9; IR (KBr): 3136, 1674, 1655, 1634, 1614 cm-1; LR-EIMS m/z: 354 (M+, 93.6), 322 (100.0), 

265 (49.2), 240 (92.0), 225 (52.0), 57 (65.0); HR-EIMS calcd for C18H17F3O4: 354.1079. Found: 354.1075. 

 

Methyl 

(3aR,6aS)-2-ethyl-6-hydroxy-3-(3-(trifluoromethyl)phenyl)-3a,6a-dihydro-4H-cyclopenta[b]furan-5-carbo

xylate (66g) and methyl 
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rac-(1R,3S,5S,6R)-2-oxo-6-propionyl-6-(3-(trifluoromethyl)phenyl)bicyclo[3.1.0]hexane-3-carboxylate 

(67g) 

� 66g� 67g� 66a� 67a��Ø�Åá���º��� 

66g: Yield: 51% (54.8 mg); Rf = 0.65 (n-hexane/AcOEt = 2:1); öĝĹûĕÉ; mp 90-92 ºC (n-hexane); 1H 

NMR (400 MHz, CDCl3) δ: 1.16 (t, 3H, J = 7.6 Hz), 2.33 (td, 1H, J = 1.6, 14.8 Hz), 2.40 (q, 2H, J = 7.6 Hz), 

2.73 (dd, 1H, J = 7.6, 14.8 Hz), 3.74 (s, 3H), 4.08-4.13 (m, 1H), 5.47 (dd, 1H, J = 1.6, 9.2 Hz), 7.34-7.44 (m, 

4H), 9.95 (s, 1H); 13C NMR (100 MHz, CDCl3) δ: 11.5, 20.5, 31.8, 43.7, 51.5, 84.4, 102.0, 110.5, 122.3 (q, 
3JC,F=3.8 Hz), 123.4 (q, 3JC,F=3.7 Hz), 124.2 (q, 1JC,F=270.9 Hz), 128.9, 130.1, 130.9 (q, 2JC,F=31.9 Hz), 135.5, 

156.0, 168.7, 170.0; IR (KBr): 1672, 1634 cm-1; LR-EIMS m/z: 354 (M+, 91.4), 322 (100.0), 265 (37.4), 240 

(69.5), 225 (30.4), 57 (55.7); HR-EIMS calcd for C18H17F3O4: 354.1079. Found: 354.1082. 

67g: Yield: 5% (4.9 mg); Rf = 0.47 (n-hexane/AcOEt = 2:1); ńĝàûú; 1H NMR (400 MHz, CDCl3) δ: 0.92 

(t, 3H, J = 7.4 Hz), 1.77 (t, 1H, J = 8.2 Hz), 2.11-2.25 (m, 3H), 2.86-2.94 (m, 3H), 3.66 (s, 3H), 7.47-7.71 (m, 

4H); 13C NMR (100 MHz, CDCl3) δ: 7.7, 25.3, 29.7, 35.6, 35.7, 43.6, 51.9, 52.7, 125.7 (q, 3JC,F=4.0 Hz), 127.5 

(q, 3JC,F=3.9 Hz), 120.9 (q, 2JC,F=40.0 Hz), 129.4 (q, 1JC,F=300.0 Hz), 129.8, 134.2, 134.7, 168.7, 205.1, 211.9; 

IR (KBr): 1745, 1726, 1703 cm-1; LR-EIMS m/z: 354 (M+, 88.3), 325 (37.1), 265 (40.1), 240 (100.0), 57 (58.1); 

HR-EIMS calcd for C18H17F3O4: 354.1079. Found: 354.1083. 

 

Methyl 

rac-(3aR,6aS)-2-ethyl-6-hydroxy-3-(2-(trifluoromethyl)phenyl)-3a,6a-dihydro-4H-cyclopenta[b]furan-5-ca

rboxylate (66h) and methyl 

rac-(1R,3S,5S,6R)-2-oxo-6-propionyl-6-(2-(trifluoromethyl)phenyl)bicyclo[3.1.0]hexane-3-carboxylate 

(67h) 

� 66h� 67h� 66a� 67a��Ø�Åá���º��� 

66h: Yield: 16% (17.2 mg); Rf = 0.65 (n-hexane/AcOEt = 2:1); öĝàûú; mp 1H NMR (400 MHz, CDCl3) δ: 

0.99 (t, 3H, J = 7.2 Hz), 1.99 (q, 2H, J = 7.2 Hz), 2.31 (d, 1H, J = 15.2 Hz), 2.50 (dd, 1H, J = 8.4, 14.6 Hz), 3.78 

(s, 3H), 3.92 (t, 1H, J = 8.4 Hz), 5.47 (dd, 1H, J = 1.6, 9.2 Hz), 7.12 (br-s, 1H), 7.40 (t, 1H, J = 7.6 Hz), 7.51 (dt, 

1H, J = 0.4, 7.6 Hz), 7.70 (d, 1H, J = 8.0 Hz), 9.97 (s, 1H); 13C NMR (100 MHz, CDCl3) δ: 11.2, 19.9, 30.5, 

45.3, 51.5, 85.0, 101.5, 109.1, 124.2 (q, 1JC,F=272.4 Hz), 126.4, 127.3, 131.6, 131.7 (q, 2JC,F=39.3 Hz), 133.4, 

134.1, 155.4, 169.2, 170.2; IR (CHCl3): 1672, 1632 cm-1; LR-EIMS m/z: 354 (M+, 100.0), 322 (20.2), 240 (68.2), 

225 (30.9); HR-EIMS calcd for C18H17F3O4: 354.1079. Found: 354.1074. 

67h: Yield: 44% (47.8 mg); Rf = 0.48 (n-hexane/AcOEt = 2:1); öĝR[@WÉ; mp 135-137 ºC (diisopropyl 

ether): 1H NMR (400 MHz, CDCl3) δ: 0.92 (t, 3H, J = 7.2 Hz), 1.98 (dt, 1H, J = 0.8, 8.8 Hz), 2.09-3.00 (m, 3H), 

2.56 (dd, 1H, J = 0.4, 6.0 Hz), 2.76-2.88 (m, 1H), 3.26 (t, 1H, J = 6.0 Hz), 3.66 (s, 3H), 7.41-7.63 (m, 3H), 

7.79-7.82 (m, 1H); 13C NMR (100 MHz, CDCl3) δ: 7.7, 24.7, 34.8, 35.3, 44.7, 52.2, 52.7, 101.5, 127.8 (q, 
3JC,F=4.9 Hz), 128.5 (q, 3JC,F=4.9 Hz), 129.4, 130.5 (q, 1JC,F=261.4 Hz), 131.0 (q, 2JC,F=30.3 Hz), 133.2, 133.3, 

168.8, 204.6, 206.1; IR (CHCl3): 1745, 1724, 1709 cm-1; LR-EIMS m/z: 354 (M+, 52.0), 322 (28.9), 240 (100.0), 

57 (34.3); HR-EIMS calcd for C18H17F3O4: 354.1079. Found: 354.1073. 
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Đ 4đ  Table 13�§ł  

 

Methyl rac-(3aR,6aS) 

-6-hydroxy-2-isopropyl-3-phenyl-3a,6a-dihydro-4H-cyclopenta[b]furan-5-carboxylate (66i) and methyl 

rac-(1R,3S,5S,6R)-6-isobutyryl-2-oxo-6-phenylbicyclo[3.1.0]hexane-3-carboxylate (67i) 

� 66i� 67i� 66a� 67a��Ø�Åá���º��� 

66i: Yield: 63% (69.1 mg); Rf = 0.42 (n-hexane/AcOEt = 4:1); öĝR[@WÉ; mp 125-127 ºC (n-hexane); 1H 

NMR (400 MHz, CDCl3) δ: 1.09 (d, 3H, J = 6.8 Hz), 1.21 (d, 3H, J = 6.8 Hz), 2.34 (td, 1H, J = 1.6, 14.8 Hz), 

2.66 (ddd, 1H, J = 0.6, 8.0, 14.8 Hz), 2.82-2.97 (m, 1H), 3.73 (s, 3H), 4.03-4.08 (m, 1H), 5.38 (dd, 1H, J = 1.6, 

9.6 Hz), 7.15-7.20 (m, 3H), 7.30-7.36 (m, 2H), 9.93 (s, 1H); 13C NMR (100 MHz, CDCl3) δ: 19.8, 20.5, 26.1, 

31.6, 44.1, 51.4, 83.9, 101.8, 110.1, 125.7, 127.4 (2C), 128.4 (2C), 134.8, 157.5, 169.2, 170.2; IR (CHCl3): 1672, 

1632, 1599 cm-1; LR-EIMS m/z: 300 (M+, 97.7), 268 (100.0), 197 (53.3), 186 (69.7), 171 (94.1); HR-EIMS calcd 

for C18H20O4: 300.1362. Found: 300.1366. 

67i: Yield: 14% (15.3 mg); Rf = 0.32 (n-hexane/AcOEt = 4:1); éńĝ-Y\Q,?; 1H NMR (270 MHz, 

CDCl3) δ: 0.88 (d, 3H, J = 6.8 Hz), 0.91 (d, 3H, J = 6.8 Hz), 1.83 (t, 1H, J = 8.4 Hz), 2.20-2.29 (m, 1H), 

2.66-2.89 (m, 4H), 3.65 (s, 3H), 7.29-7.41 (m, 5H); 13C NMR (100 MHz, CDCl3) δ: 18.7, 19.1, 25.6, 35.6, 37.1, 

43.6, 46.5, 52.1, 52.6, 128.7 (2C), 131.0 (3C), 133.2, 169.0, 206.0, 209.9; IR (CHCl3): 1744, 1724, 1693 cm-1; 

LR-EIMS m/z: 300 (M+, 65.7), 257 (44.3), 197 (63.9), 186 (100.0); HR-EIMS calcd for C18H20O4: 300.1362. 

Found: 300.1360. 

 

Methyl rac-(3aR,6aS)-2-butyl-6-hydroxy-3-phenyl-3a,6a-dihydro-4H-cyclopenta[b]furan-5-carboxylate 

(66j) and methyl rac-(1R,3S,5S,6R)-2-oxo-6-phenyl -6-valerylbicyclo[3.1.0]hexane-3-carboxylate (67j) 

� 66j� 67j � 66a� 67a��Ø�Åá���º��� 

66j: Yield: 61% (66.4 mg); Rf = 0.62 (n-hexane/AcOEt = 4:1); öĝĹûĕÉ; mp 83-85 ºC (n-hexane); 1H 

NMR (400 MHz, CDCl3) δ: 0.88 (t, 3H, J = 7.2 Hz), 1.26-1.40 (m, 2H), 1.53-1.61 (m, 2H), 2.35-2.40 (m, 3H), 

2.70 (ddd, 1H, J = 0.4, 7.6, 14.8 Hz), 3.73 (s, 3H), 4.05-4.11 (m, 1H), 5.42 (dd, 1H, J = 1.6, 9.2 Hz), 7.15-7.25 

(m, 3H), 7.30-7.38 (m, 2H), 9.94 (s, 1H); 13C NMR (100 MHz, CDCl3) δ: 13.8, 22.5, 26.8, 29.2, 31.9, 43.9, 51.4, 

84.0, 102.0, 111.9, 125.6, 127.1 (2C), 128.5 (2C), 134.6, 153.5, 169.1, 170.1; IR (CHCl3): 1672, 1634, 1599 

cm-1; LR-EIMS m/z: 314 (M+, 75.3), 282 (100.0), 200 (73.0), 157 (69.8); HR-EIMS calcd for C19H22O4: 

314.1518. Found: 314.1513. 

67j: Yield: 5% (5.5 mg); Rf = 0.24 (n-hexane/AcOEt = 4:1); ńĝàûú; 1H NMR (400 MHz, CDCl3) δ: 0.77 

(t, 3H, J = 7.2 Hz), 1.08-1.17 (m, 2H), 1.33-1.43 (m, 2H), 1.83 (dt, 1H, J = 1.2, 8.4 Hz), 2.21-2.28 (m, 3H), 

2.79-2.89 (m, 3H), 3.64 (s, 3H), 7.24-7.41 (m, 5H); 13C NMR (100 MHz, CDCl3) δ: 13.7, 22.0, 25.5, 25.6, 35.5, 

41.5, 43.6, 47.0, 52.0, 52.6, 128.7 (2C), 130.8 (3C), 133.4, 169.0, 205.9, 206.0; IR (CHCl3): 1744, 1724, 1697 

cm-1; LR-EIMS m/z: 314 (M+, 53.2), 200 (100.0); HR-EIMS calcd for C19H22O4: 314.1518. Found: 314.1514. 

 

Methyl rac-(3aR,6aS)-6-hydroxy-2,3-diphenyl -3a,6a-dihydro-4H-cyclopenta[b]furan-5-carboxylate (66k) 

and methyl rac-(1R,3S,5S,6R)-6-benzoyl-2-oxo-6-phenylbicyclo[3.1.0]hexane-3-carboxylate (67k) 
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� 66k� 67k� 66a� 67a��Ø�Åá���º��� 

66k: Yield: 61% (66.0 mg); Rf = 0.49 (n-hexane/AcOEt = 4:1); öĝĹûĕÉ; mp 121-122 ºC (n-hexane); 1H 

NMR (400 MHz, CDCl3) δ: 2.47 (td, 1H, J = 1.6, 14.8 Hz), 2.73 (ddd, 1H, J = 0.4, 8.0, 14.8 Hz), 3.74 (s, 3H), 

4.17-4.22 (m, 1H), 5.56 (dd, 1H, J = 1.6, 9.6 Hz), 7.16-7.31 (m, 8H), 7.40-7.46 (m, 2H), 10.01 (s, 1H); 13C NMR 

(100 MHz, CDCl3) δ: 31.6, 45.8, 51.4, 84.0, 102.2, 113.4, 126.4, 128.0 (2C), 128.16 (2C), 128.18 (2C), 128.5 

(2C), 128.7, 131.0, 134.4, 149.2, 168.9, 170.0; IR (KBr): 3281, 1676, 1639, 1445 cm-1; LR-EIMS m/z: 334 (M+, 

100.0), 302 (79.3), 220 (80.4), 105 (50.8); HR-EIMS calcd for C21H18O4: 334.1205. Found: 334.1208. 

67k: Yield: 5% (5.0 mg); Rf = 0.26 (n-hexane/AcOEt = 4:1); ńĝ-Y\Q,?; 1H NMR (400 MHz, 

CDCl3) δ: 2.14 (dt, 1H, J = 0.8, 8.6 Hz), 2.28 (dd, 1H, J = 8.6, 14.0 Hz), 2.85-2.93 (m, 1H), 2.98 (dd, 1H, J = 0.8, 

6.0 Hz), 3.11 (t, 1H, J = 6.0 Hz), 3.68 (s, 3H), 7.23-7.43 (m, 8H), 7.65-7.68 (m, 2H); 13C NMR (100 MHz, 

CDCl3) δ: 25.4, 33.1, 41.0, 47.2, 52.6, 52.6, 128.1 (2C), 128.5, 128.8 (2C), 129.3 (2C), 131.0 (2C), 132.3, 132.7, 

136.3, 169.1, 196.6, 205.9; IR (CHCl3): 1739, 1724, 1672 cm-1; LR-EIMS m/z: 334 (M+, 24.8), 220 (52.8), 105 

(100.0); HR-EIMS calcd for C21H18O4: 334.1205. Found: 334.1208. 

 

Methyl rac-(3aR,6aS) 

-6-hydroxy-2-phenyl-3-[4-(trifluoromethyl)phenyl]-3a,6a-dihydro-4H-cyclopenta[b]furan-5-carboxylate 

(66l) 

� 66l� 66a��Ø�Åá���º��� 

Yield: 55% (59.5 mg); Rf = 0.65 (n-hexane/AcOEt = 2:1); öĝĹûĕÉ; mp 118-120 ºC (diisopropyl ether); 
1H NMR (400 MHz, CDCl3) δ: 2.42 (td, 1H, J = 1.6, 14.8 Hz), 2.78 (dd, 1H, J = 8.0, 14.8 Hz), 3.75 (s, 3H), 

4.21-4.26 (m, 1H), 5.60 (dd, 1H, J = 1.6, 9.6 Hz), 7.25-7.35 (m, 5H), 7.40-7.49 (m, 4H), 10.00 (s, 1H); 13C NMR 

(100 MHz, CDCl3) δ: 31.7, 45.3, 51.5, 84.5, 102.3, 112.2, 124.2 (q, 1JC,F = 270.1 Hz), 125.4 (q, 3JC,F = 3.8 Hz, 

2C), 128.0 (2C), 128.2 (q, 2JC,F = 32.3 Hz), 128.3 (2C), 128.4 (2C), 129.4, 130.6, 138.2, 151.5, 168.6, 169.9; IR 

(KBr): 3273, 1680, 1641, 1634, 1614 cm-1; LR-EIMS m/z: 402 (M+, 73.9), 370 (62.1), 288 (100.0), 105 (68.6); 

HR-EIMS calcd for C22H17F3O4: 402.1079. Found: 402.1075. 

 

Methyl 

rac-(3aR,6aS)-2-(furan-2-yl)-6-hydroxy-3-[4-(trifluoromethyl)phenyl]-3a,6a-dihydro-4H-cyclopenta[b]fur

an-5-carboxylate (66m) and methyl 

rac-(1R,3S,5S,6R)-6-(furo-2-yl)-2-oxo-6-phenylbicyclo[3.1.0]hexane-3-carboxylate (67m) 

� 66m� 67m� 66a� 67a��Ø�Åá���º��� 

66m: Yield: 56% (33.5 mg); Rf = 0.38 (n-hexane/AcOEt = 5:1); öĝ-Y\Q,?; 1H NMR (400 MHz, 

CDCl3) δ: 2.40 (td, 1H, J = 1.6, 14.0 Hz), 2.76 (ddd, 1H, J = 0.4, 7.6, 14.0 Hz), 3.74 (s, 3H), 4.12-4.24 (m, 1H), 

5.60 (dd, 1H, J = 1.6, 9.2 Hz), 6.41 (dd, 1H, J = 1.6, 3.2 Hz), 6.63 (br-d, 1H, J = 3.2 Hz), 7.34 (dd, 1H, J = 0.4, 

1.6 Hz), 7.43 (dd, 2H, J = 0.8, 8.8 Hz), 7.57 (dd, 2H, J = 0.8, 8.8 Hz), 9.98 (s, 1H); 13C NMR (100 MHz, 

CDCl3) δ: 31.6, 45.4, 51.5, 84.6, 102.3, 111.2, 111.5, 112.6, 124.1 (q, 1JC,F = 270.1 Hz), 125.1 (q, 3JC,F=3.8 Hz, 

2C), 128.4 (q, 2JC,F=32.3 Hz), 128.5 (2C), 137.3, 141.9, 143.1, 145.3, 168.1, 169.7; IR (CHCl3): 1670, 1636, 

1614 cm-1; LR-EIMS m/z: 392 (M+, 60.9), 360 (62.4), 278 (100.0), 95 (35.9); HR-EIMS calcd for C20H15F3O5: 
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392.0872. Found: 392.0869. 

67m: Yield: 4% (2.7 mg); Rf = 0.26 (n-hexane/AcOEt = 3:1); ńĝàûú; 1H NMR (400 MHz, CDCl3) δ: 1.94 

(dt, 1H, J = 0.4, 8.4 Hz), 2.27 (dd, 1H, J = 8.4, 14.4 Hz), 2.82-3.10 (m, 2H), 3.17 (t, 1H, J = 6.2 Hz), 3.68 (s, 3H), 

6.26 (dd, 1H, J = 0.4, 3.6 Hz), 6.36 (dd, 1H, J = 1.4, 3.6 Hz), 7.51 (dd, 1H, J = 0.8, 1.4 Hz), 7.61 (d, 2H, J = 8.0 

Hz), 7.70 (d, 2H, J = 8.0 Hz); 13C NMR (100 MHz, CDCl3) δ: 25.2, 34.5, 42.5, 45.6, 52.4, 52.8, 112.4, 120.5, 

123.6 (q, 1JC,F=270.9 Hz), 126.4 (q, 3JC,F=3.8 Hz, 2C), 131.2 (q, 2JC,F=32.6 Hz), 131.9 (2C), 136.8, 147.1, 150.8, 

168.7, 182.5, 205.2; IR (CHCl3): 1747, 1726, 1651, 1618 cm-1; LR-EIMS m/z: 392 (M+, 39.2), 360 (23.2), 278 

(100.0), 95 (83.3); HR-EIMS calcd for C20H15F3O5: 392.0872. Found: 392.0869. 

 

Methyl 

rac-(3aR,6aS)-6-hydroxy-2-phenyl-3-(thiophen-2-yl)-3a,6a-dihydro-4H-cyclopenta[b]furan-5-carboxylate 

(66n) and methyl rac-(1R,3S,5S,6S)-6-benzoyl-2-oxo-6-(thiophen-2-yl)bicyclo[3.1.0]hexane-3-carboxylate 

(67n) 

� 66n and 67n� 66a� 67a��Ø�Åá���º��� 

66n: Yield: 69% (74.8 mg); Rf = 0.44 (n-hexane/AcOEt = 5:1); öĝ-Y\Q,?; 1H NMR (400 MHz, 

CDCl3) δ: 2.71 (td, 1H, J = 1.6, 14.8 Hz), 2.85 (dd, 1H, J = 7.8, 14.8 Hz), 3.77 (s, 3H), 4.04-4.09 (m, 1H), 5.58 

(dd, 1H, J = 1.6, 9.2 Hz), 6.83 (dd, 1H, J = 1.2, 3.6 Hz), 6.94 (dd, 1H, J = 3.6, 5.4 Hz), 7.13 (dd, 1H, J = 1.2, 5.4 

Hz), 7.28-7.35 (m, 3H), 7.49-7.56 (m, 2H), 9.98 (s, 1H); 13C NMR (100 MHz, CDCl3) δ: 32.5, 46.2, 51.5, 84.6, 

102.4, 108.1, 123.8, 124.8, 127.0, 128.2 (2C), 128.5 (2C), 129.3, 130.5, 136.7, 150.2, 168.5, 169,9; IR (CHCl3): 

1676, 1634, 1601 cm-1; LR-EIMS m/z: 340 (M+, 70.0), 308 (100.0), 226 (61.3), 105 (73.4); HR-EIMS calcd for 

C19H16O4S: 340.0769. Found: 340.0767. 

67n: Yield: 8% (9.1 mg); Rf = 0.35 (n-hexane/AcOEt = 3:1); ńĝàûú; 1H NMR (400 MHz, CDCl3) δ: 2.34 

(dt, 1H, J = 0.4, 8.4 Hz), 2.53 (dd, 1H, J = 8.8, 14.0 Hz), 2.92-2.99 (m, 1H), 3.07-3.11 (m, 2H), 3.71 (s, 3H), 

6.92 (dd, 1H, J = 3.4, 5.2 Hz), 7.09 (dd, 1H, J = 1.2, 3.4 Hz), 7.24 (dd, 1H, J = 1.2, 5.2 Hz), 7.31-7.38 (m, 2H), 

7.44-7.49 (d, 1H), 7.75-7.78 (m, 2H); 13C NMR (100 MHz, CDCl3) δ: 25.8, 34.1, 41.5, 41.8, 52.6, 52.7, 127.4, 

127.6, 128.2 (2C), 128.9 (2C), 130.5, 132.7, 135.2, 135.7, 169.1, 195.0, 205.2; IR (CHCl3): 1745, 1724, 1678 

cm-1; LR-EIMS m/z: 340 (M+, 25.8), 308 (27.8), 226 (35.9), 105 (100.0), 77 (25.3); HR-EIMS calcd for 

C19H16O4S: 340.0769. Found: 340.0764. 

 

Đ 5đ  Scheme 19�§ł  

 

Methyl 

rac-(3aR,6aS)-2-ethyl-6-hydroxy-3-phenyl-3a,6a-dihydro-4H-cyclopenta[b]furan-5-carboxylate-4,4,6a-d3 

(68) 

� 68� tri(methyl-d3)sulfoxonium iodide*ÿ�� 66a��Ø�Åá���º��� 

Yield: 57% (128 mg); Rf = 0.53 (n-hexane/AcOEt = 4:1); öĝĹûĕÉ; mp 101-102 ºC; 1H NMR (400 MHz, 

CDCl3) δ: 1.15 (t, 3H, J = 7.4 Hz), 2.34 (dq, 2.47H, J = 1.4, 7.4 Hz), 2.68 (d, 0,13H, J = 8.0 Hz), 3.72 (s, 3H), 

4.07 (s, 1H), 5.43 (d, 0.11H, J = 9.2 Hz), 7.16-7.21 (m, 3H), 7.30-7.36 (m, 2H), 9.95 (s, 1H); 13C NMR 
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(100 MHz, CDCl3) δ: 11.7, 20.4, 29.7, 43.6, 51.4, 84.1, 101.9, 111.4, 125.7, 127.0 (2C), 128.5 (2C), 134.6, 154.5, 

169.1, 170.1; IR (CHCl3): 1670, 1631 cm-1; LR-EIMS m/z: 289 (M+, 84.7), 257 (100.0), 200 (32.7), 173 (75.1); 

HR-EIMS calcd for C17H15D3O4S: 289.1393. Found: 289.1391.  
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