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S

Bn . benzyl

'Bu  : tertiary butyl

ee% : enantiomer excess

eq . equation or equivalent
equiv : equivalent

EWG : electron withdrawing group
HBT : 1-hydroxybenzotriazole

Pr . propyl

PG . protecting group

rac . racemate

r.t. . room temperature

Tf . trifluoromethanesulfonyl (= CF3-SO,-)
Ts . p-toluenesulfonyl (= p-CH3-CgH4-SO,-)
TFA  : trifluoroacetic acid

THF  : tetrahydrofuran

TMS : trimethylsilyl

WSC : water soluble carbodiimide (= 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide
HCI



P A==

GEFBNOWmFE~T 1 5 BERIEEY., flx X7 n ) ROBEE LT I BOEHK
ThrEr I VU ROT T R 7T 0%, AEAERICB W TEERENTHE TH
D, ENLIIAEREEETRTEZ ORRY R EICEER TS P, RENLHE
Scheme 1 (27”797,

0
o 2, 7
HO2C HaN N AcHN
+OMe ’, B N '//COZH
HO,C™ A

H

MeO
Kainic Acid Mitomycin C A-315675

(:)H
o :
G TP
\k‘ O OMe o) E '//\gj

%o /@@: 0
MeO o
o} € MeO OMe

Cl
OMe
Bakkenolide A Griseofulvin :
Podophyllotoxin
Scheme 1

ve ) VB E AT HWEIC Kainic Acid( A = > &), Mitomycin C, A-315675 72
ERDDH, WA =VBRIE, ALRO~ 7 VABAFE)DLOI R I, BERIEE LTHWS
A% 19 Mitomycin C 1, Streptomyces caespitosus D EEEIEHE ) H1F S5 —BEDHUE
GHEFAWE D Y b, KOO PUEEEEZ AT 5WE L L CoBshz ', Abbott
HOAL L TNT oW AT =L —BHER A-314675 1%, A TN P T 4 LA
BRI R ERTH D

2.7 N7 Nu 7T U FiKEH T 5 WEIZ Ambrox, Griseofulvin, Podophyllotoxin
72 E3 8% %, Bakkenolide A 13, B R OB RHETG MK OV < DD gl R 3
L Z R L 2 Griseofulvin 1%, BAEMOHAME L L THMHLNATND
Podophyllotoxin (%, FE 72§74 Etoposide DHHE) T4 Td D 2,



TNOR LI R EOBREZHER LT, Bl P kT v Jk Ra7 o o253
T CRRITTER S EARIENLEEINTEY . 2L OHENRRIN TS 3

Scheme 2
C6H10 (60 eq)
~ -, \ BH,+Me,S (3.0 eq) ~ -,
| ) Ns THF, r.t. ) N
N N (S)-nornicotine
Lebreton, J. et al. J. Org. Chem. 2001, 66, 6305.
RZ
TfOH (0.2 eq) /O\
| R2 N Rl
PGHN R1 toluene, 100°C |
PG
Hartwig, F. et al. Org. Lett. 2002, 4, 1471.
R2 PhsPAUCI/AgBY, R?
R3 (0.02 eq) 1
Z R R3
R! OH p-TsOH (0.1 eq) R0 O

R4OH, r.t.

Krause, N. et al. Org. Lett. 2006, 8, 4489.

1) BuLi (2.0 eq)

NO S
< 2 <// .78 - 0°C, 5-7h .
+
Al 2)cux; (25 eq) N:Z:>‘N

o
Al HO THF or DME, 0-30°C

Jahn, U. et al. Org. Lett. 2006, 8, 4481.

BT O ) G aEH & LT, Lebreton 512 Xk5, 0 FHNE Kok
UHE— 7 a TR bR S = aF UEEROAKNH D P, £, Hartwig
HliX, “EREGEELT VI AT I vEREE L, BMEEC L5 0 A ) U
VEERE LTS,

F2. T T R 7T UARORE LT, Krause Hlid, —HEEGE2ATHT7 /L2
—NVEEEE LT, V7 N A A e Ul < itz v, N7 R Tk
Fa 77 AMERE LTS Y SFREEOF L LT, Jahn Hik, = a7 147
YETUNT A= NN ERNEE T LT = —F U VAR L DR
RICED, TR R 7028 LTWS ™

NS DK A X — 2% Scheme 2 1275 L7,

2



ST FLT I B DHWET V3 — L& Uz One-Pot TO[3+2]F1NIZ
LM VDU R OT P T Fr T T AR bRIIRE SN TV beql),
Balme © {2 L % nBuLi, NaH/Pd, #ifitlitz 7z r U oo SRkl T, FREIXI2IE
TIV=UT o ROTAX)TF o~ B 27 VRGN TEY £ 1% 7T I I
THEATES, TIVERETILERD D

nBuLi (0.1 eq.) EWG
EWG._ _EWG | | Cul (0.03 eq.) EWG
]/ N (2)
HN THF, 20°C R

R | I}l
PG PG
1.5eq. 19-89 %
EWG = ester or ketone
R = aryl, alkyl

Balme, G. et. al. Tetrahedron Lett. 1999, 40, 1301
T2, T X AT ra—vERWET Tk Ka 7 Z A nBuLi/Pd, #ilfik

MO X B BUER(eq 2). RSN T (2 X B S (eq 3) TITR DI T WD, LI LR 6,
INODORIETIET Vv a— L BRI LB L T HEANH 5,

nBuLi (0.2 eq.) EWG
EWG._ _EWG | | Pd (0.05 eq.) EWG
]/ X @)
HO THF, r.t. R

R (@)
1.5eq. 47-94 %
EWG = ester or ketone Balme, G. et. al. Synlett 1997, 845
R = aryl, alkyl
EWG.__EWG | | (0.2 eq.) EWG
T o
R HO neat, 25°C R o
5 eq. 70-94 %
EWG = ester or ketone Nakamura, M. et.al. Org Lett. 2004, 12, 2015
R = aryl, alkyl



— . AWFEEO LR H1X, BEICS AT AT I R A UHERE W51
WERIE G 2 v A AFBRIFAE T TIT720, vy KOV -T 7 X LBREREETEXDHZ & &
A L7 (eq 4,5,

CO,Et  Ph 1) MX,, EtO,C Ph
EtO,C 4>\ j/ (Lewis acid) Etozci_?\x
> (4)
2) H,O
) Hz 0™ Ny
|
@ —_
N\ o OEt X 'V'\o OEt
| Ph
\J é) Yamazaki, S. et al.
J. Org. Chem. 2002, 67, 2889
O
| _
COEt  Ph EtO,C, CO,Et
EtO,C ZnXz, MeOH MeO
N ) (5)
CH,Cl,
0Ny 07N
|
B 2%, Vi -
,// / 0O O 'ZnXZ
i ro” N\ _
EtO OEt OEt / Yamazaki, S. et al.

| / — M /// Tetrahedron Lett. 2003, 44, 1429
Megu N

K4 ORIETIH, TIAFUEITRERERE LTlE, TO%LVA ABRERDO a7
IR Z D, — . NSO TIE, BEDO YT AT VD H VR = )VERFRITHEN
NIV A ABEfREE L UCEMNIT D 2 & TA Y ) — v OfH oMt s, =/ — g T,
ZDI ) —)VIRFEIN T VR ER(HEEN DA ABRfRIE L L C o)X 1 L v sREFRER
ELTHDITREHBET D ZLICEIVHART D EHAISNATND, T72bHAA A
FRN TV = VEREE & T V% o OWEL A TEMAL S5 & v D) ZoD&E & Fi-4
ZENREE T,

A AT, N45 IR LI X D ICABIEFRITB W T it L 720 155 2 & b
%< BRIV LR TS ) Diels-Alder i ' R[22 BB LA 2. = RS
BTN T VB Y R EOBREARSOGIZE LT IR TR A STV D
Fo, MISHEEOB ZIX I N A= NVEEFE R EICENL L, ZOMGEEZEmD D &, IR
F—RFEFECTEHORRRIZI W CEERER 2 iR 72 50 T CO RIS % 7]
BEIZT 5,

5. BRAR A L3 2R LB LS S < HE STV 08, i
EHIL DD WHHIZR T 2 W TRIER SN DA N, @EIEM Sz E
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ZHAWDBRIZEB DT, VA ABEAMIEE L THW D HRENTEIEN BB SN D
AREMEN D D, Thb b A AfeE AW RIGNT, BB KSR D Z
A TOREEHWEERICBEWTCEHTOL EEZBND,

AR L TIZ, 720X LT 20 - Toha— LEHn, — R TRIR R~
T 5 BROEKREBIE L, BRE Y ICE T RSIEEZATHIHIGHOEN=T > MY
VR EET AT VEHER DIV A AFERTEAE T TO R Z 5 L 7= (Scheme 3)",

oA APBENEFTREZ2 =T > R U VAR U AT VISR A W AUIE, P eoUrE
T X2 T A= & OB BRALO T 5 AMEHE 41, One-Pot TOERAL
MABETH D E LK T HICE -7, UL E, RKEFA LT 0T m UL LR
Z W T2 B2 IR L DR 72 B E Z AR A I B T 5 iEimo—> & LTH
R¥ETHZEEEMNE LTHSEICE T LT,

Scheme 3

RO,C
RO,C.__CO.R Il MX, Rozé
I y

Y HZ Z

Y = ester, ketone Z =NH, NMe, O

2 3R

() v U > (a) Massiot, G.; Delaude, C. In The Alkaloids: Chemistry and
Pharmacology; Brossi, A., Ed.; Academic Press: San Diego, CA, 1986; Vol. 27, Chapter 3, p
269. (b) Dewick, P. M. Medicinal Natural Products; J. Wiley & Sons: Chichester, UK, 1997;
Chapter 6. (c) Nilsson, B. M.; Ringdahl, B.; Hacksell, U. J. Med. Chem. 1990, 33, 580. (d)
Niu, L.; Gee, K. R.; Schaper, K.; Hess, G. P. Biochemistry 1996, 35, 2030. (e) Wakaki, S.,
Marumo, H., Tamioka, K., Shimizu, G.,, Kato, E., Kamada, H., Kudo, S., and Fijimoto, Y.,
Antibiot. and Chemother. 1958, 8, 228. (f) Barnes, M. D.; McLaughlin, A. M.; Oie, T.;
Rasmussen, W. M.; Stewart, D. K.; Wittenberger. J. S. Org. Lett. 2002, 4, 1427.

(2) 7 hZkt Ra 7 Z: (a) Dean, F. M.; Sargent, M. V. In Comprehensive Heterocyclic
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Chemistry; Katrizky, A. R., Rees, C. W., Eds.; Pergamon: Oxford, UK, 1984; Vol. 4, p 531.
(b) Keay, B. A.; Dibble, P. W. In Comprehensive Heterocyclic Chemistry Il; Katrizky, A. R.,
Rees, C. W., Scriven, E. F. V., Eds.; Pergamon: Oxford, UK, 1996; Vol. 2, p 395. (c) Back, G.
T.; Nava-Salgado, O. V.; Payne, E. J. J. Org. Chem. 2001, 66, 4361. (d) Hartwell, L. J.;
Schrecker, W. A. J. Am. Chem. Soc. 1951, 73, 2909.

(3) v'v U ¥ &K (a) Felpin, F.-X.; Girard, S.; Vo-Thanh, G.; Robins, R. J.; Villiéras, J.;
Lebreton, J. J. Org. Chem. 2001, 66, 6305. (b) Xu, Y.-z.; Choi, J.; Calaza, M. 1.; Turner, S.
C.; Rapoport, H. J. Org. Chem. 1999, 64, 4069. (c) Turner, S. C.; Zhai, H.; Rapoport, H. J.
Org. Chem. 2000, 65, 861. (d) Knight, D. W.; Salter, R. Tetrahedron Lett. 1999, 40, 5915. (e)
Schlummer, B.; Hartwig, J. F. Org. Lett. 2002, 4, 1471.

4) 7 7t Ra 7 Z 40K (a) Trost, B. M.; Edstrom, E. D.; Carter-Petillo, M. B. J. Org.
Chem. 1989, 54, 4489. (b) Harada, T.; Muramatsu, K.; Fujiwara, T.; Kataoka, H.; Oku, A.
Org. Lett. 2005, 7, 779. (¢) Bassetti, M.; D’ Annibale, A.; Fanfoni, A.; Minissi, F. Org. Lett.
2005, 7, 1805. (d) Belting, V.; Krause, N. Org. Lett. 2006, 8, 4489. (e) Wolfe, J. P.; Rossi, M.
A. J. Am. Chem. Soc. 2004, 126, 1620. (f) Alonso, F.; Meléndez, J.; Soler, T.; Yus, M.
Tetrahedron 2006, 62, 2264. (g) Trost, B. M.; Machacek, M. R.; Faulk, B. D. J. Am. Chem.
Soc. 2006, 128, 6745. (h) Jahn, U.; Rudakov, D. Org. Lett. 2006, 8, 4481. (i) Micalizio, G. C.;
Roush, W. R. Org. Lett. 2000, 2, 461.

(5) (a) Monterio, N.; Balme, G. J. Org. Chem. 2000, 65, 3223. (b) Clique, B.; Monteiro, N.;
Balme, G. Tetrahedron Lett. 1999, 40, 1301. (c) Azoulay, S.; Monteiro, N.; Balme, G.
Tetrahedron Lett. 2002, 43, 9311. (d) Martinon, L.; Azoulay, S.; Monteiro, N.; Kiindig, E. P.;
Balme, G. J. Orgnomet. Chem. 2004, 689, 3831. (¢) Dumez, E.; Rodriguez, J.; Dulcére, J-P.
Chem. Commun., 1997, 1831.

(6) (a) Marat, X.; Monteiro, N.; Balme, G. Synlett 1997, 845. (b) Cavicchioli, M.; Marat, X_;
Monteiro, N.; Hartmann, B.; Balme, G. Tetrahedron Lett. 2002, 43, 2609.

(7) Nakamura, M.; Liang, C.; Nakamura, E. Org. Lett. 2004, 6, 2015.

(8) (a) Yamazaki, S.; Yamada, K.; Yamabe, S.; Yamamoto, K. J. Org. Chem. 2002, 67, 2889.



(b) Yamazaki, S.; Yamada, K.; Yamamoto, K. Org. Biomol. Chem. 2004, 2, 257. (¢)
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2004, 2, 3134.
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wm1=E

Zn, In I ko TREIND TV N INVER VBT AT VFHEERE o LFE
NT I e Tha— xRS —RILES :
AFLrenl)Pr e AFLUTF RSk Furzsr8K

FE1E i

AWFFETHEE E LTHWD =T Y BVR VBB AT VEEERIT, TERIGMED
AR LETHD EBEZ DN TWEd, BAEKE, BRI, HFEAINKES 7
CITHHEIZHNONTWDLIDOHRTHY | £, /v A ZABBFE T TOROSIE 5314
FIN T ignods M0 S BICIHE, RORMED IRV Lo o A Bl LT
A YIITT 2 N ANVIR BT AT )V LA ZABRAFAE FIZRBWT, R E < BRbAn
MR D Z ENAHENEZ LICHEIR L ' BSOS OR VRS Th =T
MU VR B AT TR LI INMEE S LD LB X T,

LLEDS, 7a/OLXuT7 v s Tha— U aERER E L, =7 FY BLR Y
BT AT VEHEIR L OIS E VA ABIFIE T TI172 9 T LICEF Lz, 7B, =7
U ANR BT AT ML, BEAFRER Y =TV b~ VBB AT 1L ) RED
Wittig FUSIC E V. eq 6 (R T X I ICEBICAKRT D Z L NAHRETH D ™%, Z .8
IZOWTIEEE 1% - 5 3HOERIEICTHRIBT D,

EtO,C.__CO,Et EtO,C.__CO,Et

T PR — | (6)
o] BuO,C enzene (BUO,C

0°C, 1h

— r.t., overnight 1a - 85%



EoHi MRLEE

AFFETIE, =7 P BARRTATLA0YE) 2N T, £7, b EmE
DNVA AR 24 EVFIE T CORIGZE#RE L7=(Scheme 4), F VU > 27 /LlalN-2AF
LT a s OLELT 2 2ak D1 1 TORIEE , SALTER(1.2% B)FAE T, CHCLH,
HIRTITo72 L 2 A, B r U U riFER3an381%D IR T 517~ (Scheme 4, entry 1),

A ABRDIRES

SESEREB AT ALY, RN TAFBERAEZ U ZVRCEEE RN E A,
B, AP L, SRR E DR OLBRIESE S 5 2 &bz, Entry 1,50
FFe TR L7-ZnBry 3 5 WIEINBrafilfit 2 W - OGS & 0 L EICR CERRAL S 0345
ST, E7o. Cu(OTH, CILILEE AR = & 23 R S e,

—J7 ., AICls, GaCls, FeCls, Sn(OTY),, Sc(OTH)3, ZrClL il Ci 1,4-fHnikdans £k %,
A ABEMAIRHETHERIOICAB RO D70, T b0 RRMEETI,
AFISIC L 2BHEIMBE S NN E R bhroTe, TRHOBILY, HAFR=L
Boe TR U STAENLT D Y T N AR RMIEALETHD EEZLBRD
(Scheme 5),

Scheme 4

EtO,C entr 3a
EtOZC]/COZEt J| MXn(1.2 eq.) Etochi Y (1.2 eq)
+ T T T |
tBUOzC HN CH,Cl, tBU02C N o1 ZnBr, 81% 1

| |
rt., 17-20h 9
1a 2a 3a 2 znClh 75%

3 Znl, 78%

e AICl;, GaCls, FeCls, Sn(OTf),, Sc(OTf)3 EtO,C ;
and ZrCl, gave exclusively 1,4-adduct 4a. EtO,C J// _ ? S ”]E}[?i ,,,,,,,, 7? 7/707 ]
t
e The reaction of 1a and 2a in the absence BuO,C ITJ 6 InCls 65%
of metal halides and triflates also gave 4a 0
quantitatively. 4a 7 In(OTf)3 67%

0,
e Substrates were decomposed by using SnCly, TiCly, 8 Cu(oTh, 22%

F7-.4alZx LTy 1.2 48D ZnBr, AW I InBr; N2 TG SH® 5 & Bk
EW) 3a D3 60%, 66%DIVETENENELND Z E LR L TEBY ., 4a 3B {LATD
A TH D EHEE ST,



DR
la & 2a & DFEIR TORSIZE LT, ZnBry, InBry(1.2 4 &) Z N -ECHUTIREEZ2 2 2 72
Et&ATe o7, fER%Z Table 1 ICE LD 5,

Tablel
EtO,C
EtO,C._CO,Et J| MXq, (1.2 eq) EtOZCj{
tBuOZC]/ ' H,Tl solvent 'BuO,C ITJ
r.t., 17-20h
la 2a 3a
entry solvent MX,, (1.2 eq) 3a da
1 CH,Cl, ZnBr, 81%2
2 CH,Cl, InBrg 78%°2
3 CH,CICH,CI ZnBr, 95%
4 CH,CICH,CI InBr3 81%
5 toluene ZnBr, 74%
6 toluene InBrg 87%
7 THF ZnBr, 96%
8 no solvent ZnBr, 18%° 73%P
9 no solvent InBrg 31%" 61%"
@ Results in Scheme 1. EtO,C.__CO,Et
b 1H-NMR Yield. I
4a‘Buozc rr\

Entry 1-4 OFERNG, Y 7unm A Z U PINT 12- 7 mux 2 UnEEEE LT L
TWDZEEMER LT, Z2NHD 17V REEIT E VA A E RS R
Flo, —RICNVA AR K DO ZREST 5 2 LR b TS, 72, entry 5,6 IZ
AT XN PN UREE T HBREDMERE S iUz, X 51T Entry 7 (2R L7z THF 3R
TOR T W2 1 2 72 WO B (entry 8,9) & [RIEEIZ , BRALDMEE S /e 7, FEE -
WA AR LIS WZ LR, BBROIFILFE T DV A ZAFR~DENLD T
A ABEDOIEENME T T D707 EE 6N,
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EFR EOBEBEDOKRE
N-7 o L)L T 2 U DER FOEBWRIEZE 2 -G L 0 PO I3 5
HANEOND EEZ NG EIT o T2, FER% Table 2 12777,

Table 2
| | EtO,C
EtOZC]/COZEt J MX, (1.2 eq) EtOZCj—{
| +
t
tBUOzC H,I\| CH2C|2 BUOZC ’}]
R r.t., 14-20h R
la 2 3
MX,,
entry 2 (1.2 eq) Product
EtO,C
J' ZnBr, EtO,C 3b : 74%
InBrs 'BUO,C™ 3b:82%
HN" oy H

2c InBrs N 3c : 31% (48%)2

Il EtO,C
3 ZnBr, EtOC > < 3c : 45%
4 \j\l BuO,C

J| EtO,C
EtO,C

ZnBr, 3d : 29%°

t
BUO,C
2d InBrs 2 N 3d : 109%P

2 values in parentheses are the yields of the recovered 1a. ® A small amount of impurity
could not be removed.

N-AF LT VXN T I 2a% N-F a0 07 2020 1282, vA AfE(l.2
WMEYVFE FCTla L ORIGEITR>T-E 2 A, entry 1,2 179 X 912, REEDERKIC
Xove U U EER 3 NELN, 1T I o~ Z R LTz, 3bI3EsiT e Y
VBERTH Y, EERLZOMA~DISHANHE SN S,

Flo, BR LOBBENELEMELZ G T LEHE THIUT, ROOMMAMELE S
NoEEZLN, entry3-6 (IR T X HRT B E VK RXUOULVEEET LT a0
VT R 202d) E DFUE BT o7, L L7, 2¢, 2d TIHBRALEROIR T T
TOHMERE ST, ZOFL, RHOMHMOEE, 7o eV Edh 50T~ UV ED 1a
D CO,'Bu 2k & ORI B D -0 MOHEITFERIANCIEL 725 Z & MR T
bHHEEZEZTND,
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f g R s DR
FEIC 1a & 2a VY, R 0.2 ME)D/LA AR TORB EIT/r o7, fER%E
Table 3 IZF & 5,

Table 3
I EtO,C
EtO2C]/C02Et J MX(0.2 eq) Etozcj{
+
tBUO,C HN solvent 'BUO,C™
| temp., time |
la 2a 3a
entry  MX, (0.2 eq) temp.2, time 3a° 4a° 1a°
1 ZnBr, r.t. 16 96%
2 InBrj r.t. 16 100%
3 In(OTf) rt. 16 98%
4 ZnBry 80 16 14% 19% 14%
5 ZnBry - Et3N 80 16 38% 19% 14%
6  Zn(OTf,-EtzN 80 4 45% 4% 13%
7 Zn(OTf), - EtgN 80 16 45% 21%
8 InBrj 80 4 55% 3% 10%
9  InBrg-Et;N 80 4 74%
2 CH,Cl, was used as a solvent at r.t. and EtO,C.__COEt
CH,CICH,Cl was used at 80°C. ? Isolated yield. 4a
¢ 1H-NMR yield. BUO,C” N7 N

Entry 1-3 ™ X 9 120.2 24 £ ZnBry, InBrs, In(OTH); il 12 K 2 St & RIE TIT9 &
A da DARRIC & EF o7z, il TOBRL 21T S8 5 72 OISR FE %2 80°C
IZHIR L, 12-Y 7 mnxZ oL UG 2772, Entry 4-8 T/ L72 ZnBr,
ZnBry-EtsN, Zn(OTf),,-EtsN°, InBrs & il & L 72 SOGICB W T, BRIk {b &4 3a DI
FIINVA AR 1.2 YEOG & TR LS 720 | JFUEF 1la R0 [EK da DA EFR S Tz,
LA-RIINS DS IE, BRI T CRZICHA~EHETT H728, 16h DG THJFE
KRR R SN b O RIS D, 72, entry 9 @ InBrs-EN Z itz & L7
80°C, 4h DIHIT XY 74% & BIFRETE R Y U UFEK 3a N ELND Z LA
&z, HEEGN 02 Y8)ZMA 5 2 & TBRALIMERE SN D FER NS =08,
EGN [ZEBR(LAIBRA L B2 Do ~u VBT AT LT ) —/L(da O ) —VRYKFE%
T 22T, =/ — VREFEOREMEZ R LS50, 20, RN TERYIZHE
49 % HBr(d 2T HOTH Al U BRI L D s 2 ix b X 9OMEEL T\ b &
EZ2 N5, F£7o, InBrs-EGN Zfllii A & L7 n% 16h £ TIER 35 &, 3a DU
IHME T4 %, In T CTO Bu 508 3 U F A & LTHND(ERMN ST 5)7=
DTHDHEEZTND 'S
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HEE RO S
PLEORERZ S L HE 1a & 2a & O InBrs it T oS 2 HE7E L . Scheme
5077,

InBr3
o O InBr3 (HEt?’) Br
[ \ /N BN /Br
EtO OEt (o o
| AN
BuO,C K J| )IK 7// EtO \ oa/l‘//
la HN 'BuO,C 8u0,C~ N
| 2a I
A (dadd T/ —)LE) B
I/JI\ Br\' Br Bral
O-——"7 r3in:~
®0 OFt 9y EtO,C
o Pz / _ InBrs Et0,C
— t
EtO .
BuO,C” N tBUO ¢ BUOC \
I
c D
Scheme 5

9, PN REO T F LT AT VDI IVR = VBRBICEN LT HZ T, T I
& DI AAIMAMBEE S AL, 253 7 e FUBENC LY = 7 — AR R REHE A
WAERT 5, EHEEOEBHILN AT VLI EEWE | SR 72 I L0 i
ITLIZ K, RUSEDRIELS 225 EHERI S D, HEWTZOMNEA NS, TAFZ
bA YT ANENT HB)Z ENHER S NI, BTEENBD LT VR AT, =
ATIVE ) — VRTINS ORI L 0 PR LPRIK CIcED, £ LT, C D%
ATV LFEEDNEREFEFTCT e P AT H LK DERT, =F VY AF L
PHLE IR DERIRACE DA T D EHERI L T D, ARBRUGE, A P T AN
JVIRZ L« TUF UL 1G9 5 2 L THBR L., ZORE—RERHEDERK
EREN S & 7o THETT 9 5,
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ZasOLENT I R AW EE oA OB

Bex o7 o MU VR UBEFEELOBEET L7 FUFER 1 L N-T R LE
NT I 2 0, WEOWAMEEZH~T, (EFEREDONLA AEA.2 YEMFE T,
CH,CL ', =i 15-21h OIS XV | EnZEnxfic T s n U P U FEAR 3 BN EL
AU7-(Table 4,5),

Table 4 Et0,C
EtO,C.__CO,Et J| MX, (1.2 eq) EtOZCj{
+
]/ CH,Cl, Y

v HN N
| |
R rt, 15-21h R
1 2a:R =Me 3
2b:R=H
MX;,
entry 1 2 (1.2 eq) Product?
1 2a  ZnBr, EtO,C 3e :91% (R = Me)
2 FlOC ACOEL  1ner EtO,C 3e :78% (R=M
| 3 1 78% (R = Me)
3 Et0,C”  1b 2b  ZnBr, EtO,C N 3f 196% (R =H)
4 2b  InBrs R 3f :88% (R = H)
5 EIO.C. CO-Et 2a ZnBr, EtO,C 3g :81% (R = Me)
6 2 | 2 2a  InBrs Etozcj_j 3g :79% (R = Me)
7 BnO,C”~  1c 2b ZnBr, BnO,C N 3h :77% (R = H)
8 2b  InBrs R 3h : 80% (R = H)
EtO,C
9 F10C | COE e zner EtO,C 3i :43% (R = Me)
N 2 ~N : -
10 NN 2a InBry N 3i :60% (R = Me
1d 3 |
0
0

11 2a ZnBr, EtO,C 3] :62% (R = Me)
EtO,C.__CO,Et E1O-C :
12 | 2a INBrj 2 3] :74% (R =Me)
13 < :N 1e 2b ZnBry { N [}| 3k :61% (R=H)
o) O R

14 2b InBrg 3k :69% (R = H)

15 2a ZnBry EtO,C 3l :92% (R = Me)
EtO,C.__CO,Et E1O-C . ~

16 | 2a InBrg 2 3l :68% (R = Me)

17 1 2b ZnBr, N 3m: 99%° (R = H)

18 e} 2b InBr5 O R 3m: 94%° (R = H)

19 2a ZnBr, EtO,C 3n @ 0%° (R =Me)
EtO,C.__CO,Et E1O.C . ~

20 | 2a InBry 2 3n :56% (R = Me)

21 = 1g 2b ZnBr, Ne= N 30 : 0%° (R=H)

22 N 2b InBra R 30 :17% (R = H)

2 |solated yield unless otherwise stated. ® *H-NMR yield. This product is unstable to column
chromatography. ¢ 1,4-adduct was obtained quantitatively.
14



1 OEHIL Y T AT VEFTHIEEICLY, #High - A
Y MR TR R A BR L S EST L 7= (entry 1-8), Y IZ R

oo s < e X e XN
7oL LT 2 REAZAET HHEE 1d TiE, RN EL 5

EtO,C CO,Et

0] N
FERERST=N, P TR LIZL IRy AT AT I R |
A DTS X B4R P ITHEGR T E T 5 BBRE Figure 1

ROTTMHRITH -7 & F 2 51D (entry 9,10 and Figure 1),

TIRETHLIERYV =T N2 AT 5 1le Th 3 DIEITAETED LR L
2ol (entry 11-14), 7 2 RENTZ AT ME EDEFREMEN W=7 EEZBND,

TAT NI bEWETRIMEFS LB NS 7 z= VT F o2 FT5H If C
IZEICE TR A 3 M5 BT (entry 15-18), LU 6 ALEW 3m T T 4
ICAREE CHEES 2 Z LXKk > (entry 17,18), 7=, BEVRSIETHDH T/
KEHT D 1g Tl ERHYNZ GO0, 3ITRIE L 720 | High TIEER
{EA3HELT L 727> > 7= (entry 19-22),

15



FEWTERLIL Y ORZHRET 5720 Y 23 VR = )VER#ELS O E 125 L
TH, 12 ¥ EDO/NA AR IS TS EITR -T2, fiR% Table 5 IZE LD D,

Table 5
N N | | R10,C
R OzC]/COZR MXn (12 eq) Rlozcj{
+
R? rt., 15-17h R?
1 2a:R2=Me 3
2b:R?=H
MX, . 5
entry 1 2 (1.2 eq) Product . Byproduct
1 . . 2a ZnBry tBUO,C 3p: 89% (R?=Me) :
2 B“OZCWCOZ BU 22 InBrs tBuOZCf{ 3p: 63% (R%=Me) |
3 " 2b ZnBr, N 3q: 96%P (R?=H)
4 2b InBra R2 3q: 100%°¢ (RZ=H) !
ZnB EtO,C . 72% (R2=Me) | 6
5 EtO,C._CO,Et 2a nBr, o é 3r o ( e) : 6 : trace
6 J/ 2a InBr3 2 3r: 73% (R°=Me) ' 5:trace
7 1i 2b ZnBr, '?' 3s: 37%° (R2=H) | 6:63%
8 2b InBr3 R2 3s: 47%° (R?=H) | 5:50%
EtO,C :
g EtO,C_COEt oy ZnBr, EtO,C 3t 0% (57%)° | 5:43%
10 | _ 2a  InBrg \ 3t 22% (65%)
11 4 2a  InBrs® | 3t 34% (19%)°
3 |solated yield unless otherwise stated. ° *H-NMR vyield. These EtO,C.__CO,Et
products are unstable to column chromatography. ¢ Reaction
time was shortend to 4h because longer reaction time decreased ~ EtO2C._CO;Et COzEt
the yield. 9 Values in parentheses are the yields of the recovered CO,Et
1j. ® Reaction temperature was raised to 80°C, and CH,CICH,CI s 6

was used as a solvent.

FL7 41OV F LT AT N E BulkllE R - Ptert- 7 F LA F L~
it 27 L 10! L OFUSETIE, Y=H TEIERTEr ) DU B8 E L7 (entry 1-4), 7
HoNVLXLT X U OIS T DB SAREENZE A LN D TH D EFE R
HiLsd, £o. InBry Z HWERFORIS TIX, BB O 53RN E Z > 7272 i
7] 2 0 L 7= (entry 2,4), BIROD X 912 In IS K 5. ‘Bu SOMEENEITT 5720
Thd, VEFAZF VT o B AT NN 2EEETDHE,. 56 LWV o7-Fl
ERDER S AL, 2b L OIS TITFFICZ S Abhe, ZoZ kX1 oL5htL
7 4 v EAT D T TH D Knoevenagel i e 2 OWSUSH, /LA AfE, T 2 DIF
TEIZ L > THEITL, S DAERKICES LB 2 6D, HER L7 i % Scheme 6 1278 L

16



7mo Flo, ARLTZ 52N LITKREAINT 2 Z & T6 B 4AERKRT 5,

Scheme 6

CO,Et EtO,C.__CO,Et

EtO,C.__CO.Et | A EtO0C.Q
J/ I@ P E— gi,-.\_
N N
\\;@/\x NN NN
1i

2b

EtO,C.__CO,Et PR
BT NN

CIFNRUPILwr BT ATV 1] EORIETIE, BIEMT E A TR,
J5EH 2 2% < [BIUX L7z (entry 9,10), & OHIAGER SN NRLZETHY . £
MIUCED F TOEMALREEE L B OO TRV EHERI L TV 5, EEE, MIGEE %
80°C L THIREE D &, 3t DILRIIM L L, REJSOFEES AT 2 (entry 11),

17



5T, filEE02 YE)ToOrr Y VU ARE Table 3 12 Chcalifl & iz 44t
InBr;-Et;N(0.2 24 &), 80°C, 4h ORI L V772 o7, FEF % Scheme 7 127”7,

Scheme 7

InBr3-Et3N Rlo C
1 1 2
R OzC]/COZR J' (0.2 eq.) Rlozcj_{
+
CH,CICH,CI Y

v HN N
2 80°C, 4h 2
1 2a:R=Me 3
2b:R=H
EtO,C EtO,C EtO,C EtO,C
EtOZCj{ EtOZCj{ EtO,C Et0,C
'BUO,C™ >y EtO,C™ >y © N N
| | o | .
74% 80% 65% 69%
EtO,C EtO,C EtO,C EtO,C
Etozcj{ EtOZCj{ Et0,C Et0,C
BUO,C E0,C BAy =N \
H H o H |
75% 64% 45% 53%
EtO,C EtO,C 'BuO,C BuO,C
Etozj{ EtO,C tBuOZCf{ 'BUO,C
N N N N
| | | H
46% 49% 73% 100%

LLED L5 12hx 22 BTk U CRMBEE DV A ABRE WD Z & T, h¥Emice n
U VHEENE LI, WS ONOEETIXIHRT I Vbl &, B Y 2
EATN, ANRENIETH D ET ATV, T Y — MRS TRISMER 1T 5
B Y FBT LHT AT A THLMETR, SRR ) PUARICEITE S b
DEEbND,
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KRERFEL o VLT La—L e LG

AR ORI r U VU AREISEMO~NT B RICOICH TE 202 mEtd 25 2
LL L, BBERTHLT T N7 7 VREMERICRAAT, RKEREZ N E
TOTa/LFALT I vns7Ta L L7 a—Le L, =52 ) LR VR
AT W HE b UTe OS2 A fam L OIS S DV A ABR(FAE T CTIT7e o7, iR %
Table 6 (IZF & 5,

Table 6
| | EtO,C
EtOZCj/COZEt J MX,, Et0,C ? {
| +
v HO solvent Y7 o
temp., time
1 7 8
entry 1 MX,, (eq)? temp.?, time Product

1 ZnBry rt., 17h EtO,C 8b : 81%

2 EtOzC]/COZEt InBrg r.t., 18h Et02Cﬂ 8b : 89%

3 ZnBry(0.2 80°C, 4h 8b : 81%

EO,C” 1b 2(0.2) EtO,C™ Mg b
4 InBr3(0.2) 80°C, 6h 8b : 83%
5 InBr3(0.2)-EtsN¢  80°C, 4h 8b : 73%¢
EtO,C
6 Et0,C | COEL 7y, rt., 16h EtO,C 8d:60% 9:7%
~
7 XN 1d INBr3(0.2) 80°C, 17h =N o 8d : 58%
O O

8 ZnBry r.t., 15h EtO,C 8e : 64%

9 Et0,C | COEL gy, rt, 17h EtO,C 8e : 63%
10 < :N 1o ZnBr,(0.2) 80°C, 17h < :N o 8e : 75%
11 0O InBr3(0.2) 80°C, 17h 0] 8e : 88%

EtO,C .
12 EtO,C CO,Et ZnBr, r.t., 15h 0 é 8f :78%
13 | InBrg rt., 17h 2 8f :91%
14 1f ZnBr,(0.2) 80°C, 17h ¢) 8f :189%
15 @) InBr3(0.2) 80°C, 17h O 8f : 78%
2 The amount of MX,, was used 1.2 equiv unless otherwise stated. ® CH,Cl, was EtO,C CO,Et

used as a solvent at r.t. and CH,CICH,Cl was used at 80°C. ¢ 0.2 equiv of Et3N \\/O
was added. ¢ A small amount of impurity could not be removed. Longer reaction
times increased the impurity. (e} N
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TV MY ANVRUBEBT AT VFEERE AN a7 L a— L ORG
2 &0 AbFERm L O S DV A AL T CORIL T, EREhRST 57 M7
ERe 77 URNEETHE LN, Eal DU AROREE B2 Y | il ZnBr, T
DEAL(80°C) A3 %N B < #E4T L 7=(entry 3,10,14), 7/ a2 —LOREMENT 2 L0 55
WDy, 80°C, 4h DS TILEN R TILEMNREOLNRWZ L b b oTo . KSK
WAIERT 5 Z &2 X0 IR E S iz (entry 4,7,10,11,14,15), £7-, Enl o5&
ROFFIZIE EGN0.2 S4E)ZRINT 25 Z & TIERD\ EN R bN7=R, T b7k ko
77 UARRIZBW TN T A THY BT 72 WIEERH OL S D3 T AR L 7= (entry
5)% —Ji. Buxz AT b la L ORIGETIE, FTEOAF LT T e 770355
T, ROVITYy-T7 7 b 10 OARZ#ERE L72(10 DA% Scheme 8 (Z777),
la LA ABBICE D, ZORBARS TN y-T7 27 S ABIZLENCHE ShTi Y 5,
FNEFREDIGEE Z 7= Rl SN2, T a— L OREMERT 2 X0 550
b, y-T 7 U DERNBELIZEEZBRD,

Scheme 8
CO,Et CO,Et CO,Et
EtO,C EtO,C EtO,C
22\ ZnBr, 22\ 22\
>< o= ®
1a BroZn BryZn K/ H
BraZn BryZn
CO,Et i i
EIO26\ Oy ) OEt Oy ) OEt
I + )\ — = \ — ©
HO N EtO \J/J\ EtO \
(0] (0]
OH o /
H
BryZn
| Q CO,Et
N OEt H.O Etozch
- H
EtO ZnBr, ™o 10
0]
0]
Yamazaki, S. et.al. Org. Lett. 2005, 7, 759.
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R OHERE

TAESOGHERE D & BRALERMEICIER LU, BEEPLEIEL T 12 X A 3 E(B3LYP/6-31G*)IC
Lo TEBIREEORE 2R D172 P2, KIFZEICB T 2 ETIE, BT VEAWE R
AFNTZZTIE L, a7 E LT L a—)L & DZnBr fZ1E F CORISIZDOWTT
720N, Scheme 9 [Z/R L72fE & 67z,

ZnBr, ZnBrZ
///\\\ / Br
HO © o——-Zn
\/ \
MeO OMe OMe // oy'//
MeO,C o MeO,C MeO,C
Al A2 Bl
AG® = 0 kcal/mol AG° = 1.59 kcal/mol AG® = -15.58 kcal/mol
Br, H, Br\
}-l\\ ,,—Zn’Br ¥ @\ ) Zn_ BrZZn\
®O o8 H S O OMe H
omEH Z—H /
MeO f\ — - MeO MeO
MeO,C
MeO,C~ O MeOC O
TS C1 D1
AG¥ = +0.52 kcal/mol AG® = -12.32 kcal/mol AG® = -51.07 kcal/mol
Scheme 9

T a L F)LT )V 3 — )V X LI, T e R UOBENC X DG 65 KOG
WIEA DA IMAE AL D= % /L¥ —fE% 0 keal/mol & L7z, A2 1 Al OSTARELEE BMER T
HY . 1.6kcal/mol D/NI 72T RN —FENREHNTZ, Z D2 OOFEIT, ANICTH
VVEHRBAGRICH D E B X TV D
DAL T AT AL DI A~DOENIZ LY . IAR=VERE - T O
IR L TN D &EB X HILD RO Z ERE BL AR E 70, BV TRFB—IRFERG
BERICE DHAROEBRIRENRE Y, T L THR LT V7 = Vlgnd Rk C1 iz
D, ZIMHRBHIEANYIEREF T 2 FoAb L., S HICTVZ AT VITHERMN
BONL U722 E B RAb &% D1 AR B A HER S vz,

VB ENEKET, BuEAED T, ETEELZEARL L, ST OB EEEIIFET HEE. Sohrddinger
FHREROEELE T 5 5B E & FIMBNEE DN TV D EETIETH U | RISHEE O OF 1172 F
Bl LTHWBA TS 7,
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WIZHTE TR U AR =V R ONT L 50 Zn lZ B U 7= AR BL O o b A
& % Scheme 10 (27~ 7,

Scheme 10

B1

TR ORGRFE Cy L High & OHEX 258ATHY | TAF AT L HHEA~
BONZAS R S NT-, £72. HVR= sk L ligh & OFEEED 2.090A L 720 | ﬁwTﬁ
VRS B HERICENL L TWD Z EIFH LN TH D, — ., RERBREADEKT D &
BEZTWD, TAXF U ORERE CL e /) — VO RFE Co MiRFEDIEREX Z DO
ﬁf&mAk@é*k%tho

Fo. BRBIKEIZERIT D E b % Scheme 11 (2R7,

TS

Scheme 11
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Schemell OANT R LTS EREN 7 "ADRIZ, = ) —VRFECL ETIALF D
NEBERFE Co DRERDIERLT 2 X 912, EWIZIES T 2R LTS, %id LoD Bl
DR T3.03ATH o7 ZNHMKFDOKEHEIT, ZOBBIRETIZ217AL 72D | K
DFEEAEMRBLE TIT1.56A L7 Z EMFHRICEVRES T,

VLD X5 ICEEILBEERIC L DFHEIC L 0 | HEE L QW T e &2 R D53
NELNT, o, FFEBRICOWVWTTIERARANBNMIETH S,
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% 3 SEBRIE

— kR
FERRIT T N TERER FTITo7,

- REFHRENTVD L OEEESH L WVITEF L THEAL, filiSh THhRnak
TR > TER LTS D& LT,

- NMIGOHITIIEE 7 v~ N T 7 4 —(TLOWZ THIWr L7=, TLC ® AR v MMI UV
7 7254 nm)DWIN, = U FEDOFEEA THER LT,
AT Lr7ax 7T 7 4 —OFEANNIFOCHBEE TR U T 577 /1(C-200) % 4 ]
L7,
HEWSIILLTO 0 EEH LT,

KRR B A~ FVEEENMR) | 2NV 7 48 INOVA400 %4 (400MHz)
IRAMRUL A~ [ VAL E(IR) HAY 6 T34E IR—460Plus B FRAM5 8
IRt

B AT kN VEEE (Mass) HAE IMS—700 7 4388

EWRILEWE R D—RFIE
A (VA Alg 1.2 &, ={R)(Scheme 1, entry 1)
WL S 72 OSB3 ZnBr, (130 mg, 0.58 mmol, 1.2 eq. )& M x, B2 T 10 43N
L7 —ALRTA LT, KILHAEZ 0°CITmAIL, EFEKE FE L,
1,1-Diethyl-2-tert-butyl ethenetricarboxylate 1a (137 mg, 0.50 mmol) & dry-CH,Cl,(0.9
mL)Z B IN % . & 512 N-methylpropargylamine 2a (35 mg, 43 pL, 0.50 mmol) % Il 2 7=,
FcR#ezERE TR L, 17 K@ Lz, 17 K%, RCA4%Z 0 °C IZmAL,
FOSREAWC HoO &N TROGEAFIE LTc, FOSIRGW%Z CHCL [ L, fafn
NaHCO; /KEE(10 mL) % /il 2. CH2Cly (30 mLx3) Tt L7z, A8 % Na SO, THL
STt WIERN L CEEAMROHARY 21572, AR E T Lo n~ 7T
7 1 —(Wako gel C-200, 2.7x19 cm, EBHVAME hexane:ether = 9:1 — 4:1 —)IZ TR
L. HIEEIMIRY 3a (138 mg, 81%) % 137=,
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B (VA1 A% 0.2 &, 80°C) (Table 3, entry 9)

LR S 7 USR8 InBrs (35 mg, 0.10 mmol, 0.2 eq.) & M1z, E2Z2 T 10 4y Nzt
L7V —LRIA L, RISH#SEBERETHAIL, EREXILT L LT,

1,1-Diethyl-2-tert-butyl ethenetricarboxylate 1a (133 mg, 0.49 mmol) & dry-CH,Cl, (0.9
mL)Z AN %2 . & 51T N-methylpropargylamine 2a (34 mg, 43 pL, 0.49 mmol ), Et;N (9.9
mg, 14 pL, 0.10 mmol) & M1 2 7=, K4 #s% 80°C £ THAM L 4 WefHfEERE L=, 4 ¥
%, BUSHEZRZ 0 °CITWAL, RISNEAMIZ H0 Z N2 TG ZtF1E Lz, BOGTER
W% CHCL IS L, #8F1 NaHCOs K72 (10 mL)Z ., CHyCly (30 mLx3) THil
U7z, AHEE % NaySO, THIME SE 7o UL L Tk O ARM 2157,
WERMZE 7 L~ N7 T 7 4 —(Wako gel C-200, ¢2.7<19 cm, & B ¥ 4
hexane:ether = 9:1 — 4:1 -)IT TR L, KEAHIKY 3a (124 mg, 74%) & 157,

JFEHE B D — R FIIE

{b& ¥ la-c,1f,1giX. Diethyl ketomalonate & & 41U L%}t 3~ % Triphenylmethylene-
phosphorane & Z I\, SCHR8c,16allfE > TR L7z, 1d & 1ei33CHk9, 1817 > TH AL
L. W3Rzt > TER L7z, 1i & 1jiTAldrichft HEEA L7,

Synthesis of 1a'®

CO,Et EtO,C._ CO,Et

\n/ + /=—PPhg

t
o) BuO,C benzene 'BUO,C
0°C, 1h

— r.t., overnight

EtO,C

la

Diethyl oxomalonate (3.48 g, 20.0 mmol)D > ¥ ¥R (40 mL) %0 °CIZ#EI L. 55 [
73} TCtert-butyl (triphenylphosphoranylidene)acetate™ (7.53 g, 20.0 mmol) & I X 7=, % D
F RO CTIRFRIEA L7te, SRR LR Lo, BIERMEIC TN B2/
ELT#, m—TNEMNMx T, ST LIZ MY 72 =R AT ¢ A F v Ra B RTER
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IZTHY BRE | IR A BRI LTz, IREE 7 L7 v~ N7 T 7 ¢ —(Wako gel
C-200, ¢3.2x24 cm, FEBRVALE hexane:ether = 9:1 =) I TRRLL | Ak Y1a (4.60 g,

85%) & 1%7=,
Synthesis of 1e%18
(HU
EtOZCj/COZEt TEA EtOZC]/COZEt HBT, WSC EtO,C CO,Et
BUO,C r1sh Lo e THF < :N‘xg/
0°C, 1h o)
la 1k — rt., 12h le

1,1-Diethyl-2-tert-butyl ethenetricarboxylate 1a (1.62 g, 6.0 mmol){Z TFA (24 mL)% 0 C
BT TINA, |RICR LT LS BRI L7, €Ok, = KN b—F2—LHZERY
7T TFA &8 E L., AR O 1k (1.30 g, 2.0 mmol) % & BRI 7=,

71 VIR FE1K (1.30 g, 6.0 mmol) D THF(8.0 mL)A# (20 “CHi#: T, HBT (1.62 g,
12.0 mmol, 2.0 eq.), WSC (1.20 g, 6.2 mmol, 1.04 eq.), Piperidine (1.2 mL, 1.0 g, 12.0 mmol,
20eq)Z Mz, 0°CT 1 HRERIEEE L7212, SIRICE U12RFREIIRER L7z, BUERMEIC T
THFZ ¥ % L72%. CHyCl, (150 mL), #3FMNaHCO; KK (60 mL) & (2 CHi L7z, A
g2 2 M7 = B0 mL), FIFINaHCO; /KR (20 mL), H,O (20 mL) THE#4 L.
NaySO4 CHIME S B 7=t W2 WERE £ LT ka7 Lo u~ 875 7 4 —(Wako
gel C-200, 92.7x20 cm, JEFAAME hexane:ether = 4:1 — 2:1 — 1:4 —)IZ TR L, 838
ik le (1.24 g, 73%) & 157-,

Synthesis of 1h?!
o
i
n
CH3COOK
'BUO,C.__CO,Bu  [Cup(CH3CO,)4(H;0),] ‘BquC\WCOztBu

CH3COOH
90°C, 2h

1h

Di-tert-butylmalonate (3.85 g, 17.9 mmol)(Z dist-CH;COOH (8.9 mL)& Nz, ###: FC
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para-formaldehyde (1.06 g), EEf2 77 U 7 2(0.18 g, 1.8 mmol), BEFESHH 1 /K Fn42(0.18 g, 0.89
mmol)Z 1z, 90 °C T 2 Wefi#R#: L7-t%. =|IR Tt L7, BJEZK#E 12T CH;COOH
(21 °C/5-12 mmHg) Z bR &, 1h Z & eE P a{ba#(20-80 °C/3 mmHe) 2D 7=, 56
AT LA R % Ether (Z¥f#R L, f8F0 NaHCO; KIAHR, H,O T L., Ether THiHI L
7ot NapSO, THZMEE U7z, JBUEIRMEIC T Ether 28 % L7214, BUEARR I CTHEAIR
¥ 1h (2.52 g, 65% : 75-79 °C/3 mmHg) % 157=,

L& —%

1,1-Diethyl 2-tert-Butyl Ethene-1,1,2-tricarboxylate (1a)'®*: R¢= 0.8 (hexane:ether = 1:1);
Colorless oil; bp 100 °C/3 mmHg; '"H NMR (200 MHz, CDCl3) § 1.31 (t, J = 7.2 Hz, 3H),
1.35(t,J=7.2 Hz, 3H), 1.49 (s, 9H), 4.29 (q, J = 7.2 Hz, 2H), 4.36 (q, J = 7.2 Hz, 2H), 6.80
(s, 1H); *C NMR (50.1 MHz, CDCls) § 13.83, 13.92, 27.78, 61.80, 62.26, 82.76, 132.1, 137.5,
162.5, 162.6, 164.3; IR (neat) 2984, 1717, 1647, 1450, 1373, 1350, 1253, 1201, 1154, 1067,
1023, 849, 777 cm'l; MS (FAB) m/z 273 (MH+). Anal. Calcd for C;3H,0O¢: C, 57.34; H, 7.40.

Found: C, 57.09; H, 7.46.

Diethyl 2-[2-oxo-2-(piperidin-1-yl)ethylidene]malonate (1e)’: R¢ = 0.3 (hexane:ether = 1:4).
Pale yellow oil; 'H NMR (400 MHz, CDCl3) & (ppm) 1.32 (t, J =7.1 Hz, 6H), 1.56-1.71 (m,
6H), 3.42 (dd, J = 5.5, 5.3 Hz, 2H), 3.58 (dd, J = 5.7, 5.3 Hz, 2H), 4.29 (q, J = 7.1 Hz, 2H),
432 (q, J = 7.1 Hz, 2H), 7.35 (s, 1H); *C NMR (100.6 MHz, CDCl3) & (ppm) 14.0 (q), 14.1
(qQ), 24.4 (1), 25.3 (1), 26.3 (1), 42.6 (1), 47.5 (1), 61.8 (1), 62.1 (1), 133.3 (s), 136.2 (d), 162.8 (s),
163.2 (s), 164.3 (s); IR (neat) 2939, 2858, 1734, 1636, 1445, 1374, 1341, 1259, 1069 cm™;

MS (EI) m/z 283 (M"); HRMS M" 283.1419 (caled for C4H,;NOs 283.1420).
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1,1-Diethyl 2-Benzoyl Ethene-1,1-dicarboxylate (1f)'*: Ry = 0.6 (hexane:ether = 2:1); Pale
yellow oil; 'H NMR (200 MHz, CDCls) 6 1.25 (t, J = 7.1 Hz, 3H), 1.35 (t, J = 7.1 Hz, 3H),
4.24-4.40 (m, 4H), 7.47-7.63 (m, 3H), 7.86 (s, 1H), 7.97 (d, J = 8.1 Hz, 1H); >C NMR (50.1
MHz, CDCls) 6 13.74, 14.03, 62.00, 62.47, 128.8, 128.9, 134.2, 135.2, 136.0, 136.5, 162.9,
164.5, 189.1; IR (neat) 2986, 1734, 1676, 1626, 1599, 1580, 1450, 1377, 1267, 1209, 1067,
1011, 756, 698 cm™'; MS (EI) m/z 276 (16), 247 (5.5), 231 (17), 203 (10), 189 (52), 171 (100),
157 (37), 105 (33); HRMS M" 276.1005 (caled for C;sH;s0s 276.0998); Anal. Calcd for

CisH160s5: C, 65.21; H, 5.84. Found: C, 65.26; H, 5.89.

1,1-diethyl 2-hydrogen ethenetricarboxylate (1k)*'®: Colorless oil; '"H NMR (400 MHz,
CDCly) § (ppm) 1.33 (t, J = 7.1 Hz, 3H), 1.34 (t, J = 7.1 Hz, 3H), 4.32 (q, J = 7.1 Hz, 2H),
4.37(q, J=7.1 Hz, 2H), 6.89 (s, 1H), 11.31 (bs, 1H); >C NMR (100.6 MHz, CDCl3) 5 (ppm)
13.72 (q), 13.88 (q), 62.34 (q), 62.79 (q), 128.97 (d), 140.59 (s), 161.97 (s), 164.07 (s), 168.37
(s); IR (neat) 3200 (broad), 2987, 1737, 1652, 1374, 1338, 1253, 1067 cm™; MS (FAB) m/z

217 (M+H)"); HRMS (M+H)" 217.0715 (calcd for CoH,306 217.0712).

2-tert-Butyl 3,3-diethyl 1-methyl-4-methylenepyrrolidine-2,3,3-tricarboxylate (3a): R¢ =
0.8 (ether); Pale yellow oil; 'H NMR (400 MHz, CDCls) & (ppm) 1.26 (t, J = 7.1 Hz, 3H),
1.27 (t, J =7.1 Hz, 3H), 1.47 (s, 9H), 2.46 (s, 3H), 3.39 (dt, J = 13.0, 2.1 Hz, 1H), 3.67 (dt, J
=13.0, 2.1 Hz, 1H), 4.02 (s, 1H), 4.08-4.30 (m, 4H), 5.27 (t, J = 1.9 Hz, 1H), 5.46 (t,J=2.4
Hz, 1H); °C NMR (100.6 MHz, CDCl3) & (ppm) 13.89 (q), 13.94 (q), 28.1 (q), 39.1 (q), 59.1
(1), 61.8 (1), 62.2 (1), 66.7 (s), 72.9 (d), 81.7 (s), 111.5 (t), 143.1 (s), 167.1 (s), 168.2 (s), 168.4
(s). Selected HMBC correlations are between & 4.02 (CHCO,'Bu) and & 59.1 (NCH,), 66.7
(C(CO,Et)y), and 143.1 (C=CH,); IR (neat) 1742 cm™'; MS (FAB) m/z 342 (M+H)"; HRMS
(MJrH)+ 342.1920 (calcd for C7HsNOg 342.1917). Anal. Calcd for C7H7NOg: C, 59.81; H,

7.97; N, 4.10. Found: C, 59.77; H, 8.11; N, 4.09.
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1-tert-Butyl 2,2-diethyl 1-(N-methyl-N-(prop-2-ynyl)amino)ethane-1,2,2-tricarboxylate
(4a): Re= 0.9 (ether). Pale yellow oil; "H NMR (400 MHz, CDCls) & (ppm) 1.25 (t, J = 7.1 Hz,
3H), 1.27 (t, J = 7.1 Hz, 3H), 1.48 (s, 9H), 2.20 (t, J = 2.5 Hz, 1H), 2.37 (s, 3H), 3.41 (dd, J =
16.0, 2.5 Hz, 1H), 3.45 (dd, J = 16.0, 2.5 Hz, 1H), 3.93 (d, J = 11.6 Hz, 1H), 4.05 (d,J=11.6
Hz, 1H), 4.14-4.24 (m, 2H); >C NMR (100.6 MHz, CDCl3) § (ppm) 14.06 (q), 14.13 (q), 28.3
(q), 37.4 (q), 44.8 (1), 53.1 (d), 61.5 (1), 61.6 (1), 65.1 (d), 72.2 (d), 80.3 (s), 82.2 (s), 167.2 (s),
167.5 (s), 168.4 (s); IR (neat) 3277, 1733, 1369, 1303, 1152, 1035 cm™’; MS

(EI) m/z 341 (M"); HRMS M" 341.1845 (calcd for C;7H,7NOg 341.1838).

2-tert-Butyl 3,3-diethyl 4-methylenepyrrolidine-2,3,3-tricarboxylate (3b): Ry = 0.3 (ether).
Pale yellow oil; 'H NMR (400 MHz, CDCl3) & (ppm) 1.26 (t, J = 7.1 Hz, 3H), 1.29 (t, J = 7.1
Hz, 3H), 1.45 (s, 9H), 2.45 (bs, 1H), 3.63 (dt, J = 15.7, 2.3 Hz, 1H), 3.83 (dt, J = 15.7Hz, 2.1
Hz, 1H), 4.09-4.31 (m, 4H), 4.40 (s, 1H), 5.24 (t, J = 2.0 Hz, 1H), 5.46 (t, J = 2.4 Hz, 1H); °C
NMR (100.6 MHz, CDCls) & (ppm) 13.97 (q), 14.04 (q), 27.9 (q), 51.9 (1), 61.8 (1), 62.1 (1),
66.7 (s), 69.1 (d), 82.1 (s), 110.7 (t), 147.3 (s), 167.8 (s), 168.7 (s), 169.0 (s). Selected HMBC
correlations are between & 4.40 (CHCO,'Bu) and & 51.9 (NCH,), 66.7 (C(COsEt),), and 147.3
(C=CHb,).; IR (neat) 3338, 2980, 1734, 1368, 1255, 1159, 1058 cm™; MS (EI) m/z 327 (M");

HRMS M" 327.1681 (calcd for C16HasNOg 327.1682).

Triethyl 1-methyl-4-methylenepyrrolidine-2,3,3-tricarboxylate (3e): Ry = 0.7 (ether).
Colorless oil; "H NMR (400 MHz, CDCls) & (ppm) 1.24 (t, J = 7.1 Hz, 3H), 1.28 (t, J = 7.1Hz,
3H), 1.29 (t, J = 7.1 Hz, 3H), 2.44 (s, 3H), 3.32 (dt, J = 13.4, 2.3 Hz, 1H), 3.75 (dt, J = 13.4,
2.1 Hz, 1H), 4.06 (s, 1H), 4.12-4.32 (m, 6H), 5.28 (t, J = 2.0 Hz, 1H), 5.40 (t, J =2.3 Hz, 1H);
PC NMR (100.6 MHz, CDCl3) & (ppm) 13.8 (q), 14.0 (q), 14.2 (q), 39.7 (q), 59.3 (1), 60.7 (1),
62.0 (1), 62.3 (1), 67.0 (s), 72.6 (d), 111.6 (t), 142.9 (s), 167.1 (s), 168.1 (s), 169.4 (s). Selected
HMBC correlations are between 6 4.06 (CHCO,Et) and 8 59.3 (NCH,), 67.0 (C(CO,Et),), and

142.9 (C=CH,).; IR (neat) 2982, 1739, 1666, 1466, 1446, 1368, 1204, 1031 cm™'; MS (EI) m/z
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313 (M"); HRMS M" 313.1513 (calcd for C;5sH23NOg 313.1525); Anal. Calcd for C;sH23NOg:

C, 57.50; H, 7.40; N, 4.47. Found: C, 57.22; H, 7.60; N, 4.43.

Triethyl 4-methylenepyrrolidine-2,3,3-tricarboxylate (3f): Ry = 0.2 (hexane:ether = 1:9).
Pale yellow oil; 'H NMR (400 MHz, CDCl3) & (ppm) 1.25 (t, J = 7.1 Hz, 3H), 1.27 (t, J = 7.1
Hz, 3H), 1.30 (t, J = 7.1 Hz, 3H), 2.55 (bs, 1H), 3.64 (dt, J = 15.7, 2.3 Hz, 1H), 3.85 (dt, J
=15.7, 2.1 Hz, 1H), 4.10-4.31 (m, 6H), 4.52 (s, 1H), 5.27 (t, J = 2.0 Hz, 1H), 5.45 (t, J = 2.4
Hz, 1H); C NMR (100.6 MHz, CDCl5) & (ppm) 13.8 (q), 13.9 (q), 14.0 (q), 51.8 (t), 61.2 (1),
61.8 (1), 62.1 (t), 67.0 (s), 68.2 (d), 110.8 (1), 146.9 (s), 167.7 (s), 168.4 (s), 170.0 (s). Selected
HMBC correlations are between 6 4.52 (CHCO,Et) and 8 51.8 (NCH,), 67.0 (C(CO,Et),), and
146.9 (C=CH,).; IR (neat) 3338, 2984, 1737, 1446, 1369, 1257 cm’'; MS (EI) m/z 299 (M");

HRMS M" 299.1371 (calcd for C14H2NOg 299.1369).

2-Benzyl 3,3-diethyl 1-methyl-4-methylenepyrrolidine-2,3,3-tricarboxylate (3g): R¢ =0.6
(ether). Pale yellow oil; '"H NMR (400 MHz, CDCls) & (ppm) 1.17 (t, J = 7.1 Hz, 3H), 1.20 (t,
J=7.1 Hz, 3H), 2.42 (s, 3H), 3.32 (dt, J = 13.4, 2.4 Hz, 1H), 3.75 (dt, J = 13.4, 2.1 Hz, 1H),
4.00-4.25 (m, 4H), 4.13 (s, 1H), 5.17 (s, 2H), 5.28 (t, J = 2.1 Hz, 1H), 5.40 (t, J = 2.4 Hz, 1H),
7.29-7.38 (m, 5H); >C NMR (100.6 MHz, CDCl3) & (ppm) 13.8 (q), 13.9 (q), 39.7 (q), 59.3
(1), 62.1 (1), 62.3 (t), 66.6 (t), 67.1 (s), 72.6 (d), 111.7 (t), 128.3 (d), 128.4 (d), 128.5 (d), 135.6
(s), 142.9 (s), 167.0 (s), 168.0 (s), 169.3 (s). Selected HMBC correlations are between o 4.13
(CHCO,CH,Ph) and 6 59.3 (NCH,), 67.1 (C(CO,Et),), and 142.9 (C=CH,).; IR (neat) 2981,
2790, 1739, 1665, 1456, 1366, 1240, 1200, 1048 cm™; MS (EI) m/z 375 (M"); HRMS M"
375.1682 (calcd for C,0H2sNOg 375.1682).

2-Benzyl 3,3-diethyl 4-methylenepyrrolidine-2,3,3-tricarboxylate (3h): Ry = 0.3 (ether).
Pale yellow oil; 'H NMR (400 MHz, CDCl3) & (ppm) 1.15 (t, J=7.1 Hz, 3H), 1.22 (t, J=7.1

Hz, 3H), 2.25 (bs, 1H), 3.65 (dt, J = 15.7, 2.2 Hz, 1H), 3.86 (dt, J = 15.7, 2.2 Hz, 1H),
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3.94-4.02 (m, 1H), 4.06-4.14 (m, 1H), 4.15-4.27 (m, 2H), 4.58 (s, 1H), 5.15 (d, J = 12.3 Hz,
1H), 5.17 (d, J=12.3 Hz, 1H), 5.27 (t, J=2.0 Hz, 1H), 5.45 (t, J = 2.4 Hz, 1H), 7.29-7.37 (m,
5H); *C NMR (100.6 MHz, CDCl3) & (ppm) 13.86 (q), 13.93 (q), 51.8 (1), 62.0 (1), 62.3 (1),
67.1 (1), 67.1 (s), 68.3 (d), 111.1 (t), 128.36 (d), 128.38 (d), 128.5 (d), 135.4 (s), 146.8 (s),
167.7 (s), 168.5 (s), 169.9 (s). Selected HMBC correlations are between & 4.58
(CHCO,CH,Ph) and 6 51.8 (NCH,), 67.1 (C(CO;Et),), and 146.8 (C=CH;).; IR (neat) 3336,
2982, 1732, 1456, 1259, 1057 cm™; MS (EI) m/z 361 (M"); HRMS M" 361.1525 (calcd for
C19H23NOg 361.1525); Anal. Calcd for C19H3NOg: C, 63.15; H, 6.41; N, 3.88. Found: C,

63.08; H, 6.35; N, 3.93.

Diethyl  2-(N-methyl-N-(prop-2-ynyl)carbamoyl)-1-methyl-4-methylenepyrrolidine-3,3-
dicarboxylate (3i): R¢ = 0.2 (ether). Red brown crystals; mp 44-45 °C; '"H NMR (400 MHz,
CDCl3) (2 conformers, ratio 2 : 1) & (ppm) 1.19-1.29 (m, 6H), 2.20 (t, J = 2.6 Hz, 0.67%1H,
major conformer), 2.33 (t, J = 2.5 Hz, 0.33x1H, minor conformer), 2.380 (s, 0.33x3H), 2.382
(s, 0.67x3H), 3.01 (s, 0.33x3H), 3.25 (s, 0.67x3H), 3.35 (dt, J = 12.8, 2.1 Hz, 0.33x1H), 3.43
(dt, J =12.6, 1.8 Hz, 0.67x1H), 3.82 (dt, J = 12.6, 2.2 Hz, 0.67x1H), 3.86 (dt, J = 12.8, 2.0
Hz, 0.33x1H), 4.05 (dd, J = 18.5, 2.4 Hz, 0.33x1H), 4.09-4.30 (m, 4H+0.67x2H), 4.58 (dd, J
=18.5, 2.6 Hz, 0.33x1H), 4.64 (s, 0.33x1H), 4.78 (s, 0.67x1H), 5.32 (t, J = 2.0 Hz, 0.33x1H),
5.33 (t, J =2.0 Hz, 0.67x1H), 5.51 (t, J = 2.2 Hz, 0.33x1H), 5.57 (t, J = 2.2 Hz, 0.67x1H);
BC NMR (100.6 MHz, CDCl3) & (ppm) 13.9 (q), 33.6 (q), 35.0 (q), 36.2 (t), 38.5 (q), 39.1 (q),
39.6 (1), 59.3 (t), 59.5 (1), 61.8 (1), 62.4 (t), 66.7 (s), 67.0 (s), 67.9 (d), 68.8 (d), 71.9 (d), 72.9
(d), 78.5 (s), 78.7 (s), 112.0 (t), 112.2 (t), 142.9 (s), 143.1 (s), 167.2 (s), 167.3 (s), 168.6 (s),
168.7 (s), 169.3 (s); IR (KBr) 3232, 2983, 2939, 2930, 2785, 2112, 1765, 1733, 1622, 1472,
1444, 1410, 1264, 1239, 1065, 1035 cm™; MS (EI) m/z 336 (M"); HRMS M" 336.1682 (calcd
for C17H24N,05 336.1685); Anal. Calcd for C17H24N,0s: C, 60.70; H, 7.19; N, 8.33. Found: C,

60.52; H, 7.25; N, 8.20.
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Diethyl 2-[(piperidin-1-yl)carbonyl]-1-methyl-4-methylenepyrrolidine-3,3-dicarboxylate
(3j): Re=0.03 (ether). Colorless oil; 'H NMR (400 MHz, CDCls) & (ppm) 1.22 (t, J = 7.1 Hz,
3H), 1.26 (t, J = 7.1 Hz, 3H), 1.50-1.70 (m, 6H), 2.37 (s, 3H), 3.37 (dt, J = 12.6, 2.0 Hz, 1H),
3.43-3.49 (m, 1H), 3.56-3.71 (m, 3H), 3.82 (dt, J = 12.6, 2.1 Hz, 1H), 4.06-4.25 (m, 4H), 4.74
(s, 1H), 532 (t, J = 1.8 Hz, 1H), 5.53 (t, J = 2.2 Hz, 1H); °C NMR (100.6 MHz, CDCl;) 3
(ppm) 13.9 (q), 14.0 (q), 24.6 (1), 25.9 (1), 26.6 (1), 38.9 (q), 42.9 (t), 47.2 (1), 59.5 (1), 61.6 (1),
62.2 (t), 66.7 (s), 67.9 (d), 111.9 (t), 143.4 (s), 167.3 (s), 167.4 (s), 168.8 (s). Selected HMBC
correlations are between 6 4.74 (CHCON) and & 59.5 (MeNCH,), 66.7 (C(CO;Et),), and
143.4 (C=CH,).; IR (neat) 2938, 2857, 1738, 1634, 1444, 1247, 1190 cm™'; MS (EI) m/z 352

(M"); HRMS M" 352.1998 (calcd for C3HsN,05 352.1998).

Diethyl 2-[(piperidin-1-yl)carbonyl]-4-methylenepyrrolidine-3,3-dicarboxylate (3Kk): R¢ =
0.03 (ether). Colorless oil; 'H NMR (400 MHz, CDCls) & (ppm) 1.23 (t, J=7.1 Hz, 3H), 1.28
(t, J = 7.1 Hz, 3H), 1.48-1.69 (m, 6H), 2.68 (bs, 1H), 3.44-3.50 (m, 1H), 3.56-3.72 (m, 3H),
3.57 (dt, J = 15.7, 2.3 Hz, 1H), 3.85 (dt, J = 15.7, 2.0 Hz, 1H), 4.04-4.12 (m, 1H), 4.17-4.30
(m, 3H), 4.84 (s, 1H), 5.26 (t, J = 2.0 Hz, 1H), 5.48 (t, J = 2.3 Hz, 1H); *C NMR (100.6 MHz,
CDCI3) & (ppm) 13.92 (q), 13.94 (q), 24.6 (1), 25.6 (1), 26.5 (1), 43.4 (1), 46.8 (1), 52.4 (1), 61.6
(t), 62.0 (1), 65.6 (d), 67.0 (s), 110.3 (t), 147.6 (s), 167.4 (s), 168.2 (s), 169.3 (s). Selected
HMBC correlations are between 6 4.84 (CHCON) and 6 52.4 (HNCH,), 67.0 (C(CO;Et),),
and 147.6 (C=CHa,).; IR (neat) 3316, 2938, 2858, 1727, 1644, 1469, 1445, 1421, 1252, 1058

cm™; MS (EI) m/z 338 (M"); HRMS M" 338.1842 (calcd for C;7H,6N,Os 338.1842).

Diethyl 2-benzoyl-4-methylene-1-methyl-pyrrolidine-3,3-dicarboxylate (3l): Ry = 0.7
(hexane:ether = 1:4). Colorless oil; '"H NMR (400 MHz, CDCl3) & (ppm) 0.936 (t, J = 7.1 Hz,
3H), 1.25 (t, J = 7.1 Hz, 3H), 2.38 (s, 3H), 3.43 (dt, J = 13.4, 2.1 Hz, 1H), 3.82-3.90 (m, 2H),
3.94-4.02 (m, 1H), 4.22-4.27 (m, 2H), 5.30 (s, 1H), 5.39 (t, J = 1.9 Hz, 1H), 5.54 (t, J = 2.2

Hz, 1H), 7.45-7.50 (m, 2H), 7.56-7.60 (m, 1H), 8.06-8.09 (m, 2H); *C NMR (100.6 MHz,
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CDCl3) 8 (ppm) 13.5 (q), 13.9 (q), 39.9 (q), 59.5 (1), 61.8 (1), 62.5 (t), 67.3 (s), 72.1 (d), 112.3
(1), 128.6 (d), 128.7 (d), 133.4 (d), 137.6 (s), 143.2 (s), 167.2 (s), 168.6 (s), 197.9 (s). Selected
HMBC correlations are between 6 5.30 (CHCOPh) and d 59.9 (NCH,), 67.3 (C(CO,Et),), and
143.2 (C=CH,).; IR (neat) 2982, 1733, 1688, 1448, 1225 cm™'; MS (EI) m/z 345 (M"); HRMS

M" 345.1574 (calcd for C9H,3NOs 345.1576).

Diethyl 2-cyano-4-methylene-1-methyl-pyrrolidine-3,3-dicarboxylate (3n): Ry = 0.7
(ether). Pale yellow oil; 'H NMR (400 MHz, CDCl5) & (ppm) 1.27 (t, J=7.1 Hz, 3H), 1.32 (¢,
J=7.1 Hz, 3H), 2.50 (s, 3H), 3.31 (dt, J = 13.3, 2.4 Hz, 1H), 3.54 (dt, J = 13.3, 1.8 Hz, 1H),
4.23-4.34 (m, 4H), 4.50 (s, 1H), 5.40 (t, J = 2.0 Hz, 1H), 5.60 (t, J = 2.3 Hz, 1H); °C NMR
(100.6 MHz, CDCl3) & (ppm) 13.89 (q), 13.92 (q), 38.4 (q), 58.1 (t), 62.2 (d), 62.86 (t), 62.94
(t), 66.9 (s), 114.0 (s), 114.4 (t), 139.5 (s), 165.7 (s), 166.5 (s). Selected HMBC correlations
are between 6 4.50 (CHCN) and d 58.1 (NCH,), 66.9 (C(CO;Et),), and 139.5 (C=CH,).; IR
(neat) 2984, 2797, 2227, 1743, 1668, 1466, 1263, 1239, 1199 cm™; MS (EI) m/z 266 (M");

HRMS M 266.1267 (caled for C3H sN,04 266.1267).

Di-tert-butyl  1-methyl-4-methylenepyrrolidine-3,3-dicarboxylate  (3p): Ry = 0.1
(hexane:ether = 1:1). Pale yellow oil; '"H NMR (400 MHz, CDCl3) & (ppm) 1.47 (s, 18H),
2.35 (s, 3H), 3.08 (s, 2H), 3.23 (t, J=2.1 Hz, 2H), 5.28 (t, J = 1.9 Hz, 1H), 5.40 (t, J =2.2 Hz,
1H); *C NMR (100.6 MHz, CDCls) d (ppm) 27.8 (q), 42.1 (q), 61.7 (t), 63.3 (t), 64.7 (s),
81.7 (s), 111.2 (t), 144.7 (s), 168.1 (s). Selected HMBC correlations are between & 3.08
(CHC(CO,'Bu),) and & 61.7 (NCH,C=C), 64.7 (C(CO;Et),), and 144.7 (C=CH,).; IR (neat)
2977, 1733, 1369, 1280, 1148 cm™; MS (EI) m/z 297 (M"); HRMS M" 297.1941 (calcd for

Ci6H27NO4 297.1940).

Di-tert-butyl 4-methylenepyrrolidine-3,3-dicarboxylate (3q): Ry = 0.1 (ether). Pale yellow
oil; "H NMR (400 MHz, CDCls) & (ppm) 1.47 (s, 18H), 1.85 (bs, 1H), 3.41 (s, 2H), 3.58 (t, J
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= 2.0 Hz, 2H), 5.29 (t, J = 2.0 Hz, 1H), 5.43 (t, J = 2.2 Hz, 1H); “C NMR (100.6 MHz,
CDCls) & (ppm) 27.9 (q), 53.9 (1), 56.9 (), 65.6 (s), 81.8 (s), 110.3 (t), 147.5 (s), 168.8 (s).
Selected HMBC correlations are between & 3.41 (CHC(CO,'Bu),) and & 53.9 (NCH,C=C),
65.6 (C(CO,Et),), and 147.5 (C=CH,).; IR (neat) 2978, 1724, 1369, 1275, 1147 cm™'; MS (EI)

m/z 283 (M"); HRMS M" 283.1782 (calcd for C;sH,sNO, 283.1784).

Diethyl 1,2-dimethyl-4-methylenepyrrolidine-3,3-dicarboxylate (3r): R¢= 0.3 (ether). Pale
yellow oil; 'H NMR (400 MHz, CDCls) & (ppm) 1.21 (d, J=6.5 Hz, 3H), 1.26 (t, J = 7.1 Hz,
3H), 1.29 (t, J="7.1 Hz, 3H), 2.30 (s, 3H), 2.96 (dt, J = 13.5, 2.7 Hz, 1H), 3.03 (q, J = 6.5 Hz,
1H), 3.78 (dtd, J = 13.5, 1.7, 0.6 Hz, 1H), 4.19-4.28 (m, 4H), 5.23 (dd, J = 2.6, 1.6 Hz, 1H),
537 (dd, J=2.9, 1.8 Hz, 1H); *C NMR (100.6 MHz, CDCl3) & (ppm) 14.0 (q), 14.2 (q), 14.4
(), 39.9 (q), 61.2 (1), 61.5 (t), 61.6 (t), 66.8 (s), 67.3 (d), 110.6 (), 143.9 (s), 168.8 (s), 168.9
(s). Selected HMBC correlations are between & 3.03 (CHCHj) and 6 61.2 (NCHy), 66.8
(C(CO,Et),), and 143.9 (C=CH,).; IR (neat) 2981, 1732, 1461, 1382, 1244, 1048 cm™; MS

(ET) m/z 255 (M"); HRMS M" 255.1471 (calcd for C;3H,NOy4 255.1471).

Diethyl 2-methyl-4-methylenepyrrolidine-3,3-dicarboxylate (3s): Ry = 0.1 (ether). Pale
brown oil; '"H NMR (400 MHz, CDCl3) & (ppm) 1.25 (d, J = 6.8 Hz, 3H), 1.28 (t, J = 7.1 Hz,
3H), 1.30 (t, J = 7.1 Hz, 3H), 2.70 (bs, 1H), 3.57 (dt, J = 15.9, 2.4 Hz, 1H), 3.75 (dt, J = 15.9,
1.9 Hz, 1H), 3.79 (q, J = 6.8 Hz, 1H), 4.14-4.32 (m, 4H), 5.22 (t, J = 2.3 Hz, 1H), 5.48 (t, J =
2.5 Hz, 1H); °C NMR (100.6 MHz, CDCls) & (ppm) 14.0 (q), 14.2 (q), 15.7 (q), 52.0 (t), 61.5
(t), 61.6 (1), 62.4 (d), 67.2 (s), 110.6 (t), 148.2 (s), 167.0 (s), 169.3 (s); IR (neat) 2982, 1733,
1447, 1368, 1263, 1097, 1059 cm™; MS (EI) m/z 241 (M"); HRMS M" 241.1314 (calcd for

Ci2H19NO4 241.1314).

Diethyl 1-methyl-4-methylene-2-phenylpyrrolidine-3,3-dicarboxylate (3t)*“: Ry = 0.7

(ether). Colorless crystals; mp 117-119 °C; 'H NMR (400 MHz, CDCl;) & (ppm) 0.725 (t, J =
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7.1 Hz, 3H), 1.25 (t, J = 7.1 Hz, 3H), 2.20 (s, 3H), 3.12 (dt, J = 13.1, 2.7 Hz, 1H), 3.31-3.39
(m, 1H), 3.75-3.83 (m, 1H), 3.94 (d, J = 13.1 Hz, 1H), 4.18-4.30 (m, 2H), 4.35 (s, 1H), 5.34
(dd, J = 2.9, 1.6 Hz, 1H), 5.42 (dd, J = 2.6, 1.5 Hz, 1H), 7.23-7.31 (m, 3H), 7.42-7.45 (m,
2H); °C NMR (100.6 MHz, CDCl3) & (ppm) 13.4 (q), 14.0 (q), 40.4 (q), 61.0 (t), 61.2 (t),
61.7 (t), 69.3 (s), 75.8 (d), 111.2 (t), 127.9 (d), 128.0 (d), 128.6 (d), 137.8 (s), 143.9 (s), 168.6
(s), 168.8 (s). Selected HMBC correlations are between 6 3.94 (NCHH), 4.35 (CHPh) and d
69.3 (C(CO,Et),), d 2.20 (NCH3) and & 61.0 (NCH,), 75.8 (CHPh), and § 3.12 (NCHH), 3.94
(NCHH) and & 143.9 (C=CH,).; IR (KBr) 2987, 2768, 1750, 1726, 1452, 1264, 1193 cm;
MS (EI) m/z 317 (M"); HRMS M" 317.1628 (calcd for C;sH23NO4 317.1627); Anal. Caled for

CisH3NOy4: C, 68.12; H, 7.30; N, 4.41. Found: C, 67.93; H, 7.53; N, 4.41.

Tetraethyl 2-methylpropane-1,1,3,3-tetracarboxylate (6): Ry = 0.8 (ether). Pale yellow oil;
'H NMR (400 MHz, CDCl3) & (ppm) 1.13 (d, J = 7.1 Hz, 3H), 1.27 (t, J = 7.1 Hz, 6H), 1.28 (t,
J=7.1 Hz, 6H), 2.99 (qd, J = 7.1, 7.2 Hz, 1H), 3.62 (d, J = 7.2 Hz, 2H), 4.17-4.24 (m, 8H);
C NMR (100.6 MHz, CDCls) & (ppm) 14.08 (q), 14.12 (q), 14.2 (q), 32.8 (d), 54.4 (d), 61.4
(1), 61.6 (1), 168.2 (s), 168.5 (s); IR (neat) 2984, 1756-1732, 1467, 1370, 1268, 1031 cm™; MS
(ED) m/z 346 (M"); HRMS M" 346.1629 (calcd for C1gHagOg 346.1628).

Triethyl dihydro-4-methylenefuran-2,3,3(2H)-tricarboxylate (8b): R¢ = 0.5 (hexane:ether
= 1:2). Pale yellow oil; 'H NMR (400 MHz, CDCls) & (ppm) 1.26 (t, J="7.1 Hz, 3H), 1.28 (t,
J=7.1 Hz, 3H), 1.30 (t, J = 7.0 Hz, 3H), 4.14-4.31 (m, 6H), 4.51 (dt, J = 12.8, 2.3 Hz, 1H),
4.74 (dtd, J = 12.8, 2.0, 0.5 Hz, 1H), 5.11 (s, 1H), 5.31 (td, J = 2.2, 0.7 Hz, 1H), 5.50 (td, J =
2.4, 0.8 Hz, 1H); °C NMR (100.6 MHz, CDCl;) & (ppm) 13.9 (q), 14.0 (q), 14.1 (q), 61.4 (1),
62.3 (1), 62.6 (1), 66.6 (s), 71.8 (1), 82.6 (d), 111.0 (t), 143.5 (s), 166.6 (s), 167.4 (s), 168.8 (s).
Selected HMBC correlations are between 6 5.11 (CHCO;Et) and d 66.6 (C(CO;Et),), 71.8
(CHOCHS,), and 143.5 (C=CHb).; IR (neat) 2985, 1739, 1641, 1467, 1446, 1369, 1218, 1098,

1058, 1025 cm™'; MS (EI) m/z 300 (M"); HRMS M" 300.1210 (caled for C14H2007 300.1209).
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Diethyl 2-(N-methyl-N-(prop-2-ynyl)carbamoyl)-dihydro-4-methylenefuran-3,3(2H)-
dicarboxylate (8d): Ry = 0.6 (ether). Pale yellow oil; '"H NMR (400 MHz, CDCls) (2
conformers, ratio 2 : 1) & (ppm) 1.19-1.29 (m, 6H), 2.21 (t, J = 2.6, 0.67x1H, major
conformer), 2.34 (t, J = 2.5 Hz, 0.33x1H, minor conformer), 2.99 (s, 0.33x3H), 3.24 (s,
0.67x3H), 4.04 (dd, J=17.2, 2.6 Hz, 0.67x1H), 4.09-4.68 (m, 6H+0.33H), 4.34 (dd, J=17.2,
2.6 Hz, 0.67x1H), 5.32 (t, J = 2.0 Hz, 0.33x1H), 5.33 (t, J = 2.0 Hz, 0.67x1H), 5.575 (s,
0.33x1H), 5.582 (s, 0.67x1H), 5.77 (t, J = 2.4 Hz, 0.67x1H), 5.78 (t, J = 2.5 Hz, 0.33x1H);
C NMR (100.6 MHz, CDCl3) & (ppm) 13.9 (q), 33.4 (q), 34.5 (q), 36.4 (1), 39.3 (1), 61.7 (1),
61.8 (1), 62.5 (1), 62.6 (1), 65.0 (s), 65.1 (s), 71.9 (1), 72.0 (t), 72.2 (d), 73.0 (d), 77.9 (s), 78.3
(s), 80.5 (d), 80.9 (d), 111.3 (d), 111.4 (d), 142.2 (s), 142.3 (s), 166.5 (s), 166.6 (s), 167.8 (s),
167.9 (s), 168.0 (s); IR (neat) 3271, 2983, 1737, 1657, 1239, 1052 cm™'; MS (EI) m/z 323

(M"); HRMS M" 323.1365 (calcd for C1sH,1NOg 323.1369).

Diethyl  2-[(piperidin-1-yl)carbonyl]-dihydro-4-methylenefuran-3,3(2H)-dicarboxylate
(8e): Ry = 0.4 (hexane:ether = 1:4). Pale yellow oil; 'H NMR (400 MHz, CDCl3) & (ppm) 1.22
(t, J=17.1 Hz, 3H), 1.27 (t, J = 7.1 Hz, 3H), 1.50-1.55 (m, 2H), 1.60-1.70 (m, 4H), 3.36-3.42
(m, 1H), 3.48-3.54 (m, 1H), 3.59-3.68 (m, 2H), 4.15-4.26 (m, 4H), 4.49 (dt, J = 12.5, 2.1 Hz,
1H), 4.62 (dt, J = 12.5, 4.6 Hz, 1H), 5.31 (t, J = 2.1 Hz, 1H), 5.58 (s, 1H), 5.77 (t, J = 2.5 Hz,
1H); *C NMR (100.6 MHz, CDCl5) & (ppm) 13.90 (q), 13.94 (q), 24.6 (t), 25.7 (1), 26.6 (1),
43.2 (1), 47.1 (1), 61.5 (1), 62.4 (1), 65.0 (s), 71.8 (1), 80.8 (d), 111.2 (1), 142.6 (s), 166.2 (s),
166.8 (s), 168.1 (s). Selected HMBC correlations are between 6 5.58 (CHCO,Et) and 6 65.0
(C(CO,Et),), 71.8 (CHOCH,), and 142.6 (C=CH,).; IR (neat) 2939, 2859, 1766, 1738, 1652,
1446, 1232, 1053 cm™'; MS (EI) m/z 339 (M"); HRMS M" 339.1682 (caled for Ci7H,sNOg

339.1682).

Diethyl 2-benzoyl-dihydro-4-methylenefuran-3,3(2H)-dicarboxylate (8f): Ry = 0.7

(hexane:ether = 1:4). Colorless oil; 'H NMR (400 MHz, CDCl5) & (ppm) 1.04 (t, J = 7.1 Hz,
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3H), 1.28 (t, J = 7.1 Hz, 3H), 3.93-4.06 (m, 2H), 4.28 (q, J = 7.1 Hz, 2H), 4.57 (dt, J = 12.9,
2.2 Hz, 1H), 4.63 (dt, J = 12.9, 2.4 Hz, 1H), 5.36 (t, J=2.1 Hz, 1H), 5.72 (t, J = 2.5 Hz, 1H),
6.09 (s, 1H), 7.45-7.50 (m, 2H), 7.56-7.61 (m, 1H), 8.03-8.06 (m, 2H); °C NMR (100.6 MHz,
CDCl3) 8 (ppm) 13.7 (q), 14.0 (q), 61.9 (1), 62.7 (t), 65.4 (s), 71.9 (t), 83.5 (d), 111.4 (), 128.7
(d), 129.1 (d), 133.7 (d), 135.5 (s), 142.8 (s), 166.8 (s), 167.9 (s), 195.1 (s). Selected HMBC
correlations are between 6 6.09 (CHCOPh) and 6 65.4 (C(COEt),), 71.9 (CHOCH,), and
142.8 (C=CH,).; IR (neat) 2983, 1738, 1690, 1597, 1449, 1233, 1053 cm™'; MS (EI) m/z 332

(M"); HRMS M" 332.1248 (calcd for CgH200s 332.1260).

Diethyl 1-methyl-5-methylene-2-oxo-3-(prop-2-ynyloxy)piperidine-4,4-dicarboxylate (9):
R¢= 0.3 (ether). Colorless crystals; mp 45-48 °C; '"H NMR (400 MHz, CDCl;) & (ppm) 1.25 (t,
J=7.1Hz, 3H), 1.29 (t, J = 7.1 Hz, 3H), 2.43 (t, J = 2.4 Hz, 1H), 2.98 (s, 3H), 3.75 (dt, J =
14.6, 0.9 Hz, 1H), 4.15-4.41 (m, 5H), 4.37 (t, J = 2.4 Hz, 2H), 4.62 (s, 1H), 5.46 (t, J = 1.3 Hz,
1H), 5.66 (q, J = 0.7 Hz, 1H); *C NMR (100.6 MHz, CDCl3) & (ppm) 13.9 (q), 14.0 (q), 34.0
(qQ), 53.4 (1), 58.1 (1), 62.2 (1), 62.4 (1), 63.1 (s), 75.1 (d), 77.1 (d), 78.7 (s), 118.7 (1), 133.6 (s),
166.4 (s), 166.5 (s), 167.4 (s); IR (KBr) 3262, 2996, 2116, 1757, 1730, 1670, 1258, 1214,

1063 cm’™'; MS (EI) m/z 323 (M"); HRMS M" 323.1371 (caled for Cy6Ha NOg 323.1369).
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Reaction with y-Substituted Propargy! alcohol

X
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Reaction with al-Substituted Propargyl alcohol
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Scheme 12
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E2H MRLEE

EFTHEOICT R ENVE T2 VERZFT Ly BT 0 X LT L DRI
A AR 2MEVFE T, =ik, 1ThOFRMETRATZD BREEWITH/ NS,
IR AT DI EF 572(eq 7).

R
Et02c COZEt Mxn (12 eq) Et02C COzEt
]/ + | | )
'[Buozc CH2C|2 ’[BUOZC N/\
HN r.t., 17h I Ng
la |
MX,, = ZnBr5, InBrg 70-87%
R=Pr, Ph

AFNI s T2V EEFETHy BT 0 /LT v a—L E DR H A D
JVA ABRO0.2G E)FIE T, 80-110°C, 22-26hD TR A 7= 03, FrZ DB AT
ST R=Me TIIATMARDARRIZ & & F U (R=Ph TIIFIFFURHEUX I #4705 72 (eq 8),

R

EtO,C
EtO,C CO,Et | | MX, (0.2 eq.) / EtO,C 74 R
| + ®)
% CH2C|CH2C| or Y o)
HO toluene
1 80-110°C, 22-26h
R = Me, Ph

MX,, = ZnBry, Zn(OTf),, INBrg

Y = CO,Et, COPh

TIVF DORERIENDH D & ABROER, 7L F EO LA ZFRAREEA~ OB
EXARBIIHINT B LB R DIV, ORI ZAM O EFHRBRE G 2 D EHRILPLET
DT LIRS LT,

y -V O NVBBR TS OLELT IV a—)E DR

TILX EOREF NV BEBBRLIC L > TEEAHLHMESNLTNDEZ En
528 TMSEM 7 0 LA T A a— LTy U HARVEET AT L L
DI 2z wt L7z (Scheme 13),

SiMes EtO,C .
EtOZCj/COZEt | | ZnBr, (0.2 eq.) EtOZCH\SIMeg
| +
v CH,CICH,CI Y NG
by = COLEL HO 80°C, 16h Z-selective
1Y = COPh 10a 11a:Y = CO,Et, 72%
11b : Y = COPh, 74%
EtO,C
InBr3 (0.2 eq.) Etozcﬂ
CH,CICH,CI Y~ >~ desilylated product
80°C, 16h
8b : Y = CO,Et, 63%
Scheme 13 8f :Y = COPh, 60%
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ZnBry(0.2 4 E)(F1E T, 80°C, 16hD AT, SAERINMICERILDAEIT L, Z-v U v
EATF LT 78 Fr 77 a1, YRZFILZRATLDEH D TR%, N
VA NFETTA%DINERTHE L NTZ, £72, InBrsZ AW SGTHERILITMEE S LD M3,
i U Al S 7= A 8b,8f 28 KI60% DILER THE Lz, 02 &, In® AZn* &
D N—FRRNA AR THLHZ LIZERT S, 77205, InBr;®BriZZnBrlZ Hh~<5y
L CWBTDREMENTE L, DDA FEBR UL U U bMEtE s - &
Ezobhb,

ﬁwfﬁ4%L@ B AT Z -2 VLT a7 L a—L P L ORGSOk
Bk Table 712F &7, ZnBr, Zfilifit & U, SR TILEM Z 155728 110°C TOK
JaAEEE PV NI E 2T b T o T,

Table 7
SiR3
EtO,C .
EtOZC]/COZEt | | ZnBl’z (02 eq) EtOZC / S|R3
+
v solvent Y; zoj
HO temp., time
1 10 11
entry 1 Y 10 : SiR3 temp., time? 11 (Yield)
1 1b CO,Et  10b : SiMe,Ph 80°C, 14h  1ic : 48% (12%)°
2 1b CO,Et 10b : SiMe,Ph 110°C, 8h 11c : 92%
3 1f COPh 10b : SiMe,Ph 80°C, 14h 11d: 76%
4 1b CO,Et  10c : SiMePh, 110°C, 17h 1lle:89%
5 1b CO,Et 10d : SiPhg 110°C, 17h 11f : 53%

6 1b CO,Et 10e :SiMe,CH=CH, 110°C,17h  11g:80%
7  1b CO,Et  10f :SiMe,CH,Ph  110°C,17h  11h:84%
8 1j Ph 10a : SiMes 110°C, 17h  11i : 63% (22%)°¢

9 1 Ph 10b : SiMe,Ph 110°C, 17h  11j : 68% (20%)°

& CH,CICH,Cl was used as a solvent at 80°C and toluene was used at 110°C.
b Values in parentheses are the yields of the recovered 1. ¢ A trace amount of
desilylated cyclized product was detected.

TMS DA FNID—>% 7 = = )LVIITE % 72 10b & D% 80°C, 14h TIT72 5
&L BRI T Liz(entry 1), 110°C &£ TIREZ FR S5 &, 8h O TIL=E
(3 92%FE Tl b Lz (entry 2), [FARIZ 10c & DOIETIE, FUSKEHFIZ 17h A ZETZ75
HIED SRR T 1le B bi7z(entry 4), bV 7 ==L UK 10d & DRI
TIE. 10b,10c & B TULERD 53% LR T L, SRR REENRES b D LE X
%(entry 5), —J5. -SiMe,'Bu, -SiPh,'Bu, -Si(TMS); {&#i 7 11 /L3 )L 7 /L 21— )L TlE%h
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THNBAEDET L2200 Tz, YU NAVEICEEN T = =V EHRT D L SIRR 72
HENHLDIZH LN TH LN, ST L LB TRIEAEIT LN & &1
5L, FAF LD T = = VR T L o OIEVEIZRh B T d 5 ATREME & e X
N, THUIKMHIC L 28E P OfRE LT 5,

Flo, EoOR UL ETAFRICAETH VU AERKE T RISERA LT 2 A,
R B BIL BN S - (entry 6,7), X2 PV AF )L Y VRO LRI LT
IZ. Denmark & DHE S % AR D% OEHSAENFEFNC 2 2 AHEM N B 2 B
Ho HHZ 1j & LTI, BRAIOITEMAIMNBET LIZ< WEZ X B, IR
A UL 20-22%D RS A S 4U72 (entry 8,9),

FlZREETHDHZ LI T T Re 7 J VERO OCH, & SiCH; & Df# D NOE
v — 7 (11f TIX OCH, & SiCeHs) BBl &z = & &, OCH, & =CH & @ NOE ©°—7
MBI SN EICkViRE L,

b, SoNT-ABIcEEN D =0y T UENLIE. R 72T T OB REREA~
LEBARETH D20, RKRISOAREITEVNEEZ NS,
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y-TRATIVEBE ST VLT IV a—)vE DRk

TV ENLT = ND y MU AT IVEB AT H T LT, TF EOKE
PN EMBLEEZ LN, vy-TATABRI O L ALT L a—LEDOKIGEBRTL
Too KEF % Table 8 ICFE L DD, Flo, RAELIZED, 4t RrX 2. TF AT
N1 L= va T A Al kB, HE(BUOK)Z V2 One-Pot THOF R T R 7
T UBREMNRE ST D P, AEMITE O HRRFME TE LTV Ry, AT
12 DEERSEMFF CARLERT-D, 12 Z 2 ¥ EMNEL LTS, ARIGTIX, VA A
aHWALEEDT D, 26 OMBITMHRSNDDTIERWNEFE X T,

Table 8
CO,Me
EtO,C.__CO,Et EtO,C CO,Me
]/ N | | MX,, (0.2 eq.) EtOZCH 2
Y solvent Y7o
HO temp., 16-19h
1 12 13 Z-selective
MXp, a . .
entry 1 (0.2 eq) temp.9, time Product 13 (Yield)
1 ZnBr, 110°C, 17h 81%
2 InBrg 80°C, 17h 0% (complex mixture)
3 InClI 110°C, 19h 54%
3 EtO,C J~COMe
4 FeCl3 110°C, 16h EtO,C 85%
1b : Y = CO,Et b
5 AICl3 r.t., 16h EtO,.C™ g 77%
6 TiCly 110°C, 18h 13a 0% (no reaction)
7 GaCly 80°C, 18h 0% (complex mixture)
8 Sn(OTf), 80°C, 18h 0% (complex mixture)
9 Sc(OTf); 80°C, 18h 0% (complex mixture)
EtO,C
COyMe
10 ZnBr, 80°C, 17h EtO,C et 98%
1f : Y = COPh
11 AICl3 r.t., 18h o 60%
13b
O
EtO,C
12 ZnBr,  110°C, 17h EtO,C 7 ~COMe  55%
13 1j:Y=Ph AICl3 80°C, 19h 0% (complex mixture)
14 AICl3 r.t., 19h © 13c 0% (no reaction)

& CH,Cl, was used as a solvent at r.t. and CH,CICH,Cl was used at 80°C and toluene was used at 110°C.

b Higher reaction temperature(80°C and 110°C) decreased the yield.

U ZF N AT IV EDK)GE ZnBry(0.2 S E)MBE T, ~L= 2/ 110°C DRI
IV . ZZ2 2T VBB AF LT FFE Fa 75 13a 8 81% DR TE 5 L7= (entry
1o InBr; filtfit 2 FIW 2356 Tldk, BHERIBEE MO D/ R & 720 (entry 2), 1RE
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WPz 13a OERRITHER TE o Tz, Fio, MDA REe%E FHWTZRE, ZE Tz
BRALDMEHE S N2 o 7o b A AFE T 13a M5 S 7= (entry 3-9), ZnBr, 7217 T72 <
InCls, FeCls, AICI; & PAEBRSS Ol & U THZTH Y (entry 3-5), AICL TIE=EIETH
NN BUSEAT LTc, £ DMty A AW TIE, REUGS L ITBHERIESW RIS
NDFEG & 72 > 7= h3(entry 6-9), EJﬂZ%@%L%ﬂ%ﬂéﬁé ZEETERNoT, F
FEIC 1f Z VT ZnBro, AICL filtfiElc . 13b BERANTIE B LT (entry 10,11),
FE %1J&Ltﬁm%zmm%ﬁfﬁ&9k 55% EWRIT TN DRER L 72 1 (entry
12), AICL filtif 2 F 72 80°C D BUS TITBHERIE AW % 52 T (entry 13), BZ 5 <
Rk 13¢c DT VX IVEHL T = =)L HE D Friedel-Crafts S R03, VA AFRIZ L 0 filf X
NTEAREEL B X b5,
#ﬁ’mm9_rbti9 L1212 ORISR L TV A AFRIZ SnCly & VN T3
IZFRY . D ERTHELND &), SCEREREN R S CEMETlEd
5%1&2%®$&%%$LT®5%

Table 9
MeO,C
COoMe 2
EtO,C.__CO,Et z Sl (L0 ea) E1O,C ),
n .0eq.
]/ . ll 4 q EtO,C ¥ ) NOE
Y solvent Y 0 4 }
HO o :
. " 0-80°C, 16-18h " E-selective
entry 1 temp.d, time Product 14 (Yield)
MeOZC
A EtO.C
80°C, 16 45%
1b:V=COEL 1 16n o 74%
- EtO,C 0
2> 0 14a
MEOZC
Et0,C
3 1t.v=coph rt., 18h EtO,C 49% (25%)P
4 0°C, 18h o 0% (no reaction)
14b

8 CH,Cl, was used as a solvent at r.t. or 0°C and CH,CICH,Cl was used at 80°C.
b values in parentheses are the yields of the recovered 1f.

HHEMEOH HINET 14 255120, SnCLIX 1.0 YBXLETHDHZ ENbroT,
1.5 MR 2.0 U ED SnICY FE F CORETHAERMIT E A THE LN NUCRIZ T
BD), TOSAREIRMEIT SnCly DY EIZE B2V T 3R Lz, £/2. LD 21Kk
W E (Aot IL, NOESY A7 MIZHIFT 5 OCH, £ =CH &£ ® NOE v — 7 O
ICEVIRE LT, BLED X DA ABBITHRAT U7 SARE-RIE L, SnCly 23— K72
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A ABEDT-DIZ, TILFX L L0 AF LT AT )LD VIR = )LEEFE ~D T 2 1 5
SHIEERTHALLEZOND, ZOMKEX. %O Scheme 15 IZ[XRT 5,

HERIERE (y- BRSOV T7 L a—)L)
AL 1 ETRBLIEKSHEEL D, y- BT 0 L F LT L a—L e DORISIC

B9~ 2 HEAE 4 Scheme 14,15 O X 9 IZHEE L A O SLARERPE DO FEHIZE] L THEER
L7z,

/Z\nBrz
ZnBr2
H
© / P'ar
EtO OEt (‘o o—-—Z.\ X
EtOZC || )Ikoa // )}vgo_y‘-‘/
Q_/ EtO,C EtO,C
X = SiRg, CO,Me A B
_Br Et
Z BrZZn
OEt EtO,C N
_ ZnBr, EtOZCff/\
EtO
EtO,C
C D
Scheme 14

TV ORI EHIE X(=SiR;, COMe)N & D54, ZnBr, 0% O/ A AR
(SnCly ZFR<H)IZ LY, Scheme 14 |Z7R U7-#tE CRONMIETTT D EHEE LT, TV 7
=)VHSR TR C 2B D RFBHENE AN ARFF T r hAfban s 2 & TUAER
MIzZEKTHELNDEEBEZLND,
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sncCl, ,-$nClq
/ll H !
| S AN o)
EtO | OEt HO O (0 © OMe
CO,Me N\ COMe N\
EtO,C I EtO OEt ) EtO OEt
Et0,C~ O EtO,C~ O
HO
E F
seu S
nCl, Sn_
o N o
KAO J N OMe MeO2C
@ Ox. _OEt Et02c
o ) 0 7/ H snci E10,C——
—_— t >
EtO
H. EtO,C
E0,c” 0 N EtO,C~ 0 2C” 0

Scheme 15

—J7. Scheme 15 DL HIZTIVF 2 OREND A F LT 27 )LDOBEITZ SnCly VA
AW LTHWESE, AT ERTHELOND, RANIIEATMAEZ 52 &1
Scheme 14 (Z/R LK A LR TH D(E), /~— R7g/L A AL L’Cﬁgﬁﬁﬁﬁé
Sn T IV VERAL L W b VIR = VERFEAS ORI AT D L E X LD (F) Y K
@EPF'EWZIK G TiE7 ' b AL LR ’/“b\fb\éﬁHﬁlJﬁ‘%i’ 5 (591510 G

Dy FRICE DT m R ALEHERIL TV D) ZDICERE LTHELILD D TiEeW
#k%ifbéoﬁﬁ@k:%ﬁm%%%UL®io_%Ebfwéﬂ\ﬁ%ﬁﬂ@
RERMETH D,
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a-1BBR SO AR LT L a—L L DRG

ARG8T DEALOSASERMEICE L T, a-BEfR T o L7 L a— L% H
WS G IT R o, a-l BT 0 VXL T L a— Ll ORISICENT., 53
fECihn T A= EMND L, Scheme 16 ISRT £ HICA LT 4 v ORI B
Y LTI D o BIRER & OMEBENS F TR 2R T B HE R AR Z
ZNUSERS D Z &2k 5,

_______________________________________

| EtO.C 5
: EtOZCf/{ |
EtO,C E AN R E

i i
i i
]
| i
COzEt || o E o i
S :
Y HO” "R i EtO0C L1 EtOG :
racemate - Y7 g "’RE i YA ',/RE
trans cis

Scheme 16

WeERTE M AR R B IR DT, F TN a-1 BB S0  LE LT L a— LA
WhHE ZOT V= VOSLERMEFFS N R T VAR - DA ROBBHFEEND LB
Alce £ TZT U P ANVR BT AT VHERE ORISZ by o BAVESh
(0.2 M EVFTE F. 110°C, 21-23h DEAFIC L 0 Kb & 7=, §EF % Table 10 (2 F & 8
%,
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Table 10

EtO,C EtO,C
EtOZC]/COzEt | ZnBr, (0.2 eq.) EtOZCK Etozcji
+ * + *
X toluene Y R

Y HO” R o” R Y7o
110°C, 21-23h

chiral

1b : Y = CO,Et 15a(R) : R = Me trans-16 cis-16
1f : Y = COPh 15b(R) : R=Ph

15(R) : trans-16 cis-16

entry 1 >95 Yee . >95 Yhee >05 %ee . 16(Yield) trans:cis
EtO,C.__CO,Et If i EtO,C EtO,C 5

1 ]/ . EtOL EtO,C 7 f 116a:62% 11:1
EtO,C HO | Et0,C"" g Et0,C™ g i
EtO,C._CO,Et If ! EtO,C EtO,C, !

2 ]/ . B0 EtO,C 7 i 116b:73% 2.3:1
PhOC HO i PhOC" g PhOC™ g i
E10,C._COEt || | EtOG EtO,C

3 ]/ ; EOC EtO,C 7 i !16c:65% 0.9:1
EtO,C HO © | EtO,C” N~ "Ph  EtO,C"' N~ Ph |
Et0,C._COEt || | Et0G EtO,C

4 ]/ . Et0C Etoch{ '16d:78% 2.8:1
PhOC HO™ | PhOC™Ng” "Ph  PhOC" N~ "Ph |

o

bY=FAEATNIDE(R):3-T T 24— MBal DFUBIZ LY AF LT R T
B Re 77 UaFEkdtrans-16afk Ucis-16a% 62%IU%E, 7 AT LA~ —1.1: 1T,
ENENE DT FA~—& LT (entry 1), h TV Ak - Y AR T AT
STBENTIRE T, DM A 22 NARECE IINOETIRE LT, 72, TAa—LoT7 &
RITEZ BT, 7 a—LONER RSN N7 o 2K - AR TH D LEZ T
Do BHILYZ RV AL LT 15al ORIGETIE, IEEAE TR EL, 7 A
TUFEIMES2.3 0 1& N7 U REBMESE Lz (entry 2), 7V 2 — )V OREEFINORR,
N A NVIEOEE SPERM OSBRI ELZbD L EZLND, KRIZ, T
NaA—)VER)-1-7 = =)2-Fa 14— L15b & L, @EIUEDO M EEIH -7, 1b
L15b & DG TIL, 15a0 G & IEIERBEOZEIRNEO0.9 : 1) TH Y (entry 3), 1f& 15b
EDFISITIBNT YT AT VAL, 2.8 1 1L [ L L7 (entry 4).

LLED X SIZ, R T U R« U ANRBRIMEIZ AR O BEAFClE2 0o 720y, o LT
BT D LRNETHD L EX DNDEFEEAR AT LT R T ke 7T V5
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150 Z LITHE LT,

@, a’-2B TS LENLT )V a—LE DR in

IR 2BHENT 3BT L F LT La— L EDRSEICELTE Mo o,
BALHEN(0. 29 BVFEIE F. 110°COFMFIC L W S &4T72 o 72, #EF % Table 1112 % &
5,

Table 11
EtO,C
EtO,C CO,Et
2 | 2 . | | ZnBr, (0.2 eq) EtO,C
R toluene Y R
Y HO R O Rr
110°C, time
1b:Y = CO,Et 17 18
1f : Y = COPh
entry 1 17 time Product
| | EtO,C
1 1b 17 20h EtO,C 18a: 45% (23%)?
a
2 1f 22h Y 18b : 30%
O

| | EtO,C
O EtO,C
20h EtO,C

Et0,C
I Et0,C
19h 18d : 47%
EtO,C

| | EtO,C
EtO,C

3 1b 17b 18c : 14% (60%)?

o5

4 1b 17c

5

HO
HO
HO

5 1b 17d 19h
HO EtO,C 0O

18e : 63%

5

2 Values in parentheses are the yields of the recovered olefin 1b.

2-AF)N-3-TF 2-F—N1T7ak lb b OIS TIX, BIRIEEW OINFIT45% & £ T
KL 720 REIGSOFEEDb G 7EAE LTz (entry 1), XV A VI ZE D1 & DG THE,
WNRILE BITEL 2o (entry 2), 1,1-V 7 = =)L2-7a ¥ r-1-4—/V1Tb & DRILT
1%, 18cDIER T 14% & 2372 VAR 22 0 (RS DJFEEL S 60% & 2% < FEAF L7 (entry 3),
INHOREOE T, a-1ERT a2/ LT La—LoOREL LT, FIIOK
BATIMOBEDOSIAR R BN R E S 5720 EHERI S 71, S B ITMeyer-Schuster 2 )
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Rupefiifiic & % 3T /b 2 — )LD BMEAC RGP 72 PRIKIE bR Z 5720 Th b L& %
bid,

WICAT I o T2 7 a T VXNV EEBTH 7 a0 L7 /v a—)L EDONIGTIEH, KR
KT PICEENTVDZ EHEV A B BRERI OBENIIFFCE I,

- F =)Ly 7 aXH ) — VT OIANFY ) —A17d E DN E Y . ZRZEh
47%, 63%DINRTH IV A 1n[4.4]/ F L 18d K A FH A B 1 [4.5]1F 1 - 18eh3 5
5 L7 (entry 4,5),

T, RERDEKBENS T X 7 RICEZZl-mTF =y 7 a~F T 019
ElbE DG TIE, 7 X U OREMERE WO, ShOKILTT A r[4.5]7 1
2023 71% D EINE TE B ILT(eq 9)s LU S, 1f2 AW =84, 110°C, 1hDX
JESMEIZ L0 | 20003 b ST EE X HID T A R[4.5]17 & L 2175320b &
TG BT (eq 10), 20bIFZEELA T THIL SN2l &2 578, IR T 1 FE M AE L.,
ETCUIEB S E, 84% DR T21 %5157,

EtO,C._ CO,Et | | ZnBr; (0.2 eq) Egoéc
]/ + 2 )
EtO,C HoN toluene EtO,C™ >y
H

110°C, 8h
b 19 20a : 71%
EtOZC]/COZEt I ZnBr, (0.2 eq) Egoczc Egoéc
| . 2 2 (10)
PhOC HzN toluene PhOC™ ™y Lweek PhocT Ny
110°C, 1h H
i 19 20b 21:84%

200-21~DZEHAIZBA L C. Bz 9 D kM % Scheme 1712777,

Scheme 17

EtO,C EtO,C
Etozcj% Al EtOij%
- ®
PhOC PhOC
N N
H H’ﬂ

H*
(I)O\/
20b A

EtO,C, EtO,C EtO,C
EtO,C EtO,C H,0 EtO,C
_— _— ~
| H |
H/Q'\/ ( +
HH 21
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9, 2003 EBERHFOERE T I, T I 4%y FAZART S, FD%, 7o
roAb, BAKIZCE V2134 T D EHERI LT, BIFED L Z A, 2000 521~ S HErE
WZOWTIELL EDO X S IZHERI L TV AN, 5% EMRADIVNETH D,
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% 3 SEBRIE

—ikEAE R 1 ERBRIES )

HIEHEH I TO L D&M A LT,

mERE 7 v~ b7 | HARSETEEAE PU9SO, CO965, UVIT0
77 4 —3EEMHPLC) | T—XME Y 7 & BORWIN Ver.1.21
BIESE BT LEE - - «30°C

VR« o o 0 o - 1.0 ml/min
FrH e o oo o e . UV210 or 254nm
XTI NH T A XA AT ERASHT

AS-H (¢0.46cm*25¢cm)
AD-H (¢0.46cm*25cm)

BESE R H A>T+ DIP-1000 %Y
/L @10x100mm
IR 2 S R FE R SRR A48 PSL-1400 7, 1800 7Y

BRIREEME RO — R FIE
A (Z-2 U MbEY, Z-A F L 25 )UALE ) (Table 7, entry 2)
WL ST SRS ZnBr, (25 mg, 0.11 mmol, 0.2 eq )& M1z, ELZ2F 10 4y FENER
L7ZL—ALRIA L, RIGRTFHEZERETHAIL, EFRKIR T E L,
1,1,2-Triethyl ethenetricarboxylate 1b (137 mg, 0.56 mmol) & dry-toluene (1.0 mL) % JIAZX
Mz, & 51T 3-(Dimethyl-phenyl-silanyl)-prop-2-yn-1-ol 10b (116 mg, 0.61 mmol)% /il 2.
2o USHEAZE 110 °C £THIE L 8 Rk Lo, 8%, SUSHAE 0 °CIZm
AL, FONEEWIZ H0 2N TRISZFIE Uiz, RONEGW % CHCL IZE L,
fF1 NaHCOs /KIRiK (10 mL)Z %2, CH,Cl, (30 mLx3) THiitt L7=, AHJE % Na,SO,
THZB S E 7%, BUERME L ek oMAeERY 2 157-, MAESMEZ 1T L7 a~
27 7 4 —(Wako gel C-200, ¢2.2x14 cm, EEFAMEE hexane:ether = 9:1 —)IZ THEHR
L. EEAHRY 11c (225 mg, 92%) & 1537,
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B (E- X F /L= A7 )L{LE54)) (Table 9, entry 2)

WL ST SR a2 BEZ2E T 10 ML 7 L —A R A LT, KIGAZR%EZ 0 °C
IZHEIL, ZEHEAI F & Lz, 1,1,2-Triethyl ethenetricarboxylate 1b (122 mg, 0.50 mmol)
& dry-CH,Cl, (0.92 mL) & IEVN 2., & 512 4-hydroxy-2-butynoate 12 (57 mg, 0.50 mmol),
SnCly (12 pL, 26 mg, 0.10 mmol) & I X 7=, IS¢ & ==l £ TR L. 16 FrffiEE L7z,
16 FffH#%, ROSAESZ 0 °CIZmA L, NEEWIZ H0 22 Thun 21k L7z,
SRA Y % CHLCly (23R D> L A Fi NaHCO; ZK¥AWE (10 mL) % il 2., CH,Cl, (30 mLx3)
THIH L7, AHEE 2 NapSO, THAE S8 721, UEIRNE L CE AR oA %
i, MAESME T L7 a~ 7T 7 4 —(Wako gel C-200, ¢2.7x19 cm, &R
hexane:ether = 9:1 — 4:1 )T TRER L, REHAMRY 14a (132 mg, 74%) & 157,

JFEHE R D — M FIE

Z NN D3-Silyl-2-propyn-1-0l 10/ -t KB %227 F o X7 N121E, 7 1<
JL VT )V 32— )L % Tetrahydro-2-(2- propynyloxy)-2H-pyran~ & Z8 L (K i 3 2 (R 58) L
PoEnThO I e ) RhHWEY v r fEEA TS L0 ERLAEA LT,
MeOH ™+ "CDOWEX 50 cation resin (H" form)IZ X 0 fBifia L 7=3",

Synthesis of 12%'°
CO,Me CO,Me
@ J| p-TSOH Q J| 1) EtMgBr Q J| Dowex 50 J|
+ e ——
CH,Cl THF MeOH
0 HO 2Ll o O (o o) © HO

2) CIcO.Me 2steps = 44%

uant.
. i ii 12

71 VXL T L3 —)1(i)(5.8 mL, 5.60 g, 100 mmol)? CH,Cl, (200 mL)&HEIZ 0 °C
HHETFTTYe FrEZ 9.1 mL, 84¢g 100 mmo) % Mz, & 5IZp- hbm ARy
f2(190 mg, 1.0 mmol)% 3 B2 5317 TN A 1 R L7z, BEER T, AR NaHCO; K%
R KURORENED D E TR, KE%Z CHCL THith L, MgSOs THZME L 7=,
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JE A 12 T CH,LCly % 84 25 L Tetrahydro-2-(2- propynyloxy)-2H-pyran (ii) % & &2 15
77

Mg(0.29 g, 11.7 mmol)-Ether(11.7 mL)&&EE (i F 7 2% > (0.86 mL, 1.27 g,
11.7 mmol) & i FIR=HZ X VB e < HE TP - < Vi F L7k, BRI < IR
ZaxE L 1 RFEIEERE L7, SR T, SRR L2 EtMgBr (Zxf L T(ii) (1.1 g, 7.8
mmol)-THF (8.0 mL)# K 21 FIR-HZ X 0T L7z, i PR T LS R L. 77V
=7 R E((i1)-MgBn &= R#E L=,

WE, BEHEZEE L0 T 2227 v ik A F1(0.61 mL, 0.74 g, 7.8
mmol)-THF(2.0 mL){&E % -20 °C \ZWmEI L7, eIz ii%E L 7= (ii)-MgBr-THF & & i T
R=HZ X0 7 v o fER A F/V-THF AR 1.5 BRI T F L7z, 8 P T#4-15°C
TOS KPR L2, 0°C T LSRR L. S 5123 °C TRAEME LTz, W18
WIZED Mg HEZEFRE, D EOD toluene THeiF L7=1%. AR & BEE L 72 0R 2 P 1A
L7, 7% % brine THAM L721%. NapSO4 THZMEE L(iii) 21572,

(iii)Z MeOH (10 mL)IZIEfRE L. & 52> Ui L TV 72 Dowex 50-X4 cation resin
(H'form) (0.25 mL)Z %, ZEiRC 1.5 REHEHE L2, W5 1IEEIC T Dowex 50 ZBRUY
T2t JBEIEAEIC C MeOH 28 £ L= AR % © 9 —F MeOH (10 mL)IZIAfE L |
Y% L 7= Dowex 50 (0.25 mL) % Il ., IR C 1.5 BRI HE L 7= % . W5 JE# 12 T Dowex
50 ZBRUN =, JUEIEMEIC T MeOH 2B £ U721, JJE 758412 T 4-hydroxy-2-butynoate
12 (249 mg, 44%) % 157=,
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Et0,C~_-CO,Et

EtO,C o/\

Triethyl 2-(but-2-ynyloxy)ethane-1,1,2-tricarboxylate: Ry = 0.3 (hexane:ether = 1:1);
Colorless oil; "H NMR (400 MHz, CDCls) & (ppm) 1.27 (t, J = 7.1 Hz, 3H), 1.29 (t, J = 7.1
Hz, 6H), 1.85 (t, J = 2.4 Hz, 3H), 3.94 (d, J = 7.9 Hz, 1H), 4.15-4.44 (m, 8H), 4.68 (d, J=7.9
Hz, 1H); *C NMR (100.6 MHz, CDCl5) & (ppm) 3.7 (q), 14.03 (q), 14.08 (q), 14.14 (q), 55.0
(d), 59.4 (1), 61.6 (1), 61.90 (t), 61.92 (t), 73.9 (s), 75.9 (d), 83.8 (s), 166.4 (s), 166.5 (s), 169.7
(s); IR (neat) 2985, 2244, 1738, 1372, 1301, 1179, 1096, 1027 cm™'; MS (FAB) m/z 315

(M+H)"; HRMS M" 315.1447 (calcd for C;5sH2307 315.1444).

3-(Dimethyl-phenyl-silanyl)-prop-2-yn-1-ol (10b) (59%): Ry = 0.5 (hexane:ether = 1:1);
Pale yellow oil; bp 119.5-123 °C/3 mmHg; 'H NMR (400 MHz, CDCl5) & (ppm) 0.44 (s, 6H),
1.86 (bs, 1H), 4.31 (s, 2H), 7.36-7.41 (m, 3H), 7.61-7.65 (m, 2H); *C NMR (100.6 MHz,
CDCls) & (ppm) -1.0 (q), 51.8 (t), 88.9 (s), 105.5 (s), 128.0 (d), 129.6 (d), 133.7 (d), 136.6 (s);
IR (neat) 3342, 3070, 2960, 2176, 1429, 1250, 1116, 1041, 984, 839, 818 cm™’; MS (EI) m/z
190 (M', 34), 175 (95), 147 (97), 115 (100); HRMS M" 190.0816 (calcd for C;H;40Si
190.0814).

3-(Methyl-diphenyl-silanyl)-prop-2-yn-1-ol (10c) (43%): R¢= 0.2 (hexane:ether = 2:1); Pale
yellow oil; 'H NMR (400 MHz, CDCl3) & (ppm) 0.72 (s, 3H), 1.72 (bs, 1H), 4.36 (s, 2H),
7.36-7.44 (m, 6H), 7.63-7.67 (m, 4H); °C NMR (100.6 MHz, CDCls) & (ppm) -2.1 (q), 51.9
(t), 87.2 (s), 107.1 (s), 128.1 (d), 129.9 (d), 134.6 (d), 134.9 (s); IR (neat) 3347, 3069, 2176,
1589, 1429, 1253, 1115, 1041, 984 cm™; MS (EI) m/z 252 (M", 11), 237 (30), 137 (100);
HRMS M" 252.0980 (calcd for C;6H;60Si1 252.0970); Anal. Calcd for C16H;c0Si: C, 76.14; H,

6.39. Found: C, 75.91; H, 6.38.
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3-Triphenylsilanyl-prop-2-yn-1-ol (10d) (74%): Colorless crystals (hexane-AcOEt); mp
119-120 °C; "H NMR (400 MHz, CDCl3) & (ppm) 1.74 (bs, 1H), 4.40 (s, 2H), 7.35-7.45 (m,
9H), 7.62-7.66 (m, 6H); >C NMR (100.6 MHz, CDCl3) & (ppm) 52.0 (t), 86.0 (s), 108.5 (s),
128.1 (d), 130.1 (d), 133.1 (s), 135.6 (d); IR (KBr) 3280, 3063, 2179, 1483, 1429, 1114, 1038,
988 cm™'; MS (EI) m/z 314 (M", 19), 283 (7.5), 199 (100); HRMS M" 314.1113 (calcd for
Cy1H 3081 314.1127); Anal. Caled for C,H30Si: C, 80.21; H, 5.77. Found: C, 80.31; H,

5.73.

3-(Allyl-dimethyl-silanyl)-prop-2-yn-1-ol (10e) (52%): Pale yellow oil; bp 85-90 °C/22
mmHg; '"H NMR (400 MHz, CDCls) & (ppm) 0.24 (s, 6H), 1.92 (bs, 1H), 4.28 (s, 2H), 5.83
(dd, J = 19.6, 4.0 Hz, 1H), 6.02 (dd, J = 14.5, 4.0 Hz, 1H), 6.12 (dd, J = 19.6, 14.5 Hz, 1H);
3C NMR (100.6 MHz, CDCl3) & (ppm) -1.7 (q), 51.7 (1), 88.8 (s), 105.0 (s), 133.5 (1), 136.1
(d); IR (neat) 3325, 2962, 2178, 1594, 1403, 1251, 1042 cm™'; MS (EI) m/z 125 (M*-CHs, 9.2),

75 (100%).

3-(Benzyl-dimethyl-silanyl)-prop-2-yn-1-ol (10f) (52%): Ry = 0.1 (hexane:ether = 2:1);
Colorless oil; "H NMR (400 MHz, CDCls) & (ppm) 0.14 (s, 6H), 1.65 (bs, 1H), 2.21 (s, 2H),
4.25 (s, 2H), 7.06-7.12 (m, 3H), 7.21-7.26 (m, 2H); >C NMR (100.6 MHz, CDCls) & (ppm)
2.2 (q), 26.1 (1), 51.7 (t), 89.3 (s), 105.2 (s), 124.5 (d), 128.3 (d), 128.4 (d), 138.8 (s); IR
(neat) 3348, 3024, 2960, 2176, 1600, 1494, 1452, 1251, 1208, 1157, 1040 cm’; MS (EI) m/z

204 (M"); HRMS M 204.0978 (calcd for C1,H60Si 204.0970).
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3-(tert-Butyldimethylsilyl)prop-2-yn-1-ol (58%): R¢ = 0.3 (hexane:ether = 1:1); Colorless
crystals; bp 77 °C/2 mmHg; mp 36-40 °C; 'H NMR (400 MHz, CDCls) & (ppm) 0.11 (s, 6H),
0.93 (s, 9H), 1.69 (bs, 1H), 4.27 (s, 2H); *C NMR (100.6 MHz, CDCl3) & (ppm) -4.6 (q),
16.5 (s), 26.1 (q), 51.8 (t), 89.0 (s), 104.5 (s); IR (neat) 3348, 2958-2863, 2175, 2076, 1471,
1411, 1362, 1251, 1042, 984 cm™; MS (EI) m/z 170 (M", 36), 113 (100%); HRMS M"
170.1127 (caled for CoH;30Si 170.1127).

@JT@

HO

3-(tert-Butyldiphenylsilyl)prop-2-yn-1-ol (28%): R¢ = 0.4 (hexane:ether = 1:1); Pale yellow
crystals; mp 64-65 °C; '"H NMR (400 MHz, CDCls) & (ppm) 1.09 (s, 9H), 2.06 (bs, 1H), 4.39
(s, 2H), 7.34-7.41 (m, 6H), 7.77-7.80 (m, 4H); *C NMR (100.6 MHz, CDCls) & (ppm) 18.5
(s), 27.1 (q), 51.8 (1), 85.9 (s), 107.9 (s), 127.8 (d), 129.7 (d), 133.0 (s), 135.6 (d) IR (KBr)
3357, 3047, 2929, 2168, 1469, 1428, 1361, 1111, 1031, 978, 821 cm™'; MS (EI) m/z 294 (M");

HRMS M" 294.1440 (calcd for C19H,,08Si 294.1440).
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1

3-(Tris(trimethylsilyl))prop-2-yn-1-ol (83%); Ry = 0.5 (hexane:ether = 2:1); Colorless
crystals; mp 63.5-65.0 °C; "H NMR (400 MHz, CDCls) & (ppm) 0.20 (s, 27H), 1.65 (bs, 1H),
4.26 (s, 2H); *C NMR (100.6 MHz, CDCls) & (ppm) 0.4 (q), 52.3 (t), 84.4 (s), 106.9 (s); IR
(KBr) 3316, 2950, 1245, 1050 cm™'; MS (EI) m/z 301 (M™-H), 1.8), 287 ((M*-CH3), 7.9), 285
(8.4), 271 ((M"-H-2(CH3)), 49), 197 (100), 190 (94), 175 (99), 131 (97), 117 (99), 73 (MesSi",

75%).

(2)-Triethyl dihydro-4-((trimethylsilyl)methylene)-furan-2,3,3(2H)-tricarboxylate (11a):
R¢= 0.3 (hexane:ether = 1:1); Colorless oil; '"H NMR (400 MHz, CDCl3) & (ppm) 0.11 (s, 9H),
1.23 (t, J=7.1 Hz, 3H), 1.27 (t, J = 7.1 Hz, 3H), 1.28 (t, J = 7.1 Hz, 3H), 4.11-4.33 (m, 6H),
4.46 (dd, J=13.4,2.6 Hz, 1H), 4.69 (ddd, J = 13.4, 2.6, 0.5 Hz, 1H), 5.05 (s, 1H), 5.96 (t, J =
2.6 Hz, 1H). Selected NOEs are between & 0.11 (Si(CHs);) and & 4.46, 4.69 (OCH,).; °C
NMR (100.6 MHz, CDCls) 6 (ppm) -0.9 (q), 13.9 (q), 14.0 (q), 14.1 (q), 61.4 (t), 62.2 (t), 62.4
(t), 68.5 (s), 71.1 (1), 81.9 (d), 125.9 (d), 150.1 (s), 166.7 (s), 167.5 (s), 168.9 (s). Selected
HMBC correlations are between 6 5.05 (CHCO,Et) and 8 71.1 (OCH,), 68.5 (C(CO,Et),), and
150.1 (C=CHSi).; IR (neat) 2983, 1739, 1634, 1446, 1368, 1250 cm™'; MS (FAB) m/z 373
(M+H)", 395 (M+Na)"; HRMS (M+H)" 373.1680 (calcd for C;7H200,Si 373.1683); Anal.

Calcd for C;7H,305Si1: C, 54.82; H, 7.58. Found: C, 54.76; H, 7.63.

(2)-Diethyl 2-benzoyl-dihydro-4-((trimethylsilyl)methylene)-furan-3,3(2H)-dicarboxyla-
te (11b): Ry = 0.5 (hexane:ether = 1:1); Colorless oil; "H NMR (400 MHz, CDCls) & (ppm)
0.12 (s, 9H), 1.01 (t, J = 7.1 Hz, 3H), 1.26 (t, J = 7.1 Hz, 3H), 3.92-3.99 (m, 2H), 4.20-4.34

(m, 2H), 4.56 (dd, J = 13.3, 2.4 Hz, 1H), 4.63 (dd, J = 13.3, 2.6 Hz, 1H), 6.04 (s, 1H), 6.21 (1,
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J=2.4 Hz, 1H), 7.45-7.49 (m, 2H), 7.56-7.60 (m, 1H), 8.03-8.05 (m, 2H). Selected NOEs are
between & 0.12 (Si(CHs);) and & 4.56, 4.63 (OCH,).; >*C NMR (100.6 MHz, CDCls) & (ppm)
-0.8 (q), 13.6 (q), 13.9 (q), 61.7 (1), 62.5 (1), 67.1 (s), 71.2 (t), 83.0 (d), 126.3 (d), 128.7 (d),
129.0 (d), 133.6 (d), 135.5 (s), 149.3 (s), 166.9 (s), 167.8 (s), 195.3 (s). Selected HMBC
correlations are between 6 6.04 (CHCOPh) and 6 71.2 (OCH,), 67.1 (C(CO;Et),), and 149.3
(C=CHSi).; IR (neat) 2957, 1738, 1691, 1632, 1597, 1449, 1249, 1057 cm™'; MS (EI) m/z 404
(M, 2.4), 359 (9.5), 331 (7.1), 299 (50), 105 (100%); HRMS M" 404.1670 (calcd for

C21H2306S1 404.1655).

(2)-Triethyl dihydro-4-((dimethylphenylsilyl)methylene)-furan-2,3,3(2H)-tricarboxylate
(11c): Ry= 0.4 (hexane:ether = 1:1); Colorless oil; "H NMR (400 MHz, CDCls) & (ppm) 0.383
(s, 3H), 0.385 (s, 3H), 1.25 (t, J = 7.1 Hz, 3H), 1.27 (t, J = 7.1 Hz, 3H), 1.28 (t, J = 7.1 Hz,
3H), 4.15-4.33 (m, 7H), 4.49 (ddd, J = 13.6, 2.5, 0.6 Hz, 1H), 5.04 (d, J = 0.4 Hz, 1H), 6.14 (4,
J = 2.5 Hz, 1H), 7.32-7.39 (m, 3H), 7.49-7.53 (m, 2H); selected NOEs are between & 0.383,
0.385 (Si(CH;),) and & 4.15-4.33, 4.49 (OCHy,, assigned by COSY and HSQC); °C NMR
(100.6 MHz, CDCls) 6 (ppm) -1.90 (q), -1.88 (q), 13.9 (q), 14.0 (q), 14.1 (q), 61.4 (1), 62.2 (1),
62.5 (t), 68.7 (s), 71.2 (t), 82.0 (d), 123.9 (d), 128.1 (d), 129.5 (d), 133.8 (d), 137.5 (s), 152.0
(s), 166.6 (s), 167.4 (s), 168.8 (s); selected HMBC correlations are between o 5.04
(CHCO,Et) and 6 71.2 (OCH2), 68.7 (C(CO,Et),), and 152.0 (C=CHSi); IR (neat) 2982, 1739,
1633, 1428, 1368, 1250, 1114, 1027 cm™'; MS (EI) m/z 434 (M, 4.1) 419 (18), 361 (93), 333
(66), 135 (100%); HRMS M" 434.1762 (calcd for CyH300;Si 434.1761). Anal. Calcd for

CxH3005S1: C, 60.81; H, 6.96. Found: C, 60.70; H, 7.10.

(2)-Diethyl 2-benzoyl-dihydro-4-((dimethylphenylsilyl)methylene)-furan-3,3(2H)-dicar-
boxylate (11d): R¢ = 0.5 (hexane:ether = 1:1); Colorless oil; 'H NMR (400 MHz, CDCls) &
(ppm) 0.393 (s, 3H), 0.396 (s, 3H), 1.03 (t, J = 7.1 Hz, 3H), 1.26 (t, J = 7.1 Hz, 3H), 3.95-4.00

(m, 2H), 4.22-4.35 (m, 2H), 4.35 (dd, J = 13.6, 2.4 Hz, 1H), 4.44 (ddd, J = 13.6, 2.5, 0.5 Hz,
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1H), 6.01 (s, 1H), 6.37 (t, J = 2.5 Hz, 1H), 7.32-7.37 (m, 3H), 7.44-7.48 (m, 2H), 7.50-7.59
(m, 3H), 8.01-8.04 (m, 2H). Selected NOEs are between o 0.393, 0.396 (Si(CHs),) and 6
4.35, 4.44 (OCH2).; *C NMR (100.6 MHz, CDCls) & (ppm) -1.9 (q), -1.7 (q), 13.7 (q), 14.0
(q), 61.8 (1), 62.6 (t), 67.5 (s), 71.4 (t), 83.1 (d), 124.2 (d), 128.1 (d), 128.7 (d), 129.0 (d),
129.4 (d), 133.6 (d), 133.8 (d), 135.6 (s), 137.7 (s), 151.2 (s), 166.9 (s), 167.8 (s), 195.3 (s).
Selected HMBC correlations are between & 6.01 (CHCOPh) and 6 71.4 (OCH,), 67.5
(C(CO,EL),), and 151.2 (C=CHSI).; IR (neat) 2981, 1738, 1694, 1633, 1597, 1449, 1428,
1367, 1114, 1057, 1025 cm™; MS (FAB) m/z 467 (M+H)", 465 (M-H)"; HRMS (M+H)"
467.1891 (caled for CasH306Si 467.1890), (M-H)" 465.1740 (caled for CpsHaOgSi

465.1733).

(2)-Triethyl dihydro-4-((methyldiphenylsilyl)methylene)-furan-2,3,3(2H)-tricarboxylate
(11e): Ry= 0.2 (hexane:ether = 2:1); Colorless oil; '"H NMR (400 MHz, CDCls) & (ppm) 0.65
(s, 3H), 1.26 (t, J = 7.1 Hz, 6H), 1.29 (t, J = 7.1 Hz, 3H), 4.04 (dd, J = 14.1, 2.6 Hz, 1H),
4.14-4.37 (m, 7H), 5.03 (s, 1H), 6.32 (t, J = 2.6 Hz, 1H), 7.33-7.42 (m, 3H), 7.50-7.54 (m,
2H). Selected NOEs are between & 0.65 (Si(CH;3)) and & 4.04, 4.14-4.37 (OCH,).; °C NMR
(100.6 MHz, CDCl3) 6 (ppm) -3.0 (q), 13.95 (q), 14.07 (q), 14.10 (q), 61.4 (), 62.3 (t), 62.6
(1), 69.0 (s), 71.3 (1), 81.9 (d), 122.2 (d), 128.2 (d), 129.8 (d), 134.76 (d), 134.78 (d), 135.5 (s),
153.6 (s), 166.6 (s), 167.4 (s), 168.7 (s). Selected HMBC correlations are between 6 5.03
(CHCOzEt) and 6 71.3 (OCH;), 69.0 (C(CO;Et),), and 153.6 (C=CHSi).; IR (neat) 2982,
1739, 1632, 1429, 1252, 1113, 1026 cm™'; MS (EI) m/z 496 (M", 11), 423 (86), 197 (100%);
HRMS M" 496.1906 (caled for C7H3,07S1 496.1917); Anal. Calcd for C,7H3,04Si: C, 65.35;
H, 6.48. Found: C, 65.30; H, 6.49.

(2)-Triethyl dihydro-4-((triphenylsilyl)methylene)-furan-2,3,3(2H)-tricarboxylate (11f):
R¢= 0.2 (hexane:ether = 2:1); Colorless oil; 'H NMR (400 MHz, CDCls) & (ppm) 1.26 (t,J =

7.1 Hz, 3H), 1.28 (t, J = 7.1 Hz, 3H), 1.31 (t, J = 7.1 Hz, 3H), 3.84 (dd, J = 14.4 Hz, 2.7 Hz,
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1H), 4.10 (dd, J = 14.4, 2.4, 0.5 Hz, 1H), 4.12-4.36 (m, 6H), 5.02 (s, 1H), 6.59 (t, J = 2.5 Hz,
1H), 7.34-7.45 (m, 9H), 7.55-7.58 (m, 6H); *C NMR (100.6 MHz, CDCls) & (ppm) 14.0 (q),
14.1 (q), 61.4 (1), 62.4 (1), 62.6 (), 69.2 (s), 71.5 (1), 81.9 (d), 120.5 (d), 128.2 (d), 130.0 (d),
133.7 (s), 135.8 (d), 154.9 (s), 166.6 (s), 167.4 (s), 168.7 (s). Selected HMBC correlations are
between 6 5.02 (CHCO,Et) and 6 71.5 (OCH,), 69.2 (C(CO,Et),), and 154.9 (C=CHSi).; IR
(neat) 2982, 1738, 1633, 1429, 1249, 1111, 1026 cm™; MS (EI) m/z 558 (M",11), 485 (64),

259 (100%); HRMS M" 558.2079 (caled for C3,H340-Si 558.2074).

(2)-Triethyl  dihydro-4-((allyldimethylsilyl)methylene)-furan-2,3,3(2H)-tricarboxylate
(11g): R¢= 0.1 (hexane:ether = 4:1); Colorless oil; "H NMR (400 MHz, CDCl3) & (ppm) 0.174
(s, 3H), 0.177 (s, 3H), 1.23 (t, J = 7.1 Hz, 3H), 1.26 (t, J = 7.1 Hz, 3H), 1.27 (t, J = 7.1 Hz,
3H), 4.11-4.33 (m, 6H), 4.43 (dd, J = 13.5, 2.6 Hz, 1H), 4.66 (ddd, J =13.5, 2.5, 0.5 Hz, 1H),
5.05 (s, 1H), 5.73 (dd, J = 19.9, 4.0 Hz, 1H), 5.96 (t, J = 2.5 Hz, 1H), 5.99 (dd, J = 14.6, 4.0
Hz, 1H), 6.11 (dd, J = 19.9, 14.6 Hz, 1H). Selected NOEs are between 6 0.174, 0.177
(Si(CHs),) and & 4.43, 4.66 (OCH,) and between & 5.05 (CHCO,Et) and & 4.43 (OCHH).; °C
NMR (100.6 MHz, CDCl3) 6 (ppm) -2.52 (q), -2.49 (q), 13.9(q), 14.0 (q), 14.1 (q), 61.4 (1),
62.2 (t), 62.4 (1), 68.5 (s), 71.2 (1), 81.9 (d), 123.8 (d), 133.2 (1), 137.0 (d), 151.3 (s), 166.6 (s),
167.4 (s), 168.8 (s). Selected HMBC correlations are between & 5.05 (CHCO;Et) and & 71.2
(OCH,), 68.5 (C(CO;Et),), and 151.3 (C=CHSi).; IR (neat) 2983, 1738, 1633, 1250, 1211,
1094, 1027 cm™; MS (EI) m/z 384 (M™, 0.5), 369 (3.6), 311 (100%); HRMS M" 384.1611
(calcd for CigH,507Si 384.1604); Anal. Calcd for CigsH»304Si: C, 56.23; H, 7.34. Found: C,

55.96; H, 7.40.

(2)-Triethyl dihydro-4-((benzyldimethylsilyl)methylene)-furan-2,3,3(2H)-tricarboxylate
(11h): R = 0.3 (hexane:ether = 2:1); Colorless oil; 'H NMR (400 MHz, CDCls) & (ppm)
0.093 (s, 3H), 0.105 (s, 3H), 1.24 (t, J = 7.1 Hz, 3H), 1.27 (t, J = 7.1 Hz, 3H), 1.29 (t, J = 7.1

Hz, 3H), 2.15 (s, 2H), 4.13-4.31 (m, 7H), 4.51 (ddd, J = 13.4, 2.5, 0.5 Hz, 1H), 5.02 (s, 1H),
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5.94 (t, J = 2.5 Hz, 1H), 6.96-6.99 (m, 2H), 7.05-7.09 (m, 1H), 7.17-7.21 (m, 2H). Selected
NOEs are between & 0.093, 0.105 (Si(CHs),) and & 4.13-4.31, 4.51 (OCHy).; >C NMR (100.6
MHz, CDCl3) & (ppm) -2.8 (q), -2.7 (q), 13.9 (q), 14.05 (q), 14.09 (q), 25.9 (t), 61.4 (t), 62.2
(t), 62.4 (1), 68.6 (s), 71.1 (1), 81.8 (d), 123.8 (d), 124.4 (d), 128.25 (d), 128.29 (d), 139.1 (s),
151.5 (s), 166.5 (s), 167.3 (s), 168.7 (s). Selected HMBC correlations are between 6 5.02
(CHCO,Et) and & 71.1 (OCH,), 68.6 (C(CO,Et),), and 151.5 (C=CHSi).; IR (neat) 2982,
1739, 1633, 1600, 1494, 1250, 1208, 1093, 1058, 1027 cm™; MS (EI) m/z 448 (M", 1.3), 375
(7.5), 357 (96), 211 (86), 183 (100%); HRMS M" 448.1915 (calcd for C,3H3,0-Si 448.1917);

Anal. Calcd for C»3H3,05Si1: C, 61.58; H, 7.19. Found: C, 61.72; H, 7.41.

(2)-Diethyl 2-phenyl-dihydro-4-((trimethylsilyl)methylene)-furan-3,3(2H)-dicarboxyla-
te (11i): R¢= 0.7 (hexane:ether = 1:1); Pale yellow oil; '"H NMR (400 MHz, CDCl;) & (ppm)
0.15 (s, 9H), 0.77 (t, J = 7.1 Hz, 3H), 1.29 (t, J = 7.1 Hz, 3H), 3.47-3.55 (m, 1H), 3.72-3.80
(m, 1H), 4.25-4.37 (m, 2H), 4.50 (dd, J = 13.4, 2.7 Hz, 1H), 4.82 (ddd, J = 13.4, 2.3, 0.4 Hz,
1H), 5.69 (s, 1H), 6.03 (t, J = 2.5 Hz, 1H), 7.27-7.32 (m, 3H), 7.41-7.44 (m, 2H). Selected
NOEs are between 6 0.15 (Si(CHs)3) and 6 4.50, 4.82 (OCH,) and between & 5.69 (CHPh)
and & 4.50 (OCHH).; >C NMR (100.6 MHz, CDCls) & (ppm) -0.7 (q), 13.4 (q), 14.1 (q), 61.2
(t), 61.8 (t), 70.4 (s), 70.9 (t), 84.8 (d), 124.0 (d), 126.7 (d), 128.0 (d), 128.2 (d), 137.4 (s),
152.3 (s), 167.8 (s), 168.1 (s). Selected HMBC correlations are between 6 5.69 (CHPh) and 6
70.4 (C(CO,Et),) and 152.3 (C=CHSi) and between d 4.82 (OCHH) and o 84.8 (CHPh).; IR
(neat) 2980, 2956, 1727, 1631, 1369, 1251, 1199, 1092 cm™; MS (EI) m/z 376 (M", 8.1), 303
(13), 287 (33), 185 (29), 105 (82), 73 (100%); HRMS M’ 376.1707 (calcd for CHagOs5Si

376.1706); Anal. Calcd for C,0H»30s5Si: C, 63.80; H, 7.50. Found: C, 63.97; H, 7.68.

(2)-Diethyl  2-phenyl-dihydro-4-((dimethylphenylsilyl)methylene)-furan-3,3(2H)-dicar-
boxylate (11j): Rf = 0.7 (hexane:ether = 1:1); Colorless oil; '"H NMR (400 MHz, CDCl3) &

(ppm) 0.410 (s, 3H), 0.412 (s, 3H), 0.80 (t, J = 7.1 Hz, 3H), 1.28 (t, J = 7.1 Hz, 3H), 3.50-3.58
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(m, 1H), 3.73-3.81 (m, 1H), 4.25-4.38 (m, 3H), 4.62 (dd, J = 13.7, 2.2 Hz, 1H), 5.68 (s, 1H),
6.20 (t, J = 2.5 Hz, 1H), 7.23-7.31 (m, 3H), 7.36-7.42 (m, 5H), 7.54-7.58 (m, 2H). Selected
NOEs are between 8 0.410, 0.412 (Si(CH;),) and § 4.25-4.38, 4.62 (OCH,).; °C NMR (100.6
MHz, CDCl3) 8 (ppm) -1.7 (q), 13.4 (q), 14.1 (q), 61.3 (t), 61.9 (t), 70.6 (s), 71.1 (t), 84.8 (d),
121.9 (d), 126.6 (d), 127.9 (d), 128.1 (d), 128.2 (d), 129.4 (d), 133.8 (d), 137.3 (s), 137.7 (s),
154.1 (s), 167.6 (s), 168.0 (s). Selected HMBC correlations are between o6 5.68 (CHPh) and 6
70.6 (C(CO,Et),) and 154.1 (C=CHSi) and between d 4.62 (OCHH) and o 84.8 (CHPh).; IR
(neat) 2980, 1726, 1630, 1428, 1369, 1252, 1200, 1092, 1072 cm™'; MS (EI) m/z 438 (M", 16),
365 (40), 349 (54), 287 (75), 135 (100%); HRMS M" 438.1870 (calcd for C,sH300s5Si
438.1863); Anal. Calcd for C,5H3005Si: C, 68.46; H, 6.89. Found: C, 68.53; H, 7.03.

(2)-Triethyl  dihydro-4-((methoxycarbonyl)methylene)-furan-2,3,3(2H)-tricarboxylate
(13a): R = 0.3 (hexane:ether = 1:1); Colorless oil; '"H NMR (400 MHz, CDCl3) & (ppm) 1.27
(t, J=7.1 Hz, 3H), 1.28 (t, J = 7.1 Hz, 3H), 1.31 (t, J = 7.1 Hz, 3H), 3.75 (s, 3H), 4.17-4.26
(m, 4H), 4.29 (q, J = 7.1 Hz, 2H), 4.95 (dd, J = 17.0, 2.7 Hz, 1H), 5.12 (dd, J = 17.0, 2.7 Hz,
1H), 5.13 (s, 1H), 6.26 (t, J = 2.7 Hz, 1H); °C NMR (100.6 MHz, CDCl3) & (ppm) 13.8 (q),
13.9 (q), 14.0 (q), 51.7 (q), 61.6 (1), 62.7 (t), 63.1 (t), 67.6 (s), 72.3 (t), 81.6 (d), 116.9 (d),
155.2 (s), 165.3 (s), 165.9 (s), 166.2 (s), 168.3 (s). Selected HMBC correlations are between o
5.13 (CHCO;Et) and & 72.3 (OCH,) and 67.6 (C(CO,Et),), and between 6 4.95, 5.12 (OCH,)
and & 81.6 (CHCO,EY).; IR (neat) 2985, 1742, 1668, 1440, 1359, 1146, 1098, 1019 cm™; MS
(FAB) m/z 359 (M+H)"; Anal. Calcd for CisH2,00: C, 53.63; H, 6.19. Found: C, 53.55; H,

6.27.

(2)-Diethyl 2-benzoyl-dihydro-4-((methoxycarbonyl)methylene)-furan-3,3(2H)-dicarbo-
xylate (13b): R¢ = 0.3 (hexane:ether = 1:1); Pale yellow oil; '"H NMR (400 MHz, CDCl3) &
(ppm) 1.07 (t, J =7.1 Hz, 3H), 1.29 (t, J= 7.1 Hz, 3H), 3.74 (s, 3H), 4.06 (q, J = 7.1 Hz, 2H),

4.25-4.34 (m, 2H), 4.90 (dd, J = 17.0, 2.7 Hz, 1H), 5.09 (dd, J = 17.0, 2.7 Hz, 1H), 6.11 (s,
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1H), 6.58 (t, J = 2.7 Hz, 1H), 7.48-7.52 (m, 2H), 7.59-7.64 (m, 1H), 8.05-8.07 (m, 2H); "*C
NMR (100.6 MHz, CDCls) & (ppm) 13.6 (q), 13.9 (q), 51.6 (q), 62.2 (t), 63.2 (), 66.1 (s), 72.2
(t), 82.2 (d), 117.1 (d), 128.7 (d), 129.1 (d), 133.9 (d), 135.0 (s), 154.3 (s), 165.6 (s), 166.2 (s),
166.5 (s), 194.5 (s). Selected HMBC correlations are between 6 6.11 (CHCOPh) and 6 72.2
(OCH,), 66.1 (C(CO,Et),), and 154.3 (C=CHCO;Me).; IR (neat) 2984, 1742, 1717, 1687,
1597, 1449, 1356, 1205, 1146, 1016 cm™; MS (EI) m/z 390 (M", 7.9), 345 (11), 285 (37), 211

(100); HRMS M" 390.1313 (caled for C2H,,05 390.1315).

(2)-Diethyl  2-phenyl-dihydro-4-((methoxycarbonyl)methylene)-furan-3,3(2H)-dicarbo-
xylate (13c): R¢= 0.2 (cyclohexane:CH,Cl, = 1:1); Colorless oil; "H NMR (400 MHz, CDCls)
d (ppm) 0.80 (t, J = 7.1 Hz, 3H), 1.32 (t, J = 7.1 Hz, 3H), 3.49-3.57 (m, 1H), 3.76 (s, 3H),
3.78-3.86 (m, 1H), 4.26-4.39 (m, 2H), 4.85 (dd, J=17.2, 2.8 Hz, 1H), 5.35 (ddd, J=17.2, 2.4,
0.5 Hz, 1H), 5.68 (s, 1H), 6.29 (t, J = 2.7 Hz, 1H), 7.28-7.34 (m, 3H), 7.43-7.47 (m, 2H); °C
NMR (100.6 MHz, CDCls) & (ppm) 13.4 (q), 14.0 (q), 51.7 (q), 61.8 (t), 62.5 (t), 69.6 (s), 71.8
(t), 84.5 (d), 115.4 (d), 126.8 (d), 128.0 (d), 128.5 (d), 136.5 (s), 157.9 (s), 166.2 (s), 166.6 (s),
167.0 (s). Selected HMBC correlations are between & 5.68 (CHPh) and & 69.6 (C(CO,Et),)
and 157.9 (C=CH) and between o 5.35 (OCHH) and 6 84.5 (CHPh).; IR (neat) 2984, 1733,
1667, 1497, 1456, 1373, 1265, 1094 cm™; MS (EI) m/z 362 (M", 62), 288 (25), 243 (100%);

HRMS M" 362.1372 (caled for C19H»,07 362.1366).

(E)-Triethyl  dihydro-4-((methoxycarbonyl)methylene)-furan-2,3,3(2H)-tricarboxylate
(14a): Ry = 0.1 (hexane:ether = 1:2); Pale yellow oil; '"H NMR (400 MHz, CDCl3) & (ppm)
1.23 (t, 3 = 7.1 Hz, 3H), 1.28 (t, J = 7.1 Hz, 3H), 1.29 (t, J = 7.1 Hz, 3H), 3.68 (s, 3H),
4.09-4.30 (m, 6H), 4.60 (dd, J = 14.8, 2.2 Hz, 1H), 4.89 (ddd, J = 14.8, 2.2, 0.5 Hz, 1H), 5.00
(d, J = 0.5 Hz, 1H), 6.01 (t, J = 2.2 Hz, 1H). Selected NOEs are between o 6.01
(C=CHCO,Me) and & 4.60, 4.89 (OCH,).; *C NMR (100.6 MHz, CDCl;) & (ppm) 13.8 (q),

13.9 (q), 14.1 (q), 51.6 (q), 61.6 (1), 62.5 (1), 62.7 (¢), 67.4 (s), 72.9 (1), 84.9 (d), 115.8 (d),
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152.7 (s), 164.87 (s), 164.93 (s), 166.2 (s), 168.0 (s). Selected HMBC correlations are
between 6 5.00 (CHCO,Et) and & 72.9 (OCH,), 67.4 (C(CO,Et),), and 152.7 (C=CHCO;Me).;
IR (neat) 2985, 1768-1716, 1678, 1445, 1367, 1097 cm’™'; MS (EI) m/z 358 (M", 16), 326

(100%); HRMS M" 358.1270 (calcd for C1sH209 358.1264).

(E)-Diethyl 2-benzoyl-dihydro-4-((methoxycarbonyl)methylene)-furan-3,3(2H)-dicarbo-
xylate (14b): R¢ = 0.5 (hexane:ether = 1:2); Pale yellow oil; '"H NMR (400 MHz, CDCl3) &
(ppm) 0.93 (t, J="7.1 Hz, 3H), 1.26 (t, J = 7.1 Hz, 3H), 3.50-3.58 (m, 1H), 3.62-3.77 (m, 1H),
3.64 (s, 3H), 4.23-4.31 (m, 2H), 4.73 (dd, J = 14.7, 2.0 Hz, 1H), 5.13 (dd, J = 14.7, 2.2 Hz,
1H), 6.05 (t, J = 2.1 Hz, 1H), 6.09 (s, 1H), 7.43-7.47 (m, 2H), 7.55-7.59 (m, 1H), 7.94-7.97
(m, 1H). Selected NOEs are between & 6.05 (C=CHCOPh) and & 4.73, 5.13 (OCH,).; *C
NMR (100.6 MHz, CDCls) & (ppm) 13.4 (q), 13.9 (q), 51.5 (q), 62.2 (t), 62.9 (t), 68.1 (s), 73.7
(1), 86.6 (d), 115.7 (d), 128.58 (d), 128.63 (d), 133.7 (d), 135.4 (s), 152.9 (s), 165.1 (s), 165.2
(s), 166.8 (s), 195.2 (s). Selected HMBC correlations are between 6 6.09 (CHCOPh) and 6
73.7 (OCH»), 68.1 (C(CO;Et),), and between & 4.73 (OCHH) and 68.1 (C(CO;Et),).; IR
(neat) 2984, 1733, 1597, 1580, 1449, 1367, 1235, 1099, 1063 cm™'; MS (EI) m/z 390 (M", 5.3),
359 (10), 345 (14), 285 (76), 211 (90), 105 (98), 84 (100%); HRMS M" 390.1317 (calcd for

Cy0H2,05 390.1315).

(R)-(+)-3-Butyn-2-ol 15a & (R)-(-)-1-phenyl-2-propyn-1-ol 15bi3, Aldrich.ft:2>SHEA L
72, trans-16 & cis-16Dee%ld. *tIET Hlérac-15& DRINZ L V5 b v Hrac-16 & %
HPLCIZ & Y el iE Lz,

trans-Triethyl 5-methyl-4-methylene-dihydrofuran-2,3,3(2H)-tricarboxylate (trans-16a):
Re= 0.5 (hexane:ether = 1:1); Colorless oil; HPLC (detection, 210 nm), (hexane-PrOH = 9:1)

tr 4.5 min, >95% ee (for the racemate, tg 4.5 min and 5.1 min); [a]; = +97° (c 0.40, CHCl);
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'H NMR (400 MHz, CDCl3) & (ppm) 1.25 (t, J = 7.1 Hz, 3H), 1.28 (t, J = 7.1 Hz, 3H), 1.29 (t,
J =7.1 Hz, 3H), 1.36 (d, J = 6.4 Hz, 3H), 4.12-4.26 (m, 4H), 4.27 (q, J = 7.1 Hz, 2H),
4.91-4.96 (m, 1H), 5.23 (s, 1H), 5.25 (dd, J=2.2, 0.5 Hz, 1H), 5.53 (dd, J = 2.5, 0.8 Hz, 1H).
Selected NOEs are between 6 5.23 (CHCO,Et) and 6 1.36 (OCHCHj3) and between 64.91-4.96
(OCHMe) and & 5.25 (C=CHH).; °C NMR (100.6 MHz, CDCls) § (ppm) 13.86 (q), 13.94 (q),
14.1 (q), 20.5 (q), 61.4 (t), 62.2 (t), 62.6 (t), 67.1 (s), 78.3 (d), 81.0 (d), 111.5 (t), 148.1 (s),
166.7 (s), 167.6 (s), 169.4 (s). Selected HMBC correlations are between o 5.25, 5.53 (C=CH,)
and 8 67.1 (C(CO;Et),) and 78.3 (OCHMe).; IR (neat) 2983, 1739, 1447, 1370, 1213, 1097,
1047 cm™; MS (EI) m/z 314 (M", 92), 269 (5.3), 241 (100%); HRMS M" 314.1367 (calcd for
Ci5H2,07 314.1366); Anal. Calcd for C;sH»,07: C, 57.32; H, 7.05. Found: C, 57.05; H, 6.91.

cis-Triethyl 5-methyl-4-methylene-dihydrofuran-2,3,3(2H)-tricarboxylate (cis-16a): Ry =
0.4 (hexane:ether = 1:1); Colorless oil; HPLC (detection, 210 nm), (hexane-PrOH = 9:1) tg
7.2 min, >95% ee (for the racemate, tg 5.0 min and 7.1 min); [a]}, = -61° (¢ 0.40, CHCl3); 'H
NMR (400 MHz, CDCl3) 6 (ppm) 1.25 (t, J = 7.1 Hz, 3H), 1.29 (t, J = 7.1 Hz, 3H), 1.31 (t, J
=7.1 Hz, 3H), 1.45 (d, J = 6.2 Hz, 3H), 4.13-4.35 (m, 6H), 4.55-4.61 (m, 1H), 4.92 (s, 1H),
5.19 (dd, J = 2.3, 1.0 Hz, 1H), 5.42 (dd, J = 2.7, 1.0 Hz, 1H). Selected NOEs are between o
5.19 (CHCO,Et) and & 4.55-4.61 (OCHMe).; °C NMR (100.6 MHz, CDCl3) & (ppm) 13.9 (q),
14.0 (q), 14.1 (q), 20.0 (q), 61.4 (1), 62.3 (t), 62.4 (t), 67.1 (s), 78.0 (d), 81.2 (d), 110.6 (t),
149.4 (s), 166.9 (s), 167.7 (s), 168.2 (s). Selected HMBC correlations are between 6 4.92
(CHCO,Et) and 6 67.1 (C(CO;Et),) and 149.4 (C=CH,) and between 6 5.19, 5.42 (C=CH,)
and 8 67.1 (C(CO;Et),) and 78.0 (OCHMe).; IR (neat) 2984, 1738, 1446, 1368, 1263, 1109,
1059 cm™'; MS (EI) m/z 314 (M", 5.6), 241 (100%); HRMS M" 314.1370 (calcd for C5H,0-

314.1366).

trans-Diethyl 2-benzoyl-5-methyl-4-methylene-dihydrofuran-2,3,3(2H)-dicarboxylate

(trans-16b): Ry = 0.3 (cyclohexane:ether = 49:1); Yellow oil; HPLC (detection, 254 nm),
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(hexane-PrOH = 49:1) tg 8.0 min, >95% ee (for the racemate, tg 8.1 min and 9.7 min); [a]} =
+77° (¢ 0.72, CHCl3); '"H NMR (400 MHz, CDCl3) & (ppm) 1.03 (t, J = 7.1 Hz, 3H), 1.29 (t, J
=7.1 Hz, 3H), 1.36 (d, J = 6.2 Hz, 3H), 3.95-4.06 (m, 2H), 4.28 (q, J = 7.1 Hz, 2H), 4.69-4.75
(m, 1H), 5.29 (d, J =2.2 Hz, 1H), 5.76 (dd, J = 2.0, 0.5 Hz, 1H), 6.16 (s, 1H), 7.46-7.51 (m,
2H), 7.57-7.62 (m, 1H), 8.05-8.09 (m, 2H). Selected NOEs are between & 6.16 (CHCOPh)
and & 1.36 (OCHCHs).; °C NMR (100.6 MHz, CDCl3) & (ppm) 13.7 (q), 13.9 (q), 20.4 (q),
61.8 (t), 62.6 (t), 65.6 (s), 78.0 (d), 81.5 (d), 111.9 (t), 128.7 (d), 129.2 (d), 133.7 (d), 135.3 (s),
147.5 (s), 166.9 (s), 168.1 (s), 195.1 (s). Selected HMBC correlations are between 6 6.16
(CHCOPh) and 6 78.0 (OCHMe), 65.6 (C(CO,Et),), and 147.5 (C=CH,).; IR (neat) 2981,
1739, 1688, 1597, 1449, 1229, 1041 cm™; MS (EI) m/z 346 (M", 14), 301 (38), 273 (37), 241
(92), 105 (100%); HRMS M 346.1419 (calcd for C9H204 346.1416).

cis-Diethyl 2-benzoyl-5-methyl-4-methylene-dihydrofuran-2,3,3(2H)-dicarboxylate
(cis-16b): Ry = 0.4 (cyclohexane:ether = 49:1); Yellow oil; HPLC (detection, 254 nm),
(hexane-iPrOH =49:1) tg 10.6 min, >95% ee (for the racemate, tg 9.0 min and 10.5 min); [a]}
=-26° (¢ 0.29, CHCl;); '"H NMR (400 MHz, CDCl3) & (ppm) 1.06 (t, J = 7.1 Hz, 3H), 1.26 (t,
J = 7.1 Hz, 3H), 1.46 (d, J = 6.4 Hz, 3H), 3.95-4.12 (m, 2H), 4.26 (q, J = 7.1 Hz, 2H),
4.67-4.73 (m, 1H), 5.24 (dd, J=2.2, 0.7 Hz, 1H), 5.64 (dd, J = 2.6, 0.7 Hz, 1H), 5.76 (s, 1H),
7.44-7.48 (m, 2H), 7.55-7.59 (m, 1H), 8.06-8.09 (m, 2H). Selected NOEs are between o 5.76
(CHPh) and 6 4.67-4.73 (OCHMe), & 5.24 (C=CHH) and & 4.67-4.73 (OCHMe), and 6 5.24
(C=CHH) and & 1.46 (OCHCHj).; >C NMR (100.6 MHz, CDCl3) § (ppm) 13.7 (q), 14.0 (q),
20.0 (q), 61.9 (1), 62.5 (1), 66.6 (s), 78.6 (d), 83.8 (d), 110.9 (t), 128.5 (d), 129.3 (d), 133.4 (d),
136.0 (s), 148.6 (s), 167.3 (s), 168.1 (s), 195.3 (s). Selected HMBC correlations are between o
5.76 (CHCOPh) and & 78.6 (OCH,), 66.6 (C(CO;Et),) and 148.6 (C=CH,).; IR (neat) 2982,
1733, 1694, 1597, 1449, 1368, 1234, 1107, 1052 cm™; MS (EI) m/z 346 (M", 6.6), 301 (16),

273 (18), 241 (61), 105 (100%); HRMS M" 346.1412 (caled for C1oH»Os 346.1416).
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trans-Triethyl 5-phenyl-4-methylene-dihydrofuran-2,3,3(2H)-tricarboxylate (trans-16c):
R¢ = 0.4 (hexane:ether = 1:1); Pale yellow oil; HPLC (detection, 254 nm), (hexane-PrOH =
49:1) tg 10.5 min, >95% ee (for the racemate, tg 7.9 min and 10.5 min); [a]} = -15° (¢ 0.50,
CHCl3); 'TH NMR (400 MHz, CDCls) & (ppm) 1.27 (t, J = 7.1 Hz, 3H), 1.28 (t, J = 7.1 Hz,
3H), 1.30 (t, J = 7.1 Hz, 3H), 4.15-4.34 (m, 6H), 5.08 (d, J = 2.6 Hz, 1H), 5.46 (s, 1H), 5.64
(dd, J = 2.6, 0.7 Hz, 1H), 5.78 (t, J = 2.4 Hz, 1H), 7.28-7.37 (m, 5H). Selected NOEs are
between & 5.46 (CHCOEt) and 6 7.28-7.37 (Ph) and between & 5.08 (C=CHH) and &
7.28-7.37 (Ph), 5.78 (OCHPh).; *C NMR (100.6 MHz, CDCl3) & (ppm) 13.90 (q), 13.94 (q),
14.1 (q), 61.5 (1), 62.3 (1), 62.7 (t), 66.9 (s), 81.5 (d), 84.5 (d), 114.9 (1), 127.7 (d), 128.5 (d),
128.6 (d), 139.7 (s), 146.8 (s), 166.7 (s), 167.4 (s), 169.4 (s). Selected HMBC correlations are
between 6 5.46 (CHCO,Et) and 6 84.5 (OCHPh), 66.9 (C(CO,Et),), and 146.8 (C=CH).; IR
(neat) 2983, 1738, 1456, 1368, 1250, 1098, 1052 cm™; MS (FAB) m/z 377 (M+H)", 399
(M+Na)"; HRMS M" 377.1604 (calcd for CoH,507 377.1600); Anal. Calcd for Co0H»407: C,

63.82; H, 6.43. Found: C, 63.70; H, 6.54.

cis-Triethyl 5-phenyl-4-methylene-dihydrofuran-2,3,3(2H)-tricarboxylate (cis-16¢): Ry =
0.4 (hexane:ether = 1:1); Colorless oil; HPLC (detection, 210 nm), (hexane-PrOH = 9:1) tg
5.6 min, >95% ee (for the racemate, tg 5.7 min and 16.4 min); [a]}, = +24° (c 0.55, CHCl;);
'H NMR (400 MHz, CDCl3) & (ppm) 1.25 (t, J = 7.1 Hz, 3H), 1.30 (t, J = 7.1 Hz, 3H), 1.33 (t,
J=17.1 Hz, 3H), 4.15-4.39 (m, 6H), 4.99 (dd, J = 2.4, 0.9 Hz, 1H), 5.11 (s, 1H), 5.38 (t, J =
2.5 Hz, 1H), 5.51 (dd, J = 2.7, 0.9 Hz, 1H), 7.29-7.37 (m, 3H), 7.39-7.42 (m, 2H). Selected
NOEs are between & 5.11 (CHCOPh) and & 5.38 (OCHPh), 6 4.99 (C=CHH) and & 5.38
(OCHPh), and & 4.99 (C=CHH) and § 7.39-7.42 (Ph).; °C NMR (100.6 MHz, CDCl;) &
(ppm) 13.9 (q), 14.0 (q), 14.1 (q), 61.4 (1), 62.3 (1), 62.6 (t), 66.8 (s), 81.4 (d), 84.2 (d), 113.7
(1), 128.2 (d), 128.5 (d), 128.7 (d), 138.7 (d), 148.4 (s), 166.9 (s), 167.7 (s), 168.1 (s). Selected
HMBC correlations are between 6 5.11 (CHCOEt) and o 66.8 (C(CO;Et),) and 148.4

(C=CH,).; IR (neat) 2983, 1737, 1456, 1367, 1259, 1110, 1054 cm™'; MS (FAB) m/z 377
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(M+H)"; HRMS M" 377.1611 (caled for Cy0H2507 377.1600).

trans-Diethyl 2-benzoyl-5-phenyl-4-methylene-dihydrofuran-2,3,3(2H)-dicarboxylate
(trans-16d): Ry = 0.3 (cyclohexane:CH,Cl, = 1:2); Pale yellow oil; HPLC (detection, 254
nm), (hexane-PrOH = 49:1) tz 16.1 min, >95% ee (for the racemate, tx 9.6 min and 15.8
min); [a]}y = -41° (¢ 0.54, CHCl3); 'H NMR (400 MHz, CDCl3) & (ppm) 1.06 (t, J = 7.1 Hz,
3H), 1.28 (t, J=7.1 Hz, 3H), 3.99 (m, 2H), 4.30 (q, J = 7.1 Hz, 2H), 5.06 (d, J = 2.2 Hz, 1H),
5.53 (t, J=2.4 Hz, 1H), 5.82 (d, J = 2.4 Hz, 1H), 6.38 (s, 1H), 7.28-7.36 (m, SH), 7.46-7.51
(m, 2H), 7.57-7.62 (m, 1H), 8.10-8.12 (m, 2H). Selected NOEs are between 6 5.06 (C=CHH)
andd 5.53 (CHPh), 7.28-7.36 (Ph).; >C NMR (100.6 MHz, CDCl3) § (ppm) 13.7 (q), 14.0 (q),
61.9 (1), 62.7 (t), 65.4 (s), 81.8 (d), 84.3 (d), 115.2 (t), 127.9 (d), 128.5 (d), 128.6 (d), 128.8
(d), 129.3 (d), 133.9 (d), 135.3 (s), 139.7 (s), 146.7 (s), 166.8 (s), 167.9 (s), 195.0 (s). Selected
HMBC correlations are between 6 6.38 (CHCOPh) and 6 84.3 (OCHPh), 65.4 (C(CO;Et),),
and 146.7 (C=CH,).; IR (neat) 2982, 1767, 1738, 1687, 1597, 1449, 1366, 1247, 1046 cm™;
MS (FAB) m/z 409 (M+H)", 431 (M+Na)"; HRMS M"™ 409.1657 (calcd for C,4H,504

409.1651); Anal. Calcd for Cy4H,406: C, 70.57; H, 5.92. Found: C, 70.48; H, 5.83.

cis-Diethyl 2-benzoyl-5-phenyl-4-methylene-dihydrofuran-2,3,3(2H)-dicarboxylate (cis-
16d): Ry = 0.4 (hexane:ether = 1:1); Pale yellow oil; HPLC (detection, 254 nm),
(hexane-PrOH = 49:1) tz 11.5 min, >95% ee (for the racemate, tx 11.4 min and 21.2 min);
[a] = +30° (¢ 0.35, CHCl;); 'H NMR (400 MHz, CDCl3) & (ppm) 1.09 (t, J = 7.1 Hz, 3H),
1.30 (t, J="7.1 Hz, 3H), 4.00-4.18 (m, 2H), 4.32 (q, J = 7.1 Hz, 2H), 4.97 (dd, J = 2.3, 0.6 Hz,
1H), 5.49 (t, J = 2.6 Hz, 1H), 5.69 (dd, J = 2.7, 0.7 Hz, 1H), 5.88 (s, 1H), 7.30-7.38 (m, 3H),
7.42-7.45 (m, 4H), 7.54-7.58 (m, 1H), 8.11-8.14 (m, 2H). Selected NOEs are between 6 5.88
(CHCOPh) and 6 5.49 (OCHPh) and between o6 4.97 (C=CHH) and o 5.49 (OCHPh), 6
7.42-7.45 (Ph).; *C NMR (100.6 MHz, CDCl3) & (ppm) 13.7 (q), 14.0 (q), 62.0 (t), 62.6 (1),

66.4 (s), 84.4 (d), 84.9 (d), 114.0 (t), 128.40 (d), 128.49 (d), 128.54 (d), 128.7 (d), 129.4 (d),
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133.5 (d), 136.0 (s), 138.9 (s), 147.9 (s), 167.7 (s), 168.1 (s), 194.9 (s). Selected HMBC
correlations are between 6 5.88 (CHCOPh) and 6 66.4 (C(CO,Et),) and 147.9 (C=CH;).; IR
(neat) 2982, 1733, 1694, 1597, 1449, 1250, 1051 cm™; MS (EI) m/z 408 (M, 13), 303 (32),
229 (100%); HRMS M 408.1562 (calcd for Cp4H2404 408.1573).

Triethyl 5,5-dimethyl-dihydro-4-methylenefuran-2,3,3(2H)-tricarboxylate (18a): Ry= 0.4
(hexane:ether = 1:1); Colorless oil; "H NMR (400 MHz, CDCl3) & (ppm) 1.25 (t, J = 7.1 Hz,
3H), 1.28 (t,J=7.1 Hz, 3H), 1.31 (t, J=7.1 Hz, 3H), 1.37 (s, 3H), 1.47 (s, 3H), 4.12-4.35 (m,
6H), 5.09 (s, 1H), 5.16 (d, J = 1.1 Hz, 1H), 5.36 (d, J = 1.3 Hz, 1H). Selected NOEs are
between 6 5.16 (C=CHH) and & 1.37, 1.47 (OC(CHj3),) and between 8 5.09 (CHCO;Et) and &
1.37 (OC(CH;)Me).; °C NMR (100.6 MHz, CDCl3) & (ppm) 13.8 (q), 13.99 (q), 14.06 (q),
27.8 (q), 28.6 (q), 61.3 (1), 62.2 (t), 62.3 (t), 67.6 (s), 79.3 (d), 84.0 (s), 110.4 (t), 153.2 (s),
166.9 (s), 167.7 (s), 168.7 (s). Selected HMBC correlations are between 6 5.09 (CHCO;Et)
and § 84.0 (OCMe,), 67.6 (C(CO,Et),) and 153.2 (C=CH,).; IR (neat) 2981, 1738, 1446, 1366,
1255, 1109, 1053 cm™; MS (FAB) m/z 329 (M+H)"; HRMS M" 329.1608 (calcd for Ci¢H,507

329.1600).

Diethyl 2-benzoyl-5,5-dimethyl-dihydro-4-methylenefuran-3,3(2H)-dicarboxylate (18b):
R¢= 0.4 (hexane:ether = 1:1); Colorless crystals (MeOH); mp 85-87 °C; 'H NMR (400 MHz,
CDCl) & (ppm) 1.07 (t, J = 7.1 Hz, 3H), 1.27 (t, J = 7.1 Hz, 3H), 1.40 (s, 3H), 1.42 (s, 3H),
3.97-4.13 (m, 2H), 4.27 (d, J=7.1 Hz, 2H), 5.23 (d, J = 0.7 Hz, 1H), 5.67 (d, J = 0.7 Hz, 1H),
5.94 (s, 1H), 7.44-7.49 (m, 2H), 7.55-7.59 (m, 1H), 8.08-8.11 (m, 2H). Selected NOEs are
between & 5.23 (C=CHH) and 5 1.40, 1.42 (OC(CH;),).; °C NMR (100.6 MHz, CDCls) &
(ppm) 13.7 (q), 13.9 (q), 28.5 (q), 29.2 (q), 61.8 (1), 62.4 (t), 66.4 (s), 82.1 (d), 85.0 (s), 111.1
(t), 128.5 (d), 129.4 (d), 133.4 (d), 135.9 (s), 151.9 (s), 167.2 (s), 168.1 (s), 195.9 (s). Selected
HMBC correlations are between 6 5.94 (CHCOPh) and 6 85.0 (OCMe,), 66.4 (C(CO;Et),)

and 151.9 (C=CH,).; IR (KBr) 2987, 2964, 1749, 1723, 1692, 1596, 1448, 1267, 1238, 1196,
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1043 cm™; MS (EI) m/z 360 (M, 29), 315 (24), 255 (100%); HRMS M" 360.1582 (calcd for

C20H2406 360.1573).

Triethyl 5,5-diphenyl-dihydro-4-methylenefuran-2,3,3(2H)-tricarboxylate (18c): Ry = 0.4
(hexane:ether = 1:1); Yellow oil; '"H NMR (400 MHz, CDCl3) & (ppm) 1.19 (t, J = 7.1 Hz,
3H), 1.21 (t,J=7.1 Hz, 3H), 1.22 (t, J=7.1 Hz, 3H), 4.12-4.21 (m, 6H), 4.94 (s, 1H), 5.06 (d,
J=0.9 Hz, 1H), 5.74 (d, J = 0.9 Hz, 1H), 7.19-7.23 (m, 5H), 7.28-7.34 (m, 3H), 7.42-7.45 (m,
2H). Selected NOEs are between o 5.06 (C=CHH) and o 7.19-7.23, 7.42-7.45 (Ph) and
between & 4.94 (CHCO,Et) and & 7.42-7.45 (Ph).; °C NMR (100.6 MHz, CDCls) & (ppm)
13.9 (q), 14.0 (q), 14.1 (q), 61.4 (t), 62.35 (t), 62.39 (t), 67.0 (s), 79.0 (d), 91.8 (s), 117.1 (1),
127.77 (d), 127.89 (d), 127.94 (d), 128.1 (d), 128.2 (d), 128.3 (d), 140.5 (s), 143.6 (s), 149.4
(s), 167.2 (s), 167.5 (s), 168.5 (s). Selected HMBC correlations are between o 4.94
(CHCO;Et) and & 67.0 (C(CO,Et),) and between 6 5.06, 5.74 (C=CH,) and o 91.8 (OCPh,),
67.0 (C(COzEt)y).; IR (neat) 2983, 2938, 1738, 1733, 1660, 1600, 1494, 1464, 1447, 1367,
1247, 1107, 1056 cm™'; MS (EI) m/z 452 (M, 1.9), 375 (50), 305 (66), 231 (84), 203 (100%);

HRMS M" 452.1840 (calcd for CpsHag07 452.1835).

Triethyl 4-Methylene-1-oxa-spiro[4.4]nonane-2,3,3-tricarboxylate (18d): Ry = 04
(hexane:ether = 1:1); Colorless oil; "H NMR (400 MHz, CDCl3) & (ppm) 1.23 (t, J = 7.1 Hz,
3H), 1.28 (t, J=7.1 Hz, 3H), 1.30 (t, J = 7.1 Hz, 3H), 1.59-1.90 (m, 6H), 1.95-2.04 (m, 1H),
2.12-2.20 (m, 1H), 4.12-4.35 (m, 6H), 4.98 (s, 1H), 5.21 (d, J=1.1 Hz, 1H), 536 (d, J=0.9
Hz, 1H). Selected NOEs are between 6 5.21 (C=CHH) and & 1.59-1.90 (OC(CH,)-) and
between & 4.98 (CHCO,Et) and & 1.95-2.04 (OC(CH,)-).; °C NMR (100.6 MHz, CDCl;) &
(ppm) 13.9 (q), 14.0 (q), 14.1 (q), 24.7 (1), 24.9 (1), 40.8 (1), 41.3 (t), 61.2 (1), 62.1 (1), 62.3 (1),
67.6 (s), 79.7 (d), 94.1 (s), 109.8 (t), 152.4 (s), 166.9 (s), 167.7 (s), 168.7 (s). Selected HMBC
correlations are between & 4.98 (CHCO;Et) and 6 67.6 (C(CO;Et),) and 152.4 (C=CH,) and
between d§ 5.21, 5.36 (C=CH,) and & 67.6 (C(CO,Et),).; IR (neat) 2980, 1735, 1661, 1466,
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1446, 1368, 1249, 1112, 1049 cm'l; MS (EI) m/z 354 (M", 30), 281 (100), 209 (95%); HRMS
M" 354.1686 (calcd for CisHy607 354.1679). Anal. Calcd for CisHycO7: C, 61.00; H, 7.39.

Found: C, 60.88; H, 7.45.

Triethyl 4-Methylene-1-oxa-spiro[4.5]decane-2,3,3-tricarboxylate (18e): Ry = 0.5
(hexane:ether = 1:1); Pale yellow oil; "H NMR (400 MHz, CDCl3) & (ppm) 1.24 (t, J = 7.1 Hz,
3H), 1.27 (t, J=7.1 Hz, 3H), 1.29 (t, J = 7.1 Hz, 3H), 1.20-1.34 (m, 2H), 1.40-1.50 (m, 1H),
1.53-1.79 (m, 5H), 1.80-1.84 (m, 1H), 1.90-1.93 (m, 1H), 4.11-4.33 (m, 6H), 5.08 (s, 1H),
5.16 (d, J = 0.9 Hz, 1H), 537 (d, J = 0.7 Hz, 1H). Selected NOEs are between 6 5.16
(C=CHH) and & 1.20-1.34, 1.40-1.50 (OC(CH,)-) and between 6 5.08 (CHCOEt) and 6
1.80-1.84 (OC(CH,)-).; °C NMR (100.6 MHz, CDCl3) & (ppm) 13.9 (q), 14.0 (q), 14.1 (q),
22.25 (1), 22.33 (1), 25.2 (1), 36.2 (t), 37.3 (1), 61.2 (1), 62.2 (1), 62.3 (t), 67.6 (s), 79.2 (d), 85.4
(s), 110.5 (t), 153.0 (s), 167.1 (s), 167.9 (s), 169.2 (s). Selected HMBC correlations are
between 6 5.08 (CHCO,Et) and 8 85.4 (OC(CH»)-), 67.6 (C(CO,Et),) and 153.0 (C=CH,).; IR
(neat) 2983, 2936, 2860, 1738, 1659, 1465, 1447, 1367, 1212, 1114, 1047 cm™'; MS (EI) m/z
368 (M", 18), 325 (8.6), 295 (100%); HRMS M" 368.1836 (calcd for C1oH,507 368.1835).

Triethyl 4-Methylene-1-aza-spiro[4.5]decane-2,3,3-tricarboxylate (20a): Ry = 04
(hexane:ether = 1:1); Colorless oil; "H NMR (400 MHz, CDCl5) & (ppm) 1.19-1.31 (m, 11H),
1.52-1.71 (m, 8H), 2.15 (bs, 1H), 4.06-4.33 (m, 6H), 4.54 (s, 1H), 5.14 (d, J = 0.8 Hz, 1H),
5.36 (d, J = 0.8 Hz, 1H); '*C NMR (100.6 MHz, CDCl3) & (ppm) 0.0, 13.9, 14.0, 14.1, 22.6,
22.8,25.7,37.1,38.5, 61.3, 61.9, 64.9, 65.3, 69.0, 109.7, 157.3, 168.4, 168.7, 170.7; IR (neat)
3584, 3308, 2983, 2934, 2856, 1739, 1650, 1466, 1448, 1391, 1370, 1340, 1301, 1256, 1225,
1200, 1169, 1155, 1123, 1096, 1056 cm™; MS (EI) m/z 367; HRMS M" 367.1983 (calcd for

C15H25NOg 367.1995).
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Diethyl 2-benzoyl-4-methylene-1-azaspiro[4.5]dec-1-ene-3,3-dicarboxylate (21) : R¢= 0.6
(CH,Cly:ether = 19:1); Colorless crystals; mp 91-93 °C; 'H NMR (400 MHz, CDCl3) & (ppm)
1.13-1.17 (t, J = 6.8 Hz, 6H), 1.64-1.94 (m, 10H ), 4.16-4.21 (q, J = 7.2 Hz, 4H), 5.26 (d, J =
1.2 Hz, 1H), 5.61 (d, J = 0.8 Hz, 1H), 7.45-8.29 (m, 5H, Ph ); °C NMR (100.6 MHz, CDCl5)
o (ppm) 0.1, 13.8, 23.0, 26.0, 39.1, 62.2, 72.2, 81.3, 110.2, 128.3, 130.9, 133.6, 135.3, 153.3,
162.8, 166.5, 188.8; IR (KBr) 2981, 2936, 2858, 1762, 1730, 1663, 1629, 1595, 1577, 1560,
1476, 1459, 1449, 1389, 1367, 1327, 1312, 1239, 1215, 1166, 1094, 1079, 1055, 1022, 1006
cm'l; MS (EI) m/z 397, HRMS M" 367.1890 (calcd for Cp3H27NOs 397.1889). Anal. Caled

for C»3H»7NOs: C, 69.50; H, 6.85; N, 3.52. Found: C, 69.35; H, 7.00; N, 3.48
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1ER2ETRLEZEL VG, KRFECEIBBESICEY, @roen ) Vv
FOT hT Ra 7T 0 ERMICAKRTE D2 ENRBEN, &2 ARG EF]
AL, -2 F=AT7 =V vaREREE L THWAZ LT, REFAL 742D 6
BERX U UFHEEROEKRE B Liz(eq 11), FEHET 2 2O N R I3REMENTH
EEZ HNDDN, Michael fINI(LA-MINCIR T HRERIEL L THOTWAHILH Y
3 ARSI BIT AT R U HALRUEET AT L L A AR E DS DETEH
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FER(eq 12)°, ITAETIE, @ET CO ZME LT HARMIER ENRE SN TV S(eq

39
13)™ 0 o)
Z H3PO
3P0y
AcOH
NH, €O N7 Ph

Connelly, A. J. etal. J. Org. Chem. 1990, 55, 1757.

R4\[ co o
| ' X Pd Cat., dppb RA X X

M Z iPr,NEt, BMIM PFg, 90°C N

H

H2N R3

Alper, H. et al. J. Org. Chem. 2007, 72, 3218.

EoHi MRLEE
o-TF = AT =V rERAVERER

o-TF = 7=V 2a kP o-(bY AFLI Y LTF=L)T =1 22b Z KRR
L, NIZFAZAT)V1b & DORIGEE VA AFE0.2 24 Bt N TalA T, /R
% Table 12 IZF & &7,

Table 12
R
EtO,C.__CO,Et EtO,C
MX, (0.2 e 2
j’ ) I (0260 50
EtO,C HyN solvent
80-110°C, time EtO,C H
1b 22a:R=H 23
22b:R=TMS
MX, a i b,c
entry 22 (0.2 eq) temp?., time 23 24
1 22a ZnBrn, 80°C, 7h 8%  24a:39%% mmmmooeeoooooo-o-
24a:R=H
2 22a  ZnBry 110°C, 23h 10% 24b :R=TMS

3 22a  Zn(OTf), 110°C, 9h 18% EtO,C._ CO,Et

4 22b  ZnBr, 80°C, 3h 24b : 48%° EtO,C

5 22b Zn(OTf), 80°C, 3h 24b : 47%¢

6 22b Zn(OTf), 110°C, 9h  20% ]

& Toluene was used as a solvent at 110°C and CH,CICH,CI used at 80°C. b A small amount
of impurity could not be removed. ¢ Molecular structure was assumed by 'H-NMR of
products purifyied by column. 4 1H.NMR yields because that 24a is unstable to column
chromatography. ¢ Isolated yield.
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1b & 22a & @ ZnBr,, 80°C, Th OFIHZ XV, FTED 6 BRILEW THHX /U
AR 23 & 8%, ILEATINK 24a % 39% T 7-(entry 1), L2>L7228 6, 23, 24a HiT
AT LEHETHEARMMEZTATEBY . BERFEEICIEE > TWRW(T 7 LML
ETHDARENEND D), IRE%E 110°C (ZHE L. ZnBry, Zn(OTH), il F TZ N E X
JREATR D & AR 24a 137 F T, 28 DULERIT 10%, 13% & 5117 E L 7= (entry 2,3),
[FARIZo-(h U AF N Y F =T =V > 22b & OGS H1T72\0 \(entry 4-6), ZnBr,
110°C, 9h DFEAEITT TMS EEDs T2 7 U 23 % 20% T2,

I 22 ZREGAFE L LIS T, BIMEEOIERIMENb D & o7z, X
J5% D 'THNMR OB —27 i RISRIZEHETH Y | THUIHEET 2 v 05\ ki
PEICERT A EEZEZ2 NS, PoFA~Ya VBT AT L5 OER SRS Z LD
5. Knoevenagel A& DWISS M Z 5 2 & HRB S Lz (K 1 2 M), £72., Arcadi
DEEND Y, eq 14,15 17T IO RA v R—=ABOAERNBESIIEZ 52 L bE
T 6 BEBILEMESLNRWRENO—~2>THD LHAIL T 5D,

o R3 RZ (@]
Rl
R? | | NaAuCl,-2H,0
| + (14)
RL HoN EtOH R3_/
r.t. N
H
Q It N
+ H,N + o (15)
| EtOH N
)J\/\N /b
r.t.,, 24h H
33% 17%

Arcadi, A. et al. J. Org. Chem. 2005, 70, 2265.

79



O-TF =/NT =V 22 ZREAIKE LTHWD & K 24 3B L TH N T
FIZKRIENPIED . A R=NVBREZRT DBENHoTo7ed, 22 DT X/ HhiZ Me J&
THhRELTLbDEHWDL Z & & LTz,

0-I—R7=U k. ) AF U ENTE 0-F = )L-N-AF LT =V 25 %4
LAY MY ZFAT ATV b L DOUGE VA ABE T TRz, fER % Table
13ICELDD,

Table 13
R
EtO,C.__CO,Et EtO,C
MX, (0.2 e 2
]/ o I n(0200) %2
EtO,C _N solvent
50-110°C, fme ~ =102¢ N
1b 25a:R=H 26
25b : R=TMS
MXn a i b,c
entry 25 (0.2 eq) temp®., time 26 By prodct
1 25a  ZnBr, 110°C, 24h 2% 28 : 26%
2 25a  Zn(OTf), 110°C, 24h trace
3 25a InBrj 110°C, 22h trace
4 25b  ZnBr, 110°C, 22h 0% (62%)1 29 : trace
5 25b Zn(OTf), 110°C, 22h 5% 28 : 14%
6 25b Zn(OTf), 50°C, 17h 0% (52%)¢ 27 : trace
7 25b  InBrg 110°C, 22h 0% (11%)° 29 :22%

& Toluene was used as a solvent at 110°C and CH,CICH,CI used at
50°C. P A small amount of impurity could not be removed. ¢ Molecular
structure was assumed by IH-NMR of products purifyied by column.
4 values in parentheses are the 1H-NMR vyields of the recovered 1b.
€ Values in parentheses are the yields of the recovered 25b.

EtO,C._CO,Et EtO,C

™S CO,Et
CO,Et 2
Et0,C 2 N
Et0,c” "N~ 2 S COEt
=
4 N CO,Et
27 28 N 29 M

1b & 25a & @ ZnBr, (0.2 24 &), 110°C, 24h OGS LD . FTEED 6 BERILEW TH
5 N-AFF ) U FHFEE 2618 2%, A > F— Lk 28% % 26% CT157-(entry 1), Y 7
K7p/vA AFRT&H 5D ZnBr, 73 258 DT /LK L ~DOEMNL 2 L, 25a BHE B A~ K—
NVERZEIEK LT, DAV R—VERD 3N b ~REKB LIZERTHD L& X
bhd, £7o, 23 10 6 I HIZ 26 IFUEMELS . ERREEIZITE > TR,

80



Zn(OTA),, InBr; ABEIZ 1 A UGS T 26 1TEBF & L2 viEE T X 720 - 7= (entry 2,3),
[FARIZ 0-(R U AF NN UL F =)L)-N-AF /LT =V 2 28b & DS HITIR - T2 H
(entry 4-7), HHIE T 526 1XF LA EHEONRoT2, Zn(OTH, IFE T, RISIRE %
50°C 2 P 7o RS TIE B b 232 < 5847 L AR 27 DAERRIZ & £ & - 7o (entry 6),
InBr; & W2 ERIZIX S EBRT 2 > 250 D /X FALIZ T 1b & @ Friedel-Crafts SOG 25 L &
7229 MEARED E L THRLIARERE 72> 7 (entry 7).

6 BB LT, ARKIGIZ L D 5 BERFEAICHE L7V A Af&(ZnBr,, InBr;)
TIE, BRIBEOBRIZMLIEIR VR =)L« TIVF Vil 7~ " JERNL 2 LD 12 < WD T
TRV E B 2 VA AR %I Z TS S GET LT, 25b & 0 80°C D )i T ZnCl,, Znl,,
In(OTf)s, SnCly, AICl;, FeCly Z/bA AL LT L7 & 2 A, ZnCly, Znl,, In(OTH)s,
SnCl, TlX. InBr;s &2 U720 & [EAEIZ, Friedel-Crafts S iZ X 21L& 29 723 21-39%
DURTHAR L=, F72, AlCL, FeCls M L7236, ROSITEIT Lso o7z, Zh
OO&RE T IVX L OBNLAE A EREE - AN JEENLICHE ST, TUF U OMEMAL
AT THDEEZONT, £12. T2 ) OB FHEENTER~FETLEE

D3EIN =, Friedel-Crafts ZEMnBEle SNbD B 2 Hvb, LLED 6 BERBE % K
L TWHEHTHD EHERIL T D
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AFN2-TI) 7= T ad VBT AT NV ERWERIG
AL 2B THRLEL IS, 7E2AEAT L IT—LD y (I AT L& BT
HZ L TREAMENENDEEZ BN, - F =T = v OTF = )L Kl
AFNTATVEBAL, ThARERIEL LIRS E e L

.= PRI WEBE LD AF L 2-TI ) 7= L7 a B F o 25 L 30 % CHkiC
o THRL 4, MY xFNEAT L 1b & ORISE ML D/ A ABFE F TR
7o, fEF A Table 14 ICE &5,

Table 14

COMe Et0,C.__CO,Et
CO,Et I

MX,, (0.2 eq) I
| + Et0,C~ “NH CO,Me

EtO,C H,oN solvent =
80-110°C, time

EtO,C

1b 30 31
MX, a .
entry (0.2 eq) temp?., time 31
1 ZnBr, 80°C, 19h 27% ( 9%)°
2 InBrg 80°C, 19h 0% (no reaction)
3 ZnBr, 110°C, 4h 35% (13%)P
4  AlCl 110°C, 4h 69%
5 FeCl, 110°C, 17h 42% (40%)P
6  SnCl, 110°C, 17h 0% (15%)°
7 Zn(OTf),  110°C, 17h 0% (42%)°
8 In(OTf), 110°C, 17h 0% (20%)"

9  Mg(OTf), 110°C,17h  61% (23%)°

@ Toluene was used as a solvent at 110°C and CH,CICH,CI
used at 80°C. ° Values in parentheses are the yields of the
recovered 1b.

ZnBr, (0.2 24 &) 7E(E T 80°C THIIMA 31 28 27 % T S 472 (InBrs TIZIFIERKE T
& o72) (entry 1,2), ROGNRE A 110°C IZHAR L7223, 31 AN E TIH L L7221 T
oT-(entry 3), FEVIT ' HNMRHIELY A > R—/ULEWMTH D AREMENE 2 B
T2, BT LI ARBECHST2OHBET A2 LN TE ol

4-t R X v2-7F o A7)V 12 & OGS TIE, Zn Oftl, AICL; =° FeCls, SnCly
R ETHRLMEESI N Z E DK 2 B, VA ABEEZ-RIGbBE L
7z (entry 4-9), AICly Zfitiit & U CTHWRE, AHONK 31 DU 3m E L, B4R b 7
S oT=m, 6 BBRILAW ZEDITIXE S22 h o I=(entry 4), FeCly & Mg(OT),
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ZIEN DT HAIE 31 DAERKIZ & £ F o 7= (entry 5,9), SnCly, Zn(OTf),, In(OTf);
FNENORIETIE, A 31 OEKIZA LT, 'THNMR #IE XY 1 > F—/L{k
DAERDHEE S 7205, B - [FEIZIEE > TV 720 (entry 6-8).

Plb, 227/ 7x2= 17 abF A7/ 30 & 1b & O&IG T, Ik 31
DERICELEED, TOROBEILETIIESL o Tz, 2ETHRREZT P Tk Kur
T UBRTIE, TAF RO A F IV AT VE NIRRT H Y ERN Z KT
FHNDHSnCl ZFR)T EMNE B VA AN 2 JETRALT 5 Z &I L0 BRIEDEST
L7z EHEMI L7z, AREIOSE. K 31 OT7 LF U HOEFBENEDT S Z LI
L0, TAXEONA AFBE~OEMNBIARNE Z SR80 EZXTND,

Uk, o-=F=A7=V) 22 2% T 6 BEFERMGTIE, 5 BEREEK L
LERTHREEZR B D & 7poT=, 6 BERERICBWTIE, &8 L 7% o ORNLAEA B -
A EED TJERMIZE ST, T LR CEROIEME(LA 5 BERERICHEAS A S Th o722
ENBH E L THET NS, SEEIROFEIZOWTIE, BRI L D, PHBRATEE
R OERBIRRBIC I 1T D LA E OMRFI N ETH 5, £70, FHIZEE S 11
TWb o-mF =17 =Y N2z, cis-K W trans-1-7 X/ 2-=F = /L7 m~FH
IZOWT BT oMEITSH L LB XD,

F7o, BEINERICOWTIEL, 5 BERAERMEHCIE, N X O O iE %) R (through bond
HAHAERD T VX I T RES H D50, FERET I K OHRE T m
IEXNLT I UTIRREAB RN ERELE 65,
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B TRRILEY DAL

Bu AT VEHOTT YV MY VR UEET ATV lald, A ABRSIHE, iR,
B OIS TREERGE L H o720, IBIET 2 v & ORG TIE AR 72 <
BT L7228 b HY ., o-mF =7 =0 22 & la & OIS HRAT-, fER%E
Table 1512 F L D5,

Table 15
Et0,C CO,Et
EtO,C_COzEt MX,, (0.2-1.2 eq)
T °y
BuO,C X solvent o S
| r.t.-80°C, time |
= =
la 22a:R=H 32
22b : R=TMS
entry 22  MX, equiv. temp?, time 32 33 10
1 22a  ZnBr, 0.2 r.t., 16h trace 88%
2 22a  Zn(OTf), 0.2 r.t., 16h trace 87%
3 22a  InBrg 0.2 r.t., 16h trace 87%
4 22a  ZnBr, 0.5 r.t., 16h 12% 35%
5 22a  ZnBr, 1.2 r.t., 16h 22% trace trace
6 22a  InBrg 1.2 r.t., 16h 45%
7 22a ZnBry 0.2 80°C, 16h 35%
8 22a ZnBr,’ 0.2 80°C, 19h 12% 31%
9 22a Zn(OTf), 0.2 80°C, 3h 50%
10 22b  ZnBry 0.2 80°C, 19h 38%
11  22b  Zn(OTf), 0.2 80°C, 3h 58%
& CH,CICH,Cl was used as a solvent EtO,C._CO,Et CO,Et
at 80, 50°C and CH,Cl, used at room EtO,C
temperature.  ® EtzN (0.2 eq) was BUO:C
added. 1 00
33 N 10

oA ARR0.2 HEMFAE T, IR T 16h RESED Z LIC KD | IZIEAINA 33 234
B U7=(entry 1-3), L LARD, y-F 27 hrBREDKF /U B ZHE S OB
BARALA W 32 ZIEBFEMEGR LTz, ZObEWix, K33 07 v AIc~r Uig
TATIVETNVR UBEOWE NG LT- & B 2 5105 (Scheme 19 Sif#4#), ZnBr,
DY EA 05 Y& ET D & ATIE 33 ITIHEE 41,32 AU 12% T S L7z (entry 4),
ZnBr, & 1.2 Y &HWD & 32 OIERITHE T B L2, la il Cafig—EBR{kiz kv
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RS 5 y-F 27 b 10 DRSS 37z (entry 5)'%, InBrs & 1.2 &M= STl
RIFESNT. 10 2T LM E LTS (entry 6), 0.2 248D ZnBr, {F1£ F. 80°C T
l6h IS5 &, 32 DYLERIT 35% & 72> 7 (entry 7). ZnBr-EtsN DR TIE, K2
DR S 303, A0 33 28 31%15 H v, BR{b®) 32 DULFIT 12% & 8D L7z (entry 8),
Zn(OTh), il 2 VN2 & | 80°C, 3h DM TIREFCMAIMAEAN KT 52 &72< 32 %
50% CH37z(entry 9), —J5, 0-(F U AF L UL F=)L)T7 =1 2 22b & DRIGICE
W, ZnBry, 80°C, 19h DEAEIZ LY . 32 DILEIT 38%., Zn(OTH),, 80°C, 3h DA T
I, 58% &A= L7z(entry 10,11), 22b ZREZAIK & L THWGAE, 22b 726401 T
LT B U ATF L VLB TFF B tert-7 F AL B R T 5D AT REPE DS /RIZ S
776

SEIORISIC LV BN HERIEEY 32 13, 1la ® Bu ERANTHE LB ILAR
PR DT X ERIGT D EZZ b=, N 7V A aFRIZ TR R
1k & L', 22a L ORIGERAT-, fEHR% Table 16 ICE LD 5,

Table 16 A
22a
H2N COzEt

EtO,C

EtO,C._COEt o\ Et0,C._COZE! iy (02 eq)
| | Oy NH
tBUOZC r.t., 1.5h HO,C solvent o
quant. r.t.-80°C, time
la 1k 32
entry MX, temp?., time 32
1 ZnBr, 80°C, 8h 36%
2 Zn(OTf),  80°C, 3h 40%
3 InBrs 80°C, 3h 21%
4 ZnBr, 50°C, 7h 43% ¢TI !
P .| EtO,C._COsEt
5 Zn(OTf),  50°C, 7h 58% ! I :
o '} HO.CTUNH
6 InBrs 50°C, 7h 29% | Z
. 34 |
7 Zn(OTf), rt., 27h 3% |
8 — rt., 7h 0% (15%)°

& CH,CICH,CI was used as a solvent at 80, 50°C and CH,Cl, was
used at room temperature. P 1,4-adduct 34 (65%) was obtained and
its yield is TH-NMR vyield of crude products. 34 is unstable to column
chromatography. ¢ Values in parentheses are the yields of the 1k.

FOSIREE & 2R ~80°C D#HIPH T, ZNZENDNA ABF/E T TRIGESE D &, [A]
BROBRRIL B 32 35 Biv7=(entry 1-7), Zn(OTf), 50°C, Th DR{ET 58%ILH & ki
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BN E L 32 DG B iz(entry 5), /LA ABRZINZ 72 WEIR O KOG T, AR
AR LT EHER S IVTZD, I T DIAREE RO, BRI EREIZITE > TV
72 (entry 8), F7z, IR AT ML LY K7 /x>, 7IveEzbnbd7Tr—
RO —27 3275 em), DR EEEEDNS E—27(2983 ecm™), C=C b5
B — 27 (2097 em ) TR L TV 5,

LB ISR BE Ry -5 7 ho—F 2 U Bk Y % One-Pot THESRT 210 E
D, BOENTAEBDIT, FrDOX ) ) UFEERA~OEBBARETH D LEZBND,

HER)LEE (o-mF=1T=Y )
HIVRUBRICER LT Ik Lo F =7 =V 22a LD L T, #E L2
KA & Scheme 18 127”7,

32

Scheme 18

EP . BN SL Fa hBENCL Y . = — RO REE A 2T S,
WIZT IVF 2 DIVA AFR~DENIZ L U (B), =/ —/VIiRFHEE T IVF U ONERIRSE &
DFEGAER L, 6 BERT V7 =/-o-&RPEIEK C BERT D, TLT, TATr=
NEBFREANT T b AbESN, TAr v -n-2BEEDICED, &5, D DAJER
MLTEZR I AF L HEEN, IVRUBENS DR REZZ I TH L Ty-F
7 NP S IVD(E), EBRICIRFRBEEN T 0 h oAb I i, 32 BAERKT D &
HEH LT 5,
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HEDE Z A, Scheme 18 DGMEMETH 5 & HEMI L T 5725, Scheme 19 (2777
Yoz, RICHNAR VBN NRTAX KT A b EZEZ LN,

0O O
EtO | OEt
A

HO')

H ==

MX,,

'OH

E OE OEt
Et0,c SO EtO,C ! EtOZC EtOZC / OFt
NH NH . NH

Xn H

Scheme 19

ZORGHERETIE, = —ARO PR A DAL, VR RN R
52 ETF)., TEBRT T =v-0 -BBPREIK G N ERT 5, LT, TA =14
BREEN T e hAbE ., TATv-n-BREEEAHICES, SHIZ, HO&REAL L
X AF LU HEHERN, =) —IVIRBIND OREREZZTH 2 & TERIN

(D), WZITIRFBEBREEN T 1 N AL S, 2 BAEMT D EHERIL T\ 5,

87



% 3 SEBRIE

—fREE (ORGRC 1 ERBRES )

BRLEME RO — R FIE
(Table 15, entry 5)

1,1-Diethyl-2-tert-butyl ethenetricarboxylate 1a (137 mg, 0.50 mmol)(Z TFA (2.0 mL, 26.2
mmol, 52 eq.)& 0 CHEFL T TMA ., =|EIZKE LT LSRRI L7z, 0%, = /3K
L—& — L BHZER 7 TTFA 2 E L, BAMIKRO 1k (107 mg, 0.49 mmol, 98%) % 15
7o

% 54172 1k IT dry-CH,CICH,CI (0.91 mL), 2-Ethynylaniline 22a (58 mg, 56 uL, 0.49
mmol), Zn(OTf), (36 mg, 0.10 mmol), 0.2 eq) & MM < 7=, MItFés% 50°C £ THIEL 7
R iR L7, 7 REEIfR . ROGAERZ 0 °CIZmAIL, RINEAEWIC H0 2z TK
ISz fFIk Uiz, BOSIEGY Z CHCLIZERA L, #f1 NaHCO; ZKE#E(10 mL)Z il &
CHyCl, (30 mLx3) THlit L7z, AHE/E % NaySO, THIME: S B 7otk LR L T
WOHARD 2 57-, HMAERWE T L7 a~ 7T 7 ¢ —(Wako gel C-200, ¢2.2x21
cm, EBAVAME hexane:ether = 2:1— 1:1 —=)IC TR L, MEAKE M 32 (96 mg, 58%) % 15
7o

JFBHE D — X FIE
Synthesis of 0-Ethynyl-N-methylaniline 25a and o-(trimethylsilyl-ethynyl)-N- Methylaniline

oBp*142:43
NaBH5CN TMS—= ™S
| (5.0eq.) NaBH3CN | PdClz(PPh3)2
D formaldehyde (2.0 eq.) j@ Cul
HoN MeOH rt,23h N EtsN H MeOH
r.t., 23h | r.t., 20h r.t., 16h
i 54% i 90% 25b 81% 25a
T —ALRZAL72100mL 7 7 A 2ZEFRKDE I 2R T 2-lodeaniline (i) (2.1 g, 9.7



mmol), MeOH(30.3 mL), 37%7/L A7 LT & R/KEEE (2.4 mL, 29.1 mmol, 3.1 eq.)Z
Z.77, ©>5 T Sodium cyanoborohydride (3.0 g, 48.4 mmol, 5.0 eq.)-MeOH (30.3 mL){&#&
Z N =R C 23 IR L 72, 23 R #% . & 512 Sodium cyanoborohydride (1.2 g, 19.4
mmol, 2.0 eq Z %, 21 REEIRFRE L 72, /K% 0.1N NaOH (60 mL) T/LEE L, MeOH
VER R Ulo, KESIR & Fi — 7 /1(60 mLx3) Thi L. #ilit& % H,0, brine T
WL, AE%Z MgSO, TR S 72, BIEIRM LTz, FRiEx2 o7 L7ua~v N7
7 7 4 —(Wako gel C-200, ¢4.2x21 cm, JEBA%SHE hexane:ether = 99:1 — 49:1 — 19:1
— 2:1 SN THRL, T HRY) 2-1ode-N-methylaniline (ii) (1.2 g, 54%) % 157,

2-lode-N-methylaniline (ii): Ry = 0.7 (hexane:ether = 1:1); Colorless oil; '"H NMR (400 MHz,

CDCls) & (ppm) 2.80 (s, 3H, NCH;), 4.00 (br s, 1H, NH), 6.2-7.8 (m, 4H, C¢Hy).

TL—ARTA L7 100mL 77 A3 CEERG F. FIEL T EtN (24.3 mL),
2-Iode-N-methylaniline (ii) (2.26 g, 9.7 mmol), PdCl,(PPhs) (136 mg, 0.19 mmol, 0.02 eq.),
TMS acetylene (1.14 g, 11.6 mmol, 1.2 eq.)Z N % T 5 43 [EffE#E L7z, £ D%, Cul (18 mg,
0.1 mmol, 0.01 eq)Z N %, 2 B L7z, £D%, 77 A3 2 L=IR T 20 KFfH
B LT-, GONTIEEYZlEE L, brine TP, fofl NaHCO; KiEKRZ M &z T
TF V=T (S0 mLx3) Tl L7z, it 8 70 & NapSOs TR S W78, BT
L CHREROM AR &2 15T, WHAEKME T 7 L7 a~ 87T 7 4 —(Wako gel
C-200, ¢3.7x30 cm, EPAVAEE cyclohexane:CH,Cl, = 4:1 —)Z TRHRIL, FHEARY
0-(trimethylsilyl-ethynyl)-N- Methylaniline (25b) (1.78 g, 90%) % 157<

TL—ARTA LIZ30mL 77 A 2| ZEFRK T, Zili T dry-MeOH (2.74 mL), 25b
(127 mg, 0.63 mmol), KF (109 mg, 1.88 mmol, 3.0 eq.)Z M., 16 B L7z, 16 BFfH
%, H0 2%, Y=F T —7 /120 mLx3) Tt L7, fH¥ 0% Na,SO, THMEE
STt WIERM L TR OMARM &G, MAERME DT Lo a~ N 7T
7 1 —(Wako gel C-200, 92.7x25 cm, FEBAVEE cyclohexane:CH,CL = 4:1 —)IZ THR

L. HEARY o-Ethynyl-N-methylaniline (25a) (66 mg, 81%) % f37-.,

89



Synthesis of Methyl 2-aminophenylpropiolate 30*>*

HO,C Br HO,C
HO,C X
2 \/\/© Brp(L9eq) . 10% NaOH aq
O5N AcOH O,N O,N
66% 90%
i i ii
MeO,C § snCl, (5.0 eq) Me02C T
BF; - Et,0 conc. HCI
MeOH 0,N MeOH HoN
84% v 66% 20

TL—ALRTA LIZ50mL 7T A 2| ZEFR T, =il T(Z2)-3-(2-nitrophenyl)acrylic
acid (i) (5 g, 25.9 mmol), 30%RFE-FEEAEIK(20 mL)Z 12, FE00°T 1 RE N 2GR T
L7z, 20mL O/KTHR L, W 8IS THA R & 572, 15674 & Bk
THfGee L, A E RO 2,3-dibromo-3-(2-nitrophenyl) propanoic acid (ii) (6.1 g, 66%)%
s

V7 a () (3.1 g, 8.8 mmol)iZ 10 %NaOH /KiFE(19 mL) & Iz, =R T 10 K
W Lo, 2%, RIGEERZ 0°C T 15 /MR L, € OiK % 2N-iEf£(31.2 mL)
(THEVWE, FRIE(CEEER)Z HO THEV, WolIEmn%, BRERSE, /Fohik
A& Z HhlE 7 = v ARV (7 mLx5) TR L, @A D 3-(2-nitrophenyl)propiolic
acid (iii) (1.5 g, 90 %) & 157=,

TL—ALRTA LI30mL 77 A2 |ZERKG . =i T(ii) (1.18 g, 6.20 mmol),
dry-MeOH (6.68 mL), BF3-Et,O (1.56 mL, 1.7 g, 12.7 mmol)% il 2., 60°C [ZFH-J&E L 1.5
PRI FR L7z, S|IRICR L & BIZ 4 B EE Lo, BUSRE1Z H,0 (20 mL) Z 1A,
CH,Cl, (50 mLx3) Tttt H,O, brine THEHF L7, AHE % Na,SO, THIMRE S 7274,
P IRME & CHEEA RO AR 2157, MERBME I Z Lo~ NI T 7 4 —
(Wako gel C-200, 94.2x30 cm, JEBH%ME cyclohexane:CH,Cl, = 111 =) TR L, ##
1 [E {K D Methyl 3-(2-nitrophenyl)propiolate (iv) (1.06 g, 84 %)% 137=,
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(iv) (196 mg, 0.96 mmol)(Z %k T dry-MeOH (17.1 mL) % 1z, >3 T SnCl, (892 mg,
4.72 mmol, 5.0 eq.), EHEIL(0.16 mL)&Z N % 6 BRI ER L7z, Z Dk, KISE#%E 0°C
(AL, 3N NaOH KiEi (4.0 mL)Z > < 0 LNz Tl L7z, iK% AcOEt (30
mLx3) Tt L, A8 % brine TYE L, MgSO, THzE S, JBUERME I T A
WA % 157=, WA E I T 27 a~ N5 7 1 —(Wako gel C-200, ¢2.7x20
cm, BRI cyclohexane:CH,ClL, = 1:1 — 122 — 1:4 —) ([CTHHRIL, SHEEKD

Methyl 2-aminophenylpropiolate 30 (110 mg, 66 %)% 157<,

&7 —%

1,1-diethyl 2-hydrogen ethenetricarboxylate (1k)'®: Colorless oil; '"H NMR (400 MHz,
CDCls) § (ppm) 133 (t, J = 7.1 Hz, 3H), 1.34 (t, J = 7.1 Hz, 3H), 4.32 (¢, J = 7.1 Hz, 2H),
4.37 (q, J=7.1 Hz, 2H), 6.89 (s, 1H), 11.31 (bs, 1H); °C NMR (100.6 MHz, CDCl3) & (ppm)
13.72 (q), 13.88 (q), 62.34 (q), 62.79 (q), 128.97 (d), 140.59 (s), 161.97 (), 164.07 (s), 168.37
(s): IR (neat) 3200 (broad), 2987, 1737, 1652, 1374, 1338, 1253, 1067 cm™'; MS (FAB) m/z
217 (M+H)"); HRMS (M+H)" 217.0715 (caled for CoHy306 217.0712).

2-(5,5-Dimethyl-2-oxo-tetrahydrofuran-3-yl)-malonic acid diethyl ester (10)'*: Ry = 0.3
(hexane:ether = 1:1): Colorless oil; 'H NMR (400 MHz, CDCl;) & (ppm) 1.25 (t, J = 7.1 Hz,
3H), 1.27 (t, J=17.1 Hz, 3H), 1.39 (s, 3H), 1.48 (s, 3H), 2.15 (dd, J = 12.6, 11.9 Hz, 1H), 2.25
(dd, J = 12.6, 9.3 Hz, 1H), 3.38 (ddd, J = 11.9, 9.3, 6.0 Hz, 1H), 3.85 (d, J = 6.0 Hz, 1H),
4.15-4.25 (m, 4H). Selected NOEs are between 6 1.39 and 1.48, 6 1.39 and 2.25, 6 1.39 and
3.38,8 1.48 and 2.15, § 2.15 and 3.85, and & 2.25 and 3.38.; *C NMR (100.6 MHz, CDCls) &
(ppm) 14.02 (q), 14.03 (q), 27.28 (q), 28.74 (q), 38.11 (t), 40.56 (d), 51.19 (d), 61.97 (1),

83.01 (s), 167.31 (s), 167.79 (s), 175.56 (s). Selected HMBC peaks are between oy 1.39, 1.48,
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3.38, 3.85 and 8¢ 38.11, 8y 2.15 and §¢ 27.28, 28.74, 40.56, 51.19, 175.56, and 8y 2.25 and d¢
27.28, 175.56.; IR (neat) 2984, 1770, 1750, 1736, 1458, 1375, 1294, 1191, 1154, 1033 cm™;
MS (FAB) m/z 273 (M+H)"), 295 (M+Na)"); HRMS (M+H)" 273.1329 (calcd for C;3H,,06

273.1338); Anal. Calcd for Ci3H,00¢: C, 57.34; H, 7.40. Found: C, 57.13; H, 7.35.

o-(trimethylsilyl-ethynyl)-aniline (22b): R¢ = 0.6 (hexane:ether = 1:1); Brown oil; '"H NMR
(400 MHz, CDCls) & (ppm) 0.18 (s, 9H), 3.78 (bs, 2H), 6.65 (q, J = 8.5 Hz, 2H), 7.08 (t, J =

7.1 Hz, 1H), 7.28 (t, J = 8.5 Hz, 1H).

o-Ethynyl-N-methylaniline (25a): Ry = 0.5 (cyclohexane:CH,Cl, = 2:1); Yellow oil; 'H
NMR (400 MHz, CDCls) & (ppm) 2.93 (s, 3H, Me), 3.41 (s, 1H), 4.65 (bs, 1H, NH), 6.62 (q, J
= 8.4 Hz, 2H), 7.25 (t, J = 7.1 Hz, 1H), 7.34 (d, J = 8.6 Hz, 1H); IR (neat) 3418, 3290, 3074,
2989, 2912, 2869, 2817, 2095, 1602, 1575, 1511, 1475, 1463, 1426, 1321, 1287, 1260, 1169,

1063, 1036 cm™; MS (EI) m/z 131; HRMS M" 131.0729 (calcd for CoHgN 131.0735).

o-(trimethylsilyl-ethynyl)-N-Methylaniline (25b): Ry = 0.7 (cyclohexane:CH,Cl, = 1:2);
Brown oil; "H NMR (400 MHz, CDCls) & (ppm) 0.25 (s, 9H), 2.92 (d, J = 4.5 Hz, 3H, Me),
4.62 (bs, 1H, NH), 6.58 (q, J = 8.3 Hz, 2H), 7.21 (t, J=7.1 Hz, 1H), 7.30 (d, J = 8.0 Hz, 1H);
IR (neat) 3422, 3073, 3046, 2958, 2898, 2870, 2817, 2145, 2067, 1995, 1603, 1576, 1512,
1476, 1463, 1427, 1321, 1288, 1264, 1249, 1202, 1169, 1097, 1065, 1037 cm™'; MS (EI) m/z
203; HRMS M" 203.1131 (caled for C;2H7NSi 203.1130). Anal. Caled for C;,H;7NSi: C,
70.88; H, 8.43; N, 6.89. Found: C, 70.77; H, 8.53; N, 6.84.

Triethyl 1-(1-methyl-1H-indol-3-yl)ethane-1,2,2-tricarboxylate (28)*: R¢ = 0.4 (CH,CL);
Colorless crystals; mp 102-104 °C; 'H NMR (400 MHz, CDCl3) & (ppm) 0.855 (t, J="7.1 Hz,
3H), 1.18 (t, J = 7.1 Hz, 3H), 1.28 (s, 9H), 3.72 (s, 3H), 3.79-3.93 (m, 2H), 4.00-4.08 (m, 1H),

4.15-4.28 (m, 3H), 4.34 (d, J = 11.7 Hz, 1H), 4.61 (d, J = 11.7 Hz, 1H), 7.03 (s, 1H),
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7.09-7.13 (m, 1H), 7.18-7.22 (m, 1H), 7.25 (d-like, J = 8.2 Hz, 1H), 7.72 (dt, J = 8.1, 0.9 Hz,
1H); *C NMR (100.6 MHz, CDCl3) & (ppm) 13.6 (q), 14.1 (q), 32.8 (q), 42.3 (d), 55.1 (d),
61.28 (1), 61.32 (t), 61.8 (t), 108.0 (s), 109.3 (d), 119.4 (d), 119.5 (d), 121.9 (d), 126.9 (s),
127.8 (d), 136.9 (s), 167.5 (s), 168.2 (s), 172.5 (s); IR (KBr) 2979, 1728, 1305, 1228, 1161,
1036 cm™; MS (EI) m/z 375 (M, 57%), 301 (89%), 216 (100%); HRMS M" 375.1688 (calcd
for C,0H2sNOg 375.1682); Anal. Calcd for Cy0HsNOg: C, 63.99; H, 6.71; N, 3.73. Found: C,

63.78; H, 6.65; N, 3.77.

Triethyl 2-(4-(methylamino)-3-((trimethylsilyl)ethynyl)phenyl)ethane-1,1,2-tricarboxyla-
te (29): Ry = 0.5 (hexane:ether = 1:1); Colorless oil; "H NMR (400 MHz, CDCl3) & (ppm)
0.26 (s, 9H), 1.04 (t, J = 7.2 Hz, 3H), 1.19 (t, J = 7.2 Hz, 3H), 1.27 (t, J = 7.2 Hz, 3H), 2.88 (s,
3H, Me), 3.93-4.25 (m, 8H), 4.64 (bs, 1H), 6.49 (d, J = 8.8 Hz, 1H), 7.13 (dd, J = 8.4, 2.4 Hz,
1H, Ph), 7.23 (d, J = 2.0 Hz, 1H, Ph); >*C NMR (100.6 MHz, CDCls) & (ppm) 0.1, 0.2, 13.9,
14.1, 30.3, 49.7, 55.4, 61.3, 61.5, 61.9, 100.5, 101.5, 107.4, 109.1, 121.9, 130.4, 132.2, 149.9,
167.3, 168.1, 172.3; IR (neat) 3419, 2981, 2142, 1732, 1612, 1575, 1525, 1446, 1415, 1392,
1369, 1303, 1250, 1174, 1096, 1030 cm™; MS (EI) m/z 447; HRMS M" 447.2072 (calcd for
C23H33N06S1 447.2077); Anal. Caled for C3H33NOgSi: C, 61.72; H, 7.43; N, 3.13. Found: C,

61.91; H, 7.13; N, 3.12.

Methyl 2-aminophenylpropiolate (30)*°: Yellow crystals; mp 70-72 °C (colorless plate from
AcOEt-hexane); '"H NMR (300 MHz, CDCl3) & (ppm) 3.84 (s, 3H), 4.39 (br, 2H), 6.69-6.74
(m, 2H), 7.23 (td, J = 7.6, 1.6 Hz, 1H), 7.38 (dd, J = 7.6, 1.6 Hz, 1H); IR (film, cm™") 3360,
2206, 1692; MS m/z 175 (M", 100); HRMS M" 175.0605 (caled for C10HoNO,: 175.0633).

Triethyl 1-(2-((methoxycarbonyl)ethynyl)phenylamino)ethane-1,2,2-tricarboxylate (31):
R¢= 0.5 (CHoCly:ether = 19:1); Yellow oil; 'H NMR (400 MHz, CDCls) & (ppm) 1.21-1.31 (m,

9H), 3.84 (s, 3H, Me), 4.10 (d, J= 5.6 Hz, 1H), 4.16-4.32 (m, 6H), 4.83 (dd, J=9.2, 6.0, 1H),
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5.64 (d, J=9.6 Hz, 1H, NH), 6.70-6.78 (m, 2H, Ph), 7.29-7.33 (m, 1H, Ph) , 7.41-7.44 (m, 1H,
Ph); *C NMR (100.6 MHz, CDCls) & (ppm) 0.0, 14.0, 14.0, 52.8, 54.1, 55.9, 62.1, 62.2, 83.6,
86.7, 104.9, 111.0, 118.2, 132.6, 134.4, 149.2, 154.5, 166.8, 167.1, 170.1; IR (neat) 3389,
2983, 2359, 2211, 1995, 1735, 1712, 1604, 1576, 1516, 1457, 1435, 1394, 1371, 1301 cm™;
MS (EI) m/z 419; HRMS M 419.1578 (caled for C,HsNOg 419.1580). Anal. Caled for

C,1H2sNOs: C, 60.14; H, 6.01; N, 3.34. Found: C, 60.09; H, 6.15; N, 3.32.

1-Methyl-10-oxo-11-0xa-8-aza-tricyclo[7.2.1.0>"]dodeca-2,4,6-triene-12,12-dicarboxylate

(32) : Ry= 0.1 (hexane:ether = 1:1); Colorless crystals; mp 124-125 °C; '"H NMR (400 MHz,
CDCls) & (ppm) 1.00 (t, J = 6.8 Hz, 3H), 1.33 (t, J = 7.2Hz, 3H), 1.98 (s, 3H), 3.97-4.05 (m,
1H), 4.07-4.15 (m, 1H), 4.35 (q, 2H), 4.48 (d, J = 1.6Hz, 1H), 4.80 (br s, 1H, NH), 6.60-7.35
(m, 4H, CsHy); *C NMR (100.6 MHz, CDCl3) & (ppm) 13.7, 14.1, 17.6, 58.6, 60.6, 61.9, 63.1,
84.5, 115.1, 119.2, 123.9, 124.7, 130.5, 139.9, 165.0, 167.7, 169.6; IR (neat) 3746, 3380, 3060,
2981, 2930, 1791, 1756, 1733, 1612, 1483, 1391, 1367, 1287, 1241, 1196, 1137, 1097, 1036
cm™; MS (EI) m/z 333; HRMS M" 333.1214 (caled for C;7H9NOg 333.1212). Anal. Calcd for

Ci17H19NOg: C, 61.25; H, 5.75; N, 4.20. Found: C, 61.00; H, 5.61; N, 4.22.
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e

T NIRRT ATAFEERL E TR LN T I 2 EORISIZEWT,
fllE 8D InBrs f77E T, BWIETE R Y U UFERESED Z LIZPI Liz(eq 16),
B Y [Ztert- 7 F L ATV EATHEa ) DURRMNERTE  BOLEBRNES
ThHd, FTEARMSTIE, MMOGSFHTIZTZNE TR L TV 17 m 30
VT LD b IRERER LITIRE S BRIBERMI A 5 272, 2O L%, ki -
iR 2 VR WEAER R 7 0 ) VEEEIRO AL L D e ) R e E T
KW 72 EDOERUZ BISHBEIFFTE %,

TasOVE LT )V a— b 4 ZRERIEE L THWTH, &0 ZnBr,, InBrs fifi
BEHZEVEIERTT F o Fr 7T UFERBEGONT(eq17), 1 DEHEY (T X
TV INVKRZ NI EAN LT Z E TV AT VE - 7 U — VIR TRISED A)_E
L7z, 2OZEIZEY ., FimChbm_7=BRfngRkic L sen v -7 FJE R
177 URRICB T ARBERTLH o B EOREREEH WD Z L7, KRE
TV 74 EDT 1 TORMENRISEFREE Lz, ARISIZE Y SR ATF LB
nYvy -7 7 77 U ARRICHHATE -,

H
R/N Z
InBrs-EtsN EtO,C
EtO,C._ _CO,Et =3
2]/ 2 2:R=Me,H (0.2eq) EtOZC? ﬁ
v (16)

' 1 CH,CICH,CI N

80°C, 4h  45-80% R 3

Y = ester, ketone, amide, etc.

pZ
HO\// ZnBra orinBrz  gio,c

7 (0.2 eq) EtOZC
17)
CH,CICH,CI Y g
80°C, 4-16h 58-89% 8

96



1 Ey-VIAKRZRATAABERT D > LT )La—)L 10 KN 12 L DORIs%E.
ZnBry, AICL; 72 E DV A AFERAIFAE FTIT72 9 &\ Z-KTHDHERATF LT FFk RR
771 EOVI3 BREINETE BNz (eq 18), Z-V U VEHBAF LT Tk RKe >
T N IZTHENDLE= AT T UENLIE, NT DV A DT RS 72 SIS XD
LD EREIE~D LS~ L JEHFEETH 5,

—Ji. 1 & 12 L D% SnCly (1.0 ME)VFAE T TITR S T2 E IR Y | B4R 14 8
FAERY E L TR DAL, A ABRIHRAT L 7o IR MED B & 4u7=(Figure 3), 2 DR
PEIZ KO | VA ARREFENTT D721 T, BAOKM B Z FF (LB DG pk s ik
5o

]

o 5 MeO,C |

ZnBr,, AlCI; etc. EtO,C I EtO,C !

EtO,C.__CO,Et 020 2 Y . L !

2eq) EtO,C i EtO,C |

]/ + | | 2 (18) : 2 :

v 80°C, CH,CICH,ClI or Y o ! YN !

HO 110°C, toluene, etc. ! !

1 53-98% Z-selective i SnCly(1.0eq)

| N = I |

Y=CO,Et  10:X = SiRs 11:X = SiR, | 14:Eselectve |

= COPh 12 : X = CO,Me 13: X = CO,Me :

= pPh Figure 3

Fo, F TR -l BT O LT L a—) L 15 BRERIEE LTHWS &
AF VLT Mok Fu 7T UFFEROSAREMEK trans-16 & cis-16 A H—D =) F
F~w—¢ LTELN(eq 19,20), FT A « VANARBEIRMIIAETH 28 :1 &0
IFERTH TN, DO FETHERT D Z LIZRNEETH D L& X BN IFHIENER A
FLyT 7 Nar7 7V REBDLZEITHIILT,

EtO,C EtO.C
EtO,C._CO,Et Il ZnBr, (0.2€q)  EtO,C EtO,C
| + R : " 9
toluene \A Me Y Me

Y O (@]
HO™ "Me  110°c, 21-23n
1b : Y = CO,Et 15a 62-78% trans-16 cis-16
1f:Y = COPh (Reaction with 1a 1.1 : 1)
(Reaction with 1b 2.3 : 1 )
| | EtO,C EtO,C
E E
" Y "'Ph A "'Ph
HO™ “Ph O O
15b trans-16 Cis-16
(Reaction with 1a 0.9 : 1 )
(Reaction with 1b 2.8 : 1 )
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a (IS 2 BRI T 3 T B o OLE LT L a—)L E ORETIE, HRREOINETH
SR, 7 ua T NNFNEERT LT oL LT L a— L 17 KO 219 E DK
JETIE, KRR CICEENTWAEZ E L E AT o A B {LEMNEIRTHE D
N72(eq21)e AT XV, O FIETIEARNES Thn~T r A {b&W &2 AR
BOSIZ E 0 ERT 2 Z &3k,

EtO,C
EtO,C_-CO,Et | | ZnBry (0.2 eq) Etozé
]/ + R R (21)
toluene Y

v HZ™ & Z R
110°C, 19-22h
1b : Y = COsEt 17:z2=0 18:7=0
1f : Y = COPh 19:7Z=N 14-71% 20:Z=N
R = Me, Ph, R = Me, Ph,
-(CH2) 4, -(CH3)s- -(CH2)4-, -(CH3)s-

TasOLE LT I UBEIRE LT, o-mF o T =) 22 ZHWEEE. la, 1k &
FEELTHWDE, v-727 FPUVBEDSR U BB EZIFE S O%EE 6 BERILAEY
32 DG HILTZ(eq22), TIVF T~ T BT AT VER & LR R D T AN L
72 EHEHI S Z OB, Fix DX ) U UHEEIRA~OEBNARETH D,

CO,Et
X EtO,C 2
~ Zn(OTf),, ZnBr, or
EtO,C_-CO,Et ~ InBr3 (0.2 eq.) o)
+ | > (22)
RO,C S CH,CICH,CI 0 | X
80°C, 3-19h =
la:R='Bu 22 :X=H, TMS 21-58%
32

lk:R=H

BBIZ, RRIGORRE LT, =7 NI ANV RUVBRBZAT LVOZTF LT AT LD
— DR DEWEE A ND Z LI L D, RF 4 RRFB ORI T bivd, ARG
X, TORFAILZ 72 5 BALSE~ L JRE T X (eq23). AARICB W THMZER
TERIEIZ IR 0155 ENLEDIT L Z N TE D,

R0,C
RLO,C._R2 Il MX., v
]/ + > (23)
Y

Y HZ 4

Y = ester, ketone Z = NH, NMe, O
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WFEE AT DICHT0 ., BRI O T 0 HERE 7 DeE, HREZ B0 £ LA
BRI BH P HAN KPR R T MERAIRE SRR A 2= Baici@ < e L
F9, TLCHEBEEIEE, HS2ES E LASBHAERS WK 1 B2,
BREEBERFFEAE - ELARLIFE T 7TEMICEfEEL2THEE L L2 &, £
7o, BERBERFTOMROL 252 TIHEE L2 2 SIS L, @R 28R
ERLET, EEREI TR ETHSZOARRMEIEEZH Y £ LIoF&A Ut
Hfe, 2 HE B I B BSOS RERHE L £, £, EERRSUEAEE L
TIEL LRICHERZHEBIS 250 £ LR BRI KR FRE KT AR+
WRZERE ety TRV WA L B, RFER = xoL X — & M B 525
Al i BRICERERIBEERLET, BEREHEFRFICEB W CAEE
EDDIZHT=0  ERBIEOHB 2 D NS 2THE & Uizt Efn+ oIk
TR BRI R B L 5, BEOIT R OSTRROHTIE THIE L TRV 7R TR
R HANERE, W) F BRI < BB L £,

KB £TR, 2L OHBE 2BV £ LI-E BB 2Bl R R W
AR 2R ZERE BOGHIERN Fal e thm &R0 - AR I&sE it A5 E
RER it da Bl it PR Kl B LORREERY MEEE 2 &
T (JST-CRESTHIZIE B L9, /o, LR IR AEEZ Iz L
AR JeE KL KR B IR, R PR IS, SE RE K. U TR JEH £
AN KEIFI T & T D MUSHIEIRHE O LA K 7 b NI R BE#E RS CHITHE
WZEhAT- KB B K, Al w91 KREITIUD ETHRBEE RFEHRILFMIEE
DFAFRIZB N TL, 2 OFFEATE CEEARREMCEBRZ G L CES, LL0HE
L L B £,

20084F A1l AL
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