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Introduction
cyclization vs. cycloaddition
-natural product synthesis, combinatorial approach, how to get substrate, etc.

cyclization : RCM. radical cyclization, McMurry coupling, NHK reaction, Heck reaction, etc.
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Table 1. Transition Metal Catalyzed Intramolecular [5 + 2] E E E
Cycloadditions of Vinylcyclopropanes and Alkynes
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Vinylcyciopropane- cmovoad':euo). Reaction

Conditions,
Alkyne time
8. aR=Me 89% (11:12=35:1) 824
. , 9. & R=Me 92% (11:42=1:2) 0% 25h
" g = —~Me % A%, 20 min. 10. b RsH 82% (only 11) 8° 2¢
11. : )
2 E % & 24 ¢: R=COzMe 81% (oniy 11) B% 16 h
R . 12, & RaTMS 71% (only 12) B 7d
& $
[ ? E E
steriCa
3 aRsMeo elg_c#rg( 88% 8. 15h 13 “
CR .

4 BRAMS e % B%.35h 3. Wl g /e 8% 07, 30 min
5. c R=COMe 4% B 1.25h o I\ I Pl

. - “ A = 0.5 mo] % RhCI(PPh)s, 0.5 mol % AgOTf, PiMe, 110 °C.
6. d RePh | 80% 8% 15h B = 10 mol % RhCI(PPh;);, PhMe, 110 °C. < C = 10 mol % RhCL.

/ . (PPhy)y, THF, 100 °C. 4D = 10 mol % RhCI(PPhy)s, 10 mol % AgOT,
7. eR=H 50%' c15n PhiMe, 110 °C. < E = CO;Me. / Lower yield in this case due to product
volatility. -

o Wilkinson's cat in Elu: slow (3 d at110C) < 0m:1 \
. Iinson’s ¢ WTEE - Fystor (19h 55C) Polarity. Faver formation of cgtinic RhfD)
. 2 +AsOF n tlu E much faater (20min ot HOC, 05 md /)
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Table 1. The Transition Metal-Catz.._..ed [542] Cycloadditions of Ph
1-(tert-Butyldimethylsilyloxy)-1 -vinyleyclopropane with Alkynes 7 Ph—=-H | le] 3h{30°C 81%
" H
enty alkyne® time/ ©
i oy product temperature® yield
£ 8 Q%H o  3h/40°Cc  75%
1 E—==—H (o] 2h/40°C 93% H
H
E — 9,
2z B I}o 15h/40°C  92% o D= %0 enfdotc  oew
Me H
fo) 0]
= 1 =H o
3 =t )DO 25h/40°C 8% 0 >= )H@:o 25h/40°C  84%
H
s Meo,%H Meo’Do 15n/40°C  88% " = O()m 7h/40°C  65%
H
12 = H 6h /40 °C 79%
5 ,—=—H HO O  15h/40°C  74% H—="H ° 4 ¥%
HO H H
(Me)sSi _“E = CO:Me. * See Gencral Procedure in footnote 16. < Overall
6 {Me)3Si—=—H Do 2h /40 °C 77% yields for cycloaddition and hydrolysis steps.
. H
Scheme 1 — J ¥
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b vs Uiy ST
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Table 2. Substituent Effects on the [5+2] Cycloadditions with Methyl Propiolate (E = CO;Mc)

Entry VCP _ Cond Yield Product Emtry  VCP Cond.¥/Yield Product  {Entry VCP  Cond Yield  Product
| 1 Me oTBS
Me A 72W38% OTBS
! ;(LOH A 2h82% OH | & Vk(ﬁ“ B &t/ dec d\ﬁ" A 200/ 75%
. 8
8 TUB AWML E 10 7 g, ome B % OMe
H Me 25 E 26
Me A T2V64%
2 Qg A 150 76% / 6 d\(,om s B 45 min/69% oTes otes oTss
1 12 19 20
& € ™S 10 A 15/63% ome
Me Me Had OMe dr.=211
A NV 53% 27 E 28
3 ﬁ\&/ ABvei% Qoms 7 d\'\,ores Q,oms
oTes OH
13 £ 14 21 £ 22 oH
i ores oTBS . ;(L A 524 noon
H B 211V 82% OMe
A 30tV 23% OM
¢ B 21 dec OH | 8 A 2y B2% é\,&l 29 € drett p 10
OH ec. 23 \OH 2
15 E. 18 €

« Conditions: A = 5 mol % [Rh(CO):Cl}, DCE, 80 °C: B = 5 mol % [Rh(CO),Cl].. 5% TFE in DCE, 80 °C.
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Table 2. Rh(l)-Catalyzed [6+2) Cycloaddition Reactions of
2-Vinylcyclobutanone Substrates?

2-Vinylcyclobutanone Cycloadducts,  Reaction Conditions,®
Substrates Yield * Time
,—(R R P
TsiN o
L “’C[j
Rz
1: Ry=Ry=H 2: 95% A, 3h
3: Ri=H, Ry=Me 4: 78% B, 20h
5. Ry=Me, Ry=H 6: 71% C, 26h
O
~ H
Q 0
o]
\
H
7: 8: 80%’ C. 14n

+ Rh CataLyZeJ iSoMe H2citiom 4o nEE Observed
“byprdudt (0C, 124 docarbo piion , an mcs phore oF CO e o

h regioselectivity is Corgistent. with minimization

of stric effects afwmj CC bord Lormation

R-=-R- ot reportad
(Rl
H20H, C3Hq, TM S

SoR-=-H On}/
{
RzcouMe,Ph, CH0Mo . C

42,7315 Q000)
replacewent of cyclopropane to c&zﬂ&daﬂa
7 Rh(D) no rXN W Bis less reactive

R o/ mulots 0 b b4 M,Maﬁ?}v)
\al

E B¢ i
R
e\__R 0 E E@
\ E“ E'
R, R2

9: Ry=R,=H 10a: 80% (cis) 10c: 8% C,17h

[10b: 6% (trans)}
11: Ry=H, R;=Me  12a: 77% 12b:17% D, 20h
13: Ri=Me, Rp=H 14: 78% C, 26h

o]
A
,__/E
TsN TsN,
Y

H

1§ 16: 91% £,0.75h

“Isolated yield unless otherwise indicated. * Isolated yield as its
dinitrophenyl! hydrazone derivative. « A = 10 mol % RhCI(PPhy);. 10
mol % AgOTf, PhMe (0.014 M), 110 °C. B = 10 mol % RhCICOXP-
Phs)z, 10 mol % AgOT{: PhMe (0.014 M), 110 °C. C = 5 mol %
[Rh(CO):Cl]z, 10 mol % P(n-Bu)s, 10 mol % AgOTS, PhMe (0.014
M), 110 °C. D = 5 mol % [Rh(CO):Cl}», 10 mol % P(n-Bu)s. 10 mol
% AgOTf, PhMe (0.010 M). 110 °C. E = 5 mol % |Rh(CO):Cl}>. PhMe
(0.010 M), 110 °C. “E = COMe; Ts = p-CHaCeH4S0;.
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Table 1. Development of the Rhodium-Catalyzed [4 + 2 + 2
Cycloaddition Reaction vzedt ]

PhMe, A
la

ooy addive'  riod2ad  yedd2a(4*  yiedol3a(y Table 2. Scope of the Intermolecular Rhodium-Catalyzed [4 + 2

! none 1:8 7(0) 57 + 2] Cycloaddition Reaction (eq 1)2

2 AgOTf 28:1 85(4) 3 - - o

3 AgBF, 1 74 (0) 7 oy X R Aod2¥  vedd2ey

4 AgPF, 2:1 49(2) 27 i TsN H a >19:1 91

5 AgSHF 4 144 2(6) 89 2 " Me b =19: 91

3 " Ph 4 =19:1 87

* All reactions were carried out on a 0.5 mmol reaction scale using 10 4 50: H d z19:1 79
mol % of Wilkinson's catalyst [Rh(PPh3);Cl] in refluxing toluene under 5 ) Me ¢ z19:1 73
an atmosphere of 1 3-butadienc. ¢ The rhodium catalyst was modified with 6 " Ph f 219:1 87
20 mol % of the silver salt as indicated. * Ratios of hetero- and homo- 7 o H g 2191 7
cycloaddition products were determined by capillary GLC and HPLC on 8 ) Me h 219:1 81
aliquots of the crude reaction mixture. 4 GLC yields. * Yields in parentheses 9 Ph i =19:1 92

are for cyclooctadiene (by GLC)./HPLC yields.

* All reactions were carried out on a 0.5 mmol reaction scale using 10

cat. Rh(PPhy), C1 mol % of Wilkinson’s catalyst [Rh(PPh3)3Cl]. modified with 20 mol %
) 3 AgOT(, in refluxing toluene under an atmosphere of 1,3-butadienc.  Ratios
R N(DzMa of hetero- and homocycloadducts were determined by 400 MHz 'H NMR
TB(LI’N/\ Am Ts (03] with the exception of 2a/3a (26:1 by crude GLC/HPLC). © Isolated yields.
c, K1,
4 lﬁ—b:t;;xmc,A 2a tolerant O'F bo{}\ a”f)/lubo )

ohe-pot reachuom
-2 Gibertson JACS 1M, ST (2003)

Table 1. Dimer Formation? Table 2. [4 + 2 + 2] Cyclization with Incorporation of a Second
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kyne "[;
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P H Rp"lf)‘sphlm2
AgSbF
Z v o= — 2
R CH,CL/EDAS (6:1) “R
soC H

M - DuPHDS (upto 4 ee)
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7L-complex— and  carbene conplex -
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0L d, 3904 (2000)
=1, (5+3) cyclonddtion  JACS 131, 5811 (1999 02,4083 (000
e e 5 enantiopure Mo-7L complexs are easily
TpMo(CO)z TpMo({CO)z .
O - AR obtaed

seckes A (2)5 1% {2)-6 t00%) *Su Fﬁc}epdg_ O(,Lr'a,ncj MODST«(M’;’ SJ(al){O

enant 'c(R)-panmm (}F5(61%, 95% ee)  (+)-6 (82%, B5% oa)
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Table 1. |5 + 2] Cycloaddition of 1-Pyranylmolybdenum Complexes

T.Trji(.co)z . R;I:. ewcr %\co»

Qcﬂ, RO O A N

(2)-6 or (+)-6 (27 or (+)-7

entry alkenc cndns? yld. exozendo prdt R! R? R? R* %ee?

| CHy=CHCHO 20%.125h §7%.000 G078 HCO o H HEN <N
2 CH/~CHCOMe 10%. 1t 1.5h 94%.841  CoTh MeCO H N,
3 CH=CHCO:Me 20%.15h 88%.351 oot MOC H Ho Some oo
4 2-cyclohexcnone 20%. 1141 9B3%. 1:0 Croaga w COCHD- H _(CH:;‘CO_ %%
S5 CHMCHCN(bequiv)  120%.mash %0641 el NC H - B%
6  N-methylmaleimide 110%. 1t 0 min  99%.8:] Gromte 1 CONMexco- N oNMeco- s .
7 (£)-2-PhCHCH(Me)CHO  20%.rt4h 91%, 1:1.2 %j_gg Mo B i Mo
§  PhCH=C(CN), 20%.113h 9%%.1:0  exeTh  NC m H N
9  DMAD 110%, 0t 10min 3%, ----  7i EOLC  COE C~C bond

“ Mol % EtAICIy, temp. time. * Enantiomeric excess of ‘product prepared from (+)-6 of 97% ee. © Small amount of impurity preciuded an accurate
determination of the minor isomer ee. However, recrystallization of endo-7f gave product in >99% ec.

b + electron doficiene olefint Eﬁm&{(o-lzo m,!/} Ft
€€ > rugmization 41 not so m/]e/m/'hc (ent :3}4},() \
enth ~ feort reactie alleva -, 'slow racmizidir 4
in the presencz of Eenxd, 17 |
fo i o
55\? 0\;/3‘\;1 _\;\j\—»ra@maaﬁm o

ent. T exo'end>=1:13. pure. endo-Ty Eﬂg—%exotehiﬁffu
. CHatl
~ supprt the forvedion <f inomadoct & 7

- a/Uaj)/ﬁn WioMoco, i ”
dﬂn‘let HXA - HO\\'H\ HoH H HOH 3
At HR’ R'Z Hn: R'? HR, R?— HR, 6 }2_
7 8 8 R*=H 10

9.R'=y
Figure 1.
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Scheme 1. [5+3] Cycloadditions of 3 to Complexes 1b,c and 2a,b

TpMo(CO)z ™ ot TpMO(CO TPMo(CO); H
S Q Yh-

10 mol% TMSOTY TMSOTE (o I ¥ J
EtC z |

ena{o s

42 9F Sc(OTMy, CH,Cl,, OEt
-78 °C -> room temp 75-78% Sa 4-10% 6

I
i

TpM !

TpMo(CO)z 10 mol% TMSOTY z\,/p.\/o(co)2 \
L’tr oa or Sc(OT! N
30m cHgpreec MR R
H

Sb, 81-83% eo = 98%) |
§c, 80-83% (es >89.5%)

7a, 84% (ee >99.5%)

b, 77-82%

1b,Z=0, R = Me (o6 = 98%)
1¢,Z =0, R = Ph (ee >08%)

2a. Z = NCbz, R = Me (ee >89.5%)
2b, Z = NCbz, R = OMe

id:z

Scheme 2. [2+3] Cycloadditions of 3 and 4 to Complex 1d

T"M"(co)? Aport TpMo(CO)z I”s TpMo(CO),
TMs osx Joro \_, H
L/tI:ZK [ 1 37% E;tp:o

uni

P'“ OEt :h oTIPS

“ Conditions: 10 mol % Sc(OTf)3, CH;Clz. —78 °C, 2 h. ;;‘
Scheme 3. Proposed Mo- and O- Promoted Stepwise Mechanisms
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B0z Iy ( 253 \,,
@'Qms Rant ng - Lo
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o ‘™S Re 5
R
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220, R=Ph z=0
14, 78%
(-)-11. 76% (“):
Z-N):Cbz R=Me Z=N-Cbz
Z«g ‘ Ph
0 £10 °F-‘
(£)12, Z=N-Cbz, 75%  (+}-15.76% (£)-16. 83%

loadducts.
Figure 2. Demctalation products from {5+3] and [243] cyc
l-rgmuomcnc excess >99.5% for (+)-10 and (+)-15 was detcrmined by
HPLC analysis. Similar ee's are presumed for (+)-14 and (~ )11,

2. All/Plkye [34243) cycloncddilin,  Stryker otal

)3

(54':” - [3‘?‘l]CyC‘00Cf@rQS‘
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JC&Q«C{E’I@O °€[J])Cuv't54, opposite Mo sitg
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R Scheme 1
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J A <,<E o % T
!a) EZE,EZ Me 2a-¢ R=H, Me W o~ L,,M“’ . LﬂM/ % P
c: R=R'=Me .
LM 4 I‘_
Conditions: . (CsMes)Co(C;Hy), (1), TfOH, E,0, -78 °CHRT, 4b o “H
ii. (nCSMcs)Co(CzH..)z (1), hexane, 65 °C, 4-12h; then step §. @ §
. { N
Path & ~C heaa been a.éreaaé; mpor-tw(

' . ’ ( - Ix =
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Table 1. {3 +2+2) Allyl/Alkyne Cycloa -n' . . )
. i THE: pathb - O(J)yr{,rogéim tive [3+
Entry Allyl complex)  Alkyne Product Yield®
precursor {
cpr R - Cpge® OTr CH.Z(JQI ‘ Pad’ O‘
\ .
b/ s do sohecs
nd Q ‘ehdo  Seltctve
R . . . .
4 2a Hesmzhy 38 (R, R =H) 52 (66) Table 2.  Synthesis of Functionalized Cycloheptadicnes
2b H—=—H 3bR=H, 79 (85, Cyclo- Diene b Free
2 i €9 addoct  complest Yield Dienc® Yiela!
3 2¢ H—==—H 3¢ (R, R'=Me) 80 orco EOZ’MG
- - o
Crcs’ o @rco Mo " NCOMe
4 22 Ph—=-H Ph 59 W 5 come ,
3d Ph ) R
3a 4a(R R'=H) 71 Sa(R R=H) 67
By ‘cp'oﬂ_ 3 4bR=HR=Me) g3 5b(R=H A'=Me) 62
5 2a Bu—=-H é‘? 88 3¢ 4c (R. R =Me) 89 B8c(R R'=Mo) 49
3o By Ph COCP", Ph Ckone
I . -COMe " CoMe
cpte’ o 3 r
Br PH COMe PH
6 d\ H—==—H s @% 47 4d 72 5d 50
= (n CoCp*
. (=1 W
3g MeO,C_ . | A
r Br  H-==H 39 (n=2, BFsalt) 59 MeO,C r Maozcﬁ H
CO,Me
4g 96 59 62
*Conditions: , excess alkyne (PHCmCH, 3 equiv; tBuCuCH, 10 uiv), -78
°c..;RT?n1‘zh_CHb§,:zu°f pically ho :quv el obtat, vmm *Conditions: NaCH(CO;Me),, THF, RT, 4b. ®Yield of spectroscopically homo-
chromatography. Yields inrpuenlhait are overall yields obtsined from complex Ecacous material obtained from pentane extraction under N3 and used without

1, without “isolstion of the allyl wifiste complex 2. “Conditions: §.
(CsMeg)Co(CyH ), (1). THF, 0 °C—RT 6h; fi. AgOTS or AgBF,, HC=CH,
acetone, RT, 0.5h.

W.r/mmo/m v

Scheme 1

N o 7
Lo = o)
ud a M

LML, LM /@

=D o
~ N \ P L
v v R

PrOPOSEC'

machanism

further purification. Conditions: [(CsHs),Fe PR~ (2.5 equiv), CH3CN/pentane,
=35 °C-3RT, 5-10 min. *Yield is of isolated pure material obtained from flash
chromatography.

Scheme 27

A
lg o . +° OTr . Ma
\ Mo-—m=—pg Mo,
M CH.Cle Me~ H m ¢ Conditions: i. (R = H) 2-butyne (xs), CH,Cl;, ~78 °C — RT, 12h,
O -78 "C-RT \ 81%: ii. NaH, THF. RT. 10h, 77%: iii. HBF,-E,0, ELO, RT, 99%: iv.
1 MoMe LiEuBH, THF, =78 °C — RT, 10 h, 53%; v. (R = Me) 2-butyne (xs).

.
C(Jn"lg rathtn o?%

regrgart

PY‘OPOS 0\1

o Specifi
(° S J(det

Scheme 3¢
R
Mo 10(R=H,
R Zo—,A/ - X=81
B Me 11 (R aMs,
8(R=H) o X=PFg)
9 (Al = Ma)
& e
R 14(ReH,
,°°‘:A - J X=BFg
Br
Me- 16 (R = Ma,
12(R= -
13(A= % Me X=PFo)

¢ Conditions: i.R = H: 2-butyne (xs). CF;CH,OH, 60
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Table 1: [3+2+42] cyclization of chromium alkenyl carbene complexes 1
with alkynes 4.
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5 R g

sfheme "bNi°'Cata'yzed dimerization and cyclopropanation of chro- ! 4 o
mium carbene complex 1a. Reagents and conditions: a) [Ni
. : i(cod ' 2
qg moll;/z)' THF, 25°C, 2 h, 90%; b) acrylonitrile, [Ni(cod)z]( g il R R 5 [96]™ 6 (96"
(10 mol%), MeCN, 25°C, 3 h, 85%. ; rh nPr 5a (86) _
. ) errocenyl nPr 5b (73) -
m‘U‘Q ab%nd)_ 0'(\ N| ['.)) . N {Xh 3 2-furyl nPr Sc (76) -
4 nPr nPr 5d (62) -
, __[Nicod, M R=—H 5 Ph Me,Si Se(80) -
—[(COKCHMeCN)] LI R'  double inserion 6 Ph (CH,),CN 5f(78) -
1 ; 2-furyl Ph 5g (30) 6g (40)
oMe oMe Ph COMe - 6h (75)
AL, [a] MeCN, 1:4:[Ni(cod),] 1:3:1.1, =10 to 20°C, 2 h. [b] Yields of isolated
‘ . ' andlor 6 C// products.
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Table 2: [2+2+2+1] cyclization of chromium carbene complexes 7 with
Scheme 2. Proposed mechanism for the formation of 5 and 6. alkynes 4.
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entry R' R? 8 (% syn:anti
1 Me nPr 8a (92) >98:2
2 Me Me;Si 8b (65) >98:2
3 Me (CH,):CN 8¢ (96) >98:2
4 c-CyHs nPr 8d (75) >98:2
S p-MeOCH, nPr 8e (83) >98:2
6 2-furyl nPe 8 f (86) 90:10
7 Ph nPr 8g (68) 60:40

[a] MeCN, 7:4:[Ni(cod),] 1:4:1.1, —10t0 20°C, 2 h. [b] Yields of isolated
products. [c] '"H NMR spectroscopy (300 MHz) on the crude reaction
mixture.
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Table 1. Domino Nuzarov!Intermoleenlar |4 4+ 3)-Cycloaddition Reactions of Dienones with Simple Dienes®
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entry  dicnone R R’ R? R* 13-dicnc* X R? R" tempersturefime products (% yicld)®
1 Ta P Me Me h furan [} =78°CHO5h Za (MM
2 la Ph Me M Ph DMR Me Me ~78°C3 ! 3a (50)
3 la Ph Me Me Ph fvoprenc Me H -25°Cr.sn! 4u (20)
4 1] Ph Mec Me H furan 0 =50°C2h 26 (71)
5 1b Ph Me Me H Cslis CH: =20°C2h 8b (62) Scheme 2
6 ib Ph Me Me B DMB Me Me =20°C2h 3690 o
ki 16 Ph M Mr H isoprene Me H ~20°C/2h 4b + 5b (84: 5:1y m
8 1e & Me Me " furan O -50°CAh 2c 72y Me -
Y le Et Me Me H CyHe CH: ~20°C2 h Be (64) Py;mﬁ — M"'“@"‘MH
10 1o Et M- Me H DMB Me Me ~20"C:2h 3¢ (93) 3 e pn
] te Et Me Me H isaprene Me o —20°C12h 4c 4 Be @41 4.2:1)° s Ve
12 id {CHih Me H DMB Me Me =I0°CN15h 3d (92) Mo
13 le ({CH) Me H DMB Me Me 40 °C#1 he 3 (6T) Ph
14 Ie (CH:) Me M isoprene Me H 40 4C?) bt 4 +Se (55. 143y "'c,gpx R @ o
 Standard Procedure. To a salution of dicooac- | and | 3.dienc (20 cquiv) in CHzOY; at =20 °C was added BFy-OE(; (10 equiv), and the seaction was 2] :' Mo 5 ‘Ph
i al that tcmp foe 2 h. S squeous NaHCOy was added, and the tnixture was allowed lo wam (o oom lempesature. Foltowing y = 5a
cxtraction of the aqueous phiase with Ci1,Q);, the combined olz{nic phases wese washed with !mn:.(!ned aver MgSO4, and concentrated. and the resulting (not sean)
crude product was purified by fash ch graphy . * Abb DMB = 23-dimcthylbatadi Cslks = cyclog “Isolated yields afier
chramatography. ¥ In enties 2 and 3, 10-equiv of dicne was used. < Repioisomers 4 and § were isolated 23 an inscparabie suzture and the ratios detcrmined l a//z

by imegration of "1 NMR signals. /Cyclosdduct 2c was isalated as 8 1 3'1 ratio of diastercomers epimeiic at R1, € Reactions carried ouf in CICHCHLCL
using O.1 equiv of BI-OLY;.
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Table 1
Table 2
2-3 squiv OMD j °
j\"‘\ 1 2-3 oquiv DMD ) ‘l/x
APh o ,.w Y T e oﬂlo N
s 1onndor mb-maz ke w “' :'w' \ R '):0
additive ratio of ields? endo
entry  solvent” temp?°C  [20equiv] yield‘%  10a:b? entry’ allenes W R R? R X adducts y % matior
1 CH,Cl, ~40 nonc 75 75:25 1 6 0 H H m Cil; 11 20 >95.5
2 B0 40 none g 780 2 12 NMe Me H Phh O 13 60 2955
3 CHCN 40 none 10 3 12 NMe Me H Ph Cil, 14 8 2964
4 THE —40 none 80 7525 4 15 O H HB O 16 6 73
5 THF 25 none 80 75:25 5 17 O H H CHPh O 18 74 2955
6  THF -78 none 70 82:18 6 17 O H H CHPh, CH, 19 62 937
7 THF —40 LiCIO, 81 75:25 7 20 O H H iPr O 21 70 5545
8 THF —40 MgBr, <10 8 22 O PhPhiPr O 23 T2 946
9 THF 25 ZnCl, 40 90:10
10 THF —40 ZnCl; 77 94:6 * Reactions were carried out in THF at —40 10 —50 °C in the
11 THF ~78 ZnCly 80 296:4 presence of 2.0—3.0 equiv of DMD [as a solution in acetone| and 10.0

equiv of the dicne. For entries 13, 2.0 equiv of ZnCl; was used. All

“ Reaction solvent indicates the solvent that the allenamide 6 and
10.0 equiv of furan were dissolved in, although DMD was generated
and added as a solution in acetone. ® Reactions took 30 min at room
temperatum 5—10hat —45°C,and 10—20 h at =78 °C to complete.

" All yields are isolated yields.  Ratios were determined by using 'H
and/or *C NMR.
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reactions were completed within 8 h. ¢ All are isolated yields. * Endo
ratios were determined by using 'H and/or 3C NMR.
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Table 1. Reaction of 4-Trialkylsii i :
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Table 2. Asymmetric 4 + 3 Cycloaddition Reactions of
Substituted Furans
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Ry &, TFA HO 18 Ry = Me, RynH
— . Ry =El =H
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Ry " ResPh Ry o P
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entry edd, R yield (% o« 1 TMS Me H 36 —-60 16 64 endo 87

1 LTMS P 2 TMS Me H % -7 16 64  endo 89

2 S TES 10 50 3 TES Me H 9% -60 16 51 cndo 8l

3 6. TBS M 55 4 TBS Me H 9% -60 16 44 endo 80

2 7. TIPS 0 65 5 TIPS Me H 9 —60 16 21 endo 90

" 6 TMS Et H 22 =60 17 55  endo 81

: Isolated vi , — 7 TBS BB H 91 -65 (7 I8 cado 87

solate yields for }he endo diastereomer. ¢ Enantiomeric excesses were 8 TES Et H 91 —65 17 46 endo 84

dt;lt'crmined by analysis of the N-butylpyrrole derivative of 12 using a 9 TES Pr H 95 ~65 I8 74 ‘endo 85

Chiracel OD-H column. 0 TMS Pr H 95 -65 I8 33 endo 89
11 TMS Ph & 92 -35 19 5 37:1 endo12%
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Table 1. [4 + 3] Cycloaddition of 1,3-Cyclopentadiene with
a.f-Unsaturated Aldehydes?

(obSBr Wﬁmw) substrate product you, %*  de, %°
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. N “ Reaction conditions: 1.1 equiv of AlCl3, 2.5 equiv of diene, —7810 0
/qu) Dig g')_(_’p 15 oy ﬂ_@ (Ahdﬂﬁm V«?arrang N'r\_')( - “C, CH,Clz, 2 h. ¥ Isclated yield after chromatographic purification. < The

_de was determined from a 500 MHz '"H NMR spectrum of the crude reaction

- Y - - . mixturc. ¢ Isolated yield of the mixture of erido and exo diastercomers.
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