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Recent Progress in the Synthesis of Dendralenes: A Decade Update

Zhu, Jie*  Yang, Wenchao”  Zhang, Chengyun®  Wu, Lei**
(“Jiangsu Key Laboratory of Pesticide Science, Department of Chemistry, College of Sciences, Nanjing
Agricultural University, Nanjing 210095)
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Abstract Dendralenes, also known as acyclic, branched and cross-conjugated polyenes, represent an important class of hy-
drocarbons. Serving as basic motifs for a number of natural products and photolectric materials as well as key intermediates in
the rapid synthesis of polycyclic compounds, dendralenes have recently played a prominent part in the area of material chem-
istry, polymer chemistry, synthetic chemistry and so on. The study on dendralenes has long been neglected but received re-
newed attention and witnessed rapid development in recent years. The advanced syntheses of dendralenes in the last decade are
summarized and organized in order of the number of conjugated units. The synthetic design and mechanism are highlighted in

this review with their future development on synthesis and application proposed as well.
Keywords dendralenes; conjugated polyenes; cumulenes; coupling; cyclization; derivate
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Scheme 9 Metal components-controlled regioselective hydrogenation toward phosphinyl (Z)-[3]dendralenes
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DL TG 8 il (TID) A 0 A B8 AT i Ak 2 (Z)-[3]dendralenes
39a i, HATLUEALN E 1‘/33?” HAMEE T 1T
WEFT, I N 07 R R AR IR B, K [3]-
dendralenes ¥4ty IR E 25T £ 43.

PLECIR AR Yt 22 [3]dendralenes HIWF 7 E4H T
WEZIE, (HBE— BN AR MR, AR ke ah i
BHEAE TR E e A K, f#i73[3]dendralenes [ il 7% i £
FHXTE$. Fafianas-Mastral W80 20 270 B B BB /2
P N, SZB T [3]dendralenes 43 T4 & (Scheme

ZIWE ), SRR, BRI R, PR R
AR, T E S ST LCu-Bpin #)
h, ZYMEE S SRS FE @D EHER TS 14-
RS2 I A SO, HAZ PR R I S A )
Xk 5 AR R . S 47 kS 1,4-20R-
2-T WM AR IR FENE SN2 SEAZ AR S B A B 48, ﬁ%ﬂ‘@
HERAR R =Y 45, HIRE TR THB PRGNS

{78, EWTE%H‘T@IALEDT%@Bﬁfifhﬂﬂ—fﬁﬁﬁﬂﬂﬂﬁ
f1[3]dendralenes f7AEY) 46. H AL E At BIE A& K4

11), FHECAE S i R AR B & B dendralenes(J7 KL PRI DA — 2B A, @ B I I B4R 3 2 B AR
. OR),
LCu'X _LCuX catalyst B(OR), DBU (1.5 equiv.) | B
Bl _
/ ¥ r\/\H\ aIIbeorat|on R4 N R2 dehydrohalogenation RS R?
R R R® R
44 45 borylated
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, [Sidendralene
-HBr
46 B,pin,

Sn2'-selective —

o QUIIIL
R Br

R2
48

44

Bp'n e 140°C _
H Pd (PPhg)s, NaOH &
dioxane, 80 °C

45 |
LouX NaOR
ROBpin
NaX
Bpln Br\/\/\ Br

LCu'-Bpin

Slower
R'——R?
B Bpin
Fv\/\Br )\/Cu

Faster regio- and
stereo-selective

Bpln . /\J\/B\pin
__ styrene S P>
H Hoveyda-Grubbs I Ph H

toluene, 100 °C

60% 49, 89%

B 11 AR AR P 0 T 25T 10 44 S 1K [ 3 ]dendralenes
Scheme 11  Copper catalyzed allylboration of alkynes for the synthesis of borylated [3]dendralenes
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R C M (49, & 3R[3]dendralenes). MLAb, BER B (H 15
FEPIE NS E, RE 5 R OIRE T X E 0 R NS E] 5
S AL I REAL I F7 P [4]dendralenes (50), #t— P FEFE T
dendralenes ‘B 2244 2 (1) 77 V2.

Dendralenes & 4> B0 H 322 A LA IR,
1E 2 P B A Z ARG KRR &5 46 o i 21
T oREAERY KT dendralenes KRR A 14
FEIEE X 2019 4, Antonchick HAZHP L Rh™-Cp*
FIEATISEIL T -3 55 0 AR 51 55 6 A BRI,
B2 — RAFHEE G 52, d8 i I 79 i A k-
Wittig 2 W 8%, Corey-Fuchs [ I, 1E# RLPKs 1% FPEIEER
& W v T £ i F P [3]dendralenes 11 14 2 (53,
Scheme 12), HAFFR S =%, ee {H. /=) 53a 5
4-FFEHE3H-1,2,4- =W IHR-3,5- —-{ (PTAD){E F i, &7
PLidE D-A Bk — B AT A 45 B N BG4 54.

2 SMr[n]ldendralenes BY& L

7E 2000 LLHG, {A[3]-F1[4]-dendralenes 115 A%
WIB. 21 H2H), FEE & AL~ R IE & fE, dendralenes
BRUE S E BeAR EARAE, FH HX BRI EMEEE
KEIRLFHAME, X —RILGIHE 1T KRBT 6, B
Ja A s N GE KRRk, &P 2 IO ECE 3R
[n]dendralenes (n>>4)# A1 4418 Hi >k, 2000 4, Sherburn
SR 33K TIRINAE 450 Crl&&1E N R ARG
SR () 77 0 B RS T B S s L T ) dendra-
lenes W&k, (HRAZTTIEFZMHLEETZ. B, %R
LR 12T FAR AN i QR (BB I B A5 B dendralenes (1)
AT T ok, DLEJE Ni b E T R RIRAF S5
% — & LM1E =R T K4 Kumada-Tamao-Corriu (KTC)
1RIELL K Negishi 85k & [5]dendralenes. 5 [F] &
¥j[4]dendralenes #HLE, [5]dendralenes HX} 7 5 7 fift, 48
3% 20 AP 0] LA RAE 0.75 mol/L (IR JFIR . &
F e E YA BRI (THF) Y, FIRFE—15 C R RAFEH X
IR A8 0 R 2009 4E, Sherburn Z5P7E 5 45 JEhk | 4%
SRR T URATEM A RS R, & B 1 [7]dendra-
lenes, JF%F[3]~[8]dendralenes & B J7i%ittAT T ik —
SBARA(Scheme 13), H KA U= & =ik 5 g HAh, 1E
HAE Diels-Alder SN IRTFTH R I, A &L 5o f oo 1)
dendralenes ([1]-, [3]-, [5]-) L& HEBAREILHE BT
dendralenes ([2]-, [4]-, [6]-)F /=.

=B dendralenes T H KL HIMA RiA nT RELE
R R AT A5 31 S . 2010 4F, Diederich R0 2H 276 1
FoR AR T R I, R T AL HE T dendral-
enes ‘AL 45 ) (Scheme 14). F:HE XU ZE 1Y) B2 TR A
L FARDUER & FLIA(TTF) DYEUIE MG (TCNE) -5 3 5k
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(a) Synthesis of bioactive spiropyrazolone derivatives

Rv2
o CO,Me
H H N
;
H N s e o Rh R g
3— /[{] R'—R \\/ \/
Ar R' O ., Cu(OAc), (2 equiv.)
Ar? R _Ar MeOH, 0 °C
51 =N
=~ _—N
Ar® pr2
52

53a, R=H, 78%, 89% ee

53b, R = CO,Me, 80%, 90% ee 539, 59%, 90% ee
53c, R =C0O,Bn, 71%, 93% ee

53d, R =CN, 83%, 91% ee

53e, R = CHO, 68%, 88% ee

53f, R = COMe, 95%, 89% ee

0
N—Nph
Ph O N
| _Ph \N)zoo
=", N PTAD Ph Ph
~ NN 1,2-DCE, 60 °C N’
", =N
Ph ph r
53a Ph Ph

54, 52%, 88% ee
endolexo = 1:1

B 12 FHEEEIR[3]dendralenes %
Scheme 12  Constructions of chiral spiro[3]dendralenes

K& 55 2+ 2R INB/ IF3R 8L, — 2 E AR 2 1,3- —h
Z IR R AR ZEEUAC A9 [6]-, [8]-F1[10]-dendralenes, 7=
RIRFN 58%. REAGEHIHIIRIERA Misaki 255 T
B, fEEHIE T 13- B A A A I DU I [3]den-
dralenes ‘B 2244 H T 17 78 o L (1) TEAR AL R

WY T A, B AF O R AR M e A T [3]dene-
dralenes MIH)E CLA T 2 SCHRIRIE, 10X B8 2 XUEE £ 1)
BRI IR T IEAR XS 5. 2014 4F, Tykwinski 250!
FIF DY 55 FEBUAR ) ARS8 57 Sk 145 2 S8 I ER
TR SRR B 3 1 hds - MR [3]dendralenes J%[4]den-
dralenes (62, Scheme 15). 8 F 5615 2 FH 4 SURK A HL
R T b &9 59, ZAL AP EE TIRIE T 7215
B, =il TRV N 60 B4 HR[3]dendralenes 61, 60
P RAR AT 15 31 2 B [4]denedralenes.
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[Ni(dppp)Clo] |

(0.02 equiv.)

[Ni(dppp)Cl,]
(0.01 equiv.)
THE ot s . THF, 1t
(57%7) quCI | (49% ~ 75%)
(0.25 equiv) (0 32 equw ) /ﬁ/\
[Ni(dppp)Cl] [Ni(dppp)Cly]
(0.03 equiv.) (0.04 equiv.)
PPhs (0.03 equiv.) PPhy (0.04 equiv) /eSS 3 oported
THF, r.t. THF, r.t.
(47%*) (65%)
[Ni(dppp)Cl,] )
(0.04 equiv) )L B ci  [Ni(dppe)Cly]
PPh, (0.04 equiv.) ©~ C r $H0F1 e;glvé)
THF, rt. (5 equiv.) , ,-20°
0.9 equiv.
(65% ~ 87%*) (0.9 equiv.) (86%)
Mg, THF o /WJ\’(CI (a) Mg, THF, then ZnBr,
then ZnBr, (b) [Pd(PPhg3),] (0.05 equiv.)
henly g
enly
{BanJj\[(\ } %' - AN Cl
HF, rt. (60%) (1.4 equiv.),
.
[Pd(PPhs),] (0.03 equiv.) 44% reflux (26%)

2880

B= 13 KTC PLJ% Negishi 185 s 8 H % [3]~
[8]dendralenes using KTC and Negishi couplings

Scheme 13  Practical syntheses of [3]~

2000

[8]dendralenes

one-pot
- — 58%
MeZN@ = — — — N/ N Z7ene
2TTF
B 14 [2-+ 2000 5/ IF 3 & N il % [n]dendralenes

Scheme 14 Synthesis of [#]dendralenes through [2+2] cycloaddition/cycloreversion cascades

HHR[3]~[8]dendralenes [k FAEE NI
Z AR ORI TE, (HR S S AR IC dendralenes
(K1 AT R — kiR, 2016 4F, Sherburn 2512175 Fi A
TAREERA b, 30X S SR BT E TR AR R SR A
[3]~[8]dendralenes ] % i #h & ][9] ~[12]dendralenes
(Scheme 16), 1FE3&FEIRTFAH L= PR AEZ R I [F I, 1
()42 E B B i LB 570 dendralenes MKAR & AHN AR E
. B ERE> AT dendralenes 5 N-FF 3 T SRk W0 %
[¥] Diels-Alder B JZFigTH5, 1E#H RGHT T [3]~
[12]dendralenes HIWIERFIL 21T, 45 RK W, wHdL
6 m T AR B L B0 5T 1) [n]dendralenes 2 WA i [ (X
AT RE A R EL
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TR 10 2% BB TR 6 %) U TR 1Y) e AT 45 ¢
Z LB H 701 dendralenes 753 DA 7 il H & Rl H K. (HA2 1%
TFEAEE BT TEHR XS R AL dendralenes, 1M B HUAY,
B IEXT AR AY () [n]dendralenes )& UL B A RIE. Tobr-
man PP 2-5IR T 63 vEif kL, A5 HAH4k
AN 2-TRR T LSRR 64 A1 —HURIA T I% 65, FJn
IR T AL R B S B AL R LB XU, T BAA K
23-HUARI 1,3-T 0% 66 Al AL HUAR 1 [3] ~[4]den-
dralenes (67 11 67', Scheme 17). {FE#& 23X H1Z 7 V1 %%
[6]dendralenes {H & ¥ A D, N =WARE 77k
BB AL A HAR R =4 T 0.
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NC  CN Ar Ar i
1
NC CN Ar Ar 1
Ar, Ar 58 i
NC CN 1
A Mr CH,Cly, r.t. ! Ar NC
NC” N : Ar CN
59 | //
| Br, CN
: >1000 equi
oA b A a0 oN
Ar Ar | Ar Ar AT/ TAr Bu
NC CN NC i By 62a
NC CN & e INC—/ N\.CN
L ONNC Ar NC
i Ar CN
stepW|se i 60 Bry Ar \ ¢ CN
r i (ca. 100 equiv.) —
Y Ar ! Ar Br Br CN
yoncerted / ~CN i 62b
CN i
NC—/ N\-CN N
CN NC 5
1

B 15 PUFIE 2075 DU 55 3 ZAR S0 I8 100 3 I 87 & il [4 154 AT denedralenes

Scheme 15 Formation of [4]radialene and dendralenes by addition of tetracyanoethylene to tetraaryl[S]cumulene

e s A A AU

[3]dendra|ene [4]dendralene [5]dendralene [6]dendralene [7]dendralene [8]dendralene

J1ess o Mee2 . 2000 2000 ... 2009 . 2000 .
[4+1+4] | | |
approach
CEn T TN N T
double

cross-coupling

‘ JL [5+1+5]

| PinB BPin
. Br nuleophilic (x=2) [11]dendralene
| X | lynchpins | | | |

electrophilic a[4+r20:t:]h z
; __approach
end-piece . BPin (x=1) | | | |
| PinB [10]dendralene
sz I
|_approach_ (A I (I

(x=2)
[12]dendralene

g 1 |
7z N
|_approach [N [ [ (I |

double
cross-coupling

[4] (6] even number of C=C units
R ol (8]
FE S . [10]
SN S A 12
. _ . . \‘___[.]
e 0 (0] (1]
[37 [5] odd number of C=C units
[——
" odds/evens
odds/evens least different
most different ~ > where n is large
. ['tn-2)
where n is small
| diminishing alternation >

B 16 XUBEE S [n]dendralenes 2 [3]~[12]dendralenes 14,2714 Ji 3 Hr

Scheme 16 Double-cross coupling approach for the synthesis of [n]dendralenes and the analysis on chemical properties of [3]~

[12]dendralenes
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Ijo E[OP(O)(
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63 64

4-MeOCgH, CHW/4 MeOCgH,4
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67, 72%

4-MeC6H4 —_— ‘ ‘ 3-CF306H4
3-CF3CGH4 4-MeOCeH4 ‘ ‘

0,
61% 67", 64%

B 17 BT HA B AL AL [3]~[4]dendralenes
Scheme 17 Synthesis of terminally substituted [3]~[4]den-
dralenes through electrocyclic ring-opening reaction

b FERF, Lipshutz R4 PRE T BHGERR S FH T
4 Al [3]~[6]dendralenes fiTAEYHIHFFT. 5 Sherburn A
RIE R TAEARTR, 1EF LML) Suzuki-Miyaura £
Heck 8B & B, 2 8L 7 BCA ) JE XT FR A4 1 [3] ~
[6]dendralenes ffI#4 7% (Scheme 18). FEXIHX dendralenes
(P RO X Sl B M T RE AL RS XU SR it T AT RE, (B3
396 FH AN [R] P A0 770 1) S0 SR A 2 FR R (m-CPBA) . i
it 12 S 2 & 35 (Oxone) B I 580U T 25 4 (~-BuOOLi) 5K
LT AEXFFR[3]dendralenes HH U 1) FE— i £ M A A

[6]dendralenes

s\)\[ Suzuki-Miyaura Heck
"—R /\/BRZ R/\
[3] and [4] mixed cat Pd R',~== cat. Pd

dendralenes

pr— —
I
j\—OBz

allenic benzoate|

| " ]
rR— | 1, homocoupling borylation
- - .
i 1 Ygr cat Pd,BPin cat. Cu, B,Pin,
then, cat. Pd

[4] and [6] symmetrical
dendralenes

B 18 SR AR CIBoAS BRI 14 8 I S N 5 1 Eh RE Ak [3]~

[3] and [4] mixed

dendralenes

R—u\,/ij
| R

2nd allenoate [4] and [5] mixed

Suzuki-Miyaura ~ dendralenes

3 If{k dendralenes BI& R

7t dendralenes 73, ISR PATA WAL T [F]—F
M, endo TR NG 7= A2 B AZRH, Rk den-
dralenes i [] T~ e % Bk LAy /NS BHL, A4 7 Al i
i ” FEARAEAE (Scheme 19)1%. {H AN dendralenes & T
MORG> b, K2 PR ) G SR ) e 2, oo R PR HE AT A
Paum il 4&?‘@5’3 FEAER . [ B 3R E dendralenes 7F I
5 B A

ik, J%ﬁﬂﬂﬂcﬁﬂ C—C BRI SHdE, —F
R A BRI EMHE I 7 T & N — T
o, LRI AL = AR R, 3 — 2B DRk aT
DAS BTN 24 100 T 42 2012 4, Béckvall B
O iz 5ng N 8 7 dendralenes (R E, LU
Pd(OAc), MHEALF, X ZHRERBQ)NEIMA, SLIL T B
e 68 TR ILIRL, £ Hk T ¥R 4L dendralenes 7T 1E#H K
B, AR (1) SO 25 5 M S B (P BRI, AR ORI
FLIGH dendralenes 69 Y Z M FEIE 70 (Scheme 20, a).
2013 4F, Backvall 5 EZH 3k — 25 i 48 fe 37 2 151
BT Ak $PE 4% (Scheme 20, b). A& A
LiOAc2H,0 1] 1,2- =5 ZFe(DCE)Ar i H AT LAAE Bl
U ) [3]dendralenes fiTAY) 71; £ A BF3*EtL0 1Y
SR (THF) A 52 A AT LR AR 4 T B B0 72.
VB @ B fy 2 R RS AR SE: e v 3% B PR
T B PG I R B T 3E C—H WA 5e 4 1,
A W AH R ) [3]dendralenes BY 2R FEBEAG PRV, Bk aE
AP C—H BEWIRHE T PAADYIFH 73 K152 74
[ 4d, B 5 AU N RN AR TS W, 15 MR

(o}

m-CPBA (1.10 equiv.) N
sl

DCM,rt.,1~2h

(]

O || Shi epoxidation OK\N | o

t-BuOOLi (\N ol

THF, r.t. o

(55%)
(74% brsm)

[6]dendralenes

Scheme 18 Synthesis of functionalized [3]~[6]dendralenes through palladium-catalyzed cross-couplings of substituted allenoates
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B 19 Dendralenes 71 C—C P81 ief%

Scheme 19 Rotation of C—C bond in dendralenes molecules
Bopin, & A2 ¥ 4 IR A LA RE 5T Bk B 4445 B B LA )
[3]dendralenes FTA4). T 73 HHRPIE C—H 1) HrEE
BEBUR 213 BN BCE AR 76, BHJSECE AL 1A
WAL A -0 P A R ()44 77, B S 77 W0F S Boping
KA JBAC L SO SR BRAS B LM EE IR 74 73.

Z Ja, Biickvall ¥R SO Ak AL I B B 10 K%
IR BN AT T R RIWTTE. [FIAL R LI 45 R
R, IGAALER AL C—H BEIS LR AR T R4 &
5. KR BLEFR I EE SR, WA R KA
1E, RNAEAIE C—H #3510 E ) dendralenes 724,
T A B SR FE RN 1) s MR 2 8, IR TR 2 C—H B

(a) Structural differences determined

E /"R Pd(0Ac),, BQ
£ PhB(OH),, THF
rt,20h

(P3G AL A S L [ He i A, /> B KA TE & A R A 7
). M BF3*OEt, UGN, o Bk B AR pl 20 R Bk
WEr=, FE B 55 R N — b

WAL . BIAMERIEAE B, 2013 4E, Béckvall B3
POV ST A A PR BB O ok 5 i ke 1) 22 K R B
LR FEAL SN, N 2 equiv. FOZRER, ] DUFI
LB ZEBR AN AR, RN 7 BRI AL S W1 Ty
TEREN . M RPE R R L, JEH SI0/mRIR
WAIF], Z AR A R e L dendralenes, T
B LIRFEBRIE P2 )(78, Scheme 21, a). 2014 4F, Bick-
vall PSS T A B e 5 CO B [ Bk
Tk /BRI AL [ B (Scheme 21, b). SN AE iR N34T,
I A(DMSOE A InFiA Rt 7 R B iEAT,
KMANFE 1 mol%[#) PA(OAc), flE4LFFIFT 101 kPa [ CO,
AT T L L S PR B A S B AR, SEEL TR AN
A T B8 2L B 1 T e A1k [31dendralenes 79 15 .

Biickvall B2 — B80T 4 Ak BRI 43 T
IR/ BRI SN, BRIBES R A1, U PRI A 52 7 A1 4
R T4 % dendralenes B2, 2016 4E, %R msH*ID),
1,4-BUBC) 80 AR, (EALMEAL T SRR R 4= 2 Kif
R IAME - 05 340 [ B (Scheme 22, a), 1527503k

(b) Reaction conditions controlled

E__E
2 mol% Pd(OAc),
BQ (1.1 equiv.) R
20 mol% LiOAc+2H,0 /I =

R’ DCE, 50°C, 15 h

E —
+ Bopiny "
E E.__E
2 mol% Pd(OAc),

68 \_ BQ (1.1 equiv.)
E = CO,Me

70 20 mol% BF3» Et,0
THF, 50 °C, 20 h 72
LiOAC2H,0 R R )
in DCE //\/ . . / B,Pin,
allene attack X PJOAc Insertion 4 /P « —
by allylic S BQ X__ BQ
R C—Hcleavage
75
Pd(OAc), ,/\/ 74
68 X Pd(OACc), o
R
BF3‘2H20 .
& in THF insertion_~ x BPin
alkyne attack BQ 2\ >
by propargylic i PdOAc ACOP d/
C—H cleavage | “ga
76 77
B 20 R (a) R LR P2 b) BB B O TRFR AL 2

Scheme 20 Palladium-catalyzed borylating carbocyclizations of allenynes with (a) structural difference determined selectivity and (b)

reaction conditions controlled selectivity
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BILE R SR
(a) Carbocyclization-alkynylation of allenynes E E
< ()son:
| —) g
— Pd(OAc), (5 mol%) |
R -Xylyl Ll
I BQ(15equiv) Y 81 T
R { toluene, 50 °C, 4 h
68 - Pd(OAC); (5 mol%) E.E
""""""""""""""""""""""""""""""""""" BQ (1.1 equiv.)
(b) Carbocyclization-carbonylation of allenynes DCE. 60°C. 3h
E E —_— ZZY
E__E ‘ i
1 mol% Pd(OAc), E E 82 NVl
. 20 mol% DMSO Y,
Il *1&1; ROH ™ oxidant, DCE, rt. ~ R—
R ) o OR' . ZZ2
68 79 via o
XPd ~
B 21 BB & R i 31K [3]dendralenes E = CO,Me
Scheme 21 Carbocyclization of allenynes for the construction (b)R1R1 """"""

of cyclo-[3]dendralenes

[3]dendralenes 7=47) 81. SZUGIEAHALYE A 75X [ B2 B
S IR B AN T R M AR RN 2R A TR A v ]
1, AR, EEA LTI N RMmAREER
R I -B-TE B A . 82 (Scheme 22, a). Bl f5 iZ iRk
PR SRR T %I AT AE M AE AR AL R A4 FR s
WAL B, #l 4 T [3] [4]F1[5]dendralenes £i7 4= %)
(Scheme 22, b), 51E&E Z BRI TAEAH L, 1Z0F 7 8 %
U B F-L eI @3) IR B . 5 1 1 R
T 1,4- 0B [ 3% B 1 AR AR PR AL -k R R,
52N BRI 7S JC 3K [3]dendralenes, 75 FE 1 o [A] 44
AT DA BE R, Sr AR e R AR B dendralenes
ZRI{IE 85 (Scheme 22, c).

Scheme 23 H45 T uﬁ%ﬁﬁﬁ%ﬁﬂﬂ%ﬁﬁ&%ﬁ%lﬂ
WA dendralenes 17775, BRorFNIMEAL, TdIE 4
JEMEALI 5> 7[RI AEE dendralenes IR FTtHA HRIE.
2012 4F, Haak PRALIIE Ru/A R IGERFIEL T,
SEIL T 1-ZEFEBRANEERD 1,3- BRIEAL S I M TR 3
1 AL ER B S B (Scheme 24). 24 F XIE 5 36 BUAC A b
HEE 86 AEKAIES 1] I3 B =431 L [3]dendralenes 87.
B, VERUOE— D in R YNEE, R, 3
1k 2 i 5 dendralenes ) D-A S b7 Ff BGEC R, SEEL T KAR
FEVFEALE AL 88 M. mk R . —BE A R

2016 4£, Tanaka L% ﬁ‘éﬂ[“”u Rh(I)/Binap AL,
A I 5 bR i — %I NS B T [3]dendralenes
IR EE. 1@%7;2&“&%5@@4&%?&#@?réﬁﬂﬂﬂﬁﬁ
s, PEREIGE S DN 2 5 RN, 5—701
R KA IR = B A 7S J6 A [3]dendralenes 724,
TR = BB S BB B R &, UK

TR, 8 Rh IR A AR g-H HERTS E
JE¥f[3]dendralenes (Scheme 25). 1E#F AN NiZ i E
X 2l 128 5 1 1100 JE AT A T B0 A EDA ik 5 8 T A 1) =2 [
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Pd(OAc), (5 mol%) =
DMSO (20 mol%)
R2 BQ (1.5 equiv.) R2 |

DCE, rt,6h

83
Method A or B
z
80 § .
Bpln 7
E= COZMe

Method A: Pd(OAc), (5 mol%), F4-BQ (1.5 equiv.),
Bopin, (2 equiv.), Na,COj3 (20 mol%), DCE, r.t., 7 h.
Method B: Pd(OAc), (5 mol%), F4-BQ (20 mol%),
Co(salophen) (5 mol%), Bopin, (2 equiv.), Na,CO3
(20 mol%), DCE, r.t., O, balloon, 7 h.

E_E

Method A or B
+ RCHO —mmm
., (1.5 equiv.)

(1.0 equiv.) E =CO,Me, CO,Et

NoWES

85, major R minor

B 22 (AR P2k #3 A I S 7
Scheme 22 Palladium-catalyzed selective cascade reaction of
bisallenes
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Scheme 23 Construction of cyclo-dendralenes with allenynes or bisallenes through intermolecular cyclization
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Scheme 24 Ruthenium-catalyzed allylation-cyclization reac-
tions for the synthesis 2,3-cyclo[3]dendralenes and cascade reac-
tions toward complex polycyclic compounds
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FEAER E #A ) [3]dendralenes (E : Z>20 : 1).
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