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Conjugated enediyne compounds were synthesized by the palladium-catalyzed bis-
alkynylation reaction of propargylic carbonates with terminal alkynes. The reaction proceeded
step by step, i.e., the formation of an intermediate allenyne, followed by the addition of a terminal
alkyne to the intermediate. Thus, an unsymmetric enediyne could be synthesized by successive
addition of two different alkynes. Preparation of functionalized polymers was not realized due o
side-reaction, however, a novel ring-expanding rearrangement of allenylcyclopropanes, prepared
by carbonylation of cyclopropyl-substituted propargylic carbonates, was found during the course of
the study. The regioselective rearrangement similar to the vinylcyclopropane-cyclopentene
rearrangement proceeded by using rhodium catalysts to give the corresponding methylene-

cyclopentenes in high yield.
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Table 1. Palladium-Catalyzed Bis-Alkynylation Reaction
of Propargylic Carbonates.

Run R R? %Yield? (E/Z Ratio) ®
P
1 & ™S © 54 (82/18)°
2 Me Ph 57 (54/48)
3  Et Ph 79 (56/44)
4 Et Bu 74 (53/47)
5 Et ™S© 48 (58/42)
6 Et CHOTHP 42 (40/60)

&) Isolated vields. b) Unless otherwise noted, the
ratio was recorded by weight of the isomers. <) 5
equivatents of lhe alkyne were used. d) The ratio was
determined by 'H NMR because two isomers could
not be separated,

B, REEBRTVENT L FEELE
mTézﬁwwﬁﬁ-HMEmf%% &R
e s, Blh, KEGOHERL, KoL)
%z%ﬂ& I, REETONLENFEEL
2SS AR SERT AT LT U
LA T NMF  ERGL, T2 VTIVF
ST AfEE L, FORTIIBAEC X
W7 LFoATLhEErErLs (Kd) .

2
R s
Pd{0)Ln
MeOQCO
Pd OMe CYCLE (4)
NE%#
XL o O RS, REET AR L ENRTUY

LIRSS ERT AT LFNINT I AEF
) FHEEAT A ER &2 T — T W7
Sy aHiEEL, FORTHESECLY AT
£ e ESx s (5) o s LT
g p bk, I feiEdalEns
Nhdorzh, TN 2BBEORIEICETS

2
mZ
HPa=-R?
He=-R3
CYCLEZ  Pd(G)Ln (5)
2
H-Pd. R2
1 -
S Y
Me" a
R

HESTETHLITLEZ VNI I T AL FYF
Maottbbilo 732 (1) s gT 5
i, HOIIRLALIRTAFENLT LI
3 BEIEEYE T LER o 272D TH
Hr#EzoND, Tz, HeOLEGTOMEIICD
Phbbd, BohT{rLrIf LEPo
SATRMELANIIZT] 1 THY (L), &
RN —FOESF 2B LS TELRDP o1
DiF, ZOr—TYNNRSFI T AFEIIETAHE
BIEOITREESER, ZHE D CRBETSHS
It ThbEEZLILD,

BB, AREETBREEEIETT A Z & & F
B4aL, 207 IVE 2 AERIRIOE
k?é:kﬁﬂ%ﬁ%%t%i&héo%%,
QHIED T WX v RERMZ CRIESESH T &
z&h, %n%nm;w$/ﬁu AR (o
Xéﬂtl//ffﬂAW% L5 R L
7z {(6) .

1.2 equiv. Bu
H=-Bu |pg &
Er——=— ————
OCOMe OME
reflux, 1.5 h
Bu
H—==—Ph g &
(6}
DME -
reflux, 3 h = Ph
' 58%
{47/53)

-, RREOBESE LT, S5T0RIK
o, Bl BRI A BEO TV R FUS
mew%mxwmﬂﬁmf$%$%%&6i
B o M edSiE Z 5 2 &#%Wena %
WEE LT W R B RS TLamEO S
R IR E R LT R T
Mlﬁhﬂﬂ%wf%h IRk BUGOILE -
ﬁﬁﬁ#%ﬂ%?%t,@%%%ﬂ$i<Am
+AEREMTHD LHWL, MATHILE
L,

—123 —



L LA oRMEHTE T, RE T u
FNFEEORFE-REIEHFESLCBTLT
W 2RFEDRE-REECERTES,
Flwrnry V4 iR TMETL boT
gf: (Z_B‘C.?) [+

RE

/
Rz

R\ 7
— (7}
=

\ 3
H\Hs R

=75, —EBALRFIEOHIA & A H RO
HEEHEL, EIRmIOKGE—{bRrES
AETTiTo/cb I s, TLEridal Bind
3, SEoANFR=vibickarasao
BIM7 Ly ALFEYBIAFLBEL RS (G
8) o ZOILEMIE, TLopiruraty

81/
I

MEOQCO

Pd(O)

Ph
AICOQMG (8)
CO,MeQH
MeQ,CO

Hfétwo BRLEKRFEBRHREFLTEY, &
VIR R AR T ‘aE-—-)l//ﬁl:?j’D)\/
%%t@ﬁ%#%,%@ﬁmﬁu@%ﬁ%tn
He Tl iz jFunivpr=nirur
EHV—&ﬁD&y%Vﬂ%ﬁﬁmd,ﬂﬁm
SNAMEFTTEZ EMMENTWE N (F
, WOTH LR EFrLEETH L,

g

30% 6%

15% 40% 10%

Wi REFEOBEEMES AL EMHE ST
THN2, BROLEMZEGEHSATY R
Mofl, FIT, FAFBEETIH, COTL=
e 70T RO IS DV TR &
:[:]:"DJ'LCO

IY, 4 DERSEMEE+S B0 TEE®
Tofckld, OV LdhifEiziihFt
R s U THY S &, SBIRMICEL KR
u&ﬁ#ﬁﬂt,ﬁﬁxi/%L%ﬁ?&x%
brisuane 7 rFREPNERLELNE

R1 (b)

ZEdbhol, (FH10) .,

A:H;Cogan CO,Bn
cat. d.}:(
e s

cat.= [RRCHPPhy)s] 88%
[Rh{ced),BF, B8%

MWeDERE N LTREEfTo/e 2
6.§2LFTlO 2, WTERLOBE S et
éﬁ#kﬁﬁim%f@%ﬁ%uy>7u«7

YEBEAFINERBoNA, Yoo
/%Lh TRIER BT AEBE O, TiC
ﬁ?léﬂ,ﬁﬁﬁlafﬂ%éﬂévﬁmf

{(10)

08y MO R - REHEOMEICLY, 210
FORBRALE 2 5 5 0 8 558 5 1L 5 TR

Hh, B2ICRT I, OVITAMUESYE
LRFIETHR, HROBERIEDOTHIEE Ul o
TWEC L, B sl ERErREFHTLIL
hdhoiz,
%mA,%%D?¢A¢ﬂﬁm%%wf~
woid, REicLed2 RUIOBEWE
7z (Run 1,4,7.10). ﬁ,ﬁ?ﬂ/&ﬁz?
LAEEEIER, C, DA BV IBEITIE, ArEEIR

Cleavage at (a)

/ 2

Cieavage at (b}
cat

X MCL( i}ﬁ/

{a)

1

Table 2. Rearrangement of AllcnyEcyclopropanes.

Run R R? cat®  VYield (%)b 2/ac
1 nPr COsBn A 89 88/ 12
2 8 89 >09/71
3 c 98  >99/1
4 Phert H A a8 76724
5 B 87  >99/1
6 D 75 74126
7 Ph COMe A 99 89 /31
8 B 95 5/95
9 c 98 92/8
10 H A 73 56/ 44
11 B 78 3/97
12 D 79 15/85

a) cat. A: RRCIPPh,),, B: [Rh(cod),]*BF,~, C: (Rh{PPh,),]*'BF
{prepared in silke from an equimolar mixture of RhCHPPhg); and
AgBF,, D: {Rhicod){PPhs),l*BF,~.  b) tsclated yield. c) The
isomer ratio was determined by 'H NMR spectroscopy. b) Phen
= PhCkzCH,-,
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