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A diastereoselective coupling of propargylic oxiranes with terminal alkynes has been developed with use of a palladium catalyst. The
stereochemistries of the resulting 4-alkynyl-substituted 2,3-allenols have been altered depending on the palladium catalyst. An optically active
anti-substituted allene was synthesized from the reaction of an enantiomerically enriched propargylic oxirane without loss of chirality.

Substituted allenes are versatile building blocks for organic ladium to furnish the corresponding 4-substituted 2,3-allenols.

synthesis because of the inherent reactivity of their axially
chiral backbones$. In addition, many natural products

The diastereoselectivity of the couplings was further exam-
ined#® andanti-substituted allenols were diastereoselectively

containing the allenic moiety have been isolated, and mostproduced via ananti-S2' attack of palladium on the

of these have axial chiralityAs a result, the synthesis of
substituted allenes has been extensively stutlepecially
the palladium-catalyzed coupling of propargylic oxiranes,
which is one of the most common methods. OrganoZinc,
stannané,and -boron reageritand carbon monoxidavere
reacted with propargylic oxiranes in the presence of pal-
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propargylic oxiranes. During the course of our studies on
the reaction of propargylic oxiranes in the presence of
palladium catalysts/ we focused on the diastereoselective
coupling with terminal alkyne%.Herein we describe a
palladium-catalyzed coupling of propargylic oxiranes with
terminal alkynes. The stereochemistries of the resulting
4-alkynyl-substituted 2,3-allenols have been altered depend-
ing on the palladium catalyst.

The initial reactions were carried out with the phenyl-
substituted propargylic oxirarieaand trimethylsilylacetylene
(2a). Whenla and2a were subjected to the reaction with
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10 mol % of Pd(PP§)s4, 20 mol % of Cul, and EN in
dioxane at rt for 14 h, thanti- andsyn-4-alkynyl-substituted
2,3-allenolsanti-3aaandsyn-3aawere produced in a 1:1.6
ratio and 76% yield (entry 1 in Table 1). The stereochemistry

Table 1. Reactions of Propargylic Oxirartea with Alkyne 2a

0 /Ph 10 mol % Pd(0), ligand
A o 20 mol % Cul
(j * =TS base, dioxane, rt
5-22 h
1a 2a
'i'MS
o L g
A ph o+ N
T
anti-3aa syn-3aa
total ratio®
entry ligand base additive yields (%)* anti:syn
1¢ PPhs EtsN 76 1:1.6
2¢  PPhg EteNH 19 (51) 1:3
3¢ PPhs BusN 38 1:2
4¢  PPhs DABCO 45 1:1.4
5¢ PPhg ProNEt 72 1:2
6¢ P(4-MeOCgHy)s ‘PraNEt 52 1:2
7¢  dppf ProNEt 92 2.4:1
8  dppm ProNEt 71 (88) 2.6:1
9¢  dppe ProNEt 94 >20:1
10¢  dppp ProNEt 87 (91) 14:1
11 dppb PryNEt 59 (75) 4.7:1
12 dppe ProNEt DMSO 70 2.3:1
13+ dppe ProNEt HMPA 83 2.6:1
14¢f  dppe ProNEt NMP 95 3.4:1

aThe yields in parentheses are based on recovered starting mat€hal.
ratios were determined B{d NMR integration of the methine proton signals
on the hydroxy-bearing carboh10 mol % Pd(PP¥), was usedd 5 mol
% Pd(dbay-CHCI; and 40 mol % ligand were use®5 mol %
Pdy(dbay:CHCl; and 20 mol % ligand were useth equiv of additives
were used.

of 3aawas determined unambiguously by NOESY correla-
tion of the vinyldihydrofurarbaa, which was derived from
anti-3aa (Scheme 1). Thus, iodine-induced cyclizafiai

Scheme 1
NOE
™S T
s nal M // 1)KoCO3, MeOH iy H\&
anti-3aa ——> 2, 0, > _Quant O H
78% 2) Lindlar catalyst
° =(Ph 1, 63% = Ph

4aa 5aa

anti-3aa stereoselectively afforded the dihydrofurdaa,
which was further transformed toaa by desilylation and
hydrogenation of the alkynyl moiety. Although the diaste-

(9) Schultz-Fademrecht, C.; Zimmermann, M.; Fréhlich, R.; Hoppe. D.
Synlett2003, 1969.
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reoselectivity was low, it is interesting to note that gya-
substituted allensyn3aawas produced predominantly under
these reaction conditions. Similar results were obtained when
other amines were used (entries 2—5). In the presence of
'PrNEt, anti- andsyn-3aawere produced in a 1:2 ratio and
72% yield (entry 5). Furthermore, it is now clear that the
stereochemical course of the reaction is altered depending
on the phosphine ligand used (entries13). Contrary to
the syn-selectivities for reactions with monodentate ligands
(entries 4 and 5)anti-3aawas the predominant product in
the presence of bidentate ligands (entries 6—11). Higfi
selectivity was observed when dppe was employed as the
ligand (entry 9). Further attempts to determine the effect of
additives revealed that thamti-selectivities were lowered in
the presence of polar solvents such as DMSO, HMPA, and
NMP (entries 12—14).

Reactions ofLawith various substituted terminal alkynes
2b—f are summarized in Table 2. Thgnsubstituted allenes

Table 2. Reactions ofla with Various Alkynes2b—f

Ph
Ph OH
O =
@\/ B cat. Pd(0), Cul @%\\
= R
1a 2b-2f 3ab-3af
total ratio?
entry R condition? product  yields (%) anti : syn®
1 3ab quant 1:21
TBS 2b
2 B 3ab 30 >20:1
3 OTBDPS A 3ac 77 1:25
_/
4 2¢ B 3ac 83 16:1
5 _/—OTBDPS A 3ad 66 1:2.0
6 % 2d B 3ad 91 >20:1
7 A 3ae 66 1:2.6
Bu 2e

8 B 3ae 80 >20:1
9 _//—Ph A 3af 83 1.4:1
10 % 2 B 3af 66 >20: 1

2 Condition A: Reactions were carried out in the presence of 10 mol %
Pd(PPh)4, 20 mol % Cul and 5 equiv 6PLNEt in dioxane at rt. Condition
B: Reactions were carried out in the presence of 5 mol ¥dbd)-CHCls,
20 mol % dppe, 20 mol % Cul, and 5 equiv #rNEt in dioxane at rt.
b The ratios were determined B NMR integration of the methine proton
signals on the hydroxy-bearing carbéihe stereochemistries of each of
the products were tentatively assigned by comparison of its NMR spectrum
with 3aa.

syn3ab—aewere predominantly obtained from the reactions
with 2b—ein the presence of Pd(PPh(condition A, entries
1, 3, 5, and 7). When the styryl-substituted alkygfevas
used, nesyn-predominance was observed (entry 9). On the
other hand, higlanti-selectivities were observed to give the
corresponding substituted allenasti-3ab—af when pal-
ladium-catalyzed reactions witkbh—f were carried out in
the presence of dppe (condition B, entries 2, 4, 6, 8, and
10).

Table 3 shows our attempts using the propargylic oxiranes
1b—f having various R substituents at the alkynyl position
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Table 3. Reactions with Various Propargylic Oxiranga—f Table 4. Reactions ofla with Alkynylmetal Reagent2g—j
with 2a T™MS

™S 5 mol % |’|
5mol % [ | Ph Pd,(dba);-CHCI5 OH

0,
Pd,(dba)s-CHCly 0 =z 20 mol % dppe ~}\Ph
R . OH 20 mol % Cul
(e} // 20 mol % dppe ] R + M——TMS -
@»“ — 1vs 20 mol % Cul 'ProNEt, dioxane, rt
+ D —

o iPr,NEt, dioxane, t 1a 202 3-4h sua
222 h
1b-1f 2a 3ba-3fa rotal Tt
entry R product total yields (%) ratio®anti:syn entry alkynylmetal reagent yields (6)" anti : syn
1 TBS (1b) 3ba 63 - 20:15 1 ClZn—=—TMS 2g 45(61)  3.2:1
2  TMS(1e) 3ca 75 8.4:1 2 Zn{=—TMs), 2h quant. 8:1
3 benzyl (1d) 3da 84 3.4:1¢
= i >20:1

4  butyl(le)  3ea 94 2.1:16 3 CiMg ™S 2 81
5 Ha@1P 3fa 57 1.6:1° 4 Li' [(Pro)B—=—TMS]” 2j 76 >20: 1

aThe ratios were determined B NMR integration of the methine
proton signals on the hydroxy-bearing carbbifhe stereochemistry of each
product was tentatively assigned by comparison of its NMR spectrum with
3aa.¢ The stereochemistry was determined unambiguously by NOESY
correlation of dihydrofura®da, which was obtained fro®da by following
the same procedure as shown in Scheme 1.

aThe yields in parentheses are based on recovered starting m&téhal.
ratios were determined B NMR integration of the methine proton signals
on the hydroxy-bearing carbon.

anti- andsyn-3aain a 3.2:1 ratio and 45% isolated yield

) ] (entry 1 in Table 4). The successful reaction with the
with the alkyne2a. When these substrates were subjected dialkynyl reagenth gave 3aain quantitative yield &nti:

to the palladium-catalyzed reactions in the presence ofdppe,Synz 8:1, entry 2). The alkynylmagnesium and the alky-
the corresponding coupled allenes wathti-geometry were v jhoronate reageng and2j were also coupled wittato

selectively produced (entries-5). Theanti-coupled product  ,t,rd anti-3aaas the sole product in 81% and 76% yield,
anti-3ba was the sole product of the reaction with the respectively (entries 3 and 4).

substratelb, which has a TBS group (entry 1). The . . . L
. I A plausible mechanism for the diastereoselectivities is
diastereoselectivities were lowered when the benzyl-, butyl-, . : L ,
. shown in Scheme 3. Regio- and stereoselecsing-Sy2
and non-substituted substrafiet 1e, and1f were employed ) : ;
) . .. attack of the palladium on the propargylic oxirahéakes
(entries 3-5). These results show that the diastereoselectivity . , . S
is greatly influenced by the steric bulk of the substituent R place in the first step to yield the allenylpalladitanti-6.
When a bidentate ligand is used, direct transmetallation of

We attempted further reactions using the enantiomerically _ .. ~ . : .
. ) . anti-6 with the copper acetylide proceeds to producesifig
enriched propargylic oxirand R 2R)-14Scheme 2). When substituted allenanti-3 via the intermediateanti-7 in a

diastereoselective manner. On the other hand, isomerization
of the allenylpalladiunanti-6 to syn-6would be caused by

Scheme 2 the presence of monodentate ligands. It has been reported
™S that optically active allenylpalladium is racemized through
ggwgg/;) el |‘| the fqrmation of the dinuclear complé%We qnticipated an
o //Ph 20'mol % dppe . OH b equilibrium between the allenylpalladiuragti-6 andsyn-6
(j . TMS—=— 20 mol % Cul ZpPh via the dinuclear complex, in which ttsyn-6isomer could
’ZFENEL dioxane, rt be preferentially formed because of the interaction between
(1R, 2R)1a 2a (1R 2R)-ant-3aa the zwitterionic palladium cation and the hydroxyl anion.
91% ee 94%, 91% ee As a result, the reaction furnished predominantly siye-

substituted productyn-3via the intermediatasyn-7.

Another possible explanation for the appearanceyoi-
(1R,2R)-1991% ee) was reacted witain the presence of  predominance is the isomerization of the resulting allenes
dppe, the corresponding optically active coupled product anti-3to syn-3. It was recently reported that optically active
(1R,2R)-anti-3aavas obtained in 94% yield. The enantio- allenes were racemized in the presence of palladium(l1)/LiBr,
meric excess was determined to be 91%, indicating that thein which the racemization proceeded via tirgi-bromopal-

chirality of the propargylic oxirane had been completely |adation proces® To examine whether a similar process

transferred to the axial chirality of allenes. occurred in the coupling reaction, we attempted the isomer-
To examine the reactivity of alkynylmetal reagents for the
coupling, we next attempted reactions b& with the (10) When the reactions were carried out in the absence of Cul, the yields

alkynylmetals2g—j. Alkynylzinc chloride 2g reacted with of (Slfiia)%amaﬁicgly '\tli_eﬁrceias$d é;_lB% yield?)-K a2bAm. Ch
H . gosni, S.; Nishiaa, 1.; Inagawa, |.; Kurosawa).rnm. em.
lain the presence of 5 mol % of Rdba):-CHCl;, 20 mol So0c.2001.123. 7164.

% of dppe, and 20 mol % of Ctfito provide the coupled (12) Horvath, A.; Béckvall, J. EChem. Commur2004, 964.
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Scheme 3
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ization of anti-3aa to syn3aa using a palladium catalyst
(Scheme 4). Wheanti-3aawas treated with 10 mol % of

Scheme 4
T™S

| | 10 mol % Pd(OAc),

OH © 40 mol % PPhy

T ZR 20 mol % Cul

Pr,NEt, dioxane, rt
R=Ph anti-3aa R

24-40 h
R=H anti-3fa Ph 3aa
H 3fa

OH R
E%f\
total yields

85%
75%

TMS

syn : anti
1:24
1:1.1

Pd(OAc), 40 mol % of PPk 20 mol % of Cul, andPr.-
NEt in dioxane at rt, the isomerized prodisstn-3aawas
produced as a diastereomeric mixture wéhti-3aa. Al-
though the inversion of the stereochemistry franti to syn
was not observedsyn:anti= 1:2.4), the ratio shifted teyn:
anti = 1:1.1 whenanti-3fa was subjected to the reaction.
These results indicated that partical isomerizatioarutf-3
to syn-3occurred during the reacid#!* As the reasons for

(13) When Pd(PPfs was used instead of Pd(OAcand PPh as the
palladium catalyst, the production syn-3aavas decreasedyn-3aa:anti-
3aa= 1:6.5, 91% total yields). The result implies that the palladium(ll)

the loweredanti-selectivities in the presence of polar solvents
(entries 12-14 in Table 1) or in the case of substrates having
small R groups (entries-35 in Table 3), it is presumed that
the isomerization of the allenylpalladiuranti-6 or the
alkynylalleneanti-3 was accelerated under these reaction
conditions.

In summary, the studies described above have resulted in
the diastereoselective synthesis of 4-alkynyl-substituted 2,3-
allenols by a palladium-catalyzed coupling between prop-
argylic oxiranes and terminal alkynes. The stereoselectivity
of the reaction can be altered by the choice of phosphine
ligand. It is noteworthy thasyn-substituted allenes were
predominantly produced by the palladium-catalyzed cou-
plings although the diastereoselectivities were low.
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