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Convergent €C bond formation is a central theme in modern Nu Nu
synthetic organic chemistry. Among the many strategies to ac- j(\/\ Nu:- RN g+ g2
complish this type of bond construction, allylic alkylation represents  R! 7 allylic alkylation Nu2 3 Nu
an emerging and_powerful_ reactlon_class. Generallyz the chemistry 1 . R1J\/\R2 . R1/\)\H2
of allyl electrophiles dominates this area, and major challenges 4 5
within the field reside in the control of regio- and stereoselection + (olefin isomers)
in the bimolecular &C bond forming event (i.el, — 2—5; Figure Figure 1. Issues of selectivity in modern allylic alkylation.

1)1 Here, we describe a metal-mediated alkylation of unactivated

allylic alcohols with internal alkynéghat proceeds with net allylic Table 1 ;
transposition and delivers stereodefined 1,4-dienes in a regioselec- R!' OH i. XTi(Oi-Pr)3, R3MgX R
tive mannei v R— R - and alkylje, theﬁ

Treatment of substituted allylic alkoxides with preformed fi- ad allylic alkoxide AR
titanium—s complexes, generated in situ from the corresponding " then H R2
alkyne and Ti(@-Pr), or CITi(Oi-Pr),* results in efficient allylic entry _allylic alcohol _alkyne yield (%) 1,4-diene®
alkylation (Table 1). As depicted in entries 1 and 2, cross-coupling R
of the cyclic allylic alcohol6 or 9 with the symmetric alkyn& R_OH OPMB
provides stereodefined 1,4-dieng@®r 10 in 65 and 68% yields, — (
respectively. Entries-36 demonstrate that this convergentC (Y9n PMBO = OPMB
bond forming_reaction occurs with allylic transposition, pr_oviding 1 &R=H, nt F;MBO 8 net
the stereodefined 1,4-diene produt® 14, 16, and18 as single 2  9;R=H,n=2 68 10; n=2
isomers. 3 11;R=Me, n=1 61 12; R = Me, n=1

In addition to being regioselective, this cross-coupling reaction g 151;?:;0'3;‘_,;:;:1 Zg 161%5;5:,1{;1:1
proceeds with a high degree of stereochemical control. As depicted OH

in entry 7, coupling of a stereodefined allylic alcolid® (er = 97:

7 57 Z OPMB
3) with alkyne 7 provides the functionalized 1,4-dier&® with
17
OH

[}

negligible erosion of stereochemistry (er 96:4). The absolute

stereochemistry 020 was assigned on the basis of the stereose-

lection observed in the coupling @fl with alkyne7 (entry 8). This 7b

process provides thianstrisubstituted cyclohexen22 in 50%

yield (dr = 20:1), demonstrating that-@C bond formation occurs 19 (er = 97:3)
in a suprafacial manner across the allyl system. OH

Whereas simple primay allylic alcohols can be employed in @/Me
coupling reactions with internal alkynes (Table 2, entry 1), increased Me
efficiency is observed with more substituted coupling partners (entry M
2). Tertiary acyclic allylic alcohols are also effective in this reaction,
and provide highly substituted 1,4-dienes when coupled with
internal alkynes. For example, coupling of 2-methyl-3-buten-2-0l  a reaction conditions for cross coupling: alkyne (1.0 equiv), CIFH(O
(27) with alk_yn_e7 furnishes the prenylated prodi&8in 53% yield Plrk);;, I_Dthef, (I‘sliﬂl?g/lglct::lc;h;r&(altg ;35;5:{, ;réetr; rggg))l btcé—I_T_IS(c")CI:P a:)c;l(iv I;S
(entry 3). Similarly, both £)- and Z)-2-methy|—3-pent_en-2-o|2(9 C:lepcl)f:l(clze% Svitﬁ ')rli(Oi-Pra)in this expczaurimentf’ Absolute stereochemistry not
and31) can be coupled to an internal alkyne to furnish a 3-alkyl- jatermined.
1,4-diene-containing produc3@) (entries 4 and 5). As depicted in
entry 6, even tetrasubstituted olefins can be preparred with this crossstereodefined Z)-trisubstituted olefin are produced with high
coupling reaction. selectivity (entries 9 and 10).

Coupling of acyclic secondary allylic alcohols with internal As depicted in entry 11, this stereoselective cross-coupling
alkynes is also possible, yet these processes are more complex dugeaction can be employed with unsymmetrical alkynes. In this case,
to the generation of an additional stereodefined double bond. cross-coupling of allylic alcoh@8 with the TMS-substituted alkyne
Whereas secondary allylic alcohols containing monosubstituted 42 provides the stereodefined 1,4-diet&in 59% yield. In accord
olefins 34 and36) can be coupled to internal alkynes in an efficient with known preferences for titanium alkoxide-mediated function-
manner, these processes proceed without stereoseleEtidieg. alization of silyl-substituted alkynes,-GC bond formation occurs
1:1) (entries 7 and 8). In contrast, secondary allylic alcohols bearing selectively at the site distal to the TMS-substituent of alk¢aé
1,1-disubstituted olefins can be coupled with internal alkynes ina  As depicted in entries 12 and 13, allylic alcohols beariBy (
highly stereoselective manner. In these cases, 1,4-dienes bearing disubstituted olefins provide 1,4-diene products with superior

¢ OTES
21

22 (dr =20:1)
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Table 2
OH R* i XTi(OPr)s, R3MgX -
. H and alkyne, then R R R RS
3 ko thcules I
RUYR ii. add allylic alkoxide M
R RS thenH* R3
entry allylic alcohol  alkyne y(';’/f EZ 1,4-diene? b°
OH OPMB
- R OPMB
- X OPMB
R
1 23;R=H PMBO 41 24;R=H
2 25; R = Me 66 - 26; R = Me
OPMB
Me PH M OPMB
3 7 53 - Me X
M e>K/ Z
27 Me 28
Me oH R’ Mew%PMB
N
2
Me>‘\/\ﬂ2
4 29;R'=H,R?=Me s9 - Me Me o
5 31; R'=Me, R2=H 67 -
Me OH Me OPMB
6 Me>‘\]/ 7 57 - Me AN OPMB
32Me Me 33
OH OPMB
N R~ S\~ OPMB
7 34;R=Ph 7 78 111 35; R=Ph (E/Z=1:1)
8 36 R=Et 67 11 37: R=Et (E/Z=1:1)

OH Ph OPMB
9 PhW 7 72 2201 lf\c)
B e Me . (\_OPMB
NS

Ph
10 38  Ph—==—Ph 77 2201 P
Me Ph
40 419
oh Ph
11 38 59 220:1 NN A s
= Tms Ve Ph
e
42 ag°,
™M W
Ph NN R
PhW\R‘ R
12 44;R'=Me, R%=H 7 67 1:1 45;R!, R2=(CH,),OPMB
13 46; R'=H, R=Me 42 59 81 479 R'=(CH,),Ph, R2=TMS
OH Me OPMB
14 W 7 59 2201 Y N
Me Me Me OPMB
48 49

aReaction conditions for cross coupling: alkyne (1.0 equiv), CITH(O
Pr), PhMe, GHg-MgCl, —78 to —35 °C, then recool to-78 °C, add Li-
alkoxide of allylic alcohol (1.0 equiv){78 to 0°C). b All 1,4 diene products
were isolated as a single olefin isometdlo evidence was found for the
production of regioisomeric productéin the formation of the titanium
alkyne complex, the temperature was kept undéb °C (see Supporting
Information for details)®rr > 20:1.

selectivity in comparison to theEj-disubstituted olefin isomers.
Whereas cross-coupling oE)-44 with alkyne 7 affords the 1,4-

diene 45 as a 1:1 mixture of olefin isomers (entry 12), the

corresponding cross-coupling af)¢46 with 42 provides 1,4-diene

47 as an 8:1 mixture favoring the formation of a product containing

an (E)-disubstituted olefin (entry 13).
Finally, this new C-C bond forming reaction is tolerant of

neighboringr-unsaturation in the allylic alcohol coupling partner.

As illustrated in entry 14, cross-coupling of allylic alcold with
alkyne 7 provides the stereodefined tried8 in 59% vyield.

HWéQ’I'Pr}n_ R?
control by minimization 4 —Tiu_o RIS /)
of A-1,2 strain Fe .(.-H - 7
T R'" Me
L A R major product”
R!  (OiPr),] Me
contral by minimization L=Tig 17 g2
of A-1,3 strain R Y Re|— AU R
= A
Me B H major product”

* = after aqueous work up.

Figure 2. Empirical model for this direct allylic alkylation reaction.

Overall, we have described a new stereoselective cross-coupling
reaction between allylic alcohols and alkynes for the synthesis of
1,4-dienes. While occurring with allylic transposition, high stereo-
selectivity in the generation of substituted olefins is observed in
coupling reactions with cyclic, as well as acyclic allylic alcohols.
In general, the stereochemical results from this cross-coupling are
consistent with an empirical model whereby C bond formation
occurs through a boatlike geometry of a transient mixed titanate
ester (i.e., A andB; Figure 2)8 Further study of the mechanism
and scope of this and related coupling reactions is underway.
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