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Inter- and intramolecular cycloaddition reactions of alkenes and s
alkynes constitute a powerful strategy for the synthesis of ring

systems and often provide one-step syntheses of complex molecules g oS

( pe
: . - . P4 )’O
with high atom efficiency:~2 Many of these reactions are catalyzed Dco 01:_‘(3:“ g1z 3 e }4@{’3
by transition-metal complexé8.Catalysis serves to overcome large P2 7 o 2N, c13 Y ‘ig‘
kinetic barriers, resulting in milder reaction conditions, and to LA L e 7 cs c12 c17
; ? . o . c2 Ay Ty INOE cn 18
preorganize substrates, improving selectivi#n alternative ap- & Pa G o)
proach is a templated reaction, where reactive substrates are held ~' P2 g0 0 c8 7 Pﬂa,
together by a template molecule via interactions, such as metal ce _— O M
coordination or hydrogen bonding, remote from the reactive'site. cs © &
We have demonstrated the use of platinum coordination to template Figure 1. Molecular structure diagrams fdrand?2. For clarity, only the
intramolecular coupling reactions of phosphiradkynes® In these ipso carbons of the phenyl groups are shown. Selected distances (A) and

reactions, metal coordination of the phosphine functionality holds angles (deg) fod: P(2)-C(9) 1.776(5), C(9yC(10) 1.198(6), C(10}
the alk in cl imitv allowing facil lina to f C(11) 1.376(7), C(1BC(12) 1.203(6), P(3)YC(12) 1.776(5), P(BPt(1)—
e alkynes in close proximity, allowing tacile coupling t0 10rm  p(5)°g4 74(4). C(9yP(2)-Pt(1) 117.41(16). Fol: P(1-C(7) 1.79(2),
substituted naphthalenes. In this communication, we describe novelc(7)y-c(8) 1.18(3), C(8YC(9) 1.39(3), C(9-C(10) 1.20(3), P(5}C(10)
cycloaddition reactions of the phosphine-substituted diyne bis- 1.76(2), P(1)-Pt(1)-P(2) 94.7(2), C(7»P(1)-Pt(1) 117.6(7).
(diphenylphosphino)butadiyne, which are templated by coordination

. : : Scheme 1

of the diyne to platinum via phosphorus.

Reaction of [Pt(CH),(COD)] with bis(diphenylphosphino)- PhyP—=—=—PPh; + Pt(CH;),(COD)
butadiyne, (PsPC,PPhB), led to a mixture of the bridged dimer 20°ClCHzClz Ve, M
[{ P{(CHy)2} o(u-PRPCPPR);] (1) and the trimer {Pt(CHy)o} a(u- o
PhPCPPh);] (2) in an 85:15 ratio (Scheme 1). The ratio is thp/ \Pth
insensitive to concentration and temperature. Separation of the two F’gz o F’th / \
compounds was achieved using thin-layer chromatography on Me s Me . / \
cellulose, and both compounds have been characterized by X-ray Me/Pt\ /Pt\ Ph,P PPh,
crystallography (Figure 1). p—=—="F Me Me\P/t— o _\pt—Me

Compoundl consists of two cis square planar platinum centers 2 2 / F"th_ o ghz \
bridged by two bisphosphino diyne units. The two square planes 1, 60% isolated yield Mez, 3% isolated yieldlvIe

are close to perpendicular (86.09(8as a result of a twist in the
overall geometry of the complex, which is necessary to accom- The 3P NMR spectrum ofl shows a singlet with platinum
modate the square planar geometry at platinum and the tetrahedral

geometry at phosphorus. This geometry results in a close approachsate”Ites ab 5.54 (J(PtP)= 1799 Hz). The methyl groups appear

of the alkyne units on adjacent phosphines, with center-to-center > 2 QOUblet of doublets 4t0.40 withcis- andtrans.phosphorus
distances of 3.34 and 3.27 A. The carbaarbon distances within goupllngs Of. 6('15 ar]:(c; 9.2 I—llz.land ah PtH (;oupllng of 72 Hz.
the alkyne chain clearly indicate localized bonding, with alternating pectroscopic _ata are similar to those of.

long and short distances. Compoubhdonsists of three cis square The synthesis of the analogous RiGlomplexes was also

planar platinum centers bridged by three bisphosphino diyne Iigands,?téetm%ed]; Rea(t:_tlon (f)f [Ptgco?] W'thl the d'{”?hpw%iﬁ%.
forming a triangular complex. Each platinum square plane is almost ed fo the formation of compounds analogous fo the methy! dimer

perpendicular (73.4(3), 73.3(4), and 74.413p the overall plane  2nd trimer, {PICh}o(u-PRPGPPR);] (3) and f PICh}s(u-PhPG:-

of the molecule in order to accommodate thé 8fgles at platinum PPh)s] (4) in a similar 85:15 ratio. However, in contrast to the
and the tetrahedral angles at phosphorus, resulting in a helicalthermally stable methyl complexes, the chloro complexe_s are
structure in which the phosphorus atoms alternate between positionsunStable and spontaneou;ly transform at room temperature into the
above and below the plane formed by the three platinum atoms. 8- and 12-membered ”ngs’{Htcb}Z{f"CS(PPm“}] (5) and

The bonding within the alkyne chain is again clearly localized. [{PICh}o{ usC1APPh)e}] (6), formally via [4+ 4] and [4+ 4 +

Nearest alkyne center-to-center distances are 3.40, 3.42, and 3.33] cycloadditions (Scheme 2). The transformations also occur in
A the solid state and in the dark. Mixtures ®&nd 6 were isolated

: : in 70% yield. Pure samples &fcan be made by reaction tfwith
Iﬂﬁ}b‘;ﬁg&gﬁ%ﬁ{g&goum” of Canada. HCI in 94% isolated yield, suggesting that the cycloaddition
§ University of Regina. reactions are unimolecular and quantitative. Compouhead 4
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Figure 2. Molecular structure diagrams &fand6. Selected distances (A)
and angles (deg) fa: C(1)—C(2) 1.436(9), C(1)C(3) 1.377(9), C(2r
C(4) 1.200(9), C(3)-C(4) 1.455(9), C(3yC(1)—C(2) 115.7(5), C(Y—
C(2)—-C(1) 153.4(6), C(1}C(3)—C(4) 114.9(6), C(3—C(4)—C(3) 155.9(7).
For6: C(1)-C(1) 1.15(2), C(2)-C(1) 1.43(1), C(3)yC(2) 1.36(2), C(3)
C(4) 1.43(2), C(4)C(5) 1.16(2), C(5)-C(6) 1.45(2), C(6)C(6) 1.31(2),
C(2)~C(3)-C(4) 123.2(10), C(3}C(2)—C(1) 120.7(10), C()—C(1)-C(2)
177.9(17), C(5yC(4)—C(3) 175.3(13), C(4yC(5)—C(6) 179.4(15), C(6—
C(6)-C(5) 121.3(7).

Scheme 2
Phy Ph; Ph, Ph,
P—=——P cl ¢l P = P. Cl
N/ N\ _/ N N/
/Pt\ /Pt Pt /Pt
/ \
Cl P—= P [¢]] [¢]] \p P Cl

platinum center. Compourtlis analogous to several known rings,
including the parent molecule cyclododeca-2,6,10-triene-1,5,9-
triyne 1! tribenzocyclyné? and other substituted ring3.

The facile diyne coupling reaction in the chloro complexes led
us to study the related reactions of the methyl complexes. The
methyl dimerl is thermodynamically very stable and shows no
change when heated to moderate temperatures. Coupling of the
trimer 2 occurs more readily, and heating of a sample t¢@0n
the presence of CuCl resulted in the formation{@tMe>} 5{ C; -
(PPh)e}] (7). Compound? has been structurally characterized and
is analogous t®.

A comparison of the two trimer structur@sand4 reveals that
the alkyne-alkyne distance in the chloro trimet is 3.24 A,
compared with an average distance of 3.38 A in the methyl trimer
2. The smaller alkyne center-to-center distance in the chloro
complex suggests that the reactivity difference may result from a
steric effect of the platinum substituents, likely resulting from the
longer P+Cl bond (P+C = 2.09 A average i2; Pt—Cl = 2.327(4)

A'in 4) since the steric size of the two moieties are very similar.
The steric effects of the Pt substituents are transferred to the alkyne
chain via interactions of the phenyl groups on phosphorus.
Favorable positioning of the phenyl groups with respect to the
platinum substituents results in rotation about the-FPtbond,
moving the diyne chains closer together or further apart, depending
on the substituents. We are carrying out further studies on the effects
of different metal and ligand substituents on the cyclization

reactions.

c. - cl 40°C cl_ ¢l . .
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70% isolated yield of mixture
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