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We have been studying the coordination chemistry of cyclic
trialkyne ligands which we refer to as cyclynes and heterocy-
clynes.
produce a triangular cavity.
atom can coordinate in the cavity to the three alkynds. the

case of heterocyclynes, this coordination chemistry is somewhat

reminiscent of that of acetylide tweezer complekakhough the
cyclic nature of the heterocyclyne ligand can give additional
stabilization to the compleX.

If the cavity of the heterocyclyne were larger, it could serve
to coordinate multiatom species in the cavity. In regards to
catenane and rotaxahsynthesis, interesting species to thread
through a larger cavity include metal-acetylide polymers and
carbon nanotubules. A larger cavity could be obtained by
enlarging the ring to include more alkyrieand/or to include
transition metals. Heterocyclynes with platinum atoms as the
heteroatoms within the ring have been synthestéédOthers
have reported that chardeshd neutrdlmacrocyclic tetrametallic

planar squares can be assembled by strategies which involve
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In these ligands the alkynes are arranged in a plane to
In many instances a single metal
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Scheme 1. The Synthesis of the Platinum Butadiyne
Heterocyclyned
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knowledge of the coordination chemistry of the metal. These
previously reported squares have edges composed of relatively
bulky groups such as pyridine, 4Hdipyridine, 4,4-dicyanobi-
phenyl, diazaperylene, and porphyrins. Herein we report the high-
yield, gram-scale synthesis of tetraplatinum and octaplatinum
square heterocyclynes which have large cavities and in which
the rings are composed of only platinum and butadiyne fragments.
These are the first reported examples of macrocycles where the
ring is composed of only transition metals and alkynes. It should
be noted that the relatively bulky groups on the edges of the
previously reported platinum squatésncrease the steric hin-
drance at the center relative to the squares reported here where
the edges are composed of butadiynes. This makes their cavities
more crowded and less likely to be good candidates for the
formation of catenanes and rotaxanes threaded with metal
acetylide polymers and tubule derivatives.

The synthesis of the square [PiBH4(CsH11)4)Cals 4 is
outlined in Scheme 1. Chelating phosphines were used in order
to enforce the required cis geometry at the platinum atom. The
precursor 1,2-bis(dicyclohexylphosphino)ethane platinum di-
butadiyne3 was prepared by two different methods with both
methods using the Cul-catalyZembupling of platinum with acet-
ylides. Bubbling butadiyrfénto a suspension of [(El11).P).C.Ha]-

PtCL 1, diethylamine, diethyl ether, and a catalytic amount of
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Cul at—20°C for 1 h, followed by stirring at room temperature  Scheme 2. The Synthesis of the Octaplatinum Butadiyne
for 20 min gave3 as a yellow powder in 95% yield. Inthe second Heterocyclynes
method 1,2-bis(dicyclohexylphosphino)ethane platinum bis(tri-

Cyz
methylsilylbutadiyne was synthesized by reacting BECC= (\ P FBus P
CSiMe?® with 1 in diethylamine in the presence of Cul at room oy hT= = == Py,
temperature for 4 days. Workup and purification by flash Il l PBu It
chromatography on alumina eluting with 1:2 @H/hexane gave
2 as a white solid. Reaction & with KF and HO in DMF at Il Il II
room temperature for 24 h afford&dhs a pale yellow powder in PP Cul, EsNH L L
65% yield. Compoun@® was characterized vigd, 31P{*H} , 1°C- S e B B PP PR
{*H} NMR, IR, mass spectroscopy, elemental analysis, and X-ray Il Il I
crystallography®* A FAB-MS spectrum obtained from a
methanol solution oB in a nitrobenzyl alcohol matrix showed ll o I PBu; I c
M of 12Ca4HsP,1%Pt atnvz 715.27 (calculated 715.30). Catalytic 5 I == lz—p”
Cul coupling of 1 with 3in a mixture of 1:1 diethylamine/diethyl (/‘cyz I;Bu; &

ether at room temperature for 5 days gédwe 98% yield (Scheme
1). Syntheses of in large scale required longer reaction times
for the reaction to go to completion. Compouhdas character-
ized viatH, 31P{1H}, 13C{H}, %Pt NMR, IR, melting point, mass
spectroscopy, and elemental analysis. A FAB-MS spectrum o
a methanol solution of in a nitrobenzyl alcohol matrix gave an

M Of 2CyoiHio*PUPs at m'z 2661.05 (calculated 2661.15). The e Other 8l O1.9 ppmig - 2242 Hz). 'n CDClfhese peaks
1950t NMR for 4 showed a triplet at 1361 ppnds p = 2287  OCCur at5.2 ppmdk.p = z) and 61.9 ppmifp =

Hz). The3P{H}NMR for 4 at 61.8 ppm dpp = 2293 Hz) Hz). These are near the positions for the central peal&Q’fa{S
showed a shift upfield by nearly one ppm and a slight increase PPM Jei-p = 2288 Hz) and3 (62.8 ppmJpp = 2285 Hz) in
in the phosphorusplatinum coupling constant as compared to CDCl; but shifted slightly and with a small difference in the Pt

precursor at 62.8 ppm dpep = 2285 Hz). The*C{1H} NMR coupling constants. A FAB-MS spectrum obtained from a
(CDCl,) showed. a flip in the relative éhifts of the and f benzene solution @ in a nitrobenzyl alcohol matrix gave a broad

butadiyne carbons: i8 the o carbons appeared at 99.9 ppm molecular ion M with a maximum at 5251.0 compared with a
@ ):LC — 135 Hz,2)e p.c = 15 Hz Jp?f: 1090 Hz) ar?c? calculated value of 5250.49 fdfCy3H408°PtsP1s.  Compound
thg%ni:arbons 21933 p?nﬂ g 32 I—1|z Uyer e <0 1 Hy 6 is stable in nonhalogenated solvents. It is soluble in toluene,
. rans ’ CIs . 1 H

2Jr.c = 308 Hz), whereas id the a carbons appeared at 94.7 benzene, chlorofprm, methylene chloride, apd acetone. Com-
ppm @ —'139 Hz 2] = 12 Hz, Joc = 1084 Hz) pound6 reacts with chloroform to form a mixture df, 3, 5,

and thq[éancsaFrLbcons 21 98 g’pglfﬁzc =32 bz 3] <01 and bis(trin-butylphosphine)platinumdichloride within a few

. rans H CIs .

; ) hours.
Hz, 2Jp-c = 313 Hz), respectively. The andj carbons in3 . . .
and4 were unambiguously assigned by their coupling constants The combination oft with 1.5 equn+/ of AgOTf 9f AgBlz-‘;ga\_/e
to the phosphorus and platinum atoms. The IR spectru® of a mixture of products having to Ag™ ratios of 1:1 to 1:4 with

exhibited two strong &C stretches at 2082 crh(s) and 2146 the silver salts associated with th‘? acetylide fragments iof
cm (s), and a=C—H stretch at 3307 crt, whereas that of what we assume to be a tweeztashion. The principal product

showed @=C stretches at 2075 crh (w) and 2142 cm (s). with AgOTf showed an absorption peak in tHe{'H} NMR at

Under nitrogen, compour@ldecomposed at 165168°C, where- ggélgpﬁm OF?tt_hC - 242? Hz)kcon}par'([a_d W ?t 618p dpm J?'_Fid:f
as4 decomposed at 187195 °C. Compound is air stable in z) with several peaks a fraction of a ppm downfield from

. . the major peak. The FAB mass spectrum gave a broagdak
the solid state, but decomposes slowly inCH, CHCL, CsHsCl, . -
ando0-C¢H,Cl, to form 1. Compound4 is soluble in the above V\llégg asmacl:mmum_rﬁt ﬁ;fgl (cal 3172'7,[7 f&CHOHml;SPt“';EM
halogenated solvents, DMSO, DMF, and MeOH and is slightly (™"Ag s F)a. ne mass spectrum gave algroa
soluble in THF and acetone. :;L)O%ak with a maximum at 2918 (cal 2916.96 é(;,0H 195 °PuPs
The octaplatinum heterocyclyne butadiyne square P, AgSQ,CFy). Only one G=C stretch (at 2102 cni) was

bserved compared to two fdr (see above). The FAB mass
(CsH11)4)C4Pt(P(BuU)3).C4]4 6 was assembled from components ° .
which had the required cis and trans geometries at platinum, asSpectrum of the product ef with AgBF, gave a broad M peak

: : g : ith maximum at 3434.4 which is consistent with compound
shown in Scheme 2. The synthesis of bis(ttbutylphosphine) wi . . .
platinum dibutadiynes was based on a method similar to that clomplexeg with %xsgBEunlts with & calculated Mof 3436.78
reported by Hagihara et &212 Combiningl with 5 in diethyl- (CradHioz *PlPs (*AgBF,),). The MALDI maslsg Specﬁg‘;m 9"’“’6
amine in the presence of Cul at room temperature for 36 h gave 2 broad M of 2772.49 (cal. 2768.06 f6fCazdH107 *PuPs"Ag").
We are currently synthesizing a variety of heterocyclyne alkyne
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6 as a yellow powder in 80% yield. TH&Pt NMR for 6 showed

two triplets at 1369.4 ppmJé-—p = 2156 Hz) and the other at
§ 1529 ppm fprp = 2473 Hz). The'lP{1H} NMR (CsDs) exhibits

two sharp singlets with one at 5.7 pp@b{p = 2369 Hz) and

198Q 188 237. ) ) ) ) and the threading of nanotubules through
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