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Attempts to isolate the (Ph 3P),Pt complex of the highly pyramidalized olefin 3,7-dimethyltricyclo[3.3.0.0 37oct-1(5)-ene 2 by generation of 2 in
the presence of (Ph 3P),PtC,H,, followed by crystallization of the complex (2-Pt) from THF ~ —ethanol, resulted in the isolation of the adduct of
2-Pt with ethanol (5). Calculations confirm that addition of alcohol across the C1 —C5 bond is more favorable in 2-Pt than in the corresponding
(Ph3P),Pt complexes of less pyramidalized olefins, despite the stronger Pt —C bonds in 2-Pt.

During the past 40 years, the synthesis and study of For example, olefirl, n = 3, although very sensitive to
pyramidalized alkenes has been pursued in many differentoxygen, is isolable at room temperatdrélowever, the
laboratories. At the University of Washington, we focused olefins withn = 1 and 2 could only be matrix isolatégl?
on the preparation and investigation of the homologous series
of pyramidalized alkened because this series offers a (2) Review: Borden W. TSynlett1996, 711-719. _
systematic way of increasing the pyramidalization of the C= R_;(g)uﬁig‘r'gj’& M;Sg'lg’g’jfj g_'; ﬁ)‘éiﬁﬁrﬂ?r&_‘Z\Vr‘n_Térﬁl'rﬁ_”'sﬁ"ig’Siﬂfé,K'

C double bond by decreasing the numberof CH, groups 3816—3817.

i ih2 idalization i (4) 1, n = 2: (a) Radziszewski, J. G.; Yin, T.-K.; Miyake, F.; Renzoni,
in the methylene C.h.alh' As the pyramidalization increases, G. E.; Borden, W. T.; Michl, 3JJ. Am. Chem. S0d 986,108, 3544—3545.
so does the reactivity of the bond. (b) Yin, T.-K.; Radziszewski, J. G.; Renzoni, G. E.; Downing, J. W.; Michl,
J.; Borden, W. TJ. Am. Chem. S0d 987,109, 820—8221, n = 1: (c)
T University of Cyprus. Renzoni, G. E.; Yin, T.-K.; Borden, W. T1. Am. Chem. S0d.986,108,
* University of North Texas. 7121-7122. (d) Radziszewski, J. G.; Yin, T.-K.; Renzoni, G. E.; Hrovat,
§ University of Washington. D. A.; Borden, W. T.; Michl, JJ. Am. Chem. S04993,115, 1454—1456.
(1) Reviews: (a) Borden W. TChem. Rez1989,89, 1095—-1109. (b) 1,n= 0 and analogues: (e) Camps, P.; Font-Bardia, M.; Pérez, F.; Solans,
Vazquez, S.; Camps, Hetrahedron2005,61, 5147—5208. X.; Vazquez, S.Angew. Chem., Int. Ed. Engl995, 34, 912—-914. (f)
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Derivatives2—4 of 1, n = 0, have not even been matrix (CH2)n
EtO” “p{ “H

isolated, and their successful generation had to be inferred
from isolation of dimers and products of chemical trapping
by Diels—Alder reactions with diengs!
Pt Pt P

/N 2N \
(CH2)n PhsP PPhs PhsP PPh, PhaP PPh,
1-Pt 2-Pt 5

= o %? zf F
é & C7 bond of comple-Pt. We provide computational results
1 2 3 4

which rationalize our findings that, although thefe bonds

in 1-Pt, n = 1—3, are calculated to be weaker than the €t

bonds in2-Pt, the former complexes are isolalehereas

Molecules containing highly reactive bonds can be  ihe |atter complex is not.

stabilized by complexation with (BR),Pt” Indeed, (PEP)- The diiodide precursor (6) of as prepared following
Pt complexes of pyramidalized alkengsn = 1—3, have literature proceduresUsing the same reaction conditions
been isolated, and these complexes (1Pt 1—3) proved  that had led previously to the isolation bfPt,n = 1-3% a
stable enough to be characterized by NMR spectroscopy andryr solution of diiodide6 was reduced with sodium

by X-ray crystallograph§ The nature of the bonding between amalgam in the presence of @PRPtGH, (Scheme 13°
the alkenes and platinum nPt, n = 1—3, has been studied

computationally. The calculations found that as pyramidal-
ization of the uncomplexed alkene increases, so does the
exothermicity of complex formation.

The computed strengthening of the— bonds in the E1OH
complex with increasing olefin pyramidalization was shown > NaHg =~ o~ s
to be largely due to better back-bonding between the metal PhgP),PtCoHy THF

Pt

(
and the alkene. The major electronic effect of double bond | THF Pt Et0” p{’ “H
pyramidalization is to lower the energy of th& LUMO, 13 6 PhsP PPh, ph.p” PPh
thus making it a better acceptor of electron density from the 2Pt o s °
metal fragment.The experimental results from the spectro-
scopic and X-ray studies of complexest,n = 1—3, were
found to support this theoretical pictifre.

Since alkenel, n = 0, is the most highly pyramidalized
member of the homologous serigsn = 0—3, it has the
lowest LUMO in the series. Thereford-Pt, n = 0, is
predicted to have the largest alkeffet(PhP), binding
energy. However, although complexe$t, n = 1—3, have
been prepared and studigdgeither 1-Pt, n = 0, nor the
(PhsP)xPt complexes of olefin—4 are known. In fact,
attempts in two different laboratories to isola2ePt, the
(PhsP)%Pt complex of the 3,7-dimethyl derivative af n =
0, have been unsuccesstif.

In this paper, we describe another attempt to isctaid.
Although this attempt was also unsuccessful, our experiments
did lead to the spectroscopic detectionPt and to the
isolation of5, the product of ethanol addition across the-C3

Scheme 1. Reduction of6 in the Presence of (BRLPtGH,

The 3P NMR spectrum of the crude product showed a
peak atd 32.40 ppm with two satellites, due to tA&Pt
isotope tJpi—p = 2850 Hz). The'%Pt NMR showed a peak
at —4956.6 ppm with essentially the same (2847 Hz)
coupling constant t§'P 1112 The observed chemical shifts
are in the right range for the formation 2fPt, as indicated
by the 3P and!®*Pt chemical shifts of thd-Pt, n = 1-3
complexe$. In addition, a least-squares fit between the
computed pyramidalization anglésind the observed PP
coupling constants in the corresponding4PEPt complexes
(1-Pt, n = 1-3) predicts'Jp_p = 2745 Hz forl-Pt,n = 0.
This extrapolated value is within 4% of the one actually
measured ir2-Pt, and the two values agree to within 0.5%
if the calculated pyramidalization angles in the free alkenes
are used in obtaining the extrapolated value.

(9) (@) Camps, P.; Iglesias, C.; Rodriguez, M. J.; Grancha, M. D.; Gregori,
Camps, P.; Luque, F. J.; Orozco, M.; Pérez, F.; VazqueZe8ahedron M. E.; Lozano, R.; Miranda, M. A.; Figueredo, M.; Linares, @hem. Ber.
Lett. 1996, 37, 8605—86083: (g) Camps, P.; Font-Bardia, M.; Méndez, 1988 121, 647-654. (b) Meyers, A. |.; Fleming, M. B. Org. Chem1979

N.; Pérez, F.; Pujol, X.; Solans, X.; Vazquez, S.; Vilalta, Mtrahedron 44, 3405—3406.

1998,54, 4679—46964: (h) Branan, B. M.; Paquette, L. A.; Hrovat, D. (10) Computational and experimental details, including those of the X-ray
A.; Borden, W. T.J. Am. Chem. S0d 992,114, 774-776. crystallography, are included in the Supporting Information.
(5) (a) Stamm, E.; Becker, K. B.; Engel, P.; Ermer, O.; Keesdriglew. (11) On our spectrometer, the obserd&tPt chemical shift is given with

Chem., Int. Ed. Engl1979,18, 685—686. (b) Godleski, S. A.; Gundlach, reference to KPtClL. On the same instrument, th&Pt chemical shift of
K. B.; Valpey, R. S.Organometallics1985,4, 296—302. (c) Bennett, M. (PhsP)1PtGH,4 is measured a8 —5146.5 ppm. With this reference, the
A. Pure Appl. Chem1989,61, 1695—1700(d) Jason, M. E.; McGinnety, 19pt chemical shifts of complexes, n = 1-3% becomed —5058.5,

J. A.; Wiberg, K. B.J. Am. Chem. S0d 974,96, 6532—6533. —5105.5, and—5092.5 ppm, respectively. Similarly our observ&®t

(6) (a) Kumar, A,; Lichtenhan, J. D.; Critchlow, S. C.; Eichinger, B. E.;  chemical shift of (PEP),PtGH, is 6 35.83 ppm.
Borden, W. T.J. Am. Chem. S0d.990,112, 5633—5634. (b) Nicolaides, (12) TheH and13C NMR spectra of the crude product are not easily
A.; Smith, J. M.; Kumar, A.; Barnhardt, D. M.; Borden, W. Drgano- amenable to interpretation, presumably due to the presence of impurities.
metallics1995,14, 3475—3485. However, in the'H NMR spectrum the resonances.26 (d of d,J =

(7) (@) Morokuma, K.; Borden, W. TJ. Am. Chem. Sod991, 113, 26.0 and 7.8 Hz) and 1.88 & 7.8 Hz) can almost certainly be assigned
1912-1914. (b) Yates, B..RH. Organometallic Chen001,635, 142— to the methylene protons @Pt5 8 The splitting of 26.0 Hz in the lower
145. field resonance is attributable #8Pt—H coupling.

(8) Johnson, W. T. G. Ph.D. Thesis, University of Washington, 1999. (13) Using the computational methodology in refs—B® (vide infra).
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The NMR spectra of the crude reaction product suggest
that 2-Pt is indeed formed. However, efforts to crystallize 1pe 1. Computed Enthalpies (kcal/mol) for Reactions 7L
2-Pt by slow addition of ethanol to the THF solution of the

crude produéf proved unsuccessful. Although a small Reaction AH
amount of crystalline material was isolated, it was shown
by X-ray crystallography to b& (Figure 1), the adduct 6 + MeOH—> i%
I -18.3
ML MeO ML H
1-Pt', n=1 2
2 < 2 \& < ? 1303
ML2 Meo MeO™\
1-Pt', n=0 1- Pt' n 1
s TV {% —*& ! [ 344
ML, MeO MeO
7-Pt 1- Pt' n 1
4 6 (2 g 55 <§ -20.5
ML, Ml_2

1-Pt, n=0 1-PtH* n=1 1-Pt, n—1 1-Pt'H+, n=0

5 Q“ S E & i @EMIH 152
2 ML2H ML, 2

7-Pt  1-PtH', n=1 1-Pt’, n=1 7-PtH*

Figure 1. X-ray crystal structure 05.

expected to be formed from addition of ethanol across the 6 & @ @ é -14.2

strained C—C bond of the three-membered ring-Rt.1%:4 : Nfl‘z
Since 1-Pt, n = 1-3 can be recrystallized from ethanol/ 1- Pt n=1  1,n=0 1-Pt,n=0 1, n=1
THF, formation of5 by addition of ethanol t®-Pt was

surprising, but not unprecedented. In 1974, Wiberg et al. _ —
rising. but not unpreccen setel v g e e S s

reported tha8 is formed by addition of ethanol t6-Pt, the 7 vy
i _1(4)- 2 ML
(;)’21{3{? complex of bicyclo[2.2.0]hex-1(4)-en@)(Scheme 7Pt 1 =t 1Pt 7

aM = Pt, L= PHs. 1-Pt', n = 0, is the computational model f@-Pt'
and by extension 02-Pt.

Scheme 2. Ethanolysis of7-Pt

’ considerably more strain is released by breaking theCC
+ EOH " ko y bonds in the three-membered rings of the first two complexes

Bt Pt than by breaking the analogous C—C bond in the third. To
l:,h?’P/ “PPhs Ph3p/ \pph3 test this explanation, we have performed B3LYP calcula-
tions'®16:17ysing the platinum pseudopotential and basis set

7-Pt 8 of Stevens et a and the DunningHuzinaga polarized,

double-&, D95** basis set for all other atoris°
For the sake of computational simplicity, the triphen-
A reasonable hypothesis to explain the addition of ethanol YIPhosphine groups in these three complexes were replaced
to both 2-Pt and 7-Pt, but not to1-Pt, n = 1, is that

(16) Becke, A. D.J. Chem. Phys1993,98, 5648—5652.
(17) Lee, CT.; Yang, W.; Parr, R. ®hys Rev. BL988,37, 785—789.

(14) The X-ray structure d shows that the longer-€Pt bond (by 0.032 (18) Stevens, W. J.; Krauss, M.; Bausch, H.; Jasien, E&a. J. Chem.

A) in 5is between Pt and the carbon which carries the ethoxy group. This 1992,70, 612—630.

is the opposite ordering of Pt—C bond lengths from that reporte@fér (19) Dunning, T. H., Jr.; Hay, P. J. IMlodern Theoretical Chemistry

15 A surprisingly large difference is also found between theGCbond Schaefer, H. F., lll, Ed.; Plenum: New York, 1976; pp28.

lengths in5 (1.461 A) and in8 (1.57 A). (20) Calculations were performed with Gaussian 03, Revision C.02:
(15) Jason, M. E.; McGinnety, J. Anorg. Chem1981,20, 4000-4003. Frisch, M. J. et al. Gaussian, Inc., Wallingford CT, 2004.
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by phosphines (PHlwith unpolarized basis functions on the energies obviously increase with the degree to which the
hydrogens. In addition, methanol was substituted for ethanol; carbocationic centers are forced to be nonplanar.

and calculations were performed ©+Pt, n = 0, rather than We also computed the enthalpies ofsEPt binding to
on 2-Pt'?* The computational results are summarized in glkenesl, n = 0, and7, relative to alkend, n = 1. The
Table 1. (HsP)Pt binding enthalpy ofl, n = 1, is calculated to be

The addition of methanol td-Pt', n = 1, was computed 14 2 kcal/mol less than that of the more highly pyramidalized

to be exothermic by 18.3 kcal/mol, but the addition of 1 n=0, alkene but 17.5 kcal/mol more than that of planar
methanol tol-Pt', n = 0, and to7-Pt' was computed to be 7 (Taple 1, reactions 6 and .

even more exothermic, by 30.3 and 34.4 kcal/mol, respec-
tively (Table 1, reactions -13). Presumably, much larger
amounts of strain are released upon cleavage of th€ C
bond in the three-membered rings b#t', n = 0, and of
7-Pt than upon cleavage of the<C bond in the three-
membered ring of-Pt, n = 1. To the extent that these larger
exothermicities translate into faster reaction rates, the
computational results in Table 1 provide a rationalization
for why 2-Pt and7-Pt undergo the alcoholysis reaction; but
1-Pt,n =1, and its higher homologue$-Pt, n = 2 and 3)

do not.

The addition reaction is probably initiated by protonation
of one of the carbons of the platinacyclopropane ring.
Protonation ofl-Pt', n = 0, and of7-Pt' is calculated to be
more exothermic than protonation »fPt', n = 1, by 20.5

and 15.2 kcal/mol, respectively (Table 1, reactions 4 and . ) X
5) P y( Research Promotion FoundatidiIE) of Cyprus via a grant

Combined with the results for the methanol addition to F.T. ENTAE/0504/04) and by the U.S. National Science

reactions, the protonation enthalpies can be interpreted aézoundgtion and the I_?obert A Welch Foundation. The A.G.
showing that bridgehead iolsPtH", n = 0, and7-PtH* Leventis Foundation is gratefully acknowledged for a gener-

are more strained tharPtH*, n = 1, by, respectively, 9.8  °US donation which enabled the purchase of the NMR

and 19.2 kcal/mol. The optimized geometries of the three SPECtrometer at the University of Cyprus. We thank Dr.
carbocations reveal that the origin of the differences betweenDavid Hrovat for his help in preparing this manuscript and
their strain energies resides in the deviations from planarity the Supporting Information for it.

at the bridgehead carbocationic centers. Based on the

calculated angles between the-€Pt bond and the ECt—C Supporting Information Available: Complete list of
plane, the carbocationic carbonsliPtH*, n= 1, 1-PtH", authors for ref 20, spectroscopic data for new compounds,

n = 0, and 7-PtH* are computed to be nonplanar by, coordinates and energies of molecules on which calculations
respectively, 19.8°, 26.7°, and 37.4°. The carbocation strain Were performed, and experimental and computational details.
This material is available free of charge via the Internet at

(21) The substitution of P¢for PPh is indicated in the text by usinga  http://pubs.acs.org.
prime in the symbol for each complex. For exam@@eRt stands for the
(PhsP)x,Pt complex of olefir2, wherea®-Pt indicates the (5P),Pt complex. 0OL060994J

Clearly, the calculated strengths of the-t bonds in the
(HsP)xPt complexes of alkengsn=0,1,n= 1, and7 are
unrelated to the calculated enthalpy changes for methanol
addition to the C—C bonds of the platinacyclopropane rings
of the complexes. Thus, these computational results provide
a rationalization for our experimental finding tHaPt, n =
0, which should have considerably stronger@tbonds than
1-Pt, n= 1, nevertheless adds ethanol across th&€®ond
of the platinacyclopropane ring, whereb$t, n = 1, does
not. Our calculations on models for these three complexes
show that the relative strengths of the-&t bonds in these
platinacyclopropanes are poor predictors of the relative
strengths of the €C bonds in the three-membered rings.
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