Table I. Pyrolysis of Silacyclobutane-Imine Solutions at 611°
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Silacyclobutane Imine Benzene
(mmol) (mmol) (mmol) ~——————Products (%, yield)p——mm8 ———
(CHy):SiMe; (21.2) PhCH=NPh (14.5) (59) (Me SiNPh), (41) PhCH=CH, (32)
(CH,);SiMe, (13.2) Ph;C=NPh (5.20) (55) (Me,SiNPh); (30) Ph,C=CH, (56)
(CH.),SiPh; (6.33) Ph,C=NPh (3.03) (62) (Ph,SiNPh), (25)b- Ph,C=CH; (33)

e These are based on the amounts of material actually isolated (either by preparative glpc or crystallization) and are probably 10-20%; lower

than the quantities actually present.
their ir and nmr spectra and, where applicable, melting points.
terial was impure (mp 335-343°, 1it.* mp 355.5°).

benzophenone (4.73 mmol), and benzene (66.7 mmol)
afforded a homogeneous, yellow pyrolysate which, after
resolution by preparative glpc afforded benzophenone
phenylimine (0.79 mmol), styrene (0.78 mmol), 1,1-
diphenylethylene (1.95 mmol), octamethylcyclotetra-
siloxane (0.04 mmol), hexamethylcyclotrisiloxane
(trace), benzophenone (1.74 mmol), and N-phenyl-
benzaldimine (12.7 mmol). Glpc analysis of the
pyrolysate did not detect any 1,3-diphenyl-2,2,4,4-
tetramethylcyclodisilazane, (Me,SiNPh),. Isolation of
benzophenone phenylimine provides definitive evidence
for the formation of Me,Si=NPh and its reaction with
benzophenone since pyrolysis of equimolar quantities
of either benzophenone and N-phenylbenzaldimine or
benzophenone and (Me,SiNPh), did not produce de-
tectable quantities of this material. An explanation
which accommodates all of these observations is out-
lined in Scheme II. Assuming quantitative formation

Scheme I1
Me,Si 2 [MeSi=CH,] + CH,=CH,
PhN—CHPh/ \Phgc=0
Meg?i [ Me,Si ]
]
o /N:l-Ph ¢} Ph,
H |
| Ph,C=CH,
PhCH==CH, +
[MeQSi=NPh] ~%> (Me,SiNPh), l
lPhZC =0
(Melsl'0>3
Ph +
Me,Si—N (Me,SiO),

|
O—-| Ph, +
l / higher cyclics

and polymer
Ph,C==NPh + [Me,Si=0]

of Me:Si=CH, and correcting, on the basis of the
isolated yield of 1,1-diphenylethylene, for the fact that
38.5% of the Me,Si=CH, produced reacted with
benzophenone, then the 0.79 mmol of benzophenone
phenylimine isolated represents a 25.4 %7 yield of trapped
Me,Si=NPh. This is a minimum value since isolated
yields were used and factors such as decomposition of
the trapping reagents and products and other side
reactions were ignored. The absence of significant
side reactions and the relatively high yield of benzo-
phenone phenylimine indicate that reaction schemes
more complex than II are unlikely.

All reaction products are known compounds and, except as noted, were completely characterized by
b Calculated after correction for a 24 %7 recovery of limiting reagent.
Further recrystallization did not afford a purer sample.

¢ Ma-

The absence of (Me,SiNPh), and the comparable
quantities of styrene and benzophenone phenylimine
observed indicate that benzophenone is a very efficient
trapping reagent for silicon-nitrogen doubly bonded
intermediates. This is in accord with our observa-
tion'e that benzophenone is an excellent trapping re-

agent for intermediates containing silicon-carbon
double bonds.
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Mechanisms of Unimolecular Gas-Phase y-Hydrogen
Rearrangements of Radical Cations. The Influence
of Entropy as Opposed to Energy

Sir:

Those +vy-hydrogen rearrangements commonly re-
ferred to as McLafferty-type rearrangements have
probably attracted more attention than any other
rearrangement encountered in mass spectrometry;® yet
there is still considerable contention as to whether these
ubiquitous rearrangements occur in a concerted or a
stepwise manner.?-% We have sought to elucidate this
persistent question by applying the powerful capabilities
of field ionization kinetics (FIK)—* to a study of two
complementary vy-hydrogen rearrangements in hexa-
nal.?-11  The FIK technique’™® allows rates of uni-
molecular gas-phase reactions of (radical-) cations to
be measured over a time range extending from 10~!2 or
10~ !tsec to 10~% or 105 sec.

The rates of formation of m/e 45 (C;H;DO) and m/e 57

(1) (a) F. W. McLafferty, Anal. Chem., 28, 306 (1956); (b) ibid.,
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Soc., 90, 7239 (1968).
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2, 755 (1969).
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Figure 1. The dependence on time of the rates of formation of m/e
45 (C;H;DO %) and mfe 57 (CH;D-*) from hexanal-4,4-d, within
the time range 10-11-10-° sec following FI. The rate of formation
of mfe 57 (C,H;D-*) at the very shortest times can only be estimated
due to the simultaneous formation of m/e 57 (C;H;O%) by field
dissociation.

(C:H+D) from hexanal-4,4-d;, following field ionization
(FI) are shown in Figure 1 as functions of time over the
range 10-'-10-° sec. The means by which these
curves were obtained have been described.®-12.13 The
formation both of m/e 45 (C,H;DO) and of m/e 57
(C;H:D) involves v-D rearrangement and (3 cleavage.
The hexanal-4,4-d. species was studied so as to dis-
tinguish between v transfer and transfer from other
sites.!* There is no H/D randomization prior to
fragmentation at 10-!'-10-° sec (ref 14). It is evident
from Figure 1 that the relative rates of these two reac-
tions are sensitive functions of time. At times of a few
X 10711 sec the rate of formation of m/e 45 (C.;H;DO)
exceeds the rate of formation of mje 57 (C,H;D) by
almost 1 order of magnitude. At times of the order of
of 10—1° sec, however, the formation of m/e 57 (C,H;D)
is the faster reaction. The trend for the formation of
mfe 57 (C,H;D) to be faster at longer times is supported
by measurements' of the metastable transitions in the
first field free region (corresponding to reaction at
~10-% sec after ionization). The transition C¢H,;0D,O -+
— C,H:D-+ is at least 2 orders of magnitude more
intense than CsH;,0D,O -+ — C;H;3;DO -+ (which cannot
be detected at all).

We assume that the formation of m/e 45 (C,H;DO)
and the formation of m/e 57 (C,H;D) are competing
reactions of the ground electronic state. The average
internal excitation energy available through FI is
probably of the order of tenths of an eV.'* The photo-
electron spectrum of hexanal suggests that the ground
electronic state may be an isolated state approximately
1.5 eV below the first excited state.'” Reactions at the
shortest times can be assumed to involve the most
energetic reactant ions, and reactions at longer times
the less energetic. Thus with the most energetic

(12) J.-P. Pfeifer, A. M. Falick, and A. L. Burlingame, Int. J. Mass
Spectrom. Ion Phys., 11, 345 (1973).

(13) P. J. Derrick, A. M. Falick, and A. L. Burlingame, J. Amer.
Chem. Soc., 94, 6794 (1972).

(14) (a) P. J. Derrick, A. M. Falick, and A. L. Burlingame, 20th
Annual Conference Mass Spectrometry Allied Topics, Dallas, Texas,
June 1972, Paper No. H4; (b) P. Brown and C. Fensclau, Org. Mass
Spectrom., 7, 305 (1973).

(15) See, for example, L. P. Hills and J. H. Futrell, Org. Mass
Spectrom., 5, 1019 (1971),

(16) G. Tenschert and H. D. Beckey, Int. J. Mass Spectrom. Ion

Phys., 7,97 (1971).
(17) A. W, Potts and W, C. Price, private communication.

reactant ions, the rate of formation of m/e 45 (C:H;DO)
exceeds the rate of formation of m/e 57 (C,H;D). It
is at the lowest energies that energy considerations will
be most influential in directing the competition between
the reactions. The results suggest, therefore, that the
formation of mfe 57 (C,H;D) is energetically more
favorable than the formation of mje 45 (C,H;DO).
This is consistent with the observation in electron
impact (EI) studies'® that on lowering the electron
energy the intensity of m/e 57 (C4H;D) increases relative
to the intensity of m/e 45 (C;H;DO). The higher rate
of formation of m/e 45 (C,H;DO) at the highest energies,
however, is not readily explicable on energetic grounds.
We suggest that the explanation lies in the realm of
entropy. We suggest that the formation of m/je 45
(C;H;DO), although discriminated against by the
energy factors, is favored by the entropy factors and that
it is the entropy factors which direct the competition
between the reactions at the shortest times (~10-1
sec).’® In terms of transition-state theory, we are
suggesting that the formation of m/e 57 (C,H:;D) has
the lower activation energy but that the formation of
m/e 45 (C,H;DO) has the more favorable (i.e., the less
negative) activation entropy.

The kinetic results pose considerable mechanistic
difficulties. For the present let us consider that both
reactions are initiated by a common y-D transfer step.
This interpretation is consistent with recent trends.5-8-!!
Simple 3 cleavage at times of the order of 10-!! sec
could form the enol fragment m/e 45 (C.H;DO); at
longer times 8 cleavage together with rearrangement
within the hydrocarbon chain could form mfje 57
(CsH;D) with the 2-butene structure. These mech-
anisms satisfy our energy and entropy criteria. The
formation of m/e 57 (C.H;D) should be favored by
energy considerations,!® as the ionization potential
(IP) of vinyl alcohol has been estimated as 9.5 eV?20
and that of 2-butene has been measured as 9.1 eV.2!
There is, however, an objection to these mechanisms.
Simple 8 cleavage subsequent to y-hydrogen transfer
at times of the order of 10—!! sec would be expected to
form both mje 45 (C:H;DO) and m/e 57 (C;H;D with
the I-butene structure) at comparable rates. This is not
what is observed (Figure 1). The IP of 1-butene has
been measured as 9.6 eV.?! The situation would be
that of charge competition as discussed by Meyerson,
et al.'' The analogous reactions in heptanal induced
by FI have the same kinetic characteristics as the reac-
tions in hexanal.?? Here the IP of the 1-pentene mole-
cule competing for the charge is 9.5 eV.

Alternatively the natures of the cyclic transition states
involved in the two initial y-D transfers could differ.
An attractive possibility is that the observed reactions
correspond to stepwise and concerted mechanisms
discussed so extensively in the literature.?-¢-!! Chemi-
cal intuition demands that the concerted mechanism

(18) See P, J. Derrick, A. M. Falick, and A. L. Burlingame, J. Amer.
Chem. Soc., 95, 437 (1973). For a fuller discussion, see P. J. Derrick
and A. L. Burlingame, Accounts Chem. Res., in press.

(19) D. P. Stevenson, Discuss. Faraday Soc., No. 10, 35 (1951).

(20) S. Meyerson and J. D. McCollum, Advan. Anal. Chem. Instrum.,
2, 179 (1963).

(21) J. L. Franklin, J. G. Dillard, H. M. Rosenstock, J. T. Herron,
K. Draxl, and F. H. Field, ‘‘i{onization Potentials, Appearance Po-
tentials, and Heats of Formation of Gaseous Positive Ions,”” NSRDS-
NBS 26, U. S. Government Printing Office, Washington, D. C., 1969.

(22) P. J. Derrick, A. M. Falick, and A. L. Burlingame, unpublished
data.
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represent the faster process leading to m/e 45 (C.H;DO).
The slower process pia an intermediate would lead
to mfe 57 (C4H+D) presumably with the 2-butene struc-
ture. Calculations by Boer, Shannon, and McLafferty?
indicate that the transition state in the stepwise mech-
anism is energetically preferable to that in a concerted
mechanism. These mechanisms would demand that
the transition state for the concerted mechanism be
“looser” than that in the stepwise.2? This would
probably mean that the transition state in the con-
certed mechanism does not need to be exactly planar.
The weakly bonding and extended 8 bond in the con-
certed transition state might result in the internal rota-
tions of the reactant being less constrained than they
would be in the stepwise transition state. This could
give the concerted transition state a higher entropy.?*

The kinetic results leave little doubt that there are
two distinct processes in hexanal involving y-hydrogen
transfer and 8 cleavage. It does not seem useful to
refer to two mechanistically distinct reactions by the
same name. We would suggest that it is time to give
a more precise and therefore more meaningful definition
to the term “McLafferty rearrangement.”
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Platinum(0) Complexes of Heterocyclic Acetylenes.
Synthesis of a Stable Metallabicycle:
Bis(triphenylphosphine)[di(2-pyridyl)acetylene]-
platinumdichlorocobalt(II)!

Sir:

Since the initial report of Pt(Ar;P),(diphenylacet-
ylene) complexes,? a wide variety of substituted acet-
ylene transition metal complexes have been described.?
In view of the substantial attention devoted specifically
to acetylene platinum complexes, we sought to extend
this work by exploring the unique coordinating prop-
erties of several 2-pyridylacetylenes.

We wish to report the preparation of several new
complexes of the type Pt(Ar;P).(2-Pyr-C,Ar) and an

(1) Part 14 in a series on the Chemistry of Heterocyclic Compounds;
presented in part at the 166th National Meeting of the American Chem-
ical Society, Chicago, Ill., Aug 29, 1973, Abstract ORGN-90.

(2) J. Chatt, G. A. Rowe, and A. A. Williams, Proc. Chem. Soc.,
London, 208 (1957); J. Chatt, B. L. Shaw, and A. A. Williams, J. Chem.
Soc., 3269 (1962).

(3) F.R. Hartley, Angew. Chem., Int. Ed. Engl., 11, 596 (1972); Chem.
Rev., 69, 799 (1969); J. P. Collman in “Transition Metal Chemistry,”
Vol. II, R. L. Carlin, Ed., Marcel Dekker, New York, N. Y., 1966,
Chapter 1; A. Z. Rubezhov and S. P. Gubin, Advan. Organometal.
Chem., 10, 347 (1972); F.L. Bowden and A, B, P. Lever, Organometal.
Chem. Rev., Sect. A, 3, 227 (1968); J. H. Nelson and H. B. Jonassen,
Coord. Chem. Rev., 6,27 (1971); R. Ugo, ibid., 3,319 (1968).
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especially novel heterodinuclear complex, Pt(Ar;P),-
[(2-Pyr),C,]JCoCl, (9), which exploited the dual func-
tionality of the 2-pyridylacetylene: (1) platinum-
acetylene coordination, and (2) N complexation. For-
mation of this metallabicycle (9) capitalized on the 2-
pyridyl groups in the imposed Z orientation, which was
caused by deviation (ca. 40°)* from linearity of the
acetylene bond in the initial Pt acetylene complex.
Treatment of di(2-pyridyl)acetylene (3 with tetrakis-
(triphenylphosphine)platinum(0)® in anhydrous ben-
zene at 26° (Scheme I) afforded the yellow crystalline

Scheme I

Ar
(CH),P._

e
(CeHy),P

Pt I —
Ar’

Ar—=—Ar —

I, Ar = Ar' = CH,

2 Ar = C¢H;; Ar” = 2-Pyr
3, Ar = Ar’ = 2-Pyr

4, Ar = Ar’ =2-(6-CH,-Pyr)

5Ar = Ar’ = C;H,

6, Ar = C;H;; Ar’ = 2-Pyr
7.Ar = Ar’ = 2-Pyr

8, Ar = Ar’ = 2-(6-CH,-Pyr)

9R=H
10. R = CH,
platinacyclopropene (7):* mp 192-193° (ethanol,

sealed tube), vmax (KBr) 1728 (>C=C<), 1583 (Pyr)
cm™!; nmr (CDCl;) 6 8.5 (d, 6-Pyr-H, 2 H), and 7-8
(m, Arom and Pyr-H, 36 H). Reaction of 2% and 4*
under identical conditions gave the crystalline com-
plexes 6" (mp 170-175°%; vmax (KBr) 1747 (>C==C<),
1580 (Pyr) cm—*; nmr (CDCl;) é 8.45 (d, 6-Pyr-H, 1 H)
and a complex aromatic region) and 8 (mp 189-195°
(sealed tube); vmax (KBr) 1747 (>C=C<), 1580 (Pyr)
cm™!; nmr (CDCls) 6 2.16 (s, 6-Pyr-CHj), respectively.
From a survey of the infrared data (Table I) for com-

Table I. Selected Infrared Data for Substituted
Platinacyclopropenes
Platina-
cyclo-
Ligand Vmax, M1 propene Vmax
1 2222e 5 1768, 1740
2 2227 6 1747
3 2220 7 1764
4 22159 8 1754

¢ Raman data. * E. O. Greaves, C. J. L.. Lock. and P. M. Mait-
lis, Can. J. Chem., 46, 3879 (1968).

(4) Initial estimate was derived from the X-ray data of § as determined
by J. O. Glanville, J. M. Stewart, and S. O. Grim, J. Organometal.
Chem., 7,9 (1967).

(5) G.R. Newkome and D. L. Koppersmith, J. Org. Chem., in press.

(6) L. Malatesta and C. Cariello, J. Chem. Soc., 2323 (1958); R.
Ugo, F. Cariati, and G. La Monica, Inorg. Syn, 11., 105 (1968).

(7) Satisfactory elemental analyses are available for all new com-
pounds being reported.

(8) “‘a”—Nomenclature, i.e., platinacyclopropene, of thesc metalla-
cycles is in accord with the IUPAC definitive rules, specifically Section
C-0.6-Replacement Nomenclature. See “IUPAC Nomenclature of
Organic Compounds,” Butterworths, London, 1965, p 49; Pure Appl.
Chem., 11, No. 1-2 (1965).

(9) R. M. Acheson and J. N. Bridson, J. Chem. Soc. C. 1143 (1969);
T. Katsumto and A. Honda, J. Chem. Soc. Jap., 84, 527 (1963).
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