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relative concentrations of the two monomers.!b!?

The first three entries in Table I are in good agreement with
rate constant ratio of 24 reported by Giese!® for competitive
addition of these monomers to cyclohexyl radical. The final two
entries show that the rate constant ratio is indeed sensitive to the
nature of the y-substituent; 3-cyanopropyl retains a preference
for addition of acrylonitrile, but this preference is reduced 3.5-fold
in comparison with that shown by 3-phenylpropyl. The most likely
explanation for the reduction in the relative rate of acrylonitrile
addition to 3-cyanopropyl is the development in the transition state
of dipolar repulsion between cyano groups on the monomer and
radical. The remarkable correspondence of the y-substituent effect
measured directly in this simple model system with that calculated
by application of the penultimate model to the copolymerization
of styrene and acrylonitrile (vide supra) lends strong support to
the use of the penultimate model as a physically meaningful
description of this copolymerization.
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Flash vacuum pyrolysis (fvp)!"? has proved to be a useful
technique in both synthetic organic chemistry® and as a means
of generating detectable concentrations of a variety of organic
intermediates.* Considering the scale of recent interest in or-
ganometallic compounds, it is surprising that the fvp method has
not been exploited for organomanganese pentacarbonyls (R-
Mn(CO)s), especially in view of the reactivity implied by estimates
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of the bond energies for R—Mn homolysis® and ligand dissociation®
(DE < 40 kcal/mol). We presently wish to report the results of
our investigation of the reactivities of two such compounds (1 and
2, Scheme I) by fvp as monitored by mass spectrometry and
product isolation. The results show that pentacarbonyl(phenyl-
methyl)manganese’ (1) gives the previously unknown tri-
carbonyl(2-6-n°-1-methylenecyclohexadienyl)manganese (3) as
an intermediate which is kinetically unstable although it can be
characterized at low temperature by NMR and chemical re-
activity. Also, we show that the previously unknown bis(man-
ganese) compound 28 is a reasonably efficient, low temperature
(260 °C) gas-phase source of p-xylylene (5).

Preliminary work showed that the benzyl compound 1 cleanly
gives bibenzyl (67% yield, isolated) and metallic manganese (98%
yield, titration) in our fvp system at 350 °C. Figure 1 shows the
temperature profile for fvp of 1, which was obtained at ca. 0.1

(5) (a) Halpern, J. Acc. Chem. Res. 1982, 15, 238. Halpern, J. Pure Appl.
Chem. 1979, 51, 2171. Nappa, M.; Santi, R.; Halpern, J. Organometallics
1985, 4, 34-41. (b) Connor, J. A.; Zafarani-Moattar, T.; Bickerton, J.; El
Saied, N. I.; Suradi, S.; Carson, R.; Al Takhin, G.; Skinner, A. Organo-
metallics 1982, 1, 1166-1179.

(6) Connor, J. A. Top. Curr. Chem. 1977, 71, 71.

(7) Stewart, R. P.; Teichel, P. M. J. Am. Chem. Soc. 1970, 92, 2710.
Closson, R. D.; Kozikowski, J.; Coffield, T. H. J. Org. Chem. 1957, 22, 598.

(8) The bis(manganese) compound 2 is readily obtained from a,a’-di-
bromo-p-xylene and the sodium manganese pentacarbonyl salt in THF (68%
yield, mp 140 °C dec, appropriate 'H NMR, IR, mass spectral, and micro-
analytical results).
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torr through a 17 cm X 1.2 cm quartz pyrolysis tube fitted with
a 0.06-mm capillary leak between the reaction zone and the source
of a Hewlett-Packard HP 5930 A quadrupole mass spectrometer.
The mass spectral fragmentation pattern (electron impact, 5-eV
nominal bombarding voltage) of the flow material below 160 °C
showed fragments at m/z 286, 258, 230, 202, and 174 in ratios
that were insensitive to temperature change. The intensities of
the fragments of 1, in ratio to the parent, were summed and divided
by total ion current to give the fractional ion current (Fi) of the
starting material which begins to decrease at oven temperatures
above 160 °C. At 260 °C, ions indicative of starting material
1 have disappeared almost entirely and those of bibenzyl are not
yet present. A metastable manganese tricarbonyl intermediate
(m/z 230) is clearly suggested.

In experiments where the furnace temperature was held at 260
°C a yellow substance collected in a cold (liquid N,) trap located
between the furnace and pumping system. This material polym-
erized® on warming but could be dissolved in cold (78 °C) acetone
or methylene chloride. The 'H and '*C NMR spectral datal® (-78
°C, deuterioacetone) are consistent with the (n° = n®-benzyl)-
manganese tricarbonyl structure shown (3). This structure is also
indicated by the isolation (35% yield) of the known!l (n5-
toluene)tricarbonylmanganese(+1) cation (4) after treatment of
an acetone solution of 3 with trifluoroacetic acid at -78 °C
followed by metathesis with PF¢™.

Finally, when a second pyrolysis oven was placed immediately
downstream from a first oeven set at 260 °C, the m/z 230 (3)
ions were replaced by those of bibenzyl (m/z 182) as the tem-
perature of the second oven was raised to 350 °C. These ob-
servations suggest 3 is an intermediate in the formation of bibenzyl
from 1 and not the product of an unconnected separate reaction.
A CO dissociative o—n rearrangement'? to 3 is faster than the
simpler C-Mn homolysis route to bibenzyl.

The mass spectral temperature profile for bis(manganese)
compound 2 showed that the decrease in fractional ion current
for starting material (m/z 494, 354, 299, 214, 159), beginning
above 190 °C, is compensated principally by the appearance of
a CygHg compound (/2 104) and dimanganese decacarbonyl (m/z
390). The latter compound was found, in independent experi-
ments, to be unstable with respect to metallic manganese and CO
in the present fvp system above 250 °C. The identity of the CgHg
species as p-xylylene was confirmed by the polymeric film that
was isolated (40% yield based on Mn)!3 after warming the cold
trap. This isolated hydrocarbon polymer showed infrared bands

(9) The infrared spectrum of this insoluble polymer (v 2018, 1940 cm™)
strongly suggests an interesting (n°-cyclohexadienyl)manganese tricarbonyl
system though the details of the structure are not available.

~X
(10) '"H NMR spectrum
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(360 MHz (CD;),CO, -60 °C) § 366 (s, 2 = H, H,), 4.43 (d, J = 7.4 Hz,
2H,H;),5.50(d, d,/=74,5.6 Hz,2H, Hy), 6.01 (t, /= 5.6 Hz, 1 H, Hy);
BC NMR (90.8 MHz (CD;),CO, -60 °C) 86.24 (C,, Joy = 158.5 Hz),
137.15 (Cy), 73.65 (Cy, Joy = 167.6 Hz); 100.57 (C,, Joy = 170.3 Hz), 76.29
ppm (C, Joy = 179.15 Hz). A closely related iron analogue is described by:
Astruc, D.; Hamon, J.-R.; Romdn, E.; Michaud, P. J. Am. Chem. Soc. 1981,
103, 7502-7514; 1979, 101, 2240. Astruc, D.; Enrique, R. E.; Hamon, J. R.;
Batail, P. Ibid. 1979, 101, 2240.

(11) Brill, T. B; Kotlar, A. J. Inorg. Chem. 1974, 13, 470. Winkhaus, G.;
Pratt, L.; Wilkinson, G. J. Chem. Soc. 1961, 3807.

(12) Druz, N. N.; Klepikova, V. I; Lobach, M. I.; Kormer, V. A. J.
Organomet. Chem. 1978, 162, 343. King, R. B.; Fronzaglia, A. J. Am. Chem.
Soc. 1966, 88, 709-712.

(13) The volatility of 2 is such that some solid-phase decomposition com-
petes with sublimation so that the titrated amount of Mn, depositing in the
reaction zone, is used as a basis of yield.

identical with those of poly(p-xylylene).!* The results for 2 are
consistent with a single C—Mn bond homolysis if the second
CH,Mn(CO); group stabilizes the corresponding transition state
relative to that for the unsubstituted case (1). Concerted pos-
sibilities also can explain the low-temperature formation of 5.

In summary, our results show that the bis(manganese) com-
pound 2 undergoes a relatively rapid cleavage of the C—Mn bonds
providing a low-temperature gas-phase source of p-xylylene 5.
Reduced temperatures for generating reactive intermediates can
be an important requirement for their direct observation, as has
recently been demonstrated by Schweig’s recent success® in the
case of the o-xylylene. The fvp route has provided an entry into
the new [(n® = n%)-benzyl]tricarbonylmanganese (3) which is
shown to undergo a fairly clean self-initiated polymerization and
to be reactive with electrophiles. This species appears to be on
the reaction surface between 1 and bibenzyl, indicating that a CO
dissociative rearrangement is faster than the simpler C-Mn
homolysis which could rationalize the ultimate bibenzyl product.
The present results are suggestive as to a means (fvp) of char-
acterizing the related CpFeC,H; complexes which are not ki-
netically stabilized!® by methylation!® or delocalization.'® The
self-initiated polymerization of 3 suggests a new type of or-
ganometallic polymer which could be expected to show a number
of interesting properties. Fvp studies of other examples of this
type of compound are currently in progress.

Acknowledgment. We are grateful to the National Science
Foundation for financial support and to Dr. John Austin and J.
R. Nunnelley and NASA for the polymer analysis and a summer
fellowship (T.K.).

(14) Gorham, W. “Encyclopedia of Polymer Technology™; Interscience
Publishers: New York, 1971; Vol. 15, pp 98-113. Hunmmel, D. O.; Scholl,
F. “Atlas der Kunstoff-Analyse”; Carl Hanser Velag: Munich, 1968; Band
I, Teil 2. Thermal gravimetric analysis of the polymer obtained from 2 showed
it to be thermally less stable in air than samples from [2.2]}paracyclophane
pyrolysis.

(15) Lee, C. C,; Steele, B. R.; Demchuk, K. J,; Sutherland, R. G. Can. J.
Chem. 1979, 57, 946-948. Sutherland, R. G.; Steele, B. R,; Demchuk, K. J;
Lee, C. C. J. Organomet. Chem. 1979, 181, 411-412.

(16) Treichel, P. M.; Johnson, J. W. Inorg. Chem. 1977, 16, 749-753.

Farnesylpyrophosphate Synthetase. A Case for
Common Electrophilic Mechanisms for
Prenyltransferases and Terpene Cyclases

V. Jo Davisson, Timothy R. Neal, and C. Dale Poulter*

Department of Chemistry, University of Utah
Salt Lake City, Utah 84112

Received March 25, 1985

The isoprene biosynthetic pathway is truly unique in the div-
ersity of metabolites it produces. Carbon-carbon bonds are formed
in the major building steps by intermolecular prenyl transfer
reactions or by intramolecular cyclizations,'? and there is evidence
the reactions occur by attack of electrophilic carbocations on
neighboring w-electron functional groups.!"!!  Farnesyl-PP!?
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