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which was subjected to hydrolysis without further purification.

42: NMR 6.88 (dd, J = 4.4, 7.2, 1 H), 3.92 (m, H1, H5), 2.25
(ddd, J = 4.4, 9.6, 14.1, 1 H), 2.07 (br s, 6 H, OAc), 1.75 (ddd, J
=4.3,7.2,14.1,1 H), 1.64 (br m, 4 H), 1.27 (br m, 2 H), 1.16 (d,
J = 6.4, H6); IR 2926.1, 1766.7, 1433.5, 1375.8, 1250.7, 1204.7,
1127.0, 1058.3, 1013.7; MS (GCMS, CI); m/e (relative intensity)
245, (M + 1, 27), 185 (30), 144 (9), 143 (100).

(2R ,6S)-(trans-6-Methyltetrahydropyran-2-yl)acet-
aldehyde (43). Hydrolysis of 42 was carried out in a freshly
prepared solution of sodium methoxide in methanol at room
temperature for 5 min, followed by neutralization with methanolic
solution of HCl. Solvent was removed under reduced pressure
and the residue was extracted with ether to give 43 (60% overall
yield from 41).

43: NMR 9.77 (dd, J = 1.8, 3.3, CHO), 4.38 (m, J = 5.2, 8.7,
H1), 3.93 (m, J = 3.3, 6.4, H5), 2.76 (ddd, J = 15.9, 8.7, 3.3, 1 H),
2.45 (ddd, J = 15.9, 5.2, 1.8, 1 H), 1.8-1.5 (m, 4 H), 1.3-1.1 (m,
2 H), 1.18 (d, J = 6.4, H6); IR 2922, 1687.1, 1581.9, 1430.0, 1366.3,
1281.2, 1216.6, 1186.6, 1068.1; MS, m/e (relative intensity) 142
(M4, 3), 114 (5), 99 (23), 96 (12), 86 (10), 83 (10), 81 (53), 80 (5),
79 (9), 72 (6), 73 (11), 71 (20), 70 (20), 69 (17), 67 (9), 59 (6), 58
(12), 57 (18), 56 (9), 55 (100), 54 (56), 53 (10).

(2R,68)-(trans-6-Methyltetrahydropyran-2-yl)acetic Acid
(44). The aldehyde 43 was oxidized with Jones reagent in acetone
to give the corresponding acid 44 in 80% yield. This compound
was found to be identical (*H NMR, 13C NMR, IR, MS, optical
rotation) with an authentic sample synthesized earlier in these
laboratories, 42
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The photochlorination of n-alkanes adsorbed on pentasil zeolites proceeds with up to a 20-fold greater selectivity
for the monochlorination of terminal methyl groups compared to the selectivity observed when the reaction is
carried out in a homogeneous solution. This enhanced selectivity, which provides a novel means of synthesizing
terminally functionalized linear alkanes, was found to be a function of the percent loading of the alkane on the
zeolite, the zeolite’s silicon to aluminum ratio, the percent conversion of the starting material, and the water

content of the zeolite.

Introduction

Recent advances in the chemistry of molecules adsorbed
at interfaces are providing organic chemistry with a rich
new array of concepts and opportunities that are serving
to stimulate innovative approaches to synthetic metho-
dologies and mechanistic investigations.? Molecular-sieve
zeolites represent a novel and unique class of materials
which are crystalline, yet porous, which possess enormous
internal surface areas, and possess structures and com-
positions that can be varied over wide ranges.? In the case
of the faujasite zeolites, the Si/Al ratio is routinely varied
between 2 and 3 (the X family) and from 3 to 6 (the Y
family). In the case of the pentasil (ZSM-5 family) zeolites,
the subject of this report, the framework composition may
be varied over a factor of 20000 (from a Si/Al ratio of 5
to nearly infinity)! The ZSM-5 zeolites possess excep-
tionally high stability toward reaction with a variety of
reagents and a nearly homogeneous internal surface (i.e.,
pure SiO,) with hydrophobic selectivity.® Although rep-
resenting only a small fraction of the tetrahedral atoms
making up the framework, the framework aluminum atoms
are crucial for the catalytic behavior of these materials.*
It is reasonable to expect that a variety of unusual prop-
erties will accompany the variations in zeolite composition
and in zeolite structure.

The ZSM-5 internal surface topology (Figure 1) consists
of two types of pore systems (channels), both of which are

*Columbia University.

! Pennsylvania State University.

¢ Interactive Radiation, Inc.

I'Ecole Polytechnique Federale de Lausanne.
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composed of 10 tetrahedral-membered rings: one is si-
nusoidal with a neatly circular cross section of about 5.5
A, and the other is straight and perpendicular to the si-
nusoidal channels.® The straight channels are roughly
elliptical with dimensions of about 5.2 X 5.8 A.®

The LZ-105 type zeolites are also considered to be
members of the pentasil families and have been shown to
adsorb straight-chain alkanes.” It seemed likely to us that
the internal topology of the pentasil system would be
conducive to reactions that were selective, since n-alkanes
should be adsorbed within the channels in a manner that
might protect the backbone CH, groups from attack by
reactive diffusing reagents such as chlorine atoms. In an
overly simplistic view, the terminal methyl hydrogens,
which are less reactive toward chlorine atoms than the
secondary hydrogen in solution chlorination, might become
more reactive because of the restrictions on diffusion of
the chlorine atoms into the channels where they would

(1) Turro, N. J. Tetrahedron 1987, 43, 1689. Turro, N. J. Pure Appl.
Chem. 1986, 58, 1219.

(2) Ramamurthy, V. Tetrahedron 1986, 42, 121.

(3) Derouane, E. G.; Gabelica, Z. In Zeolites: Science and Technology;
Ribeiro, F. R., Rodrigues, A. E., Rollmann, L. D., Naccache, C., Eds.;
Martinus Nijhoff: Boston, 1984, p 515. Minachev, K. M.; Kondralev, D.
A. Russ. Chem. Rev. (Engl. Transl.) 1983, 52, 1113. Derouane, E. G. In
Intercalation Chemistry; Whittingham, M. S., Jacobson, A. J., Eds,;
Academic: New York, 1982; p 101. Herron, N.; Tolman, C. A. J. Am.
Chem. Soc. 1987, 109, 2837.

(4) Weisz, P. B. Ind. Eng. Chem. Fundam. 1986, 25, 53.

(5) Jacobs, P. A.; Beyer, H. K.; Valyon, J. Zeolites 1981, 1, 161.

(6) Olsen, D. H.; Haag, W. O.; Lago, R. M. J. Catal. 1980, 61, 390.

(7) Jacobs, P. A.; Martens, J. A.; Weikamp, J.; Beyer, H. K. Faraday
Discuss. Chem. Soc. 1981, No. 71, 353.
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Figure 1. Simplified representations of the LZ-105 channel
system: left, three-dimensional representation of the internal void
system; right, topological representation of the internal void
system.

SIDE VIEW

AXIS VIEW

Figure 2. Side-view and axis-view representations of dodecane
adsorbed in the straight channel of zeolite LZ-105, generated by
using Chem-X molecular modelling software.!!

encounter the methyl hydrogen atoms “head on”. Com-
puter-generated visualizations of dodecane adsorbed in one
of the pentasil channels are shown in Figure 2.

In this paper we report that the photochlorination of
long-chain n-alkanes adsorbed on the zeolite LZ-105 pro-
ceeds with a high degree of terminal (methyl) selectivity,
which is not observed in the liquid-phase chlorination or
in the thermal chlorination reaction of alkanes in other
zeolite molecular sieves.® We will discuss possible ra-
tionalizations for this selectivity as well as describing ex-
tensions of this methodology to the photochlorination of
other, terminally substituted n-alkanes.

Results

The vapor-phase chromatogram shown in Figure 3
clearly demonstrates the typical difference in the product
distributions that are obtained from the photochlorination
of neat dodecane liquid (Figure 3A) and of dodecane ad-
sorbed on a pentasil zeolite (Figure 3B). The most striking
difference in the chromatograms is the higher selectivity
for chlorination of primary (terminal) vs secondary (in-
ternal) carbon atoms when chlorination is conducted on
the zeolite sample. In order to obtain information on the
mechanistic aspects of the photochlorination of dodecane
adsorbed on pentasil zeolites, we analyzed product dis-
tributions as a function of (1) the ratio of the weights of
adsorbed dodecane to zeolite (termed loading); (2) the
zeolite’s silicon to aluminum ratio; (8) the percent con-

(8) For related examples of reactions on porous solids, see: (a) McCoy,
D. R.; Taylor, D. R. U. S. Patent 3951770, 1976. (b) Perry, E. J. Org.
Chem. 1970, 35, 2053. (c) Risbood, P. A.; Ruthven, D. M. J. Am. Chem.
Soc. 1978, 100, 4919. (d) Smith, K.; Butters, M.; Nay, B. Synthesis 1985,
1157. (e) Deno, N. C.; Fishbein, R.; Pierson, C. J. Am. Chem. Soc. 1970,
92, 1451.
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Figure 3. Gas chromatograms of the chlorination of dodecane:
A, neat; B, adsorbed on zeolite LZ-105 (2% loading with Si/Al
= 20); a, dodecane; b, 4-, 5-, and 8-chlorododecane; c, 2- and
3-chlorododecane; d, 1-chlorododecane; e, 1,2-dichlorododecane;
f, 1,12-dichlorododecane.

Table I. Photochlorination of n-Dodecane on Zeolite

LZ-105

loading® % conversion Syt S,¢
0.5 40 33 5.7
1.0 51 52 5.0
1.1 50 60 7.8
2.0 35 48 5.9
3.0 36 56 3.5
4.5 34 62 2.3
6.0 32 56 1.8
10 32 63 14
20 36 78 1.2
30 33 70 1.5
40 26 73 1.7
50 32 84 1.8

3 Weight percent of dodecane adsorbed on LZ-105. ®S_ = per-
cent yield of monochlorinated products. Other products included
multichlorinated and unidentified degradation products. ¢S, =
(percent yield of 1-chlorododecane X 10)/(percent yield of other
monochlorododecanes X 3).

version of the starting material; (4) the water content of
the zeolite; and (5) the concentration of the chlorine in the
reactor’s atmosphere. In addition, the effect of substrate
structure on the product distribution was investigated for
n-alkanes of varying lengths and for terminally substituted
dodecanes.

Product Distributions for n-Alkanes. The ratios of
chlorinated products varied as a function of various re-
action conditions. It is convenient to define several se-
lectivities in order to effectively discuss and compare the
experimental data for reaction on zeolites and for reaction
in solution. From the synthetic point of view, three types
of selectivity parameters which are most pertinent to our
investigations are (1) the total selectivity for terminal
chlorination relative to internal chlorination in the mo-
nochlorination products (S,); (2) the selectivity for mo-
nochlorinated products relative to the total chlorinated
products (S,)); and (3) among the internally chlorinated
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products, the selectivity for the carbons at positions 2 and
3 over those at positions 4, 5, and 6 (S;). In addition, we
report data in terms of conventional percent chemical
yields based on reacted starting materials.

As a benchmark, the value of S, for photochlorination
of liquid dodecane is reported to be about 0.4.° In con-
trast, the value of the terminal chlorination parameter, S,,
for dodecane adsorbed on LZ-105 zeolite (silicon to alu-
minum ratio of 24) was found to vary from 1.2 to 7.8 (Table
I) as a function of coverage. The value of S, reached a
maximum at loadings of about 1-2%, which corresponds
to a 10~20% filling of the void space of the zeolite by the
hydrocarbon. Above a few percent loading, the selectivity
rapidly decreased to a limiting value of 1.2.

The decrease in terminal selectivity at higher loadings
was shown by “isooctane washing” experiments to result
from photochlorination of the dodecane adsorbed on or
near the external surface of the zeolite. For example,
washing a sample of LZ-105, which had been charged with
dodecane, with isooctane (which is too bulky to enter the
interior of the zeolite)” followed by drying (at ambient
temperature and pressure) and irradiation led to high
selectivities even at initial high loadings. In these washing
experiments, the terminal selectivity remained constant
at S, = 5-6 from (initial) 2-40% loadings. However, it was
found that after washing of a sample containing an initial
20% loading of dodecane, approximately 2% was retained
by the zeolite and the remainder was removed. These data
demonstrate that LZ-105, which has not been dried by
baking at elevated temperatures, is saturated (at atmos-
pheric pressure) with hydrocarbon at a 2% loading and
that the remaining adsorbed material is not associated with
the internal surface.

In order to establish the relationship of the Si/Al ratio
on the value of S, at a standard loading of 2%, we per-
formed photochlorinations of dodecane on pentasil zeolites
with silicon to aluminum ratios of Si/Al = 24 and 70 and
Si/Al = 1220 (Silicalite). It was found that the best ter-
minal selectivity (at 2% loading) was obtained for the
lowest Si/Al (LZ-105); i.e., S, was 5.9, 2.9, and 1.8 for silicon
to aluminum ratios of 24, 70, and 1220, respectively.

The terminal selectivity was also found to be dependent
upon the percent conversion of the dodecane. At very low
conversions, S; was very low (<2), and as the percent
conversion increased, so did S until it reached a maximum
of about 7 at conversions of 40-60%. The value of S, then
remained relatively constant up to conversions of 80%.

The effects of adsorbed water on S, were investigated
by comparing “wet” and “dry” preparations. When the
zeolite was baked in a muffle furnace at 500 °C for several
hours, 5-10% of its weight was lost due to the evaporation
of water. The sample was then rapidly treated with do-
decane (2% loading), protected from atmospheric mois-
ture, and photochlorinated. The same general trend for
the value of S, that was found for the undried samples was
also observed for the dried zeolites, except that the loading
at which the maximal value of S; was observed was shifted
from 1-2% to approximately 6%.

Experiments were performed in which the selectivity S,
was monitored as a function of the chlorine charge (percent
chlorine in the atmosphere employed for photo-
chlorination). It was found that in the range from 0.3 to
100% halogen S, was completely insensitive to the Cl,

(9) Russell, G. A. In Free Radicals; Kochi, J. K., Ed.; Wiley: New
York, 1973; Vol. 1, p 275. Poutsma, M. L. In Free Radicals; Kochi, J. K,
Ed.; Wiley: New York, 1973; Vol. 2, p 159. Poutsma, M. L. Methods in
Free Radical Chemistry; Huyser, E. S., Ed.; Marcel Dekker: New York,
1969; Vol. 1, p 79.
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Table II. Effect of Chain Length on the Photochlorination
of Alkanes, CH;(CH,), ,CHj, Adsorbed on Zeolite LZ-105¢

chain length (n) % conversion Syl Sy
12 21 10 5
13 30 11 4
18 18 10 7
20 44 25 8

2 All experiments were run at a 2% loading on LZ-105 with a
mixture of 0.7% chlorine in argon. All samples were exposed to
254-nm irradiation for 10 min. °S, = percent yield of mono-
chlorinated products. Other products included multichlorinated
and unidentified degradation products. ¢S, = (percent yield of 1-
chloroalkane X number of secondary hydrogens)/(percent yield of
other monochlorinated alkanes X 6).

Table III. Photochlorination of Substituted n-Alkanes in
Zeolite LZ-105°

substrate % conversion Sp® S
1-chlorododecane 41 86 2
1-bromododecane 19 26 7
dodecanenitrile 14 57 104
dodecanal 16 81 54

4 All experiments were run at a 2% loading by weight of sub-
strate on zeolite with a mixture containing 0.7% chlorine in argon.
In all cases, the samples were exposed to 254-nm light for 10 min.
bS,, = percent yield of monochlorinated products. Other products
include multichlorinated and unidentified degradation products.
¢S, = (percent yield of 12-chloroalkane X number of secondary
hydrogens) /(percent yield of other monochlorinated products X 3).
¢The other major product was 2-chlorododecanal, which was
formed by a competing dark mechanism.

concentration. The terminal selectivity was also inde-
pendent of the diluent gas employed (nitrogen or argon).

According to the literature,® there is no selectivity at all
(S, = 1) in the photochlorination of the secondary hy-
drogens of dodecane as a liquid. From Figure 3, however,
it is seen that there is some selectivity for chlorination at
the internal methylenes of dodecane adsorbed on a pentasil
zeolite. As a result of analytical limitations, we will only
report here the selection for total monochlorination of C-2
and C-3 relative to the sum of the total monochlorination
of carbons 4, 5 and 6. This value, as described above, is
given as S;. Without washing of the surface of the zeolite
with isooctane, the value of S; was found to be 1 (at 20%
conversion), i.e., no selectivity was apparent. However, the
selectivity was found to be dependent upon the percent
conversion, and at 80% completion, the value of S; in-
creased to 2. Washing the zeolite with isooctane had an
effect similar to that achieved by high conversion; S; was
again found to be approximately 2. This value was rela-
tively independent of both percent conversion and percent
loading.

For a given coverage, the value of S; was found to be
relatively constant over a large range of alkane chain
lengths, from nine to 20 carbons (Table IT). The terminal
selectivity in the photochlorination of nonane followed the
same trends as those observed for dodecane. The S; at 2%
loading was found to be 7.0 for nonane, 5.3 for tridecane,
10.4 for octadecane, and 8.7 for eicosane. In addition, for
chain lengths of 12, 13, or 18, the value of S, was relatively
constant. The increase in S, with loading is probably due
to blocking of channels, but may be a function of con-
version.

Product Distributions for 1-Substituted Dode-
canes. Terminal selectivity also is not limited to simple
n-alkanes, but was shown to occur for substituted n-al-
kanes as well (Table III). 1-Chlorododecane gave 1,12-
dichlorododecane as the major product with a terminal
selectivity, S;, of 2. Importantly, this product is only a
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minor constituent of the dichlorinated products obtained
in the photochlorination of neat dodecane (Figure 3).
1-Bromododecane showed a higher terminal selectivity (7),
yielding 1-bromo-12-chlorododecane. Dodecanenitrile
exhibited the highest observed terminal selectivity of 10,
giving 12-chlorododecanenitrile, while the terminal methyl
of dodecanal was chlorinated with S; = 5. In the case of
dodecanal, the photoreaction proceeded in competition
with a dark reaction, in which the methylene « to the
aldehyde was chlorinated, giving 2-chlorododecanal.

Discussion

In contrast to the situation for homogeneous solutions,
the notion of “concentration” is ill-defined for molecules
adsorbed on high surface area porous solids. At the ob-
servational level, the “weight loading” or ratio of the
weights of the adsorbed substrate to the porous solid is a
quantity that corresponds most closely to the usual con-
centration terms for homogeneous solution.!® If the void
volume of the porous solid is determined experimentally
and if assumptions concerning the molecular dimensions
(volume} of the substrate are made, the percent filling per
void volume of the solid can be defined. The operational
meaning of void space filling is difficult to establish a
priori, since there is no guarantee, in the absence of con-
firming experimental evidence, as to whether the substrate
will be homogeneously distributed. As a result of these
ambiguities, we shall employ the weight loading as the
operational term to describe the experimental systems at
zero time. It is necessary to point out that as the reaction
proceeds, a new ambiguity creeps in, namely, the site lo-
cation of substrate molecules as a function of conversion
and time. In spite of the fuzzy state of the structural and
dynamic definition of the system, the synthetic potential
of our results is manifest from Figure 3, and so we shall
attempt to draw certain conclusions even though they are
admittedly speculative.

First, we compare and discuss the results of photo-
chlorination of dodecane adsorbed on pentasil zeolites with
that for photochlorination of liquid dodecane. Since the
ratio of products is a function of percent conversion and
percent loading, we have selected 40-50% conversion for
the liquid system and 2% loading for the zeolite system
as standards for comparison. It is obvious from Figure 3
that chlorination of dodecane in the controlled environ-
ment of the zeolite greatly simplifies the monochlorinated
product distribution. In addition, the major product from
the zeolite reaction (1-chlorododecane) was only a minor
peak in the neat chlorination. This result is a major
finding of this investigation, and the qualitative preference
for terminal chlorination is preserved over a variety of
experimental conditions.

Now let us consider the terminal selectivity, S,, for do-
decane at 2% loading as a function of the silicon to alu-
minum (Si/Al) ratio. The value of S; is high (7.8) for a
low (Si/Al = 24) ratio and low (1.8) for the higher ratio
(Si/Al = 70 or 1220). For comparison, the value of S, for
photochlorination of neat dodecane is ca. 0.4 and is not
a function of conversion for the monochlorination prod-
ucts.’ The occurrence of an “aluminum effect” suggests
that the location of the dodecane is being influenced by
the aluminum content of the zeolite. Typically, binding
of substrates to the cation (Na*) associated with the
negatively charged Al framework atoms is responsible for
such effects.?

(10) Olsen, D. H.; Kokotallo, G. T.; Lawton, S. L. J. Phys. Chem. 1981,
85, 2238.
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We interpret these results as follows. On the basis of
molecular modelling studies,!! the dodecane at ambient
temperature and pressure most likely resides in the
straight channels of the pentasil zeolite (Figure 2). There
is evidence, however, that at higher pressures the alkane
will fill the sinusoidal channels. We propose that at low
loadings (<2%) in the “dry” zeolite the dodecane is in a
hydrophobic region (site I) of the zeolite. Thus, there is
little influence of added water on the photochlorination.
At intermediate loadings (<10%), the dodecane apparently
occupies aluminum (cation) rich areas (site II) of the
zeolite, and the photochlorination becomes sensitive to
added water. At high (>10%) loadings, the internal sur-
face is saturated with dodecane and the external surface
(site III) serves as a new site for chlorination. At high
loadings, the value of S, is determined by the sum of the
selectivities at sites I, II, and III weighted by the popula-
tions at the three sites.

The above proposal is consistent with evidence in the
literature that aluminum concentration gradients occur in
very large ZSM-5 crystals, such that the lowest concen-
tration occurs at the center of the crystal and the highest
concentration occurs at the outside.’? All of the above
evidence suggests that the zeolite crystals in this investi-
gation possess a similar kind of structure. We also find
that S; is inversely proportional to the bulk Al content of
the zeolites. We suggest that the aluminum is important
in the reaction either by controlling the position of the
dodecane or by serving as a reaction site where the chlorine
molecule is cleaved.

The answers to many questions regarding the details of
the mechanism(s) of chlorination of molecules adsorbed
on zeolites and related surfaces remain to be provided by
future experiments. For example, with the data currently
available, we cannot determine where the initial photolysis
of the chlorine molecule occurs. Are the chlorine atoms
generated in the gas phase outside of the zeolite, or are
they generated inside of the zeolite? It is also possible that
this step occurs at the interface between the zeolite surface
and the gas phase. We are currently seeking to answer this
and other questions regarding these interesting systems.

Experimental Section

General. The zeolites were obtained from the Union Carbide
Corp. as LZ-105. Unless noted otherwise, the samples were used
as received from the supplier without any further purification
or drying.

Photochlorination. An appropriate aliquot of a long-chain
hydrocarbon or substituted hydrocarbon in pentane was added
to a weighed sample of zeolite. After standing at room temper-
ature for at least 24 h, the pentane was removed under vacuum
until the flask was no longer cool to the touch (excess pumping
will remove the dodecane). For “dry” samples, the zeolite was
dried to constant weight in a 500 °C oven. Upon addition of the
pentane solution, the samples were evaporated to constant weight
in a desiccator.

Two techniques were used for the actual chlorination step. For
small samples, 10 mg of zeolite containing the reactant was purged
with argon or nitrogen in a quartz reactor. A measured quantity
of chlorine was added and the reactor sealed. For samples run
in pure chlorine, the samples were purged directly with chlorine.
The samples were agitated in a low-pressure Hg lamp for a
measured amount of time. Upon completion of the reaction, the
samples (usually 10 mg) were evacuated and purged with argon.
They were then soaked in dichloromethane for at least 3 h,
preferably overnight. The zeolite was removed by filtration and
thoroughly rinsed with CH,Cl,. The solvent was evaporated (care

(11) Chem-X, developed and distributed by Chemical Design Ltd,
Oxford, England.
(12) von Ballmoos, R.; Meier, W. M. Nature (London) 1981, 289, 2449,
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was taken to avoid loss of product) and replaced with about 0.2
mL of hexane, and the sample was analyzed by gas chromatog-
raphy.

For larger samples, a fluidized bed was employed. Quartz
tubing fitted with a sintered-glass disk was connected to an ox-
ygen-free nitrogen stream to which chlorine could be added. The
zeolite sample (100~700 mg) was added to the bed and fluidized
with nitrogen for 5 min. The sample was bathed in UV light from
a low-pressure mercury lamp, and chlorine was slowly fed into
the nitrogen stream at a controlled rate. After a measured amount
of time, the light was turned off and the sample was purged with
pure nitrogen. After being weighed, the samples were extracted
with methylene chloride overnight and filtered as above. The
samples were dried to constant weight to determine mass balances.
They were then diluted with 2-5 mL of hexane and analyzed by
gas chromatography.

Analysis. Product ratios were determined with a Varian 3700
capillary gas chromatograph fitted with a 12-m SE-30 column and
using a Hewlett-Packard 3390A integrator. For the chlorination
of dodecane, product identification was made by coinjection of

authentic samples. All assignments were confirmed by both NMR
(Bruker AF 250) and GC-MS (Hewlett-Packard 5988A) in both
EI and CI modes.
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The He(I) photoelectron spectra of benzo and naphtho derivatives of 1,1-diphenylmethylenecyclopropene (DPMC)
are presented. A correlation of electrochemical oxidation potentials (E,,"* values) and gas-phase ionization
potentials of a series of aromatic hydrocarbons is discussed. This correlation suggests that the difference in E;»"*
values for the two DPMC derivatives is due to structure-specific solvation of the radical cations. HAM/3 and
HAM/3/CI calculations are compared with a simple structure-derived analysis of the observed photoelectron
spectra. It is suggested that the effects of the fused cyclopropene groups are to be found in small (~-0.2 V)

reductions of the second or higher ionization energies.

Methylenecyclopropene (1), the smallest nonalternant
hydrocarbon, has recently been prepared,! and spectral
observations? have confirmed the existence of a significant
dipolar (1a) contribution to its ground-state electronic
structure. Characterization of 1 < la is complicated by

R

its moderately high chemical reactivity, but relatively

(1) Staley, S. W.; Norden, T. D. J. Am. Chem. Soc. 1984, 106, 3699.
Billups, W. E.; Lin, L. J.; Casserly, E. W. Ibid. 1984, 106, 3698. Maier,
G.; Hoppe, M.; Lanz, K.; Reisenauer, P. Tetrahedron Lett. 1984, 25, 5465.

(2) Norden, Timothy D.; Staley, Stuart W.; Taylor, William, H.;
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1987, 109, 7641.

0022-3263/88/1953-3735$01.50/0

complete spectral and theoretical determinations for this
system are possible and forthcoming.® The present work
concerns results on the kinetically stable cycloproparenes
2 imd 3, the diarylated benzo and naphtho derivatives of

1.
o= Qo<
2 3

The stability, imparted by the aryl substitution, allowed
some of us to study® the electrochemical behavior of 2 and

(3) An account of the observed photoelectron spectrum of 1 is cur-
rently submitted. S. Staley, private communication.
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Peter J. J. Am. chem. Soc. 1986, 108, 5949-5956.

© 1988 American Chemical Society



