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The Photolytic Conversion

of an Allene to a Cyclopropylidene.
The Photolysis of 1,2-Cyclononadiene!
Sir.

The ring opening of cyclopropylidenes to allenes is an
efficient process. For example, the carbenoid species
formed by the treatment of 9,9-dibromobicyclo[6.1.0)-
nonane with methyllithium? gives 1,2-cyclononadiene
in 81 %77 yield.

The reverse of this process has been treated theoreti-
cally® but has not been observed experimentally. The
first excited singlet and the lowest triplet states of allenes
are both expected to have the substituents on the ter-
minal carbon atoms of the allenic bond coplanar* which
is the correct molecular geometry for closing to the
cyclopropylidene. We have investigated the photolysis
of 1,2-cyclononadiene, a compound in which the strain
imposed by the ring should facilitate ring closure.

The benzene-sensitized photolysis of 1,2-cyclonona-
diene in vapor phase® at 2537 A yields one major
product, tricyclo[3.3.0.0**Inonane (I). The structure
of I was assigned on the basis of the identity of spectra

v, 2537 A
b231A
CoHs
I

and of chromatographic behavior with that of an inde-
pendently synthesized sample.® The nmr spectrum’
(CCly) consisted of four unresolved multiplets at 7 7.4,
8.2, 8.6, and 9.2. The ir spectrum showed an absorp-
tion band at 3045 cm~'; the mass spectrum’ had a
parent peak at mfe 122 and a fragmentation pattern
similar to that of cis-hydrindan, but displaced by two
mass units. The synthetic product and the photo-
product had identical glpc retention times on three
columns.®

Compound I did not hydrogenate over 1097 palla-
dium on carbon in ethanol but under more drastic
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conditions (Pt, HOAc, HCIO,) yielded two products
(mfe 124). One of these was identified as cis-hydrindan
by glpc retention times and mass spectra.

The most reasonable pathway for the formation of I
is the closing of the allene to the cyclopropylidene and
subsequent transannular insertion of this species into
the C-H bond. Such transannular insertions are
known to occur in medium-ring carbenoid reactions.?
At very low conversions (0.1 %), a plot of %] conversion
vs. time gives a straight line, indicating that I is a pri-
mary product. At higher conversions (~10%) poly-
mer formation is noticeable. The quantum yield for
the formation of I was 0.17, based on a benzene-cis-
2-butene actinometer. *°

The benzene-photosensitized isomerization of olefins
is generally assumed!! to proceed by energy transfer
from the first triplet state of benzene to give the anti-
planar triplet of the olefin, If the allene photosensiti-
zation occurs by this path, it must be a nonvertical ex-
citation, since transfer from benzene ®B,, (85 kcal)!?
to give planar triplet allene (~100 kcal)* is endo-
thermic and therefore unlikely. Energy transfer from
the !B,, or the 3E,, states!3 seems improbable because
of the short lifetimes of these states and the relatively
high efficiency of the observed photosensitization.
Since only 6397 of the light absorbed by benzene pro-
duces the triplet state,'* and if the sole energy transfer
mode is triplet—triplet, then the actual conversion of ex-
cited allene to 1is 28 97.

We conclude, then, that most probably the triplet
allene is either formed in its planar configuration®?® or is
quickly deactivated to that state by collision. This
molecular arrangement is suitable for closing to the
cyclopropylidene, but Borden® has predicted on the
basis of orbital symmetry considerations that this con-
version should not occur in either a concerted conrota-
tory, disrotatory, or nonrotatory fashion. Closing
from the first excited singlet allene can be excluded by
similar arguments.

If the triplet allene is prevented from closing to the
cyclopropylidene, the most reasonable remaining path
for its disappearance is a radiationless transition to a
planar, and therefore highly vibrationally excited,
ground electronic state. This species, at the instant of
its formdtion, is also suitably arranged for closure to
the cyclopropylidene, and this closure appears to be
symmetry allowed by a nonrotatory process. This
crossing from one energy surface to another in “multi-
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dimensional hyperspace’’!® might favorably compete
with collisional deactivation to the strained ground-
state allene. If this suggested reaction pathway is
accurate, we would expect the singlet excited allene also
to give the cyclopropylidene, but we have not yet been
able to verify this expectation,

(16) P. Seybold and M. Gouterman, Chem. Ret., 65, 413 (1965).
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A Methanetetraboronic Ester
Sir.

We wish to report the synthesis of compounds having
three and four boronic ester groups attached to one car-
bon atom. Although gem-diboronic acids and esters!—*
and gem-diborylalkanes* are well known, attempts to
prepare 1,1,1-triboryl compounds by hydroboration of
an ethynylboron compound have failed.* Our success-
ful method is based on the tetrasilylmethane synthesis
by Merker and Scott® and includes some modifications
similar to those used by Gilman and Smith’ for tetra-
silylsilanes. Much trial and error was required to
adapt this synthesis to boron.

THF
CCl, + 8Li + 4CIB(OCH;); —>
B(OCHzs).
(CH:{O)QB—C‘—B(OCHG)Z + 8LiCl

|
B(OCHj;),

1

Dimethoxyboron chloride (3.4 mol) was freshly pre-
pared by adding 236.5 g of trimethyl borate dropwise to
133.5 g of boron trichloride stirred at ~—70°. This
was mixed with 125 g (0.8 mol) of carbon tetrachloride
and 300 ml of trimethyl borate, and the mixture was
added dropwise under argon to a vigorously stirred
suspension of 90 g (~6.4 g-atoms) of 5097 lithium dis-
persion in hexane (Foote Mineral Co.) in 1.2 L. of tetra-
hydrofuran and 300 m! of trimethyl borate kept at
—50° (£5°) by means of a Dry Ice-acetone bath.
The reaction is highly exothermic and the addition re-
quired about 2 hr, The mixture was allowed to warm
slowly to —20°, then heated to reflux for 30 min.
(Caution! If unreacted lithium remains, sudden exo-
thermic reaction beyond the capacity of a reflux con-
denser may occur on warming. We encountered this
problem when smaller amounts of tetrahydrofuran were
used. Immediate application of a cooling bath always
controlled the reaction, but an unattended reaction once
opened itself to the air and caught fire spontaneously.)
The mixture was cooled to 0° and filtered to remove the
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p 56; (b) G. Zweifel, personal communication, 1967,
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28, 2717 (1963); J. Am. Chem. Soc., 85, 2243 (1963).
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lithium chloride, which was rinsed with ether. The
filtrate was concentrated and distilled rapidly under
vacuum, and the crude octamethyl methanetetrabo-
ronate (1) was redistilled: bp 70-90° (0.1 mm); mp
~70-75°; no impurities evident in the infrared; 125
g(509). An analytical sample was recrystallized from
methanol and sublimed, mp 76-78°: Aral. Calcd for
CyHyBOs: C, 35.61; H, 797; B, 14.25. Found:
C, 35.55; H, 8.11; B, 14.01.

We have used variations of this method to prepare
hexamethyl methanetriboronate, HC[B(OCH,),J;, mp
~45°, hexamethyl phenylmethanetriboronate, CsH;C-
[B(OCHj;).]s, mp ~35°, tetramethyl methanediboronate,
CHy[B(OCHj)zJe, bp 24-27° (0.1 mm), and tetramethyl
phenylmethanediboronate, C,H;CH[B(OCH;),);, bp
50-54° (0.1 mm), to be reported in detail later,

Octamethyl methanetetraboronate (1) appears stable
indefinitely in neutral methanol. With 0.1-0.2 equiv
of sodium methoxide, little change occurs in 0.5 hr but
most of the compound is degraded to methanediboronic
ester in a day, according to nmr observations. One
equivalent of methylmagnesium bromide in tetrahydro-
furan converts the tetraboronic ester 1 to tris(dime-
thoxyboryl)methide ion (2). Refluxing the solution of 2

B‘(OCH3)2 “B(OCH,):
C- < é -<——> etc.
/N 7N
(CH;0):B B(OCH3;). (CH;0):B B(OCH,):
2

with benzyl bromide for 12 hr followed by oxidation of
the high-boiling residue with hydrogen peroxide yielded
a small amount of phenylacetic acid and 209 of di-
benzyl ketone as the 2,4-dinitrophenylhydrazone, both
verified by infrared comparison with authentic samples.
Parallel behavior of 1,l1-diborylalkanes has been re-
ported.* We did not verify the presence of another

CsHsCH:Br
2 ——> CeH:;CH:C[B(OCH;):]s

leOz

C¢H;CH.CO:H

1. RMgBr

—
2. CsHsCH.Br

(CsH;CH.):C[B(OCH3).]:

lH!OE

(CsH‘,CH;);Czo

probable degradation product, phenylacetaldehyde.
We are working on the development of this alkylation
into a synthesis of new types of carbon-functional
boronic esters.
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A Valence Tautomer of a ¢is-15,16-Dihydropyrene
Sir:

The trans-15,16-dihydropyrenes, which have re-
cently been reported,'~* are a unique addition to non-
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