ing longer and shorter bonds (mean values 1.3%(2) and
1.48(2) A), corresponding to a cyclohexatriene, are present
in the w,-bridging ligand of 3.”%

[0s3(COYo(sm* :m* :1*-CoHe)] 2
[RusC(COY (1307 107 :1*-CoHe)(M*-CeHoll 3

On metal single crystals benzene and other aromatic hy-
drocarbons are adsorbed molecularly parallel to the close-
packed surfaces {e.g. Ni(111) or Rh(111)).! However,
there is some uncertainty about the orientation relative to
the surface metal atoms (C, centroid above a metal atom, a
2-fold (M,) or 3-fold (M;) metal site).>'? According to
LEED investigations (LEED = low energy electron dif-
fraction) of coadsorbates C¢Hs/CO and C¢Hyg/2CO on
Rh(111) (planar benzene fixed in 3-fold coordination sites)
benzene has, at least in these cases, the Kekulé structure
with strongly alternating bond lengths."" In contrast, a
planar arene with virtually equal bonding fixed in a 3-fold
metal coordination site is present in 1— a remarkable find-
ing in view of the postulated analogy between metal sur-
faces and clusters.!'?

The unsaturated side chain on the benzene ring appears
to be the prerequisite for the formation of 1. We assume
initial attack of a CpCo fragment at this site. Assembly of
the metal cluster could then proceed (if necessary after
shifting of the double bond into the a-position to the ar-
ene) via an intermediate with methylstyrene as a doubly
n*-coordinating diene (3-6-n, 1-2:7-8-1). Related struc-
tures, albeit with metal atoms coordinating the bridging li-
gands from opposite sides, were derived from NMR spec-
troscopic data for [{Fe(CO).},]-complexes of substituted
styrenes!”  and  [{(CsMes)Cols(n* :n* :*-biphenyD)].l"!
Reaction of the intermediate with a further CpCo fragment
and rearomatization of the arene could then lead to 1.
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Reactions of
2,2,4,4-Tetramethyl-3-methylenecyclobutylidene ;
Thermal Rearrangements of a
2-Methylenebicyclo[2.1.0]pentane**

By Udo H. Brinker* and Wolfgang Erdle

Dedicated to Professor Emanuel Vogel on the occasion of
his 60th birthday

Small ring carbenes are important reactive building
blocks for the synthesis of highly strained, polycyclic com-
pounds.l"! Cyclobutylidenes preferentially undergo ring
contractions to give methylene cyclopropanes./” We have
examined the extent to which possible interactions be-
tween carbene center and an exo-methylene group in the
2-B or 3-position influence the rearrangement behavior of
2,2,4,4-tetramethyl-3-methylenecyclobutylidene 4. Besides
ring contraction to give 7 there are further intramolecular
reactions open to 4, e.g. insertion into a C-H bond of the
neighboring CH; groups with formation of the strained 2-
methylenebicyclo[2.1.0]pentane 6. A spectacular addition
of the carbene 4 or of the diazo group in 3 to the exo dou-
ble bond could result in formation of the tetramethyl-sub-
stituted [1.1.1]propellane 8 or the corresponding 4,5-dihy-
dro-3H-pyrazole. That is, the highly-strained propellane
skeleton' would either have to be formed directly via the
structurally integrated allylcarbene™ in 4 with concomi-
tant formation of three cyclopropane rings or only after
cleavage of N, from the dihydropyrazole.

The 3-methylenecyclobutanone 1% required for the for-
mation of the tosylhydrazone-sodium salt 2 was synthe-
sized from commercially available 2,2,4 4-tetramethyl-1,3-
cyclobutanedione.® The reaction of 1 with p-toluenesulfo-
nylhydrazide afforded the corresponding tosylhydrazone
in 92% yield, which on reaction with sodium hydride fur-
nished the sodium salt 2 in almost quantitative yield
(97%).

Upon flash pyrolysist) of 2 at 240-290°C (10~*-10~7
torr) a pink-colored pyrolyzate was obtained whose IR
spectrum (CCl,) showed a strong band at 2020 cm™!
(R,C=N=N valence vibration). The diazo compound 3

[*] Prof. Dr. U. H. Brinker, Dipl.-Chem. W. Erdle

Fakultit fiir Chemie der Universitat
Universitétsstrasse 150, D-4630 Bochum-Querenburg (FRG)

[**] Carbene Rearrangements, Part 23. This work was supported by the
Deutsche Forschungsgemeinschaft (Br 667/6) and the Fonds der Che-
mischen Industrie. W. E. thanks the Land Nordrhein-Westfalen for a
graduate fellowship. We thank Dr. W. Dietrich for the 'H- and '*C-
NMR spectra of 6 and Prof. W. R. Roth for valuable discussions. — Part
22: . Fleischhauer, U. H. Brinker, Chem. Ber. 120 (1987) 501.
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could be enriched if the decomposition of 2 took place be-
tween 120 and 130°C (<10~* torr). The half-life of ca.
6700 s at 31.5°C shows that 3 is kinetically highly stabil-
ized in comparison to the diazocyclobutane, which is unst-
able at room temperature.””? The “longevity” of 3 at 240-
290°C is also reflected in the relatively high yield of azine
5 (20-30%). At these temperatures in addition to some tol-
uene (ca. 3%) seven hydrocarbons are formed in a total
yield of 72% (isolated by preparative gas chromatography).
1-Isopropylidene-2,2-dimethyl-3-methylenecyclopropane
7,8 which could be formed by a cyclobutylidene-methy-
lenecyclopropane rearrangement of 4, is isolated in 35%
(42% relative) yield. A 1,3-insertion of the carbene carbon
into one of the C-H bonds of the four methy! groups re-
sults in formation of the strained 1,3,3-trimethyl-2-methy-
Jenebicyclo[2.1.0]pentane 6 (27% relative, 15% isolated).
As will be shown below, the methylenecyclopentenes 9
(10%, 8%)®!' and 10 (6%, 3%)™® as well as the allene 11
(11%, 7%)® are secondary products of 6. In addition,
diisopropylidenecyclopropane 12,”! which could not be
formed directly from the carbene 4, was isolated in 2-3%
(4% relative) yield.

Two possible routes come into consideration for the for-
mation of 12 from 4: 1. The intermediary tetrameth-
yl[1.1.1]propellane 8 resulting from the intramolecular car-
bene addition (or a 1,3-dipolar cycloaddition of 3 via 4,5-
dihydro-3H-pyrazole and subsequent N, cleavage) rear-
ranges directly to 12. The parent compound [1.1.1]propel-
lane® yields exclusively dimethylenecyclopropane at
430°C under flow pyrolysis conditions!'® 2. An isomeriza-
tion of 7 takes place, and the geminal cyclopropane me-
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thyl groups are moved to the terminal carbon of the double
bond via methylenecyclopropane rearrangement.” " In the
flow pyrolysist'>' of 7 at 550°C (0.1 torr, quartz tube
filled with quartz chips)!'® 12 is formed in 61% yield. This
result suggests that 2-3% of 7 is also converted into 12"
under the conditions of the flash pyrolysis.*'%

In  addition, 1,1-dimethyl-2-(2-methyl-1-propenyli-
dene)cyclopropane 133> could be identified as a fur-
ther product (< 1%) of the pyrolysis. In the carbene 4 the
1,3-C-H insertion to give 6 (+9+ 10+ 11) dominates
over the ring contraction to 7 (+ 12) in the ratio of ca.
1.2:1.

The photolysis (Pyrex, Philips HPK, 125W) of an.ether-
eal suspension of 2 between 0 and 20°C afforded the hy-
drocarbons 7 and 6 in 40 and 35% yield, respectively. In
addition, ca. 5-10% azine 5, 0.8% 12 and ca. 1% ketone 1
were isolated. 2 was decomposed thermally and photo-
chemically also in the presence of styrene and a-methylsty-
rene. In the photolysis the spiro{2.3thexanes 14 are formed
in vields of 28-35%. The long lifetime of the diazo com-
pound 3 suggests that spirohexane formation takes place
by 1,3-dipolar cycloaddition of 3 via intermediary dihy-
dropyrazoles.[™”!

Ph 14
R Rz=H
R=CH,

The thermolysis of 6 in the gas phase at 140-190°C
leads to formation of 9, 10, and 11; their formation fol-
lows a first order rate law with the given activation param-
eters (see formula). This suggests formulating the forma-

P

£q=348+0.1keal -mol™

logA=12.8401
9
5
(1 = —
2 3
6 15 10
M € 4=34B+01kcat-mol™
togA=12.4+01
\(l £ 4=36.520.2kcal-mol ™
” logA=13.5+0.1
1

tion of 9, 10, and 11— as in the case of the unsubstituted
bicyclof2.1.0]pentane!'—via a diradical 15. Consistent
with this interpretation the flow pyrolysis!'*? of the allene
11 affords, besides p-xylene, the isomers 9 and 10
(9:10:11=7:4:89). The assumption of an intermediary
diradical also makes the markedly lower activation ener-
gies compared to the parent system understandable. For
the formation of 9 and 10 these are ca. 11 kcal mol~'
lower compared to the cyclopentene formation (E,=45.6
kecal mol ~'),'¥ whereby the resonance stabilization of the
allyl radical should make the greatest contribution.

Received: July 14, 1987 {Z 2355 1E]
German version: Angew. Chem. 99 (1987) 1290

© VCH Verlagsgesellschaft mbH, D-6940 Weinheim, 1987  0570-0833/87/1212-1261 $ 02.50/0 1261

85UB017 SUOLUWIOD SAIESI 3|0 ke ) A pouieA0B a1 SOOI WO ‘95N J0 SaINI 10} ALRI I BUIIUO 431 IO (SUOTIPUOD-PUE-SLLLBIWIOD™ B 1M ARG pU 1 |UO//SAIY) SUOTIPUOD PUE S | 341 39S *[7202/20/6T] U0 ARiqiTauiuo 311 ‘UaIM BISPAIN Ad TO9ZT/86T DIUe/Z00T OT/I0PALCO" |1 AZeiq1puljuo//Sdny LWOJY papeojumoq ‘2T */86T BELLETZST



[1] A. Greenberg, J. F. Liebman: Strained Organic Molecules, Academic
Press, New York 1978; A. P. Krapcho, Synthesis 1978, 77.

[2] W. Kirmse: Carbene Chemistry, 2nd Edit., Academic Press, New York
1971, p. 473; L. Friedman, H. Shechter, J. Am. Chem. Soc. 82 (1960)
1002; U. H. Brinker, G. Schenker, J. Chem. Soc. Chem. Commun. 1982,
679; W. W. Schoeller, J. 4m. Chem. Soc. 101 (1979) 4811.

[3]1 U. H. Brinker, L. Konig, Chem. Ber. {16 (1983) 882.

4] K. B. Wiberg, F. H. Walker, J. Am. Chem. Soc. 104 (1982) 5239.

[5] Z. Majerski, M. Zuanic, J. Am. Chem. Soc. 109 (1987) 3496, and refer-
ences cited therein.

[6] E. Lee-Ruff, Can. J. Chem. 50 (1972) 952; D. R. Morton, N. J. Turro, J.
Am. Chem. Soc. 95 (1973) 3947.

[7] D. E. Applequist, D. E. McGreer, J. Am. Chem. Soc. 82 (1960) 1965.

{81 The new compounds are characterized by their spectra ('H-NMR, '*C-
NMR, IR, MS) and elemental analyses (5, 6, 7, 11, 14). 6: '"H-NMR
(400 MHz, CDCl,): §=0.79 (dd, A part of the ABX system, Js, s.= —4.5
Hz, Js5,=55 Hz, 1H; H5a), 0.85 (s, 3H; CH,), 1.12 (dd, B pan,
Jasv=1.5 Hz, 1H), 1.22 (s, 3H; CH,), 1.35 (s, 3H; CH,), 1.70 (dd, X
part, 1H), 4.48 (s, 1 H; H7), 4.52 (s, 1H; H7); *C-NMR (100.6 MHz,
CDCly): §=16.1 (q), 20.0 (q), 22.9 (t, J(">C-"H)=159 Hz; CS), 28.0 (s;
C1), 29.0 (q), 31.9 (d; C4), 41.8 (s; C3), 96.1 (t; C7), 162.7 (s; C2); UV
(n-hexane): Am.x=204 nm (£=24500).—7: 'H-NMR (400 MHz,
CDCl3): §=1.20 (s, 6 H; aliphat. CH3), 1.86 (q, J=0.7 Hz; CH3), 1.89 (q,
J=0.65 Hz; CH,), 5.06 (“'s”, 1 H, olef. H), 5.18 (*s”, 1 H, olef. H); *C-
NMR (100.6 MHz, CDCl,): 6 =21.7 (s), 21.9 (q), 22.9 (g, 2CH,}, 23.5 (q),
96.0 (1), 123.2 (s), 1244 (s), 138.5 {5).—9: 'H-NMR (400 MHz, CDClL):
&=1.09 (5, 6H; aliphat. CH;), 1.74-1.77 {m, 3H, CH,), 2.20-2.24 {m,
2H; HS5), 4.62 (*s”, 1H; H7), 4.74 (*s”, 1H; H7), 5.67-571 (m, 1H;
HI1); *C-NMR (100.6 MHz, CDCl): 6=13.0 (q), 30.0 (g, 2CH,), 41.2
(s), 47.2 (1), 98.6 (1), 131.4 (d), 138.6 (s), 165.3 (s).— 10: 'H-NMR (400
MHz, CDCly): §=1.09 (s, 3H; CHs), 1.12 (s, 3H; CH3), 1.12 (d, J=7
Hz, 3H; CH,), 3.29 (q, each signal exhibits additional fine splitting, 1H;
HS), 4.89 ("d”, J=2.5 Hz; HS), 4.93 (d, /=2.5 Hz, 1H; H8), 5.03 (“s",
2H; H1, H2); PC-NMR (100.6 MHz, CDCl}: §=21.4 (q), 29.2 (q), 30.8
(q), 44.3 (d), 48.1 (s), 103.6 (1), 132.0 (d), 139.4 (d), 165.1 (s).—11: IR
(film): v=1960 cm~' (C=C=C); 'H-NMR (400 MHz, CDCl;): §=1.60
(s, 3H; CHs), 1.65(t, J=3 Hz, 3H; CHs), 1.70 (d, J=1.5 Hz, 3H; CH3),
2.58-2.65 (m, 2H; H4), 4.56 (sext., J=3 Hz, 2H; H1), 5.18 (t sept.,
Jas=7 Hz, J=1.5 Hz, 1 H; HYS).

[9] R. F. Bleiholder, H. Shechter, J. Am. Chem. Soc. 86 (1964) 5032.

[10] J. Belzner, G. Szeimies, Tetrahedron Lett. 27 (1986) 5839.

[11] R. J. Crawford, H. Tokunaga, Can. J. Chem. 52 (1974) 4033; J. 1. Ga-
jewski: Hydrocarbon Thermal Isomerizations, Academic Press, New
York 1981, p. 511f.

[12] The results of the flow and the flash pyrolyses [3] cannot be compared
with each other directly. Thus, the dry sodium salt of the tosylhydrazone
is transferred in solid form into the reaction flask, where it decomposes
on the hot glass surface. In contrast, the liquid hydrocarbons must be
passed in the gas phase through a furnace-heated quartz tube.

{13] a) Under flow pyrolysis conditions (0.1 torr, quartz tube, 1=30cm,
& =1 cm, packed with quartz chips} 12 first begins to convest into 7
above 400°C (575°C; 12 :7=43:57); b) 3 rearranges completely to 12
at 300°C.

{14] G. Leandri, C. Santelli-Rouvier, Bull. Chem. Soc. Fr. 1970, 1515.

{15] U. H. Brinker, M. Boxberger, Angew. Chem. 96 (1984) 971; Angew.
Chem. Int. Ed. Engl. 23 (1984) 974.

[16] C. Steel, R. Zand, P. Hurwitz, S. G. Cohen, J. Am. Chem. Soc. 86 (1964) 679.

Annelated Isoindoles with an 18n-Electron System**

By Richard P. Kreher* and Thomas Hildebrand

Dedicated to Professor Klaus Hafner
on the occasion of his 60th birthday

The radialenes 1 and 2 of naphthalene' have been pos-
tulated as reactive intermediates and have been suggested
as precursors for tetrahydrodicyclobutala,f]- and tetrahy-
drodicyclobutafa,clnaphthalenes, respectively. By bridging
with two alkylimino groups, it is possible to establish the
labile radialene structure. The corresponding tetracyclic

[*] Prof. Dr. R. P. Kreher, Dipl.-Chem. T. Hildebrand
Lehrstuhl fiisr Organische Chemie II der Universitit
Postfach 500500, D-4600 Dortmund 50 (FRG)
[**] Structure and Reactivity of Isoannelated Heterocyclic Systems with 4nxn
and (4n+ 2)n Electrons, Part 13. This work was supported by the Fonds
der Chemischen Industrie.
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heteroarenes 3 and 4 are stabilized by cyclic conjugated
18n-electron systems. Noteworthy in the heteroarene 3 are
the annelated 2H-isoindole moieties and the central triene
system; the isoelectronic heteroarene 4, on the other hand,
is characterized by a “nonperturbed” peripheral benzen-
oid ring system."®

10

The convergent synthesis of the tetracyclic heteroarenes
3 and 4 makes use of the N-oxide route'™ for formation of
the pyrrole rings. The preparative effort involved is mainly
determined by the requirement of obtaining the corre-
sponding tetrafunctional naphthalenes.

(2

Me
2 h 20°C

o, O
Me . ¢ [4] d
> X —>6b ——>
10 min 0°C,
Me 1.5 h 20°C
Me X 6a '
@/CMe3

a, X = N-CMez; b, X =N
\Oe

Scheme 1. Synthesis of 3 and 4, R=CMe;. a) HBr/formaldehyde in acetic
acid/phosphoric acid, 6.5 h reflux. b) N-Bromosuccinimide in CCl,, 45 min
reflux. cj rer-Butylamine in benzene added over 3 d under reflux, 16 h room
temperature. d) Acetic anhydride/triethylamine in CHCl;; 15 min 0°C, 2 h
room temperature. ¢) N-Bromosuccinimide in CCla, 1 b reflux. ) rert-Butyi-
amine in CHCI; added over 3 d under reflux, 2 h reflux. 5b: 98% yield, m.p.
163-164°C; 6b: 71% yield, m.p.=151°C.

The synthesis of the heteroarene 3, R=CMe,, starts
from commercially available 2,6-dimethylnaphthalene
(Scheme 1). An acceptable yield is obtained by halomethy-
lation® of the reactive 1,5 positions. Radical bromination
of the methyl groups in the 2,6 positions is followed by
facile cyclization with fert-butylamine leading to 5a. Ace-
tolysis of the N,N-dioxide 5b, which is likewise easily car-
ried out, results in aromatization to form 3.

In order to synthesize the heteroarene 4, R=CMe;, syn-
thetically accessible 1,2,3,4-tetramethylnaphthalene!! is
substituted via radical bromination (Scheme 1). The subse-
quent ring closure occurs in spite of competing reactions
with a satisfactory yield of 6a. Compound 6a is converted
into the N,N-dioxide 6b, which, in turn, is caused to un-
dergo aromatization.

The structural differences in the isoelectronic heteroar-
enes 3 and 4 are manifested in their chemical behavior.
Cycloaddition reactions, which are expected for 3, are in-
deed observed. Treatment with N-methylmaleimide results,
via addition to a pyrrole ring, in the formation of a 1:1
cycloadduct having the topology of 2H-benz{elisoindole;
the reactivity of this 141n-electron system is decreased by
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