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1,2-Bis(8-tosylethoxycarbonyl)diazene. Its Application
to the 2,3-Diazabicyclo[2.2.0Thexene System
Sir:

Use of the diazenediyl' (azo) group (I) in physical and
synthetic organic chemistry is extensive for obvious reasons.
Compounds containing this functional group serve as pre-
cursors for the study of important reaction intermediates
such as trimethylene? and are also utilized to form a new
carbon-carbon bond, as exemplified in the synthesis of pris-
mane.3 A general route leading to this functionality involves
the oxidation of a 1,2-diazany!l! (hydrazo) derivative (II)
which is generally prepared from the corresponding alkoxy-
carbonyl derivative (IIT). The condition normally required
for the hydrolysis of III is rather severe,* and, not surpris-
ingly, many functional groups and systems do not survive
this operation. 1,2-Bis(S-tosylethoxycarbonyl)diazene (1),
recently prepared in our laboratory, has overcome this diffi-
culty, as applied to the synthesis of 2,3-diazabicyclo-
[2.2.0]hex-5-ene (2). We believe that this reagent is widely
applicable to syntheses of sensitive systems and further re-
port the intriguing behavior of 2,3-diaza-Dewar benzene
(3) generated from (2).

i\[\'r g\er i\Nlcl,OR
g /N § /NH ; /N(”70R
I 0
1

Preparation of 1. Reaction of S-tosylethoxycarbonyl
chloride’ with hydrazine in aqueous dioxane in the presence
of magnesium oxide provided a near-quantitative yield of
the corresponding 1,2-disubstituted diazane which in turn
was oxidized with nitrogen oxide (chiefly N,Oy) at 0°. The
resulting yellow, low melting (ca. 5°) crystals (1) (Az2X5, 6
3.56, 4.73),% obtained in 40-50% yield were shown to un-
dergo a Diels-Alder reaction. Typically, a 1:1.5 mixture of
1 and cyclopentadiene provides at room temperature the ex-
pected adduct in more than 90% yield (Scheme I).

Preparation of 2. Slow addition of cyclobutadiene iron
tricarbonyl (4)7 (10.4 mM) in pyridine to a stirred mixture

Scheme I
0

I
0 NCOCH,CH,Ts

TsCH,CH,0C—N
1
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I
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/
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Fe(CO), [
s 0
5.R = OCH,CH,Ts
6.R = OC.H,

of lead tetraacetate (38.0 mAM), reagent 1 (6.4 mM), and
pyridine, produced an adduct (5) (AA’XX’, § 4.97, 6.62
roughly doublets 3.5 Hz apart, A,X>, 6 3.47, 4.43) in 45%
yield. Its '"H NMR spectrum exhibits absorptions typical of
symmetrically substituted cyclobutenes and observed in nu-
merous bicyclo[2.2.0]hexenes, and virtually reproduces that
of the ethoxycarbonyl derivative (6)% (AA’XX’, § 5.15,
6.70), produced from 4 and diethoxycarbonyldiazene in a
similar manner. Thus § is formulated as shown. Treatment
of § with 2 equiv of alkali {(sodium or potassium ethoxide)
in ethanol at room temperature (or below) immediately and
quantitatively generated the disodium or dipotassium salt of
N,N’-dicarboxylate (7a or 7b) AA’XX’ 6 5.01, 6.82, D,0).
Careful neutralization of these salts with trifluoroacetic
acid provided carbon dioxide and an air-sensitive liquid (2)
and its 'H NMR spectrum (AA’XX’ 6 ~ 5.1, 6.91) was
consistent with the expected structure.®-'0

Reactions of 2. Addition of benzoquinone to a methanolic
(or tetrahydrofuran) solution of 2 either at ~70 or 0° im-
mediately induced gas evolution and provided endo-tricy-
clo[4.4.0.025]deca-3,8-dien-7,10-dione (8)!! in ca. 50%
yield but no trace of syn-tricyclo[4.2.0.02%)octa-3,7-diene
(9). With 2,6-dimethylbenzoquinone and DDQ, 2 behaved
similarly to yield the corresponding adducts, respectively.
Oxidation of 2 with aqueous sodium hypochlorite both het-
erageneously {(methyleyclohexane as solvent) and homoge-
neously (tetrahydrofuran) led to the formation of 9. When
cyclopentadiene was utilized as a trapping reagent in these
experiments, the product was a 1:1 mixture of 9 and tricy-
clo[4.2.1.02]nona-3,7-diene (10)!2 but no anti isomer of
9.13

A straightforward, yet the best interpretation of the
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above experiments is that mild oxidation of 2 leads to the
formation of 3, which undergoes a retro-Diels-Alder reac-
tion to form cyclobutadiene (11) and nitrogen with great
ease. The unique antiaromatic properties of 11 do not sig-
nificantly retard the reaction that is observed with 2,3-dia-
zabicyclo[2.2.2]octa-2,5-diene!* and many other related
systems. The facile ring opening that a Dewar pyridine, 2-
azabicyclo[2.2.0]hexa-2,5-diene,!> undergoes does not com-
pete in the case of 3. Thus the utility of 2 as a metal-free
precursor of 11 is obvious. The exclusive formation of dimer
9 from 11 is in agreement with several independent experi-
ments, using metal-free precursors,'S but is (presumably
insignificantly) inconsistent with an earlier report'? that ox-
idation of 4 provides a 1:5 mixture of the anti and syn di-
mers.!” Because of the reactivity (short lifetime), the pot-
to-pot transfer of either 3 or 11 by means of vacuum distil-
lation appears to be impossible.!6b:18

Finally, it is emphasized that reagent 1 promises well for
the synthesis of diazane derivatives that have heat-, acid-,
and even alkali-sensitive functional groups (e.g., esters) and
systems, since conditions even milder than those used in the
present work easily bring about the cleavage, as already
demonstrated in the synthesis of peptides and other sys-
tems.>1?
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72 Cyclobutadienoid Transition Metal Complexes.
The Generation and Trapping of a Cationic
n2-Cyclobutadiene Iron Complex

Sir:
Recently we reported the preparation of two reactive 5?
cyclobutadienoid transition metal complexes—a 72-benzo-

cyclobutadiene complex 1' and a binuclear complex pos-
sessing a bridging cyclobutadiene ligand 2.2

1

Fo'— f—Fp*
2
Fp = Cp(CO),Fe”

We now report the trapping of the first cationic n2 cyclo-
butadiene complex, n?-cyclobutadiene-n3-cyclopentadienyl-
dicarbonyliron hexafluorophosphate (3), which is generated
by chloride abstraction from n!-4-(3-chlorocyclobutenyl)-
n>-cyclopentadienyldicarbonyliron (4). Compiex 4, is ob-
tained by allowing an approximately equimolar tetrahydro-
furan solution of cis-3,4-dichlorocyclobutene and NaCp-
(CO);Fe to stand at —78° for 16 hr followed by sequential
warming to 0°, and rotary evaporation of the solvent. Ex-
traction of the residue with petroleum ether and cooling
(—78°) of the extract affords 4 as dark yellow crystals in
17% yield.> The NMR spectra and other physical data for
all new compounds are presented in Table 1. The structure
of 4 was established by consideration of its spectroscopic
properties and the quantitative thermal isomerization of 4
to the trans,trans chlorobutadiene complex S.

Although complex 4 fails to react with cyclopentadiene in
methylene chloride at 25° over a 4-hr period, a rapid reac-
tion ensues when a methylene chloride solution of 4 is added
to a mixture of silver hexafluorophosphate and excess cyclo-

Table I. 'H NMR and Ir for New Complexes?

4 Nmr (CS,) 7 3.72 (m,b 1, H'), 4.37 (m,? 1, H?), 5.18 (5, 5,
Cp, 5.59 (m,b 1, H?), 6.17 (m,? 1, H*); ir (Nujol) 2000,
1950 cm™ (C==0); mp 65-67°
5 Nmr (CS,)72.98(d, 1, H', J, , = 14.25 Hz), 3.81 (m, 2, H*
and H%),4.35(d, 1, B*, J, , =12.75 Hz), 5.27 (5, 5, Cp);
ir (neat) 2003, 1947 cm ™ (C==0)
6 Nmr (CD,COCD,) 7 3.60 (m, 2, H'), 4.20 (s, 5, Cp), 4.38 (s,
5,Cp
2, H?), 7.01 (m, 2, H*, J, , = 3.8 Hz), 7.25 (m, 2, H*),
8.09 (m, 1, H®), 8.35 (m, 1, H%); ir (Nujol) 2065, 2015
cm™ (C==0)
10 Nmr (CD,NO,) 74.21 (s, 4, H'), 4.30 (s, 10, Cp), 7.05 (s, 4,
H?); ir (Nujol) 2080, 2035 cm™ (C=0)
i3 Nmr (CS,) 7 0.71 (d, 1, H', J, , = 7.5 Hz), 3.06 (m, 1, H?,
Jy5 =15 Hz,J, , =9 Hz), 4.18 (m, 1, H?), 5.25 (s, 5, Cp),
7.85 (d, 2, H*);ir (neat) 2000, 1940 cm ™" (C==0), 1648
cm™ (—=CH==0Q)

@ All neutral complexes gave satisfactory analyses for carbon and
hydrogen. Cationic olefin complexes were characterized by ir and
NMR spectroscopy and by liberation and identification of the olefin
ligand. & Narrow multiplet.
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