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SOME RECENT ADVANCES IN THE SYNTHESIS OF THREE-MEMBERED RING HETEROCYCLES

Helmut Quast
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Am Hubland, D-8700 Wirzburg, Germany

Abstract: The syntheses of some three-membered rings containing phesphorus(V} or sulfur{V1) and of nitragen
analogs of methylene-cyclopropane, viz. methylenaziranes, iminoaziranes, and imino-diaziranes, are reviewed.
Furthermore, an account is given of the photo-extrusion of nitrogen from 1-pyrazolines and tetrazolines both
having exocyclic double bonds, which in most cases leads to the formation of methylenecyclopropane analogs.

The chemistry of small rings, now in the venerable age of 100 years'", is still expanding at a breath-taking rate. Its rate of
grawth during the last decade may be inferred from the number of reviews dealing with all facets of small-ring chemistry. For
example, a recent compilation of the heterocyclic literature by Katritzky and Jones? covering the period hetween 1966 and
1979 lists some 100 reviews on three-membered ring heterocycles and some 60 reviews on four-membered ring heterccycles.
Clearly, this is a clear indication of the importance of the field of small-ring chemistry. Gn the other hand, it demonstrates the
necessity of confining the present report on the synthesis of small heterocycles to certain selected topics. One topic will be
concerned with the metamorphosis of highly unstable, elusive species, often only invoked for mechanistic reasons, into stable,
well-characterized molecules. From another point of view we will see that a few of the classical synthetic principles may still
lead to attractive new systems. For convenience, | will pick most examples from our work on three-membered rings with nitro-
gen, sulfur, and/or phosphorus as hetero-elements. As this is a colloguium on heterocyclic chemistry, | apologize for the occa-
sional incursion of a homacycle, viz. the cyclopropane ring.

As an introduction it may be useful to cast a glance at the principles that underlie the syntheses of three-membered rings which
certainly are among the smallest synthetic targets in chemistry. |1t is, therefore, not surprising, that only a limited number of
the ring-forming reactions may be applied to the smallest of all rings. These reactions may be classified in a pragmatic way:
i} Closing the ring by making one bond between the termini of a three-membered chain. ii) Making two bonds simultaneously,
which corresponds to a [2+1] cycloaddition. iii) Contraction of a larger ring by isomerization or by extrusion of a fragment.
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The sketch of the synthetic routes leading to three-membered rings could be depicted in detail by listing the plethora cf
methods in the interest of converting each synthetic principle into reafity, but of course, this would go far beyond the scope
of the present report. In our search for new three-membered rings, the base-induced, 1,3-eliminations of hydrogen halides and
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the photochemical extrusion of nitrogen from five-membered rings have predominated, mainly because the synthesis of labile
systems seemed to call for such mild reaction conditions. As wilt be outtined on the following pages, this strategy gratifyingly
has turned out quite successful. Thus, novel three-membered ring heterocycles containing sulfur{V1} or phosphorus{V} have
been isolated and syntheses of highly reactive hetero-analogs of methylenecyclopropane have been accomplished.

Three-membered Rings of Phosphorus(V) and Sulfur{VI}

After a slow, steady development in the first ha!f of this century, the three-membered ring chemistry containing elements of
higher periods came into bloom during the seventies. Major achievements include the discovery of siliranes® and of many
three-membered rings containing phosphorusiL® . Qur interest in this area was roused by the recognition that a number of
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HETEROCYCLES, Vol 14, Na. 10,

ditions of the Grignard reactions had to be adjusted to the degree of steric hindrance. After exploring numerous, less successful
halogenation experiments, Savignac's method of a-halogenating phosphonates by the action of carbon tetrachloride upon the
a-lithiophosphonatesm’ was adapted to phosphane oxides. Thus, lithiation of phosphane oxides by butyllithium at low tem-
perature, followed by one equivalent of carbon tetrachloride at very low temperature, produced the desired «-chlorophosphane
oxides as separable mixtures of diastereomers,

Unfortunately, all attempts to obtain phosphirane oxides by base-induced hydrogen chloride elimination from sterically less
hindered precursors met with failure. For example, potassium terf-butoxide reacted with such a-chlorophosphane oxides to
afford products which indicated the ease of ring-opening of the hypothetical phosphirane oxides under the reaction conditions.
The use of more strongly hindered alkoxides than tert-butoxide?” did not improve the results, Obviously, the situation re-
sembled the Favorskii rearrangement of chaloketones®’, in which only cyclopropanones which are strongly shietded by bulky
alkyl groups can survive? |
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Consequently, we turned to the synthesis of tri-tert-butylphosphirane oxide, a compound designed to maximize steric hindrance
to attack by external nucleophiles. Nevertheless, the extent to which the introduction of the third tert-butyl group was actually
effective in this respect came as quite a surprise,

Treatment of the correspoending a-chlorophosphane oxide with an excess of lithium diethylamide in ether at low temperature
afforded a 90 % yield of a mixture consisting of the desired phosphirane oxide, its ring-cpening product {vide infra), and the
chlorine-free phosphane oxide in a ratio of 76 : 6 : 18, respectively. After thin layer chromatography on silica gel, 52 % of
pure phosphirane oxide could be isolated. It turned out to be unaffected by strong alkali as well as by strong mineral acids.
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The cis-configuration of the C-tert-butyl groups was deduced from the "H and ' € nmr spectra and from the quantitative
stereospecific formation of (Z}-di-tert-butylethylene on thermolysis above 60 °C. As the second fragment in thermalysis, the
elusive tert-butylphosphinidene oxide could be trapped by methanol or by 1,2-guinones via 2 [4+1]cycloaddition. Attempts at
epimerization at a ring carbon atom by treatment with lithium dialkylamides failed to yield the trans-diastereomer. Instead the
ring was opened to a vinylphosphane oxide in which the fert-butyl groups are trans to each other. Most probably, an electro-
cyclic ring-opening via the sterically most favorable path had followed the deprotonation by the strong base™' .

In view of our interest in three-membered ring phosphorus compounds, we were fascinated by the triphenylphosphiren oxide,
described already in 1972 and highlighted as "one member of a new class of potentially aromatic phosphacyclepropanes”®,
Somewhat surprisingly, however, the alleged triphenylphosphiren oxide was reported as an oil, unseparable from the supposed
1,6-diazabicyclo{ 4,3,01non-5-ene {DBN) hydrobromide; DBN had been used for the hydrogen bromide elimination. We were
able to confirm the formation of an il in this reaction; but unfortunately we could not confirm its claimed structure as a tri-
phenylphosphiren oxide®® . Instead, 'H and 2C nmr offered conclusive evidence for ar acyclic structure, having the DBN
attached to the phosphorus of the (E)-1,2-diphenylvinyt{phenyt}phosphinyl group. Sodium methoxide or .potassium tert-
butoxide reacted with the a,c’-dibromophosphane oxide to vield the corresponding phosphinates. These were formed also in
the solvolysis of the oily DBN product. In these reactions, most probably a phosphirane oxide, perhaps even a genuine phos-
phiren oxide may be involved, but its existence has yet to be proven.

The extremely useful synthesis of azoalkanes and & V' -dialkylhydrazines from A, N'-dialkylsulfamides by Ohme and Schmitz®
most probably proceeds via thiadiazirane dioxides as intermediates. This prompted us to attempts to isolate such intermediates
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dependently by us ¥ and others® 7! The most intriguing property of thiadiazirane dioxides was the surprising thermal sta-
bitity in the absence of traces of moisture and nucleophiles.’ Just as unexpected was the course of the thermal decompaosition
under forcing conditions. In the thermal decomposition of the bisadamantylthiadiazirane dioxide at 160—170 °C loss of sul-
fur dioxide represented only a minor path (10—15 %). Actually, cleavage of the N-N-bond to a diradical predominated (70—
80 %}. The diradical abstracted hydrogen from the solvent thereby being reduced to the sulfamide. The presence of selvent de-
rived radicals was confirmed by observing solvent “dimers”, e.g. fram 2, 4, 6-trimethylbenzene. In contrast, the thermolysis in
wet benzene or in ethanol already occured at BG °C producing mainly the azoalkane. Thus, water or ethanol reacted with the
thiadiazirane dioxide and thereby simulated a thermal [2+1] eycloreversion into sulfur dioxide and azoalkane.'?!

A logical consequence of the foregoing experiments was to try our fortune with the thiazirane dioxides that apparently had in-
tervened in 1,3-eliminations of a-halosulfonamides studied some 40 years ago®’.
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However, our effarts®! as well as those of Sheehan and coworkers?® were frustrated by both the thermal lability of the
proposed thiazirane dioxide intermediates and the inaccessibility of suitable precursors to hopefully more stable examples. We
again chose as the most promising candidate the three-membered ring substituted by two tert-butyl groups, but we failed to
effect ring-closure of the readily available M-chlorosulfonamide as precursor. On the other hand, the presumably more suitab-
le precursor, viz. the a-chiorosulfonamide, defied all our attemps at synthesis. This dilemrma demanded a fundamentally different
approach. A potential alternative route was suggested by Staudinger’s discovery of a thiirane dioxide in the reaction bet-
ween diphenyldiazomethane and sulfur dioxide®!, This reaction was later shown to involve a sulfene as intermediate®’. We
just had to replace the sulfene by an A-sulfonylamine generated by hydrogen chloride elimination from a sulfamoylchloride®™’ .
It was gratifying to establish the close analogy between sulfenes and A-sulfonylamines in their reaction with diazoalkanes.

Hf the work-up temperature was kept below —30 °C in the reaction of tert-alkyldiazomethanes with N-tert-alkyl-N-sulfonyla-
mindes, the isolation of thermally labile thiazirane dioxides was accomplished in moderate yields®?. The only reaction so far
observed has been the quantitative first-order decomposition at 25 °C into sulfur dioxide and the corresponding aldimine. This
thermal lability made the chemistry of thiazirane dioxides somewhat uninteresting. A kinetic study33’ revealed an almost li-
near increase of the logarithm of the first-order rate constant with the Dimroth-Reichardt solvent parameter E.rg‘” [k, =0.90-
10%sec’! in hexane; 27.7 - 107*sec™ in methanol at 26 °C|.
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For a comparison of the relative reactivity of the three-membered rings having sulfur dioxide as a ring member, the di-tert-bu-
tylthiirane dioxide was required. The Staudinger-Pfenninger reaction between fert-butyl-diazomethane and suifur dioxide
offered a good opportunity to prepare the missing link; only a single starting materiat was required™  Therefore, we explored
the seemingly well known reaction between diazoatkanes and sulfur dioxide®’. In virtuatly all previous investigations of the
Staudinger-Pfenninger reaction, as well as the reaction of diazoalkanes with sulfenes generated from sulfenylchlorides® ', are-
markable dichotomy was observed. Aryl-substituted and monoalkyl-substituted diazomethanes inevitably yielded thiirane
dioxides and/or alkenes as products which were formed via stereospecific decomposition of the intermediary thiirane dioxides.
Also small amounts of azines were formed. On the other hand, d/ialkyldiazoalkanes afforded only 2,5-dihydro-1,3, 4-thiadiazo)
dioxides in a [3+2|cycloaddition.

Tert-butyldiazoemethane, however, surprisingly gave both types of products. This prompted a mechanistic study35}. We found,
that the ratio of three-membered to five-membered ring was not influenced by the reaction temperature but depended on sol-
vent polarity. The increase in the latter parameter favored formation of the three-membered ring over the [3+2|cycloaddition
product. In contrast, the cisftrans ratio of the thiadiazel dioxides remained virtually unaffected. Most probably, both types of
products do not arise from a common (dipolar} intermediate. Since sulfenes possess two low lyingrempty MO’s of different
symmetry but similar EﬂergySﬁl , it is tempting to attribute the dichotomy of the sulfene-diazoalkane reacticn to the existence
of these vacant sulfene orbitals, Whatever the mechanistic truth, the possibility of guiding the course of the Staudinger-Pfen-
nninger reaction by means of the solvent polarity should prove useful in synthesis,

The reactions employed for the synthesis of the new three-membered rings of this paragraph have by no means been fully ex-
plared, Mutatis mutandis, future experiments can be anticipated to disclose yet unknown systems. Most probabty, a consider-

able part of the synthetic potential of the few simple, versatile reactions has still to be uncovered for the enrichment of the
three-membered ring chemistry containing the elements of the higher periods,

Q
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Nitrogen Anralogs of Methylenecyclopropane

After the foregaing excursion into areas of small-ring chemistry which undoubtedly have an “inorganic” flavor | would like to
return to “pure organic'’ three-membered rings. For several years we have been and still are engaged i a study of nitragen ana-
logs of methylenecyclapropane which offered many opportunities to solve synthetic problems.

Already in 1951, the first heteroanalog of methylenecyclopropane was found fortuitously by Pollard and Parcell3”}, who treat-
ed 2-bremoallylamines with sodium amide in liquid ammonia. The correct methylenazirane structure was only assigned some
years later by Ettiinger and Kennedy®' and by Bottini and Roberts®® . We had realized that on heating methylenaziranes re-
arranged 1o the thermodynamically more stable cyclopropanimines®®, Thus, methylenaziranes could serve as precursors to
those of their carboeyclic isomers which are otherwise only accessible with difficuity, In addition, we were intrigued by the
stereochemistry and the mechanism of the thermal methylenazirane to cyclopropanimine rearrangement*'!. As a consequence,
we explored the scope and timitations of the Pollard-Parcell methylenazirane synthesis*®42! A few eexamples may serve to
show that so far the synthesis is only limited by the accessibility of the starting material. |f {E)/{Z)}-isormerism cccurred in the
starting material then the stereochemistry was critical. Thus, only the (E)}-bromoallylamines afforded methylenaziranes, where-
as in the case of the (Z)-bromoallylamines, trans-1,2-elimination of hydrogen bramide to yield alkynes was the faster process.?").
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The range of methylenaziranes could be considerably expanded by substitution at the three-membered ring of readily y available
methylenaziranes via lithiation and consecutive quenching with electrophiles®?: 43} Using Seebach’s chiral auxiliary reagent
($,8)—{+)—1 4—Bis{dimethylamino}—2 3—dimethoxybutan [(+)—DDB]“‘”, it was possible via this sequence to introduce a chi-
ral center at the ring and this revealed the inversion of configuration at the migrating carbon in the thermal rearrangement to
the isomeric cyclopropanimine'“]. Finally, the readily available methylenaziranes substituted at the ring carbon may be re-
arranged thermally to the more stable isomers substituted at the exocyclic double bond* %' | 1n summary, the interesting che-
mistry of the highly reactive methylenaziranes can now be explored with a much broader range of easily synthesized examples.

BulLi “ E—X ”

N~ 78° ~ N
R Li R E SR
R . E—X %
Me MeSSi—CI 30
CHE-tBu MeESi—CI 57
tBu MeSSI—CI 83
tBu D—OMe > 80
tBu Me—I 60
tBu Bu—I 80
tBu Ph-CH,—Br 77
tBu  H,C=CH-CH,—Br 70

tBu <;>-—Br 69

N 120 oC N

/ \ sine
JJ_, 3

SiMe3

R (E} {Z)
Me 86 : 14
CH2-1Bu 90 : 10
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| one focusses on the functional group attached to the azirane ring, aziranimines may be regarded as intermediate between me-
thylenaziranes and the well-known aziranones {a—lactams}®" . On the other hand, if the azasubstitution of methylenecyclopro-
pane receives priority, then aziranimines fail structurally between methylenaziranes and diaziranirnines as reference [vide infra).
We were mainly intrigued‘m by the latter resemblance since it suggested the possibility of an interesting, similar thermal reor-
ganisatinn"”. The synthesis of aziranimines was easily accomplished by a base-induced 1,3—elimination of hydrogen bromice,
which already had proven the metheod of choice in the preparation of aziranones*®'. However, unlike aziranones, the aziranimi-
nes offered stereo- and regioselectivity problems. At low temperature, the kinetically controlled product of the ring-closure of
a—bromoamidines was the aziranimine in the (Z}-configuration (> 90% stereoselectivity)®', 1f the nitrogen atoms carried dif-
ferent substituents, regioselectivity of the 1,3—elimination came into play. For reascns not really understood {probably steric
in nature}, at this point in some cases a moderate, temperature dependent regioselecitvity was ohserved®®’ | while other e —bro-
moamidines showed a 100% regioselective ring-closure?”!. Thus, 2 wide range of aziranimines with the same or different sub-
stituents at the nitrogen atoms could readily be synthesized. Aziranimines differ considerably with respect to thermal stabili-
ty which mainty depends on the substituents. At one end of the stability scale we found that the extremely labile 1—{2,4,6~
trimethylohenyl}aziranimine decomposes at just above 0 °C via a [2+1 |cyclaelimination into tert-butylisocyanide and 2,2—di-
methylpropylidene--2 4 6—trimethylaniline. At the other end of the scale the rather stable adamantane [spiro|aziranimine al-
lowed a kinetic study of its thermal rearganization between 140 and 170 °C. The structure of the adamantane [spirojaziranimi-
ne was confirmed by X-ray crystallography®’!-
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One threefold azasubstitution of the methylenecyclopropane the symmetry of the molecular skeleton is restored. Thus, onearrives
at the diaziranimines which reveal themselves to be the most interesting nitrogen analogs of methylenecyclopropane. In view of
both the methylenecyclopropane rearrangement and the weakness of the N-N-bond, we originally had hoped to find fluxional
structures even in this class of compounds. While we could establish degenerate as well as non-degenerate isomerizations of di-
eziranimines*® “®! the energy barriers were found still too high for the observation of dynamic nmr phenomena.

\

/
\NA\ P a—— /,f,);:N/

In the synthesis of diaziranimines we followed a well-worn path which had its origin at the turn of the century, At that time,
Schestakow treated urea with sodium hypochlorite and sodium hydroxide to isolate hydrazine derivatives® . It was not until
1970 that Ohme and Preuschhof®'! proved that Schestakow had probably discovered the archetype of diazirane synthesesS2,
Actually, two mechanisms seem to operate in Schestakow’s hydrazine synthesis. Almost as much time elapsed before the first
diaziranone was isolated by Greene and Stowell in 19645 While we were engaged in the synthesis of stable diaziranimines?®’,
the intervention of diaziranimines in the base-induced rearrangement of guanidines with good leaving-groups to semicarbazides
wag confirmed by " N-abelling experiments™ . In fact, the Schestakow reaction could be easily adapted to the synthesis of
diaziranimines®- #9_ Thus, treatment of trialkylguanidines with tere-butylhypochlorite, foliowed by potassium zert-butoxide,
afforded trialkyldiaziranimines in good yields. In contrast to diaziranones, the stability of which under the conditions of far-
mation critically depended on the presence of tert-alkyl groups™', diaziranimines may even carry three primary alkyl groups.
Contrary to an earlier reportSS’, N-chlorination of guanidines substituted by a keto or ester group, followed by treatment with
base, did not yield diaziranimines; instead five-memberd heterocycles were formed™’. In contrast, this sequence could be ap-
plied to the synthesis of an A-[4-methylphenylsutfonyiminodiazirane® ! .

O
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When the guanidine precursor is not symmetrically substituted, then a regiosetectivity problem is anticipated and mixtures of
isomers are expected as has actually been demonstrated®® . The inconvenience of isomer separation could be avoided, however,
by attaching the leaving group to the differently substituted nitrogen atorn of the guanidine. By using hydroxyguanidine O-sul-
fonric acids obtained from symmetrically substituted carbodiimides we realized high yields of isomer-free diaziranimines under
extremely simple reaction conditions. Even the somewhat unstable trimethyldiaziranimine was available by this method, al-
beit only in low vield. Using hydroxyguanidine O-sulfonic acids obtained from unsymmetrically substituted carbodiimides, the
direction of ring-closure was found to vary depending mainly an the concentration of base, to a minor extent on the solvent
{methanol or water), but not on the temperature or the nature of the alkali metal cation®®',

@ @ =) alkyl
alkyl— NHy~—0S 05 e
KOH, H0 N
+ — —_— /> ,.fR
>90 % 80 - 100 % =
R—N—=C=N—R 90 % ° N N
R
alkyl R %
Me Me 25
Me tBu 95
iPr tBu 80
tBu Me 83
tBu oso? tBu tBu
\N/ 03 /
: KOH N N /Me
tBu—HN™ ® “NH—Me meon / N N
tBu \ /
Me tBu
yield \
R hase (%) product ratio
Me 30 % KOH in methanol 74 1 ;99
Me 2N NaZCO:1 in water 82 22 78
tBu 40 % KOH in methanol 81 15 : 85
tBu 1,6 % KOH in methanol 88 73 27

Quite unexpected rearrangements were obsarved, when the synthesis of aryl-substituted diaziranimines was attempted"g'. Star-
ting from N-aryl-A-hydroxyguanidine O-sulfonic acids, only low yields of diazirane-¥-arytimines were obtained. The major
products were 2-aminobenzimidazoles and 3-aminoindazoles. The isomeric 1-aryldiaziranimines defied all attempts atdetection,
The ratio of the five-membered benzo-heterocycles depended considerably on the degree of substitution of the benzene ring.
In the absence of substituents, formation of the 3-aminoindazole predominated. 2,4-Alkyl substitution directed the course of
the reaction towards 2-aminobenzimidazoles. In both cases, the diazirane-N-arylimines remained as minor product, however.
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Deuterium-labelling of one of the tert-butyl groups of the hydroxyguanidine O-sulfonic acids revealed that complete scrambling
had occurred during formation of all products, The isolated diazirane-N-arylimines were stable under the reaction conditions.
Thus, they isomerized only above 50 °C to the five-membered rings which were produced in a similar ratic to that found in the
base reaction of the hydroxyguanidine O-sulfonic acids, Therefore, the 2-aminobenzimidazoles as well as the 3-aminoindazoles
seern to be formed by isomerization of the apparently very labile, elusive 1-aryldiaziranimines.

Blocking both ortho positions of the benzene ring by methyl groups dramatically changed the picture. Now only smalt amounts
of a benzimidazol derivative with sacrified aromaticity resulted from the basereaction of hydroxyguanidine G-sulfonic acids.
By far the major products were fairly stable diazirane-V-arylimines, Again, deuterium-labelling demonstrated complete scrambi-
ing of the zert-hutyl groups during product formation®®

In the base-reaction of an N N’-diphenyl-N"-hydroxyguanidine O-sulfonic acid, no conditions could be found which led to the
detection of diazirantmines. In fact, the ring-closures involved one of the nitrogen atoms not bearing the leaving group with an
orthe position of a phenyl ring or even an ortho carban atom of each phenyl ring, giving rise to the formation of an aminodi-
henzo-1,3-diazepine. Again, the concentration of base influenced the product ratio in an unpredictahle way. |f the ortha posi-
tions of the phenyl rings were substituted by methyl groups, attack of a nitrogen atom at an aryl ring was not prevented; only
the bond formation hetween the aryl rings was suppressed, thus excluding the formation of an aminodibenzo-1,3-diazepine
derivative. Apparently, the driving force for the reaction can override the aromaticity of only one benzene ring*? .

In summary we note that aryl rings complicate the thermal reorganization of diaziranimines considerably. The system acquires
gasy, alternative opportunities of rearranging to larger rings through a labyrinth of most probably diradical-type sigmatropic
paths,

As a result of our synthetic efforts in the field of the nitrogen analogs of methylenecyclopropanes, cyclopropanimines, azira-
nimines, and diaziranimines have been uncovered. Furthermore, the range of available methylenaziranes has broadened con-
siderably. Future experiments may lead to a mere thorcugh understanding of the chemistry of these highly reactive systems as
well as to synthetic and other applications.

tBu 050 tBy tBu
L \NH NH
’l, N )\ + N//l\NH
£, NZ N
HNZ . SNH 90 %
&
base product ratio
40 % KOH in MeQOH 85 : 15
2 N NaOH in H,0 30 : 70
tBy 0508 tBu
Ny 3 . Me
. N
‘e i " KOH |
O ¢ — N

HNZ""_""YNH 52 %
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Photocherical Formation of Heteroanalogs of Methylenecyclopropane

So far, | have dwelt upon the application of old synthetic principles,.e. g. the 1,3-elimination, for the preparation of new

X=0 |

X=5

R\N/\N,_R hv

‘“——h( N2 X=NR

Z/'

X=CR>
e

systems. The obvious limitation of the traditional synthetic methods, viz. the inaccessibitity of many interesting molecules
lacking extensive shielding by bulky groups, prompted a search of an alternative method. This alternative synthetic method
had to be distinguished by i} a very clean and selective reagent, ii} very mild reaction conditions such as fow temperatures and
inert media, and finally iif) the formation of inert by-products. Presumably a photo-extrusion reaction promised to meet these
stringent requirements. Moreover, we hoped to employ the powerful matrix-isolation technique to provide evidence for the
hetero-counterparts of the fascinating trimethylenemeathane diradicals™ .

As anticipated, tetrazolings with an exocyclic double bond rapidly lost nitrogen on photolysis, producing heteroanalogs of
methylenecyclopropane, except when X = sulfur which afforded carbodiimide and sulfurs®, This reaction allowed for the
first time the synthesis of diaziranones, substituted by groups other than tertiary alkyt groups. From methylenetetrazolines,
iminoaziranes were formed preferentially in the thermodynamicatly more stable {E}-configuration, This is in striking contrast
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1o the results of the 1,3-¢limination of hydrogen bromide from e-bromoamidines which afforded stereoselectively (Z}-azirani-
mines®

Iminotetrazolines underwent an undesired photochemical | 3+2]cycloelimination into carbodiimide and alky! azide as minar
products besides foss of nitrogen with ring-closure to the diaziranimine as major product. In the photolysis of iminotetra-
zolines, an intriguing question concerns which of the three non-equivalent nitrogen atoms of the iminotetrazoline formed the
N-N-bond of the product®™, As conceivable contrasting pathways of preduct formation we consider the least motion path and
the completely randomizing ring-closure via diradicals. The latter alternative was suggested by the detection of triplet state
tristimino}methane diradicals during the matrix photolysis of iminotetrazolines at liquid nitrogen temperatureSi?.

H3C—N=C=N--CH3 [ + N3—CH3 ]

210

/CH_'; W=17%
ii
HyC ——CH3 hv
B - 60° CH,
N/
/il\ 83-86 %
N—N
.
ch/ CHsy
R product ratio
ﬁ/ R {E) : (Z)
Me Me cD 23 : 6 : 71
\ J tBu 4 : 7 : 89
N=—|
R R
N \
“ N Me
&
/\ + | >:N
N-—N N
e
Me \Me /
Me
/Me
product ratio
R Me R (E) r4]
\ cD, 39 : 43 : 18
N:
tBu 58 : 42 : 3
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We approached this mechanistic problem by photolyzing labelled iminotetrazolines at —60 °C and determining the product
ratios by "H nmr spectroscopy at the same temperature, thus avoiding planar nitrogen inversion as well as rearrangements via
1,3-nitrogen-shifts”, The substituents of the iminotetrazolines lie in the plane of the motecule. Therefore, during N-N-bond
formation, leading most probably to the more stable #rans-1,2-substituted iminodiaziranes, the substituents at the participating
nitrogen atoms must rotate by 90° out of the molecular plane. In principle, only three different iminodiaziranes can be anti-
cipated to arise from an iminotetrazoline labelled at only one nitrogen atom, viz. coenstitutional isomers, one of which may
exist as (E,Z)-diasterecmers. Already a cursory inspection of the product ratios obtained from both mono-labelled iminotetra-
zolines reveaied immediately that no randomization of the label had occurred during photolysis. Thus, statistically equilibrat-
ing diradicat intermediates cannot be involved. Photolysis of the symmetrically substituted, labelled iminotetrazotine displayed
a pronounced preference for N-N-bond formation involving the exocyelic nitrogen atom of the precursor. Furthermore, the
least motion path led only to a minor fraction of the product mixture {the symmetrically substituted iminodiazirane). In the
photelysis of the unsymmetrical, mono-labelled iminotetrazoline the {E)-iminodiazirane can resutt in two ways. These are the
least motion path and the ring-closure hetween the exocyclic nitrogen atom and the ring nitrogen atom standing trans to the
imino substituent. Therefore, distinction of the two latter modes is impossible in the photolysis of the unsymmetrical, mono-
labelled iminotetrazoline, However, the large fraction of the symmetrically substituted imincdiazirane points to the preference
of bond formation involving the nitrogen atoms with sterically interacting substituents.

In order to be able to draw more definite conclusions concerning the site of ring-closure, we photolyzed a triply labelled imino-
tetrazoline which was locked in the (E)-canfiguration, as evidenced by the "H nmr spectrum which showed the presence of
only one diastereomer. {n principle, all three possible modes 0f N-N-bond formation might be mechanistically distinguishable.
In this photolysis, formation of three (E,Z)-diastereomeric pairs of constitutional isomers, hence six different iminodiaziranes,
might be anticipated. Actually only three, e. g. the (E)-diastereomers, arose in a ratio ¢close to 1 : 1 : 2, indicating indeed a pre-
ference of band formation between the nitrogen atoms with sterically interacting substituents®®

N/Me e M\e /Me
o N e e,
YT + [ >=0 =
N—N 2 N—N N N
i ey tB{ \003
26 ; 21 ; 53

Stimulated by the photochemical results obtained with the tetrazolines with an exocyclic double bond, we turned our attention
to analogous pyrazolines®™ % Atthough the phatolysis of 4-methylenepyrazolines had been studied in considerable detail®”,
almost nothing was known about the photolysis of the correspending pyrazoline-4-ones, pyrazoline-4-thiones, and 4-imino-
pyrazolines. As we expected thermally labile products in the photolysis of 4-iminapyrazolines, we initially photolyzed at sub-
ambient temperatures, using intense light sources above 340 nm®? . However, under these conditions the A-iminapyrazolines
turned out to be very reluctant to undergo photolysis. After five hours of irradiation at 5 °C, only 6 % of a cyclopropanimine,
besides small amounts of the rather unexpected reduction product of the 4-iminopyrazoline, had formed. In striking contrast,
at 90 °C, photolysis was rather efficient, producing 87 % of the eyclopropanimine ring within only two hours, We tentatively
interpret these results in terms of an activation barrier to nitrogen loss from the excited singlet state. Formation of the re-
duction product might invelve the triplet state.

From the photolysis of the pyrazoline-4-thione we had hoped to learn something about the elusive cyclopropanethione® .
However, at liquid nitrogen temperature the pyrazoline-4-thione proved perfectly stable towards irradiation with intense
350 nm light. At higher temperatures, photolysis afforded the known tetramethylmethylenethiirane® .
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Finally, | would like to turn to a long-standing enigma. Already 15 years ago, the tetramethylpyrazolin-4-one had been designed
by Mock as a precursor 1o tetramethyleyclopropanons® . However, it turned out to be surprisingly stable towards both ther-
molysis and photolysis, the quantum yield of its decomposition by 313 nm light being only 0.0125% Now we found that two
photochemical cycloreversions compete®®- A [4+1]cycioreversion into carbon menoxide and acetone azine and a [3+2]cyclo-
reversion producing nitrogen and most probably tetramethylcyclopropanone, which is cleaved further into carbon monoxide
and 2 3-dimethyl-2-butene. In fact, the tetramethylcyclopropanone could be trapped as hemiketal during phototysis in metha-
nol as solvent®” . Apparently, low temperature and solvents of higher polarity favor cyclopropanone formation,
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solvent temp. °C product ratio
I:Dichclohexane 10 63 : 37
90 57 : 43
[Dﬂacetunitrile 10 83 : 17
90 68 : 32

co

in striking contrast to the results of photolysis employing conventionat light sources, 185 nm photolysis of the tetramethyl-
pyrazolin-d-one produced the same a,B-unsaturated ketone®® which is formed on pyrelysis of tetramethylcyclopropanone on
a GC column?? . Flash thermolysis of the tetramethylpyrazolin-4-one afforded both 2,3-dimethyl-2-butene and the ketone in
ratios ranging from 3 : 7 at 400 °C to 6 : 4 at 1000 °C™®,

>=< -— —
N=N

The foregoing results leave no doubt that the photo-extrusion of nitrogen from five-membered rings with an exocyclic double
bond opens an entry to several energy surfaces, which embrace ensembles of highly reactive, elusive species as well as stable
molecules. They exist in a field which looks equally attractive for synthetic, mechanistic and theoretical studies.

Of course, during the study of the systems mentioned in this summary many new reactions were discovered which could not
be covered in the present report because of space limitation. Also, a number of loose ends need yet to be tied together, e. g.
logical extensions, otd but unanswered questions, and emerging new problems, all of which merit further attention. In comply-
ing with one of the general topics of this collogquium, | have tried to emphasize some synthetic aspects of three-membered ring
chemistry, Unlike the complicated targets of organic syntheses that deserve maost elegant and elaborate, highly sophisticated
strategies, the synthesis of small rings apparently still proceeds rather well with a few old-fashioned, straightforward synthetic
principles, provided the appropriate experimental methods are employed.

Finally, it is my pleasant duty to acknowledge the important contributions of my coworkers, whose names are mentioned in
the references. It was their dedicated and skilled experimental work which resulted in the discovery and exploration of the
areas of three-membered ring chemistry covered in this report. Last not least, generous financial support by the Deutsche For-
schungsgemeinschaft and the Fonds der chemischen Industrie is gratefully acknowledged.
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