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Abstract: The syntheses of some three-membered rings containing phorphorur(Vl or rulfurlVll and of nitrogen 
analogs of methylene-eyclopropane. uir. methylenaziranes. iminaaziranes, and imino-diaziraner, are reviewed. 
Furthermore, an account is given of the photo-extrusion of nitrogen from 1-pyrazolines and tetrazalines both 
having exocyclic double bonds, which in mon cases leads to the formation of methylenecycloprapane analogs. 

The chemistry of small rings, now in the venerable age of 100 years1', is still expanding at a breath-taking rate. Its rate of 
growth 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 Katritrky and Joner2' covering the period between 1966 and 

1979 lists some 100 reviews an three-membered ring heterocycles and some 60 reviews on four-membered ring heterocycles. 
Clearly, this is a clear indication of the importance of the field of small-ring chemistry. On the other hand, i t  demanrtrater the 
necessity of confining the present report on the synthesis of small heterocycles to cenain selected topics. One topic will be 
concerned with the metamorpho~ir of highly unstable, elusive species, often only invoked for mechanistic reasons, into stable. 
well-characterized molecules. From another paint of view we will see that a few of the classical synthetic principles may still 
lead to attractive new systems. For convenience. I will pick most examples from our work an three-membered rings with nitra- 
gen, sulfur, and/or phorphorur as hetemclementr. As this is a colloquium an heterocyclic chemistry. I apologize for the occa~ 

~ional incursion of a homocycle, viz. thecyclapropane ring. 

As an introduction i t  may be useful to cast a glance at the principles that underlie the ryntherer of three-membered rings which 
certainly are among the smallest synthetic targets in chemistv. i t  is, therefore, not surprising, that only a limited number of 
the ring-forming reactions may be applied to the smallest of all ringr. 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. i i l  Making two bonds simultaneously. 
which corresponds to a /2+1] cycloadditian. i i i l  Contraction of a larger ring by iromerization or by extrusion of a fragment. 

[2+l]cyclo- 

addition f 

The sketch of the synthetic routes leading to three-membered ringr could be depicted in detail by listing the plethora r f  
methods in the interest o f  convening each synthetic principle into reality, but of course, this would go fat beyond the scope 
of the present report. In our rearch for new three-membered ringr, the bare-induced. 1.3-eliminations of hydrogen halides and 



the photochemical extrusion of nitrogen from five-membered rings have predominated, mainly because the ryntherirof labile 
systems seemed to call for such mild reaction conditions. As will beoutlined an the following pager, thir strategy gratifyingly 
has turned out quite successful. Thus, novel three~membered ring heterocycles containing sulfur(VI) or phorpharus(V) have 
been isolated and syntheses of highly reactive hetero-analogs of methylenecyclopropane have been accomplished. 

Three-membered Rings of Phosphorur(V) and Sulfur(VI1 

After a slow, steady development in the first half of thir century, the three~membered ring chemistry containing elements of 
higher periods came into bloom during the seventies. Major achievements include the discovery of riliraner3' and of many 
three-membered rings containing phosphorus(lll14~ 'I. Our interest in thir area war roused by the recognition that a number of 
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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 "-halogenating phosphonates by the action of carbon tetrachloride upon the 
o - l i t h i o p h ~ s p h ~ n a t e ~  was adapted to phorphane oxides. Thus, lithiation of phorphane oxides by butyllithium a t  low tem- 
perature, followed by one equivalent of carbon tetrachloride at very low temperature, produced the desired a~chlorophosphane 
oxides as reparable mixtures of diastereomerr. 

Unfortunately, all attempts to obtain phasphirane oxides by base-induced hydrogen chloride elimination from rterically less 
hindered orecursors met with failure. Far examele. eotarrium rerr~butoxide reacted with such u-chlorophasphane oxider to 

rembled the Favarrkii rearranoement of uha l~ke tane r~~ .  in which onlv cvclo~ro~ananer whichere strongly shielded by bulky 

alkyl groups can surviven' 

Consequently, we turned to the synthesis of tri-tert-butylphorphirane oxide, a compound designed to maximize steric hindrance 
to attack by external nucleophiles. Nevenhelerr, the extent to which the introduction of the third tert-butyl groupwaractually 
effective in this respect came as quite a rurprire. 

Treatment of the corresponding ochlorophorphane oxide with an excerr of lithium diethylamide in ether a t  low temperature 
afforded a 90 % yield of a mixture consisting of the desired phosphirane oxide, its ring+pening product (vide infral, and the 
chlorine-free phorphane oxide in a ratio of 76 : 6 : 18, respectively. After thin layer chromatography on silica gel, 52 % o f  
pure phorphirane oxide could be irolated. I t  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-terr-butyl groups war deduced from the ' H  and '' C nmr spectra and from the quantitative 
stereospecific formation of IZIdi-rert-butylethylene on thermolyrir above 60 "C. As the second fragment in thermolyrir, the 
elusive rert-butylphonphinidene oxide could be trapped by methanol or by 1.2quinonesvia a [4+l]cycloaddition. Attempts at 
epimerization at a ring carbon atom by treatment with lithium dialkylamider failed to yield the transdiastereomer, Instead the 
ring was opened to a vinylphorphane oxide in which the tert-butyl groups are trans to each other. Mort probably, an electro- 
cyclic ring+pening via the rterically most favorable path had followed the deprotonation by the strong bareta1. 

In view of our interest in three-membered ring phosphorus compounds, we were fascinated by the triphenylphorphiren oxide. 
described already in 1972 and highlighted as "one member of a new clasrof potentially aromatic phasphacycloprapanesSSnl. 
Somewhat surpriringly, however, the alleged triphenylphorphiren oxide was reported as an oil, unseparable from the ruppared 
1,5diazabicycla[4.3.0lnond-ene IDBN) hydrabromide; DBN had been used for the hydrogen bromide elimination. We were 
able to confirm the formation of an oil in this reaction: but unfortunately we could not confirm iu claimed structure as a tri- 
phenylphosphiren oxide"'. Instead. ' H  and '3C nmr offered conclurive evidence for an acyclic structure, having the DBN 
attached to the phosphorus of the IEI-1.2-diphenylvinyl1phenyl)phorphinyl group. Sodium methaxide or patarrium ter t~  
butoxide reacted with the o.a'dibromaphorphane oxide to yield the corresponding phorphinater. These were formed also in 
the ralvolysir of the oily OBN produn. In there reactions, most probably a phosphirane oxide, perhaps even a genuine phor- 
phiren oxide may be involved, but its existence has yet to be proven. 

The extremely useful ryntherir of azoalkaner and NY-dialkylhydraziner fromN.N'dialkylrulfamider by Dhme and Schmitrg' 
most probably proceeds via thiadiazirane dioxides as intermediates. Thir prompted us to attempts to isolate such intermediates 
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dependently by us 1 3 '  and othersa, '". The most intriguing property of thiadiazirane dioxides war the surprising thermal r t a ~  
bility in the absence of tracer of moisture and nuclea~hi ler . '~~ Just as unex~ected war the course of the thermal decornoorition 
.~UW l o r m i  curw i.ons r l  tne tnerma O~COIIIPOW on of  me umuamantr tnoaa a2 cane o ox o r  br 160-1 10 C or< of 5. 

l o r  a ox ae reprerenteo on y J ir nor IXSIO 1U-15 ' . ACIA t .  c edvage of rnr h-kuand to a d  rac ca nrowrn nawa t70- 
80 %). The diradical abrtracred hydrogen from the solvent thereby being reduced to the rulfamide. The presence of solvent d e ~  
rived radicals war confirmed by observing solvent "dimerr", e.g. fram 2. 4. 6-trimethylbenzene. In contrast, the thermalyrir in 
wet benzene or in ethanol already accured at 8 0  "C producing mainly the amalkane. Thus. water or ethanol reacted with the 
thiadiaziianedioxideand thereby simulated a thermal [2+11 cycloreverrion into rulfur dioxide and a~oalkane.'~' 

A logical consequence o f  the foregoing experiments war to try our fortune with the thiazirane dioxides that apparently had in- 
tetvened in 1 Jeliminationr of a-halorulfonamides studied some 40 years ago8'. 

However. our effortsz8' as well as those of Sheehan and coworkersw1 were frustrated bv bath the thermal labilitv of the 
proposed thiarirane dioxide intermediates and the inaccessibility of suitable precursors to hopefully mare stable examples. We 
again chore as the mart promising candidate the three-membered ring substituted by two terr-butyl groups, but we failed to 
effect ringclosure of the readily available N-chlororulfonamide as precursor. On the other hand, the presumably more suitab- 
le precursor, viz. the uchlororulfonamide, defiedallourattemprat ryntherir.Thirdilemmademandedafundamentally different 
approach. A potential alternative route war 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 rulfene as intermediate3'1. We 
just had to replace the wlfene by an N-sulfonylamine generated by hydrogen chloride elimination fram a sul fam~ylchlor idd~~ . 
I t  war gratifying to establish the close analogy between rulfener and N-sulfonylaminer in their reaction with diazoalkanes. 

If the work-up temperature was kept below -30 "C in the reanion of rerr-alkyldiazomethaner withN-rert-alkyl-N-rulfonyla- 
minder, the isolation of thermally labile thiazirane dioxides war accomplished in moderate yieldsz8'. The only reaction so far 
ObseNed has been the quantitative firstilrder decomposition at 25 "C into sulfur dioxide and the corresponding aldimine. This 
thermal lability made the chemistry of thiarirane dioxides somewhat uninteresting. A kinetic study33' revealed an almost li- 
near increase of the logarithm of the firrtilrder rate constant with the Dimroth-Reichardt solvent parameter ETJ' [ k ,  = 0.90. 
104sec.' in hexanq27.7 . 1 0 4 ~ e c '  in methanol at 25'CI. 

STAUDINGER and PFENNINGER 1916 
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For a cornpariron of the relative reactivity of the three-membered rings having sulfur dioxide as a ring member, the di-rert~bu~ 

tylthiirane dioxide war required. The Staudinger.Pfenninger reaction between tert-butyldiazomethane and sulfur dioxide 
offered a good opportunity to prepare the missing link; only a single starting material was required"'. Therefore, we explored 
the seemingly well known reaction between diazoalkaner and sulfur dioxide3% In virtually all previous investigations of the 
Staudinger~Pfenninger reaction, as well as the reaction of diazoalkaner with rulfener generated from sulfonylchloridei"~. a re- 
markable dichotomy was observed. Aryl-substituted and monoalkyl-substituted d~aromethaner inevitably yielded thiirane 
dioxides andlor alkener as products which were farmed via stereospecific decomposition of the intermediary thiirane dioxides. 
Also small amounts of arinee were formed. On the other hand, dialkyldiaraalkanes afforded only 2.5-dihydro-1.3.4-thiadiarol 
dioxides in a [3+2lcycloaddition. 

Ten-butyldiazomethane. however. surprisingly gave both types of products. This prompted a mechanistic We found, 
that the ratio of three-membered to five~membered ring war not influenced by the reaction temperature but depended on r o l ~  
vent polarity. The increase in the latter parameter favored formation of the three-membered ring over the 13+2jcycloaddition 
product. In contrast, the cidtrans ratio of the thiadiazol dioxider remained virtually unaffected. Most probably, both types of 
products do not arise from a common (dipolar) intermediate. Since sulfener parser, two low lying-empty MO'r of different 
symmetry but similar energys1, it is tempting to attribute the dichotomy of the rulfenediazoalkane reaction to the existence 
of these vacant wlfene orbitals. Whatever the mechanistic truth, the possibility of guiding the came 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 ringsof this paragraph have by no means been fully  ex^ 

plored. Mutatis mutandis, future experiments can be anticipated to disclose yet unknown systems. Most probably, a consider- 
able pan of the synthetic potential of  the few simple, verratile reactions has still to be uncovered for the enrichment of the 
three-membered ring chemistry containing the elementraf the higher periods. 
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Nitrogen Analogs of Methylenecycloprapane 

After the foregoing excursion into areas of small-ring chemistry which undoubtedly have an "inorganic" flavor I would like to 
return to "pure organic" three~membered rings. For several years we have been and still are engaged in a study of nitrogen a n a ~  
lags of methylenecyclopropane which offered many opportunities to solve synthetic problems. 

Already in 1951, the first heteraanalog of  methylenecyclopropane was found fortuitously by Pollard and Pa r~e l l ~ ' ~ .  who treat- 
ed 2-bromoallylaminer with sodium amide in liquid ammonia. The correct methylenazirane structure war only assigned some 
years later b y  Ettlinger and ~ennedy"' and by Bottini and ~oberts? We had realized that an heating methylenaziraner re- 
arranged to the thermodynamically more stable cycl~propaniminer~~'. Thus, methylenaziraner could serve ar precursors to 
those of their carbacyclic isomers which are otherwise only accessible with difficulty. In addition, we were intrigued by the 
rtereachemistry and the mechanism of  the thermal methylenazirane to cyclopropanimine rearrangement4". As a conrequence, 
we explored the scope and limitations of  the Pollard.Parcel1 methylenazirane r y n t h e s i ~ ~ ~ ~ ~ !  A few eexamples may serve to 
show that ra far the synthesis is only limited by theaccessibility of the starfing material. I f  !EI/(Zl~iromerirm occurred in the 
starting material then the stereochemistry war critical.Thur,anly the IEI-bromaallylaminer afforded methylenariranes, where- 
as  in the care of the (21-bromaallylaminer. trans-1.2-elimination of hydrogen bromideto yieldalkyner~asthefarterprocess.~". 
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The range of methylenaziranes could be canriderably expanded by rubrtitutian at the three-membered ring of  readily y available 
methylenaziraner via lithiation and conrecutive quenching with e le~ t roph i l e r~~  431. Using SeebachP chiral auxiliary reagent 
IS,SI-I+)-l.4-Birldimethylamina)-2.3-dimetho~yb~tan [I+)-DDBl*', it was possible via this sequence to introduce a  chi^ 
ral center a t  the ring and this revealed the inversion of configuration at the migrating carbon in the thermal rearrangement to 
the irameric cyclopropanimine"'. Finally, the readily available methylenaziraner rubrfitufed a t  the ring carbon may be  re^ 

arranged thermally to the more stable isomers rubrtituted at the exocyclic double bond"0a21. In summary, the interesting che- 

mistry of the highly reactive methylenaziranes can now be explored with a much broader range of easily synthesized examples. 

R E-X % 
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If one focusrer on the functianal group attached to the arirane ring,aziranimines may be regarded as intermediate between me- 
thylenaziraner and the well~known azirananes (o- lac tam~)~~ ' .  On theother hand, if the azarubrtitution of methylenecyclopro- 
pane receives priority, then aziraniminer fall structurally between methylenaziraner and diaziranimines as reference hide infra). 
We were mainly intrigued"' by the latter resemblance since i t  suggested the possibility of an interesting, similar thermal re or^ 

ganirationq7'. The synthesis of aziraniminer war easily accomplirhed by a base-induced 1.3-elimination of hydrogen bromide, 
which already had proven the method of choice in the preparation of az i ranone~~~ ' .  However, unlike azirananer, the aziranimi- 
ner offered stereo- and regiareleaivity problems. At low temperature, the kinetically controlled product of the ring-closure of 
a-bramoamidines war the aziranimine in the 12)-configuration (> 90% rterease~ectivityl"~. If the nitrogen atamr carried dif- 
ferent rubstituentr, regiaselectivity of the 1.3-elimination came into play. Far reasons not really understood (probably rteric 
in nature), at this point in some cases a moderate, temperature dependent regiarelecitvity war abse~ved"~. while other a-bro~ 
moamidiner rhowed a 100% regiorelective ring-closure4". Thus, a wide range of aziranimines with the same ordifferent rub- 
nituents a t  the nitrogen atoms could readily be synthesized. Aziraniminer differ considerably with respect to thermal stabili~ 
ty  which mainly depends on the rubrtituentr. A t  one end of the stability scale we found that the extremely labile 1-(2.4,6- 
trimethylphenv1)aziranimine decomposer at just above 0 "C via a [2+1 lcycloelimination into terr~butylirocyanide and 2.2-di- 
methylpropylidene-2.4.6-trimethylaniline At  the other end of the rcale the rather stable adamantane lspiralaziranimine a l ~  
lowed a kinetic study of its thermal reorganizatioo between 140 and 170 OC. The structure of the adamantane (rpiro,aziranimi~ 
ne war confirmed by X-ray crystallography4". 



One threefoldazarubrtitution of themethylenffyclopropane thesymmetry of the molecular skeleton i s  restored. Thur,onearriver 
at the diaziraniminer which reveal themselves to be the most interesting nitrogen analogs of methylenecyclapropane. In view of 
both the methylenecyclopropane rearrangement and the weakness of the N-N~bond, weoriginally had hoped to find fluxional 
structures even in this class of compounds. While we could establish degenerate as well as nondegenerate isomerizationr of di- 
a ~ i r a n i m i n e r ~ ~ ' ~ ~ ,  the energy barriers were found still too high for the observation of dynamic nmt phenomena. 

In the ryntherir of diariraniminer we followed a well-worn path which had its origin at the turn of the century. A t  that time, 
Schestakow treated urea with sodium hypochlorite and sodium hydroxide to iralste hydrarine derivativesm'. It war not until 
1970 that Ohme and Preuschhof5" proved that Schertakaw had probably discovered thearchetype of diazirane 
Actually, two mechanisms seem ta operate in Schestakow's hydrazine synthesis. Almost as much time elapsed before the first 
diaziranone war isolated by Greene and Stowell in 1964"'. While we were engaged in the rynthesisaf stable d ia~ i ran im ine r~~ .  
the intervention of diaziraniminer in the bare-induced rearrangement of guanidines with good leaving<roupr to remicarbarides 
war confirmed by '5N-labelling experimentsn'. In fact, the Schenakow reaction could be easily adapted to the ryntheris of 
d ia~iraniminer~. 49'.  Thus, treatment of trialkylguanidiner with rerr-butylhypochlorite. followed bypotassium rerr-butoxide. 
afforded trialkyldiaziraniminer in goad yields. In contrast to diariranones, the stability of which under the conditions of for- 
mation critically depended on the presence of terr-alkyl groupsY1, diaziranimines may even carry three primary alkyl groups. 
Contrary to an earlier reportn1, N-chlorination of guanidines substituted by a keto or ester group, followed by treatment with 
base, did not yield diaziraniminer; instead five-memberd heterocycles were formed%'. In contrast, this sequence could be a p ~  
plied to the ryntherir of anN-~4-methylphenylsulfonylliminodia~irane~'~ 

SCHESTAKOW 1903 
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When the uuanidine mecursor is not rvmmetricallv wbRituted. then a reuiorelectivitv ~rob lem ir anticioated and mixtures o f  . . 
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 atom of thesuanidine. By "ring hvdroxvsuanidine 0-sul- . . . . 
tonic acidr obtained from symmetrically substituted carbodiimider we realized high yieldr of isomer-freediaziraniminer under 
extremely simple reaction conditions. Even the somewhat unstable trimethyldiaziranimine war available by this method, al- 
beit only in low yield. Using hydroxyguanidine O~sulfooic acidr obtained from unrymmetrically substituted carbodiimider, the 
direction of ring-closure war found to vary depending mainly an the concentration of bare, to a minor extent on the solvent 
(methanol or water). but not on the temperature or the nature of the alkali metal cation4s1. 

0 0 
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product ratio 

Me 30 % KOH in methanol 74 1 : 99 
Me 2 N Na,CO, in water 82 22 : 78 

tBu 40 % KOH in methanol 81 15 : 85 
tBu 1.5 % KOH in methanol 88  73 : 27 

Quite unexpected rearrangements were observed, when the synthesis of awl-substituted diariraniminer war attempted491. Star- 
ring frow N-avl-N-hydroxwuanidine 0-wlfanie aeidr, only low yieldr o f  diarirane-N-arylimines were obtained. The major 
products were 2aminobenzimidazolerand 3-aminainda2oler.The isomeric 1-aryldiariraniminer 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 rubrtituentr, formation of the 3-aminoindazole predominated. 2.4-Alkyl rubrtitution directed the course of 
the reaction towards 2-aminobenzimidazoler. In bath cases, the diazirane-N-awliminer remained as minor product, however. 
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Deuterium~labelling of one of the rerr~butyl groupsof the hydroxyguanidine 0-sulfonic acids revealed thatcompletescrambling 
had occurred during formation of all products. The irolated diaziraneN-arylimines were rtable under the reaction conditions. 
Thus, they iromerized only above 50 "C to the five-membered ringr which were produced in a similar ratio to that found in the 
bare reaction of the hydroxyguanidine Osulfonic acids. Therefore, the 2-aminobenzimidazoles as weil as the 3~aminoindazoles 
seem to be formed by iromerization of the apparently very labile, elusive l~aryldiariraniminer. 

Blocking both ortha positions of the benzene ring by methyl groups dramatically changed the picture. Now only smallamounts 
of a benzimidazol derivative with sacrified aromaticity resulted from the basereaction of hydroxyguanidine 0-rulfonic acids. 
BY far the major products were fairly rtable diaziraoe-N.aryliminer. Again, deuterium-labelling demonstrated complete rcrambl- 
ing of the rert-butyl groups during product f~rmat ion'~l .  

In the base-reaction of an N,N'diphenyl~N-hydroxyguanidine O.rulfonic acid, no conditionr could be found which led to the 
detection of diaziraniminer. In fact, the ringdosurer involved one of the nitrogen atornsnor bearing the leaving group with an 
ortho position of a phenyl ring or even an ortho carbon atom of each phenyl ring, giving rise to the formation of an aminadi- 
benzo-19diarepine. Again, the concentration of base influenced the product ratio in an unpredictable way. If the onho pari- 
t iom of the phenyl ringr were substituted by methyl groups, attack of a nitrogen atom at an aryl ring war not prevented; only 
the bond formation between the aryl ringr was suppressed, thus excluding the formation of an aminadibenzo-1.3-diarepine 
derivative. Apparently, the driving farce for the reaction can override the aromaticity of only one benzene ring% 

In summary we note that aryl ringscampiicate the thermal reorganization of diaziraniminer considerably. The system acquires 
eapy, alternative opponunities of rearranging to larger ringr through a labyrinth of most probably diradical-type sigmatropic 
paths. 

Ar a result of our synthetic efforts in the field of the nitrogen analogs of methylenecyclopropanes. cyclopropaniminer, azira- 
niminer, and diaziraniminer have been uncovered. Furthermore, the range of available methylenariraner has broadened con- 
siderably. Future experiments may lead to a more thorough understanding of the chemistry of there highly reacfive ryrfemsar 

well as  to synthetic and other applications. 

base product ratio 

40 % KOH in MeOH 85 15 

2 N NaOH in H20 30 70 

KOH - 
52 % 



Photochemical Formation of  Heteroanalogs of Methylenecyclopropane 

SO far. I have dwelt upon the application of old synthetic principles, e,  g. the 1.3-elimination, for the preparation of  new 

Systems. The obvious limitation of the traditional synthetic methods, viz. the inaccessibility 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 il a very clean and selective reagent, i i l  very mild reaction conditions such ar low temperatures and 
inert media, and finally i i i l  the formation of inert by~productr. Presumably a photo-extrusion reaction promired to meet there 
stringent requirements. Moreover, we hoped to employ the powerful matrix-isolation technique to provide evidence far the 
hetero-counterpans of the fascinating trimethylenemethane diradicalrSB'. 

As anticipated, tetrazolines with an exocyclic double bond rapidly lost nitrogen on photolyris, producing heteroanalogr of 
methylenecyclopropane. except when X = sulfur which afforded carbodiimide and sulfursg'. This reaction allowed for the 
first time the synthesis af diariranones, substituted by groupr other than tertiary alkyl groups. From methylenetetrazalines. 
iminoaziraner were formed preferentially in the thermodynamically more stable IE)-configuration, This is in striking contra* 
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to  the results of the 1.3-elimination of hydrogen bromide from a-bromoamidines which afforded stereorelectively (2)-azirani- 
min&. 

Iminotetramlines underwent an undesired photochemical [3+2]cycloelimination into carbodiimide and alkyl azide as minor 
produnr besides 10% of nitrogen with ring-closure to the diaziranimine as major product. In the photolyrir of iminotetra- 
zaliner, an intriguing quenion concerns which of the three nonequivalent nitrogen atoms of the iminotetrazoline formed the 
N-N-bond of the product". As conceivable contrasting pathways of product formation we consider the lean motion path and 
the completely randomizing ringclorure via diradicalr. The latter alternative war suggested by the detection of triplet state 
trir(imino1methane diradicalr during the matrix photolyris of iminotetrazoliner at liquid nitrogen temperature6". 

product ratio 

R (El : (21 

CD3 23 6 71 

tBu 4 7 89 

/ product ratio 



We approached thir mechanistic problem by photolyzing labelled iminatetrazoliner at -60 "C and determining the product 
ratios by ' H nmr spectroscopy at the same temperature, thus avoiding planar nitrogen inversion ar well ar rearrangements via 
1,3-nitrogen-$hift~~~~. The substituents of the iminotetrazolines lie in the plane of the molecule. Therefore. during N-N-bond 
formation, leading mart probably to the mare stable trans-1.2-substituted iminodiaziraner, the rubrtituentr at the participating 
nitrogen atomr must rotate by 90" out of the molecular plane. In principle, only threedifferent iminodiaziraner can bean ti^ 
cipated to arise from an iminotetrazoline labelled at only one nitrogen atom, vir. constitutional isomers, one of which may 
exist as lE.Zl~diartereomerr. Already a cursory inspection of  the product ratios obtained from bath mono-labelled iminotetra- 
roliner revealed immediately that no randomization of the label had occurred during photolysir. Thus, statistically equilibrat- 
ing diradical intermediates cannot be involved. Photolyris of the symmetrically substituted, labelled iminatetrazoline displayed 
a pronounced preference for N ~ N ~ b o n d  formation involving the enocyclic nitrogen atom of the precursor. Furthermore, the 
least motion path led only to a minor fraction of the product mixture Ithe symmetrically substituted iminadiaziranel. In the 
photolynia of  the unsymmetrical, mono-labelled iminatetrazoline the (El-iminodiazirane can result in two ways. There are the 
least motion path and the ringclosure between the exocyclic nitrogen atom and the ring nitrogenatom standing trans to the 
imino subrtituent. Therefore, distinction of  the two latter modes is impossible in the photolysis of the unrymmetrical, mono- 
labelled iminotetrazoline. However, the large fraction of the symmetrically substituted iminodiazirane points to the preference 
of bond formation involving the nitrogen atoms with sterically interacting substituents. 

In order to be able to draw more definite ~ 0 n d u s i o n ~  concerning the siteof ring-closure, we photolyzed a triply labelled imino- 
tetrazaline which war locked in the (Elcanfiguration, ar evidenced by the ' H nmr spectrum which rhowed the presence of 
only one diastereomer. In  principle, all three possible modes of  N ~ N ~ b o n d  formation might be mechanistically distinguishable. 
In thir photolyris, formation of  three IE.Z)diartereomeric pairs of constitutional isomers, hence sin different iminodiaziraner, 
might be anticipated. Actually only three, e. g. the IEIdiastereamers, arose in a ratio close to 1 : 1 : 2, indicating indeed a pre- 
ference of  band formation between the nitrogen atomr with sterically interacting rubrtituentr"'. 

Stimulated by the photochemical results obtained with the tetrazolines with an exocyclic double bond, weturnedourattention 
to analogous p y r a ~ o l i n e s ~ ~ ~ ~ ~ .  Although the photolyrir of  4-methylenepyrazoliner had been studied in considerable detailM1, 
almost nothing war known about the photolysis of the corresponding pyrazoline-4-ones, pyrazoline-4-thioner, and 4-imino- 
pyrazoliner. As we expected thermally labile products in the phatolysis of 4-iminapyrazoliner, we initially photolyzed at  rub^ 
ambient temperatures, using intense light sources above 340 nm6". However, under these conditions the 4~iminapyrazolines 
turned out to be very reluctant to undergo photolyris. After five hours of irradiation at 5-C, only 6 % o f  a cyclopropanimine. 
besides small amounts of the rather unexpected reduction product of the 4-iminapyrazoline, had formed. In  striking contrast, 
at 90 'C, photolyrir war rather efficient, producing 87 % of the cyclopropanimine ring within only two hours. We tentatively 
interpret there rerultr in terms of an anivation barrier to nitrogen 10s from the excited singlet rtate. Formation of  the  re^ 

duction product might involve the triplet state. 

From the photolyrir of the pyrazoline-4-thione we had hoped to learn something about the elusive cy~lopropanethione~. 
However. at liquid nitrogen temperature the pyrazoline4-thione proved perfectly stable towards irradiation with intense 
350 nm light. A t  higher temperatures, photolysis afforded the known tetramethylmethylenethiirane65'. 



HREROCYCLS. Vol  14, .No 10. 1980 

s 
h v ,  350 nm 

-60 - +90°c 
N=N 

7 4  % 

Finally. I would like to turn to a long-standing enigma. Already 15 years ago, the tetramethylpyrazolin4-one had beenderigned 
by Mock ar a precursor t o  tetramethylcyclopropanoneffi'. However, it turned out to besurprisingly stable towards both ther- 
molysir and photolysis, the quantum yield of itsdecomposition by 313 nm light being only 0 .012~ ' .  Now we found that two 
photochemical cycloreversionr competea' A [4+l]cycloreverrion into carbon monoxide and acetone azine and a 13+2]cyclo- 
reversion producing nitrogen and most probably tetrarnethylcyclopropanone, which is cleaved further into carbon monoxide 
and 2.3dimethyl-2-butene. In fact, the tetramethylcyclopropanone could be trapped as hemiketal during photolyris in metha- 
nol as ~o lvent~" .  Apparently, low temperature and rolventr of higher polarity favor cyclopropanone formation. 



solvent temp. "C product ratio 

10 63 37 

In nriking contrast to the results of photolysis employing conventional light sources, 185 nm photolysis of the tetramethvl- 
pyrazolin4-me produced the same o.8-unsaturated ketonem' which is formed on pyrolyrir of tetramethylcyclopropanane on 
a GC column"'. Flash thermolyrir of the tetramethylpyrazolin4+ne afforded both 2.3dimethyl-2-butene and the ketone in 
ratios ranging from 3 : 7 at 400 "C to 6 : 4 at 10W "Cml. 

The foregoing results leave no doubt that the photoextrusion of nitrogen from five-membered ringr with an exocyclic double 
bond opens an entry to several energy surfacer, which embrace ensembles of highly reacfive, elusive species as well as stable 
moleculer. 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 thir summary many new reactions were discovered which could not 
be covered in the present report because of space limitation. Also, a number of loare ends need yet to be tied together, e. g. 
logical extensions, old but unanswered quenionr, and emerging new problems, all of which merit further attention. In comply. 
ing with one of the general topics of this colloquium. I have tried to emphasize mme synthetic aspects of three-membered ring 
chemistry. Unlike the complicated targets of organic syntheses that deserve most elegant and elaborate, highly sophisticated 
strategies, the synthesis of small ringr 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, whore namesare mentioned in 
the references. I t  was their dedicated and skilled experimental work which resulted in the discovery and exploration of the 
areas of three-membered ring chemistry covered in thir report. Last not least, generous financial support by the Deursche For- 
schungsgemeinschafr and the Fonds der ehemischen lndusfrie is gratefully acknowledged. 
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