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KARL R.  KOPECKY and Josi  SOLER. Can. J .  Chem. 52, 21 11 (1974). 
Reduction of 3,6-diphenyl-2,3,4,5-tetrahydropyridazine with sodium amalgam in ethylene 

glycol at 130" produces a I : 2  mixture of cis- and ~rans-3,6-diphenylpiperidazine (cis- and trans- 
4) from which ~rans-4 was obtained by fractional crystallization. Oxidation of cis- and trans-4 
with oxygen gave cis- and trans-3,6-diphenyl-3,4,5,6-tetrahydropyridazine (cis- and traris-1). 
For thermolysis of trans-1 at 62.5' E, = 25.3 f 1.1 kcal/mol and AS* = 0.4 f 3 e.u. At 63" 
the relative yields of styrene, cis- and trans-l,2-diphenylcyclobutane (cis- and trans-7) formed 
from cis-1 are 55.3, 30.1, and 18.6% and those formed from trans-1 are 59. I, I .7, and 39.2%, 
respectively. For the 1,4-diphenyl-l,4-butadiyl diradical from thermolysis of cis-1 k,l,,,/k,., = 
1.1 and k,,,/k,,, = 1.5 whereas for that of rraru-1 k,l,,,/k,,, = 10 and k,,,/k,,, = 14. At 205" 
cis-7 decomposes to yield a 4.8: 1 ratio of styrene:trans-7. This is near the ratio expected if the  
initial geometries of the diradicals produced from cis-1 and cis-7 are similar. 

KARL R .  KOPECKY et Jos i  SOLER. Can. J .  Chem. 52, 21 11 (1974). 
La reduction da la diphenyl-3,6-tetrahydro-2,3,4,5-pyridazine avec I'amalgame de sodium 

dans 1'Cthylene glycol a 130" donne un mtlange de cis- et trans-diphenyl-3,6-piperidazine (le 
cis- et trans-4) dans le rapport 1 :2. A partir de ce mtlange le tratu-4 a etC obtenu par crystalli- 
zation fractionnee. L'oxidation du cis- et trans-4 par I'oxygene donne le cis- et tratts-diphenyl- 
3,6-tetrahydro-3,4,5,6-pyridazine (le cis- et trans-1). Pour la thermolyse du trans-1 a 62.5" o n  
a trouvt E, = 25.3 f 1.1 kcal/mol et AS* = 0.4 rt 3 cal/mol. A 63" les rendements relatifs d e  
styrene, de cis- et ~rarrs-diphenyl-l,2-cyclobutane (le cis- et trans-7) formes a partir du cis-1 
sont 55.3, 30.1 et 18.6% et ceux, formes a partir du trans-1, sont 59.1, 1.7 et  39.2% respective- 
ment. Pour le diradical diphenyl-1,4-butadiyl-1,4 provenant de la thermolyse du cis-1 on a 
obtenu k ,,,,,,, /k ,,,,, ,,, = 1.1 etk,y,lirullon/krola,,an = 1 .Set pourlediradical provenant du tratu-1 
les valeurs sont k ,,,,,,, /k ,,,,, ,., = 10 et kc, ,,,,,, ,,,/k ,,,,,,.. = 14. A 205" le cis-7 se decompose 
en donnant un melange de styrene:trnrrs-7 dans le rapport 4.8: I .  Ceci est presque le rapport 
attendu si les gComttries initiales des diradicaux produit a partir du cis-1 et du cis-7 sont 
voisines. 

Recently, cis-3,6-diphenyl-3,4,56-tetrahydro- 
pyridazine, cis-1, was prepared and thermolized 
in connection with a study of the mechanism of 
the thermal initiation of styrene polymerization 
(1). Because of interest in the stereochemistry of 
azoalkane decompositions (2) and in reactions 
of 1,Cdiradicals (3) trans-1 has been prepared 
and thermolyzed. The relative rates of rotation, 
cyclization, and decomposition to styrene of the 
1,4-diphenyl-l,4-butadiyl diradicals derived from 
cis- and trans-1 can be determined now. 

Results 

The preparations of trans-1 and of related 
compounds are outlined in Scheme 1. Of the 

several methods which were used to reduce 3,6- 
diphenyl-2,3,4,5-tetrahydropyridazine 3 the one 
which gave the most useful yields of trans-3,6- 
diphenylpiperazine, trans-4, was treatment of 3 
with sodium amalgam in ethylene glycol at 130'. 
A mixture containing cis- and trans4 in a - 1 :2 
ratio together with unreacted 3 was formed. This 
mixture could be separated readily by chroma- 
tography of the monocarbomethoxy derivatives, 
cis- and trans-1-carbomethoxy-3,6-diphenyl- 
piperidazine, cis- and trans-5, and 2-carbometh- 
oxy-3,6-diphenyl-2,3,4,5-tetrahydropyridazine 6 
which were formed by treatment of the crude 
reaction mixture with methyl chloroformate. Sa- 
ponification of cis- and trans9 followed by de- 
carboxylation afforded the pure hydrazines. 

'Presented at the 56th Canadian Chemical Conference T - , ~ ~ ~  were oxidized readily by oxygen to the azo 
of the Chemical Institute of Canada, Montreal, Quebec, 
June. 1973. Abstract 212. compounds. Pure trans-4 could be obtained also 

Z ~ h i ~  research was s u ~ ~ o r t e d  in oart bv the National from the reduction of 3 by fractional crystalliza- 
Research Council of ~ a i a d a .  tion. 
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( 1 )  H2-Pt 
N/C02C2H5 ( 2 )  KOH. A 

(3) CH3C02H 

e; c5 - N 

C02C2H5 - 

C6H5 
( 4 )  0 2  

C6H5 C 6 ~ 5  

(1) KOH,A 
(2 )  CH3C02H 
(3) NaOH I 

Examination by t.1.c. of the crude mono- 
carbomethoxy derivatives cis- and trans-5 ob- 
tained by treatment of the hydrazines cis- and 
trans-4 separately with methyl chloroformate 
showed that each isomer, and, therefore, the 
corresponding azo compound, was contami- 
nated with undetectable amounts (<0.5%) of 
the other. 

The assignment of stereochemistry to cis- and 
trans-1 is based on the assumption that the 
Diels-Alder adduct 2 of trans,trans-l,4-diphenyl- 
1,3-butadiene and diethyl azodicarboxylate, in 
which the phenyl groups are cis (4), is converted 
without isomerization to cis-1. Therefore, the 
isomeric azo compound, which is obtained from 
the major product of the reduction of 3, must 

be trans-1. In support of this conclusion the 
n.m.r. spectrum of trans-1 has a much more 
simple pattern than does that of cis-1 as would 
be expected from the higher symmetry of trans-1. 
The spectrum of trans-1 has a sharp singlet for 
the phenyl protons at T 2.7 and one set of signals 
for the methylene protons centered at z 8.1, 
whereas that of cis-1 has two broad multiplets 
for the phenyl protons between z 2.4 and 2.9 and 
two sets of multiplets for the methylene protons 
centered at  T 7.9 and 8.7. 

The rates and activation parameters of ther- 
molysis of cis- and trans-1 given in Table 1 
indicate that trans-1 thermolyzes about 5-6 
times as rapidly as does cis-1. T h e  difference in 
the rates of decomposition of cis- and trans-1 is 
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KOPECKY AND SOLER: 1,4-DIPHENYL-I,4-BUTADIYL DlRADICALS 

TABLE I .  Kinetic data for thermolysis" of cis- and trarls-1 in ethylbenzene 

Temperature kobs x lo4 k,,,, x lo4' 
Compound ("c) 6 - I )  % N2 % 3b (s-') 

'For cis-1 at  79.5" AH* = 26.7 k 1.2 kcal/mol, AS* = 2.4 k 4 e.u. (1) .  For trans-l at 62.5" AH* = 24.6 i- 1.1 
kcal/rnol, AS* = -0.4 k 3 e.u. 

bDelermined from the u.v. spectrum of  the solution after thermolysis. 
Ck ,,,, = k,,, x 0.01 %-hydrocarbon. 
*Solvent contained 2% ethyldiisopropylamine. 
CExtrapolated. 
!From ref. 1. 

TABLE 2. Product distribution in the thermolysis of cis- and trarzs-1 in benzene 
- 

Relative yields (mol %)" 

Compound Temperature ("C) Styrene cis-7 trans-7 

OThe values are averages of at least two separate runs, each analyzed in triplicate. Errors are esti- 
mated to be i 0.5%. 

bTemperature of the injection port of  the gas chromatograph into which solutions of cis- and 
tra~is-1 were injected. 

greater than has been observed with diastereo- 
meric pairs of acyclic azo compounds (5). The 
enthalpies of activation for the thermolysis of 
cis- and trans-1 and that (27.5 kcal/mol) of 
trans-3,5-diphenyl-1-pyrazoline (6) are consider- 
ably lower than that (32 kcal/mol) of the acyclic 
analogue 1,l'-diphenylazoethane (7). It may be 
that the factors which cause acyclic cis azo 
compounds to thermolize much more rapidly 
than their trans isomers (8) also affect the 
thermolysis of these cyclic azo compounds. 

The product distributions obtained on thermo- 
lysis of cis- and trans-1 are given in Table 2. 
That of cis-1 agrees well with values obtained 
previously (1, 9). Styrene and cis- and trans-1,2- 
diphenylcyclobutane, cis- and trans-7, account 

I 

for >98% of the starting materials in each , case. A small amount, <0.5%, of another 
product, reported to be I-phenyltetralin (9), was 

I detected from both isomers but not identified. 
I In addition, - 1% of hydrazone was formed in 
I 

C6H5 
cis- 7 trans- 7 

those reactions which were carried out in 
solution at 133 and 63". 

The thermolysis of cis-7 produces styrene and 
trans-7 (10). These experiments were not made 
under conditions suitable for comparison with 
the results of the thermolysis of cis- and trans-1 
so that the thermolysis of cis-7 was reexamined. 
At 205" in benzene the decomposition of 0.1 M 
cis-7 is 45% complete after 1 h. The ratio of 
styrene to  trans-7 is 4.8 and falls slowly to 4.7 
after 9.5 h when 2% of cis-7 remain. This ratio 
of styrene to trans-7 is somewhat higher than the 
reported ratio of -4: 1 obtained at 165" (10c). 
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2114 C A N .  J .  C H E M .  VOL.  5 2 ,  1974 

The rate of disappearance of cis-7 at 205" is 
- 1  x s- '  which compares well with a 
value of 1.1 x s- '  calculated from the 
reported activation parameters (10c). Control 
experiments showed that after 1 h at 205" 
negligible amounts of trans-7 would have 
decomposed to styrene and that negligible 
amounts of styrene would have polymerized or 
dimerized to trans-7. 

Discussion 

Thermolysis of cis- and trans-1 

properties very similar to the material formed 
initially from cis-1. If the same initial diradical 
were produced from thermolysis of both cis-1 
and cis-7 one can predict from the data in Table 
2 that the ratio styrene: trans-7 formed from 
cis-7 at 205" should be -5.1. This is quite close 
to the actual value of 4.8. Thus, it is quite likely 
that all the products of thermolysis of cis- and 
trans-1 are formed by way of 1,4-diphenyl-1,4- 
butadiyl diradicals. The calculations below as- 
sume that these are formed directly by simul- 
taneous cleavage of both C-N bonds. 

Although the styrene produced from ther- 
molysis of cis- and trans-1 might be formed by a Reactions of the Diradicals 

concerted, thermally allowed route (1 1) cis- and The diradicals formed 'lea'- 

trans-7 definitely are not formed in the same way. age of both C-N bonds will have initial con- 

There is only a small effect of temperature on the formations at least those given in 

ratio of cleavage to cyclization products in the Scheme 2. That formed from thermolysis of 

thermolysis of both azo compounds~ This would cis-7 will have the initial conformation as shown 

be unlikely if the styrene were formed by a for cis-DR. It is most probable that the ratio of 

concerted route directly from the azo compounds conformers of trans-DR formed by intercon- 

while cis- and trans-7 were formed by another version of cis-DR is different from that formed 
pathway. Such different modes of decomposition directly from trans-' and that these two 'On- 

would very likely have quite different activation formers undergo the several reactions indicated 

parameters. Thus the azo compounds appear to with somewhat different rate constants. The 

decompose by only one path. Recent evidence relative rates of interconversion, cleavage, and 

for one bond cleavage in certain azo compounds cyclization given in Table 3 were calculated (14) 

(86 and c, 12) makes it necessary to consider such with the assumption that both conformers of 

a process here. There is evidence from the effect trans-DR undergo these reactions with the same 

of pressure on the rate of thermolysis of cis-1 rates. This may distort the values of the relative 

that both C-N bonds are breaking simul- rates a bit but there seems to be no  other way of 

taneously (9). Also, the relative amounts of cis- handling the data. However, this should still 

and trans-7 formed from the two azo compounds allow a good comparison of the relative rates of 

indicate that these materials are not formed by reaction of cis- and trans-DR to be made. 

intramolecular radical displacement of N, (13) The rate constants k ,  and k, are the rate 

in a species, such as 8, in which only one C-N constants for the interconversion of one di- 
radical into the other. Since rotation about either 

bond is broken. Otherwise, one might expect 
more trans-7 to be formed from cis-1 than is 
observed since this would require fewer overall 
rotations than would the formation of trans-7 
from trans-1 by such an internal displacement. 
The results from the thermolysis of cis-7 indicate 
that the diradical produced from this material, 
which cannot contain nitrogen, must have 

the C,-C, or the C,-C, bond will interconvert 
the diradicals the actual rate constants for 
rotation about one of these bonds are +k, and 
+k,. Thus, for each diradical the rate of cycliza- 
tion to the cyclobutane is faster than the rate of 
rotation about the C,-C, or C,-C, bonds by 
factors of - 14 for trans-DR and -- 1.5 in cis-DR 
at 63". The ratio of the rate of cleavage to the 
rate of rotation is k,/&k, - 10 for trans-DR but 
that for cis-DR is only k5/fk, -- I. Certainly 
the suggestion (15) that barriers to rotation 
might be greater than barriers to cleavage in 
singlet 1,4-diradicals is not generally applicable. 

For both of the diradicals the rate of rotation 
of the radical center is much smaller relative to 
the rate of cyclization (coupling) than it is for 
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KOPECKY AND SOLER: 1.4-DIPHENYL-1.4-BUTADIYL DIRADICALS 21 15 

I CsH5 
H H 

frat~s-1 - 'gH H H and/or 1 g c 6 H 5  C6H5 
l g C 6 H 5  a H CIS-1  

C6H5 H H 
H C6H5 

trans-DR 

Irons-7 Styrene CIS-7 

TABLE 3. Relative rates" of interconversion, cyclization, and cleavage of the 1,4-diphenyl-1,4- 
butadiyl diradicals derived from cis- and trans-lb 

k ~ l k s  

Temperature ("C) k , /k6  k d k s  kz /ks  k ~ / k 6  kz/ks 

nRate constants are  those depicted in Scheme 2. 
bErrors determined from estimated experimental errors in Table 2. Only values of product distributions from 

present work were used. 

1 caged radical pairs formed from thermolysis of 
acyclic azo compounds whose structures are 

1 otherwise closely analogous to those of cis- and 
1 trans-1 (26 and c). It has been suggested that 

diradicals from cyclic azo compounds cyclize 
faster than caged radical pairs from acyclic azo 

, compounds couple because the latter are born 
I with an intervening nitrogen molecule, which 
1 must diffuse away before coupling can occur, 

while the former are not (26). Superimposed on 
this could be the slower rate of rotation about 
the C,-C, and C3-C, bonds which may be 
intrinsic to singlet diradicals ( I  5). 

Another way of analyzing the relative rates of 
rotation and cyclization in cis- and trans-DR is 
by means of the retention ratios p, trans-7/cis-7 
from trans-1; q, cis-7/trans-7 from cis-1; and 
their product, pq (16). Selectivity is lost as 
temperature increases: pq = 48 at 63", 36 at 
133", and 28 at 280". The product pq derived 
from the present system is much higher than 
those derived from diradicals produced by 
alkene dimerization (3a,17) but not as high as 

1 that obtained on thermolysis of rneso- and 
1 dl-3,6-diethyl-3,6-dimethyl-3,4,5,6-tetrahydropy- 

razoline 9 (36) where pq > 1800 at 145". Steric 
hindrance to cyclization of the diradicals formed 

I 

from nzeso- and dl-9 must be as great or greater 

than that of cis- and trans-DR, especially of 
tra11.s-DR, so that it is necessary to look else- 
where for the large difference in the pq's. Two 
possible factors come to mind, both of which 
result from the stabilization of the benzylic 
diradicals by delocalization of the odd electrons 
into the benzene rings. First, such diradicals 
would be less reactive and might couple more 
slowly than unstabilized diradicals. Second, this 
delocalization could cause the alkenic contri- 
buting structure (15), for example, 10, of the 
diradicals to be less important in cis- and trans- 
D R  than it is in the aliphatic diradicals thus 
decreasing the barrier to rotation about the C,- 
C, and C3-C, bonds in the former relative to 
the latter diradicals. 

The 1,4-diphenyl-I,4-butadiyl diradical can be 
produced in yet a third way, as well as  from 
cis- and trans-1 and cis-7. Pure styrene dimerizes 
slowly to form cis- and trans-7 in a ratio of - 1 :2 at 110" (18) by a reaction which is inde- 
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2116 C A N .  J .  C H E M .  VOL.  52,  1974 

TABLE 4. Nuclear magnetic resonance spectra' of some 3,6-diphenylpyridazine derivatives 
-- . - -- .- - - .- ~. -- 

Protons 
- - --- -- - - - 

Compounds Aromatic Benzylic Methylene Other 

cis-4 2.5-2.8(m) 5.95(m,w,,, = 8) 7.9-8. I(m) N H :  6.7(s) 

2.2-2.4(m), 5.9(d of d), 7.2-7.5(m,2H) N H :  4.4(b) 
2.6-2.8(m) J = 5 . 5 a n d  8 .5  7.7-7.8 (m,2H) 

cis-5 2.6-2.8(m) 4.5(t, J= 4 , l  H), 7.5-7.9(m,2H) N H  : 5.5(s) 
6 . l ( l , J=6,  1H) 8 .O-8.3(m,2H) C H 3 :  6.2(s) 

6 2.15-2.35(m) 4.4(m,w1,,=8) 7.7-7.9(m) CH,:  6.2(s) 
2.6-2.9(m) 

- . .- - . . ~. - - -- - .. - 

Oln deuteriochloroform; chemical shifts i n  r values. J and half-widths in  Hz; s = singlet, d = doublet, t = triplet, m = 
multiplet, b = broad. 

carbon telrachloride containing some ethyldiisopropylamine. 

pendent of the process which leads t o  the thernial 
polynlerization of styrene (10c,l9). It is very 
doubtf~ll  that this dimerization can be a con- 
certed reaction (20). It has been noted ( 1 )  that 
the initial conformation of tlie diradical produced 
from styrene must be different from that formed 
from cis-1. The present results show that it is 
different from that from trans-1 as well. It thus 
appears that an extended (21) form of the 
diradical is produced initially. If this then 
converted to cis- and trans-DR with equal 
probability cis- and trans-7 would be for~iied in 
a 1 :2  ratio which is the sanie as would be obtained 
fro111 the thermolysis of equal amounts of  cis- 
and trans-1. 

It should be mentioned that theoretical 
calculations indicate that there is no energy 
minimum for tlie simple 1,4-butadiyl diradical 
between cyclobutane and two niolecules of 
ethylene (22). If such a situation were generally 
true for 1,4-diradicals calculation of the relative 
rates of reaction for such species would be 
meaningless (23). However, there is such a large 
body of data on reactions which involve 1,4- 
diradicals which can be analyzed in a reasonable 
and self-consistent manner by assuming that the 
diradicals behave as true intermediates that we 
feel justified in continuing this practice for cis- 
and trans-DR as well. 

Experimental 
Melting points were taken with a Reichert hot-stage 

melting point apparatus and are uncorrected. Nuclear 

magnetic resonance spectra were recorded on Varian 
analytical spectrometers, Models A-60 and A-56/60, and 
are listed in Table 4. Ultraviolet spectra were recorded o n  
a Bausch and Lomb Spectronic 600 spectrophotometer 
which was calibrated with holmi~lm oxide. Analyses by 
gas chron~atography were carried O L I ~  with an Aerograph 
202 gas chromatograph using a 9.5 ft x & in. stainless 
steel column packed with 20% SF-96 on 60-80 Chromo- 
sorb P. Elemental analyses were performed by Mrs. 
Darlene Mahlow and Mrs. Andrea Dunn. 

3,6- Di~~lio1yl-2,3,4,5-re/ro/iydropyridnzi11e (3) 
A solution of 32 g (0.57 mol) of potass i~~m hydroxide in 

100 ml methanol was added to IS g (0.04 mol) cis-3,6- 
diphenyl-l,2-dicarboethoxy-l,2,3,6-tetrahydropyridazine 
2 (24) dissolved in 175 ml boiling methanol. The resulting 
mixture was heated under reflux under nitrogen for 24 h 
and cooled. The white precipitate which formed was 
collected on a filter and then dissolved in 150 ml water. 
The stirred solution was acidified with acetic acid and 
stirred at 20' for -$ h. The n ~ i x t ~ ~ r e  was then made alkaline 
to  phenolphthalein with a solution of  potassi~lm hy- 
droxide. After a short while the mixture was decolorized 
with a few drops of ammonium chloride solution. The 
precipitate was filtered, washed with water, and dried to  
give7.6 gof3,  n1.p. 160-161" (lit. (25) m.p. 157-159'). 

Evaporation of the methanolic filtrate and treatment of 
the resulting solid as above gave another 1.4 g of 3, m.p. 
155-159". Total yield 95%. 

/rotis-3,6-Dipl1etiy/p@c~ridazit1e (/rotis-4) 
A solution of 20 g (0.085 n~o l )  of 3 in 1 I of ethylene 

glycol at 130" was stirred vigorously while three portions 
of 50 g (0.26 g-atom) each of 4% sodium amalgam were 
added at 20 min intervals. Stirring was continued for 30 
min after the last addition and the clear yellow solution 
was decanted from the mercury and cooled to 0" under 
nitrogen. After 3 h the precipitate was filtered and dried 
to give 5.2 g of material which was mainly unreacted 3 
together with some tratls-4. The filtrate was diluted with 
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KOPECKY AND SOLER: 1.4-DIPHENYL-1.4-BUTADIYL DIRADICALS 21 17 

700 ml of concentrated ammonium chloride solution and 
the resulting mixture extracted twice with 1 1 ether. The 
extracts were combined, concentrated, and the con- 
centrate cooled to 0" under nitrogen. The crystals of the 
hydrazine were filtered. The filtrate was successively con- 
centrated, cooled, and freed from precipitate several more 
times in this way until hydrazone3 began to precipitate. A 
total of 5.6 g, 28%, hydrazine was collected which was 
recrystallized from 1 : 1 ether-pentane to give cotton-like 
crystals, m.p. 134-135". A sample of this material was 
converted to the monocarbomethoxy derivative trails-5 
with methyl chloroformate. Thecrude product was shown 
by t.1.c. to be free of cis-5. Control experiments showed 
that 0.57" cis-5 could have been detected clearly. 

Evaporation of the mother liquor yielded 5.3 g of a 
mixture of hydrazone 3, trails-4. and oily cis-4. Total 
recovery of material was 85%. 

Hydrazine trails-4 is stable as a solid if kept at - 10" but 
in solution is oxidized rapidly by air. Samples of trails-4 
can also be separated from hydrazoneand cis-4 by column 
chromatography on silica gel using ether as eluent. 

trails-3.6- Dipl1ercyl-3,4.5 6-tet1~aI~yclropyridazirle (trails-1) 
A solution of 650 mg trails-4 in 200 1111 benzene was 

stirred in the dark under oxygen in a neutralized 500-ml 
erlenmeyer flask for 2 h. The solirtion was concentrated to 
125 ml and 300 ml heptane was added to the concentrate. 
The resulting solution was concentrated to about 200 ml 
and cooled to O" to give 285 mg yellow crystals of tratrs-1, 
sinter 80-85", m.p. 94-95" with gas evolution; h,,,,(cyclo- 
hexane) 382 nm, E 166. The absorption peak is broader, 
half width 40 nm, than that of cis-1 and an absorption tail 
extends to the visible, E,,, 0.56. 

Solid trans-1 can be stored at  - 10" for several weeks 
without change. In solution i t  is reasonably stable in 
hydrocarbon solvents if neutralized glassware is used. It 
isomerizes slowly to the hydrazone3 in methanol but does 
so within a minute in carbon tetrachloride or chloroform. 
Addition of small amounts of ethyldiisopropylamine to 
thelattersolventsstops the isomerization for at least a day. 

cis-3,6-Dip/1et1~~l-3,4,5,6-tetra/1ydrop~~ridazi1ie (cis-1) 
This material was prepared as described previously (I). 

Its properties were identical to those reported except for 
the u.v. spectrum which was now found to be ~L,,.,(cyclo- 
hexane) 377 nm, E 178, half-width 30 nm, (lit. ( I )  h,,,,(cyclo- 
hexane) 385 nm, E 363). Recently reported values of the 
U.V. spectrum of cis-1 also appear to be in error (26). As 
reported previously this material is also very readily 
isomerized to the hydrazone 3. As in the case of tram-1 
addition of ethyldiisopropylamine to solutions of the azo 
compound drastically reduces the rate of isomerization. 

cis-l-Carbo~~1rt/1osy-3,6-c/ip/1e1~yIpiperidozii (cis-5) atlcl 
tra~~s-I-Carbot11etl1osy-3,6-dig/~r~~ylpiperidazit~e 
(trolls-5) 

The hydrazone 3 (4.5 g) in 250 ml ethylene glycol was 
treated with 55 g47, sodium amalgam as described above. 
The cooled reaction mixture was poured into 250 ml 
concentrated ammonium chloride solution and the 
resulting mixture extracted with 500 ml ether. The ether 
layer was washed with 2 x 100 ml ammonium chloride 
solution, dried (MgSO,), and filtered. The filtrate was 
cooled to 0" under nitrogen, 35 ml pyridine was added 
followed by dropwise addition with stirring of 30 ml 
methyl chloroformate in 25 rnl ether. This mixture was 

allowed to warm to 20", stirred for 1 h, and filtered. The 
filtrates were washed with 3 x 100 ml saturated sodium 
chloride solution, dcied, and concentrated. The residue 
was taken up in 50 ml benzene and the resulting soliltion 
concentrated. This was repeated until the pyridine was 
removed. Finally, the oily residue was chromatographed 
on 400 g silica gel using 1 : 1 ether-hexane as eluent. First 
eluted after 3 was cis-5 which was crystallized from ether 
to give 0.8 g, 15%, of product, m.p. 61-63 ,. 

Anal. Calcd. for C l sH2 ,N20Z:  C, 72.95; H ,  6.80; N, 
9.45. Found: C, 72.69; H,  6.85; N; 9.57. 

A solution of 510 mg cis-5 and 1.0 g potassium- 
hydroxide in 5 ml ethanol was heated to reflux for 4 h 
under nitrogen, cooled, and diluted with 20 rnl water. 
The resulting solution was treated with 1.5 rnl acetic acid, 
stirred for + h, and made alkaline with potassiilm hyclro- 
xide solution, and then extracted with 100 rnl ether. The 
dried (MgSO,) ether solution was concentrated to give 
347 mg (88%) cis-4 as an oil that could not be induced lo 
crystallize. A portion of this oil was dissolved in a small 
amount of ether and the resulting solution was allowed 
to stand overnight. The precipitate which formed was 
collected, washed with cold ether and shown to be pure 
cis-1 (m.p. mixture m.p., n.m.r. spectri~m). 

Further elution of the chromatography column re- 
moved trntrs-5 and 6 together which were separated by 
fractional crystallization from ether (tt.ut1.r-5 crystallizes 
rapidly, 6 more slowly) to give I. I g (18%) of ti.ciiis-5, m.p. 
121-122%, and 0.95 g (17%) of 6. 

Anal. Calcd. for C , 8 H 2 0 N Z 0 2  (trails-5): C, 72.95; H ,  
6.80; N, 9.45. Found: C, 73.22; H, 6.79; N,  9.53. 

Using the same procedure as used for the preparation 
of cis-5, 380 mg trolls-5 was saponified using potassi~~m 
hydroxide and the resulting salt decarboxylnted with 
acetic acid. The reaction mixture was made alkaline with 
potassii~m hydroxide and the resulting precipitate 
filtered, washed with water, and dried under vacuum to 
give 280 mg (90%) of trails-4, identical (rn.p., mixt~lre 
m.p., n.m.r. spectrum) with material prepared as cle- 
scribed above. A portion of the material was dissolved in 
ether and the solution allowed to stand overnight. This 
solution was shaken with water, dried and concentrated. 
The resulting crystals were shown to pure trn11.r-1 (111.p., 
mixture m.p., and n.m.r. spectrum). 

2-Carbot?1et/1o,ry-3,6-clip/1eti~~/-2,3,4,~-trtro/i~~c/1-opy1~i- 
clazine ( 6 )  

A solution of 0.5 g 3 in a solution of 10 rnl ether and 
IOml pyridine was treated with 2 ml methylchloroformate 
in 5 ml ether as described above for the preparation of 
cis- and tra11~-5. The product, 0.12 g (20%) was isolated 
as described above and recrystallized from ether, 111.1). 
112-1 13.5". 

Anal. Calcd. for C l s H L 8 N 2 0 2 :  C, 73.44; H, 6.16; N, 
9.52. Found: C, 73.32; H, 6.27; N. 9.52. 

Prodlrct and Rate Studies 
Decompositions of cis- and tram-1 and the analysis 

of the decomposition products were carried out as 
described (1). Samples of cis- and trci11~-1 were de- 
composed and analyzed in parallel. The results are listed 
in Table 2. 

The rate of decomposition of tratls-1 was measured in 
the same way as described ( I )  for cis-1 except that the 
solvent, ethylbenzene. contained 2% ethyldiisopropy- 
lamine which greatly decreased the amount of isomeriza- 
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TABLE 5. Product distribution from thermolysis of cis- 
1,2-diphenylcyclobutane, cis-7, in benzene a t  205' 

. -- p-pp ...... ........... - - - .- .. - 
Product Distribution (relative mol  %) 

Time (h) cis-7 trans-7 Styrene 
. - .. .. . -- ........ - .... - -. .. 

0.17 94.7 Trace 5.3 
1 55.4 7.7 36.8 
2 34.2 11.1 54.6 
4 17.8 1 4 . 4  67.7 
9.5 1.9 17.3 80.7 

21 - 17.8 82.2 

tion of trans-1 to the hydrazone 3. The amount  of hydra- 
zone formed was determined by U.V. spectroscopy. 

Tlrert~rolysis of cis- 1,2- Diplret~ylcyclob~c,n,re (cis- 7) 
Benzene solutions 0.1 M in cis-7 and  in chlorobenzene 

as  internal standard were placed in several heavy-walled 
I-mm i.d. tubesand degassed to  mm. T h e  tubes were 
sealed and placed in a bath of boiling benzyl alcohol 
(205.5 + 0.5"). Tubes were removed after appropriate 
intervals and  the contents were analyzed by gas chroma- 
tography. Results a re  presented in Table 5. 

Control experiments showed that after 17 h a t  205" a 
benzene solution initially 0.2 M in styrene contained 67% 
o f  the initial styrene, 1.5% 11r.arrs-7, and n o  cis-7. Another 
experiment indicated that after the s a m e  treatment a 
solution initially 0.1 M in 1r-atrs-7 now contained 70% of 
the  initial amount  of 1,vltu-7 a n d  17% styrene. 

I. K.  R. KOPECKY and S .  E V A N I .  Can. J. Chem. 47,4041 
(1969). 

2. (o) P. D. BARTLETT and J .  D. MCBRIDE. Pure Appl. 
Chem. 15.89 (1967); (h)  K. R. KOPECKY and T .  GIL-  
L A N .  Can.  J .  Chem. 47,2371 (1969); (L.) F .  D. G R E E N E ,  
M. A. BERWICK, and J .  C .  STOWELL. J .  Am. Chem. 
SOC. 92,867 (1970). 

3. ( ( I )  P. D. BARTLETT and K. E .  SCHUELLER. J .  Am. 
Chem. Soc. 90, 6077 (1968); (h )  P. D. BARTLETT and 
N.A.Po~~~~.J.Am.Chem.Soc.90,5317(1968);(c) 
H .  R. GERBERICH and W. D. WALTERS. J .  Am. Chem. 
Soc. 83, 4884 (1961); ((1) H .  E .  O ' N E A L  and S.  W. 
BENSON. J. Phys. Chem. 72, 1866 (1968); (e) N. C.  
YANG and S .  P. ELLIOT. J .  Am. Chem. Soc. 91,7550 
( 1969). 

4. (11) J .  C.  BRELIERE and J .  M. LEHN.  Chem. Commun. 
426 (1965); (6) B. J .  W C E ,  R. V. SMALLMAN,  and F.  
0 .  SUTHERLAND. Chem. Commun. 3 19 (1966); ( c )  R. 
D A N I E L S ~ ~ ~  K. R .  ROSEMAN. Tetrahedron Lett.  1335 
(1965); (d) B. H.  KORSCH and N. V. Rrccs .  Tetrahed- 
ron Lett.  5897 (1966); (e) B. J .  PRICE, I. 0. SUTHER- 
LAND, and F .  G.  WILLIAMSON.  Tetrahedron, 22,3477 
(1966);V) J .  E.  ANDERSON and J. M. LEHN.  Tetrahed- 
ron, 24, 137 (1968). 

5. ((I) C. G.  O V E R B E R G E R ~ ~ ~  M. B. BERENBAUM. J. Am. 
Chem. Soc. 73, 2618 (1951); (1,) C .  G .  OVERBERGER, 
W. F. HALE,  M. B. BERENBAUM, and  A. B. FIRE- 

V O L  . 5 2 ,  1974 

STONE. J. Am. Chem. Soc. 76, 6185 (1954); (c) S .  E.  
SCHEPPELE and  S .  SELTZER. J. A m .  Chem. Soc.  90, 
358 ( 1968). 
J. W. T ~ M B E R L A K E ~ ~ ~  B. K. BANDLISH. Tetrahedron 
Lett.  1393 (1971). 
S.  G.  COHEN, S .  J .  GROSZOS, and D.  B. SPARROW. J. 
Am. Chem. Soc .  72,3947 (1950). 
((I) T .  MILL and  R. S .  STRINGHAM. Tetrahedron Let t .  
1853(1969);(b) N .  A. PORTERand M. 0 .  F U N K .  Chem. 
Commun. 263 (1973); (c) N .  A. PORTER and L .  J. 
MARNETT. J. Am. Chem. Soc. 95, 4361 (1973). 
R. C.  N E U M A N ,  JR. and E .  W. ERTLEY. Tetrahedron 
Lett.  1225 (1972). 
(a) R. M. DODSON and A. G. ZIELSKE. J .  Org. Chem. 
32, 28 (1967); (b )  W. G. BROWN. Makromol. Chem. 
128, 130 (1969); (c) K. KIRCHNER and K. BUCHOLZ. 
Angew. Makromol. Chem. 13, 127 (1970). 
R. B. WOODWARD and R. HOFFMANN. Angew. 
Chem. In t .  Ed. Engl. 8,781 (1969). 
(a) S. SELTZER and F.  T.  DUNNE.  J .  Am. Chem. Soc. 
87, 2628 (1965); (b )  W. A. PRYOR and K. SMITH. J. 
Am. Chem. S o c .  92,5403 (1970); (c )  A. TSOLIS. S .  G. 
MYI-OKANIS, M .  T .  N I E H ,  and S .  SELTZER. J. Am. 
Chem. Soc.94,829(1972); ((1) R. J .  CRAWFORD and K. 
TAKAGI.  J. A m .  Chem. Soc. 94,7406 (1972): (e) S .  W. 
BENSON and H .  E. O'NEAL. Nat. Stand. Data Ref. 
Ser. Natl. Bur. Stand. No. 21 (1970), pp. 31-34. 
((1) W. R. ROTH and M. MARTIN. Ann. 702, ((1967); 
(b)  A. L. ALLRED and R. L. SMITH. J. Am. Chem. 
Soc. 89, 7133 (1967); (c) P. B. CONDIT and R.  G .  
BERGMAN. Chem.  Commun. 4(1971). 
R. G.  BERGMAN and W. L. CARTER. J .  Am. Chem. 
SOC. 91,741 1 (1969). 
L. M. STEPHENSON and T .  A. GIBSON.  J .  Am. Chem. 
SOC. 94,4599 ( 1972). 
L. K. MONTGOMERY, K. E .  SCHUELLER,  and P. D. 
BARTLETT. J .  Am.  Chem. Soc. 86, 622 (1964). 
((1) P.  D. BARTLETT and G.  E. H .  WALLBILLICH. J. 
Am. Chem. S o c .  91,409 (1969); ( h )  P. D. BARTLETT, 
K. H U M M E L ,  S .  P. ELLIOT, and R .  A. M I N N S .  J. Am. 
Chem. Soc. 94, 2898 ( 1972). 
W. G.  BROWN. J .  Am. Chem. Soc.  90, 1916(1968). 
M. H. HALL. Ph.D.  Thesis, University of Alberta, 
Edmonton, Alberta, 1971. 
P. D. BARTLETT, G.  M. COHEN, S .  P. ELLIOTT, K .  
HUMMEL,  R. A.  MINNS, C.  M. SHARTS, and F. Y. 
F U K U N A G A .  J .  Am. Chem. Soc. 74,2899(1972). 
((I) P. D. BARTLETT, C.  J .  DEMPTSTER, L. K. MONT- 
GOMERY, K. E .  SCHUELLER,  and G. E. H.  WALLBIL- 
LICH. J .  Am. Chem. Soc. 91, 405 (1969): ( h )  P. D. 
BARTLETT. Quart .  Rev. Chem. S o c .  24,473 (1970). 
R. HOFFMANN, S .  SWAMINATHAN,  B. G .  ODELL,  and 
R. GLEITER. J. Am. Chem. Soc. 92,7091 (1970). 
L. SALEM and  C .  ROWLAND. Angew. Chem. Int. Ed.  
Engl. 11, 92 ( 1972). 
K. ALoERand H .  NIKLAS. Ann. 585,81(1954). 
S . G .  COHEN. S .  HSIAO, E .  S A K L A D , ~ ~ ~  C.  H.  WONG. 
J .  Am. Chem. Soc .  79,4400 (1957). 
H .  RAU.  Angew. Chem. Int. Ed. Engl .  12,224 (1973). C

an
. J

. C
he

m
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.n
rc

re
se

ar
ch

pr
es

s.
co

m
 b

y 
C

O
L

O
R

A
D

O
 C

O
L

L
E

G
E

 -
 T

U
T

T
 L

IB
R

A
R

Y
 o

n 
11

/1
0/

14
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 




