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A b s t r a c t  

The 1,3-dipolarcycloaddition of  a z i d e s  t o  

o l e f l n s  proceeds  most r e a d i l y  f o r  s t r a i n e d  double  bonds, 

f o r  double  bonds t h a t  a r e  p o l a r i z e d  by s u b s t i t u e n t s ,  and 

f o r  a z i d e s  which have e lect ron-withdrawing s u b s t i t u e n t s .  

Phenyl a z i d e .  h a s  been observed t o  form two 

2 i somer i c  1 .2 .3-h  - t r i a z o l i n e s  upon t h e  r e a c t i o n  o f  t h e  

s t r a i n e d  double bond o f  a s e r i e s  o f  nonconjugated b i c y c l i c  

d i enes .  The major Isomer formed i n  each c a s e  is t h a t  

r e s u l t i n g  from s t a b i l i z a t i o n  o f  t h e  d i p o l a r  t r a n s i t i o n  

s t a t e  by t h e  neighbouring u n r e a c t i v e  double  bond. 

A modif i e d  mechanism f o r  t h e  1, 3-dipolarcyclo-  

a d d i t i o n  o f  a z i d e s  t o  a l k e n e s  has  been suggested.  

The thermal  decomposit ion o f  t h e  vhenyl a z i d e  

adduc t  o f  b i c y c l o  (2.2.1) hept-2-ene r e s u l t e d  i n  t h e  

e l i m i n a t i o n  o f  n i t r o g e n  and t h e  format ion  of i somer i c  

p roduc ts .  The major p roduc ts  were - e x o - a z l r l d l n e  and imlne,  

which a r e  cons idered  t o  b e  formed by l o s s  of  N2 from t h e  

t r i a z o l l n e  and r i n g  c l o s u r e  o r  hydrogen s h i f t  t o  form 
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products  r e s p e c t i v e l y .  I n  a d d i t i o n  t h e  presence o f  &- 

a z i r l d i n e  sugges ted  t h a t  C-C bond cleavage of  t h e  t r l a z o l i n e  

r i n g  had t aken  place.  

The thermal  decomposi t l o n  o f  t h e  1 ,5 -d ia ry l  

t r i a z o l i n e s  has  been observed t o  g i v e  a z l r l d i n e  and 

imine products  wi th  t h e  p - s u b s t i t u t e d  s t y r e n e s  g i v i n g  a 

g r e a t e r  amount of  imine. I n  t h e  p m e t h y l  s u b s t i t u t e d  

s t y r e n e s  t h e  major a z l r i d i n e  component produced w a s  observed 

t o  have t h e  same r e l a t i v e  geometry about  t h e  r i n g  carbons 

as t h e  t r i a z o l i n e .  This  Implied some form of s t e r i c  

c o n t r o l  o f  t h e  t r a n s i t i o n  state. 

A mechanism has been proposed which can account 

f o r  t h e  observed products  on t h e  basis of  o r b i t a l  

symmetry cons ide ra t ions .  

The photodecomposition of  t h e  1 , s -d i a ry1  

t r i a z o l i n e s  g i v e s  mainly a z i r i d i n e s .  A concer ted mechanism 

f o r  t h e  pho todecom~os i t lon  i s  suggested which is s i m i l a r  

t o  t h a t  suggested f o r  t h e  thermal d e c o m ~ o s i t i o n .  

A k l n e t l c  I n v e s t i g a t i o n  of  t h e  thermal 

decomposition of  some 1 , 2 ,  3 - ~ 2 - t r i a z o l i n e s  i n d i c a t e d  t h a t  

t h e  thermal d e c o m ~ o s i t i o n  may proceed by a mechanism 

i v 



which does not necessarily Involve ionic intermediates, 

contrary to the currently held theory. 

2 A number of 1,2,3-A -triazolines were 

synthesized by the cycloaddition of ~henpl azide and 

substituted styrenes. A detailed structure analysis has 

been carried out by N.M.R. to determine the conformations 

f h e  4 "  7 ,  a 4 -  '- - -  -0  L -  A'---'- -.- ---  
" A  A L L ~ ~ )  L U  ouuc V I  b11cac Buuulrbb. ~ r l e y  

were found to have essentially the same conformation. 

Generalized mass spectral cracking patterns 

are suggested for the txkzolines of norbornylene and 

for the uhenyl azide adducts of - para-substituted styrenes. 

Some correlation of the pattern with substituent Is 

observed. 

Some experiments have been proposed which 

should allow the concertedness or non-concertedness 

of the decomposition mechanism to be more definitely 

assayed. 
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Introduction 

2 
The chemistry of 1,2,3-A -triazollnes has been 

studied from several different points of view over the 

past few decades. The major aspects recelvint? attention 

have been synthesis. thermal decomposition, and 

photodecomposi tion. 

Part 11 Synthesis 

2 The synthesis of 1,2,3-A -triazolines may be 

carried out by three major routes. 

The first involves the lsomerization of 

1-arylazoazirldlnes by sodium Iodide In acetone 

solution (Figure 1 ) . A mechanism involving initial 
cleavage of the aziridine ring, I., to give the intermediate, 

2, followed by a backside displacement of iodide ion by - 
the nitrogen adjacent to the aryl group to give the 

2 triazoline, 2, has been proposed by Helne . 
The second synthetic route to trlazollnes is 

the 1,3-dipolarcycloaddltlon of dlazoalkanes, 2.  to Schiff 

bases (lmlnes), 5 4'7. (Figure 2). Kinetic Investigation 

of this reaction 5 @ 6  revealed the lack of any general 



Figure 1 r The Formation of 1-Aryl- 

2 1,2,3-,4 -triazollnes from 1-Arylazoazlrldlnes. 
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dependence of the rate of addition on the dielectric 

constant of the solvent and a definite dependence of the 

rate on substituents attached to the participating atoms. 

These effects suggest that the 1,3-dl~olarcycloaddltlon 

proceeds via an activated com~lex with partial di~olar 

character rather than a discrete zwitterion intermediate. 

2 A third route to 1,2,3-A-triazolines of  articular 

8 interest in this study was the 1.3-dipolarcycloaddltion of 

azides to alkenes. This reaction was first reported by 

Wolff in 1912. 

The addition of azides to alkenes is a 

stereospecific cis cycloaddition lo-". For example, 

Scheiner l3 added phenyl azide, 6, to cis (2 )  - and trans (El-  

pmethylstyrenes. The products formed were 2 and 10 

respectively. (Figure 3). The relative geometry of the 

substituents in the alkenes was maintained in the triazolines. 

The more recent work of Aratani l4 and coworkers 

using 85% optically pure (-)(R)-trans-cyclooctene, 11, and 

6 to give an optically active trlazoline, 12, is further - 
proof of the - cis nature of the cycloaddition of azides to 

b alkenes. (Figure 4). 
! 



- - 

PHENYL AZIDE 

\ 
TRANS- $ - METHYLSTYRENE 

Figure 3: Stereospeclflc cis addition of Phenyl Azlde 
to cis and trans-8-Methylstyrenes. - 



(- )( R) - trans- cyclooctene 

F igu re  4r The 1.3-Dipolarcycloaddition 

of phenyl a z i d e  t o  cyclooctene.  



Large nega t ive  e n t r o p i e s  of  a c t l v a t  ion ,  st, 

have been measured f o r  t h e  a d d i t i o n  of  a z i d e s  t o  b l c y c l o  

(2.2.1) hept-2-ene, u, t o  g i v e  - e x o - t r i a z o l i n e s ,  2. This  

I n d i c a t e s  t h a t  t h e  cyc loadd i t ion  r e a c t i o n  proceeds v i a  a n  

h ighly  ordered  t r a n s i t i o n  s t a t e .  

Sche lner  and Zalkow l7 have measured A S  va lues  i n  t h e  

range -29 t o  -35 e.u. Bai ley  lEc has r e p o r t e d  A S  f va lues  

In  t h e  range -26 t o  -36 e.u. f o r  a comprehensive s e r i e s  of  

a lkenes  r e a c t i n g  with  p i c r y l  az ide .  These r e s u l t s  a r e  

completely analogous t o  those  obta ined  i n  similar s t u d i e s  

i 



19 of the  Diels-Alder react ions  . 
S t r a i n  lob on the  double bond of an  alkene has 

been shown t o  enhance the  r a t e  of cycloaddit ion of azides.  

Scheiner ls  work l5 with simple a lky l  alkenes,  Henery- 

Legen's 20 m r k  with mnmcycllc a l k e n ~ s ~  an& Ea l l eg l s  18 

work with cyc l i c  and b i cyc l i c  alkenes has shown t h a t  highly 

s t r a i n e d  b i c y c l i c  alkenes a r e  more r e a c t i v e  than monocyclic 

alkenes which a r e  i n  t u rn  more reac t ive  than a c y c l i c  

alkenes* The r a t e  of phenyl az ide  add i t i on  t o  alkenes 

indeed p a r a l l e l s  t h e i r  heat  of  hydrogenation. This  l a t t e r  

thermodynamic parameter is a measure of t h e  degree of s t r a i n  

assoc ia ted  with the  rrbonds 1oc . 
The o r i e n t a t i o n  of az ide  add i t ion  t o  alkenes 

depends on both s t e r i c  and e l ec t ron i c  f a c t o r s  21-43 

S t e r i c  e f f e c t s  have some importance i n  determining 

t h e  o r i e n t a t i o n  of az ide  add i t ion  t o  alkenes i n  t r i a z o l i n e  

formation. They may block t h e  approach of an az ide  t o  an 

alkene bond 21*22. Typical examples of t h i s  a r e  found i n  

t h e  b i c y c l i c  alkenes. Studies 22-27 have been c a r r i e d  ou t  

i n  which az ides  were added t o  IJ. Invariably t h e  adducts 

i formed a r e  exo t r i a z o l i n e s ,  e.g. 2. Where a t e r i c  blocking 



is reduced in bicycllc systems the formation of adducts 

by attack of azide from both the exo and endo sides of the - - 
double bond is possible. This point is exemplified by 

McLean's 28 work with norbornadiene, 15. For the monoadducts - 
of 6 and 15 McLean detected an exorendo ratio of 1111. - - -- 
(Figure 5). The - endo-adduct, 17, when treated with 6 - - 
yielded only endo-exo adducts 20 and 21. The steric effects - - 
are straightforward, 1.e. 15 Is relatively unhindered for 

exo or endo attacks whereas, the endo species, 17, is - - - - 
severely hindered for attack from the endo side. This is - 
analogous to the situation in dlcyclopentadlene where only 

22 the exo adduct is formed . - 
In addition to studies concerned with the 

orientatlon of azide addition with respect to which "face" 

of the double bond is attacked. studies have been carried 

out to determine which orientatlon, of two possible, occurs 

on a single face of a reacting double bond. Except in 

cases where overriding steric effects 21'22*28 operate, azide 

addition to alkenes has always been observed to take   lace 

in a Markownikoff fashion. If the cycloaddition were 

initiated by electrophillc attack of the terminal azide 
7. 



'dp 
H Ph N-N 

Figure 5 :  Adducts of Phenyl Azlde and Norbornadlene. 



nitrogen on the alkene. one would expect the substituted 

nitrogen of the azide to become attached to the carbon of 

the reacting double bond, best able to support a positive 

charge. In fact, numerous observations indicate that azides 

add in this preferred direction to alkenes. 

Substltuents capable of stabilizing a positive 

charge on C of the alkene direct the terminal nitrogen 5 

of the azide to C4 4,10*15*29-35. The synthesis of trlazollne 

adducts (&, &) from en01 ethers 30 (24a, - -  24b) and 

para-nitrophenyl azide, a, Is typical of this electronic 
directive effect. (Figure 6). 

Substituents capable of destabilizing a positive 

charge direct the azide terminus to the Cb carbon. The 

12 addition of 6 to acrylonitrile , a, to give the 
triazoline, 2, is a typical case. (Figure 6). 

The investigations cited above point to a 

transition state for the cycloaddition which possesses 

some dipolar character. Substituents on N1 of the azide 

have a large effect on the rate of cycloaddition as 

Scheiner l6 has 

azides and JJ. 

Shown in the reactions of substituted aryl 

He observed a value of + 0.84 at 25O~. P 



R I 
R2 

\ /R2 
C4 

I I 
H 

Rl = H i  R2=CH3 

R l = C H 3 ; R 2  = H  25 - Y 
ENOL ETHERS PARA- N ITROPHENYL AZIDE 

NO2 

PHENYL AZIDE 
I- PHENYL-4- CYANO- 

1,2,3- Li2 - TRIAZOLINE 

Figure 6 1  The directive electronic 

effects of alkene substituents. 



which indicates a rate enhancement for the additlon of 

the more electronegative azide substltuents. He explains 

this in terms of a stabilization of negative charge on 

the substituted nitrogen in the transition state. 

One notices that the substltution of strong 

inductive electron-withdrawing substituents on alkenes, 

as for example fluorinated alkenes 36,  decreases the rate 

of azide additlon to the alkene. A comparison of the 

rates of addition of benzyl azide to bicyclo (2.2.1) 

hept-2-ene, hexafluoropropene, and octafluorobutene-2 

shows a decrease in the rate with Increasing fluorine 

substitution. This may be explained from two points of 

view: first, that the inductive effect of the fluorine 

reduces the nucleophillcity of the alkene bond so that It 

is relatively unreactiver or second, the transition state 

for cycloaddition is raised in energy because the 

fluorinated alkene lacks the ability to stabilize a 

positive charge. 

The promoting effect of conjugation on the 

activity of alkenes toward azides (Table 1) has been 

clearly established. Thus, electron deficient alkenes 
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react more easily with azides carrying electron-releasing 

substituents and electron-rlch alkenes react more easily 

with azldes carrying electron-withdrawing substltuents lob . 
Hulsgen lot has attributed these trends to the stabilization 

of partial negative or posltive charge on N1 in the 

transition state. 

Electron withdrawing groups tend to reduce the 

electron density of the azlde making it more electrophllic. 

The shift In electron density from the azide to the aryl 

substltuent (Figure 7) is Indicated by the observation that 

para-chlorophenyl azide has a dipole moment of 0.33 Debye 

whereas phenyl azlde has a dipole moment of 1.55 Debye 10a . 
The evidence presented supports a concerted 

mechanlsm for 1.3-dipolarcycloaddltion of azldes to alkenes 

lnvolving an electronlcally unsymmetrical transition state 

such as 3 15*16*18. The electronic substituent effects 

support the dlpolar nature of the transltion state, x, 
however, the lack of any general solvent effect has been 

interpreted In terms of only partial dlpolar 

character 15'16*18. In z, bond formation occurs 
i 
! simultaneously at Cq and C but has proceeded furthec 

I 
5 
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Figure  8 

a t  Cb t h a n  a t  C which induces  t h e  p a r t i a l  d i p o l a r  5 

c h a r a c t e r  i n  t h e  Nl-C5 bond. (F igu re  8) .  

The e l e c t r o n i c  e f f e c t s  of  t h e  a lkene  s u b s t i t u e n t s  

on  t h e  o r i e n t a t i o n  o f  a z i d e  a d d i t i o n ,  i n  a l l  c a s e s  r e p o r t e d  

t o  d a t e ,  lave been q u i t e  pronounced. I n  o r d e r  t o  g a i n  a n  

i n s i g h t  i n t o  t h e  e f f e c t  o f  more remote s u b s t i t u e n t s  we 

have determined t h e  o r i e n t a t i o n  o f  a d d i t i o n  t o  b i c y c l i c  

homoconjugated d i e n e s ,  x, x. and 3 (F igu re  9) .  A l l  o f  

t h e s e  d i enes  have one a l k e n e  bond which is h igh ly  s t r a i n e d  

and  t h e r e f o r e  should  r e a c t  r a p i d l y  wi th  a z i d e  10,21. In 

each case  o n l y  exo approach t o  t h e  n c loud  o f  t h e  r e a c t i v e  



5- METHYLENE -2- NORBORNENE 

END0 - DICYCLOPENTADIENE 

Figure 91 Blcycllc Dlenes. 



alkene bond is sterically f easible 21. Furthermore, there 

are no steric interactions which would favour either of the 

two possible orientations for addition of an azide to the 

exo side of the reactive double bonds of these dlenes. Any - 
preference for one orientation of - exo addition of azide 

would therefore be a mpasure of the extent to which the 

distant unreactive double bond of each diene provided 

stabilizatlon to the dipolar transition state. 

2 Part 2 r Thermal D ~ c o ~ D o s ~ ~ ~ o ~  of 1.2.3-A -triazolines 

The mechanism of the thermal decom~osition of 

triazolines is not as clearly understood as are the 

cycloaddition reactions leading to their synthesis. The 

usual products of triazoline thermal decomposition are 

aziridines and imines. These products are sometimes 

isolated directly from reactions of azides and alkenes. 

This usually occurs when 1,2,3~L-triazolines possess a 

strong electron-withdrawing group at N1. (Figure 10). 

In these cases the thermal decomposition of triazollnes 

is rapid compared with 1,3-dl~olarcycloaddltlon leading to 



I 
J. 

I 0 
PATH I -C -N sNI 4 

- N2 - 0 
- C 5 N  

I -'R 

PATH 2 J 

Figure 101 Two Path Scheme of 

Trlazoline Thermal Decomposltlon. 



t h e i r  formation 18*44-50. The thermal decornposltion of 

t r i a z o l l n e s  is considered t o  proceed v ia  i n i t i a l  he t e ro ly t i c  

cleavage of the  N1-N2 bond t o  produce diazonium-betalne 

intermediates,  such a s  9 (Figure 10) .  Several decompos- 

t ion- paths from g a r e  then possible depending on the  

subs t i tuen ts  a t  C4, C and N1. Two pr inc ip le  modes of 5 

decomposition of 42 appear t o  be cleavage of the  N C 3- 4 

bond (Path 1) and cleavage of the  C4-C5 bond (Pa th  2 ) .  

Decomposition by p a t h l h a s  been reported i n  the  thermal 

decomposition of t r i azo l ines  produced from the  reac t ion  of 

organic azides w i t h  norbornene, 18,26949-54 * 

monocyclic alkenes 18'20*56-58, acyc l i c  alkenes 2,'+,5,11.43* 

59, en01 e thers  30, and enamines 29,31,32,60 

Decomposition by Path 2 has been reported f o r  t h e  t r l azo -  

7 l i n e s  formed by react ion of azldes w i t h  s tyrene , 
60 enamines , 0 ,  punsa tura ted  alkenes 61, and h a s  been 

suggested f o r  norbornene, u, adducts 26,27,55,62 

A  discussion^ of t r i a z o l i n e  thermal decomposition 

f a l l s  l og ica l ly  Into  three  categories based on the  s t a r t i n g  

alkenes, namely the:  1) Norbornyl t r i azo l ines ,  such a s  9 1  

2 )  Blcyclic t r i azo l ines ,  such a s  - 44: and 3)  Monocyclic 
7. 



2 Figure 11 a Examples of 1,2,3-Lh -triazolines. 



trlazolines, such as & (Figure 11). 

Many studies of the thermal decomposltlon of 

norbornyl triazolines have been carried out 24,46,48-9.52.57 

Generally, It has been found that, when R in 9 Is strongly 
48 electron-withdrawing, e.g. benzenesulphonyl 27, nltrlle . 

-- 
and 2.4.6-trlnltrophenyl '", thermal decomposltlon leads mainly 
to azlridine products, 48 - (Figure 12). Where R is aryl 49.53 

or carbomethoxy 24 the azlridlne yield decreases and signlfl- 

cant amounts of imine, 42, are formed along with some 

Wagner-Meerweln rearrangement products 51-53.  hen R 1s 

PO(0Et l2 or POPI* 50151 lmlne 9 is formed almost exclusively. 

Interpretation of the course of triazoline decomposition in 

terms of initial formation of the diazonium-betaine, 46,  

followed by a loss of nitrogen to give the betaine, Q, leads to 

a consideration of product formation In terms of the following: 

46 1) Ring closure ( N  N ) to give aziridines such as @ 1 3- 6 

- 51 2) 2.6-endo-hydride shift to form lmlnes such as 9 ; 

3) Hydrogen transfer from C2 to N to give enamines such 3 

24 4) Wagner-Meerneln rearrangement to give products 51-53 , 

Another interpretation would be the concerted loss of 



Figure 

L. 

121 Mechanism of Product Formation from Betaine 46. - 

C 



n i t r o g e n  from 46 wi th  produc t  fo rmat ion  analogous t o  t h e  

p roces ses  1-4. 

We wish t o  p r e s e n t  ev idence  t h a t  t h e  thermal  

decomposl t lon o f  t r l a z o l l n e s  such as 4 2  may proceed v i a  

b o t h  Path 1 and Pa th  2 as I n  F lgu re  10. The p o s s l b l l l t y  o f  

C 2 d 6  bond c leavage  i n  t r l a z o l i n e s  l i k e  42 was sugges t ed  

by t h e  o b s e r v a t i o n  t h a t  (F igu re  13) i s  produced by 

t h e  decomposlt lon o f  & I n  t h e  presence  o f  phenyl l so-  

cyana te  62 and  t h a t  benzenesulphonyl  a z i d e  r e a c t s  w i t h  

t h e  anhydr ides  and 2 (F lgu re  13) .  t o  g i v e  predominant ly  

t h e  - endo a z l r l d l n e s  2 and 2 r e s p e c t i v e l y  27 (F igu re  13).  

We a l s o  wlsh t o  propose a mechanism which can account  

f o r  t h e  produc t  d i s t r i b u t i o n s  found i n  t h e  norbornyl 

t y p e  t r l a z o l l n e  systems.  

Thermal decomposl t lon o f  b l c y c l l c  t r l a z o l i n e s  

such  as 44 - (F igu re  11) l e a d s  t o  a z l r l d i n e  and lmine 

produc ts .  S e v e r a l  s t u d i e s  14.20,34,49,56-58 have indicated 

t h a t  t h e  r a t i o  o f  a z l r l d l n e  t o  lmlne D ~ O ~ U C ~  Is 

dependent on  t h e  n a t u r e  o f  t h e  a z l d e  s u b s t l t u e n t s  as 

w e l l  as on  t h e  r i n g  s i z e  o f  t h e  a lkene .  Elect ron-wlth-  

i drawing groups  on  N1 o f  t h e  t r l a z o l i n e  f avour  t h e  



56 ENDO- ANHYDRIDE -- 58 ENDO- ANHYDRIDE - - 
57 EXO-ANHYDRIDE --  59 EXO-ANHYDRlDE - - 

Figure 13: Schemes suggesting C-C bond 

cleavage in Norbornyl Trlazolines. 



formation of lmlnes 56s57 whereas e l ec t ron- re leas ing  

groups favour  t h e  formation of a z l r l d l n e s  14020. (Table 2 ) .  

The e f f e c t  of  Increas ing  t h e  s l z e  of  t h e  a lkene  r l n g  favours  

t h e  formation of  a z l r l d l n e  20'*. (Figure 1 4 ) .  

The d i f f e r e n c e  I n  product d l s t r l b u t l o n  found 

f o r  t h e  adduct of phenyl a z l d e  and cis-cyclooctene (Table 2 )  

may be expla inable  s i n c e  t h e  methods of decomposltlon 

were no t  the  same. 

The thermal decomposltlon of t r l a z o l l n e s ,  formed 

by r e a c t i o n  o f  cyclopentene and cyclohexene with a s e r i e s  

of  --substituted phenyl az ldes ,  was c a r r i e d  o u t  I n  

t h i s  l a b o r a t o r y  59 I n  o r d e r  t o  g a i n  some I n s i g h t  In to  

t h e  e f f e c t  of r l n g  s l z e  and the  e f f e c t  of a z l d e  

s u b s t l t u e n t s  on t h e  az l r ld lne- lmlne  r a t i o .  A d i scuss ion  

o f  t h e  r e s u l t s  w i l l  be given l a t e r .  

Thermal decomposltlon of  monocycllc t r l a z o l l n e s  

such as 3 l e a d s  t o  a z l r l d l n e s  such as 60 - 2,12,3'+,'+3,63,65 

(Figure  15)  and lmlnes such as - 61 5,3'+,43,60,63,64. The 

imlnes formed may, however, r e s u l t  from R group migra t ion  

as I n  r a t h e r  than  from hydrlde s h i f t  as I n  61 depending - 
on t h e  s u b s t l t u e n t s .  I n  a d d l t l o n  t o  t h e s e  e x p e c t e d .  

i- 
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60 - 62 H - - 61 

Figure 151 Thermal Decomposition of Monocyclic Triazolines 



produc t s ,  t h e  i n t e r m e d i a t e s  such as ( F i g u r e  15)  may 

undergo C -C bond c l eavage  t o  g i v e  t h e  cor responding  imine 4 5 

p roduc t s ,  64, and d i azoa lkanes ,  % 7.60 . I n  t h e  presence  

o f  b a s e  t h e  t r i a z o l i n e  may b e  I n  equ i l i b r ium wi th  a 

dlazoalkane-amine l i k e  66 which may undergo thermal 

decomposi t l o n  i1,65 e 

One would expec t  t h e  produc t  d l s t r i b u t i o n  and 

decomposit ion r a t e s  t o  be  dependent on t h e  s u b s t i t u e n t s  

a t  N1, C4 and  C 5' However, t h e  thermal decomposi t ion 

has  n o t  been s t u d i e d  i n  d e t a i l .  

Hulsgen and  coworkers 65 have examined t h e  

r a t e s  of decomposit ion o f  t r i a z o l i n e s  such as 2 where 

R4=C0 CH and R -H w i t h  --substi tuted phenyl 
2 3 5- 

s u b s t i t u e n t s  o n  N1. A Hammett p l o t  of  t h e  first 

o r d e r  r a t e  c o n s t a n t s  g iven  i n  Table  3 does  n o t  ~ i v e  a 

l i n e a r  r e l a t i o n s h i p .  (F igure  1 6 ) .  The r e p o r t e d  v a l u e s  

o f  en tha lpy  and en t ropy  o f  a c t i v a t i o n  f o r  t h e  decomposit ion 

o f  & w i t h  X=H are 28.2 kcal/mole and 4.7 e.u. 

r e s p e c t i v e l y .  These v a l u e s  seem reasonab le  f o r  a 

un lmolecu la r  l o s s  o f  NZo However, t h e  non- l i nea r  



TAELE 3. RATES OF THERMAL DECOMPOSITION FOR 

TRIAZOLINES, 6J 65. 

X = 4 10 kl/sec %N2 kl(rel.) ~~(Hammett) 

CH30 22.4 99.5 4.48 -0.268 

CH, 
J 

7.94 100 1.59 -0.170 

H 5.00 99.5 1 .OO 0.0 

C1 9.14 100 1.82 0.227 

C6H5C0 4.86 96 0.98 0.459 

5-83 99.5 1.16 0 778 

Figure; 16.. Hammett Plot of Triazoliries , 2. 



62 

Hammett correlation suggests that a more complex mechanism 

may be operating. 

Electroh-withdrawing groups on N1 favour the 

formation of imine products 60.63-4 

Electron-withdrawing groups on C4 favour the 

formatlon of azlridlne products 12.63.65 

Electron-releasing groups on C favour the 5 

formatlon of azlridines and also C C bond cleavage 4- 5 
7,55960- 

However, none of these trends are firmly 

establlshed in terms of a general mechanism. We have 

studied the thermal decomposition of a series of triazollnes 



with =-substituted phenyl substituents at C In an 5 

effort to elaborate the mechanism for the acyclic cases. 

Part 3 :  Photodecomposltion of 1.2,3-~~-triazolines 

2 The photodecomposltion of 1,2.3-A -triazolines 

normally produces aziridines and minor amounts of 

imlnes 13-4*3'+,49,53-4*66 

Norbornyl triazolines such as 42 give aziridines 

almost exclusively (b 90%) regardless of the N1 

substituent 34*49*53-4. (Table 4). 

'IABLE 4, AZIBIDENE YIELD IN THE PHOTODECOMPOSITION OF 

NORBORNYL TRIAZOLINES, Q 

Substi tuent (R) Azlrldlne ( 5 )  

C6?$CH2- 5 3 88 

'gH5- 
53 95 



Bicyclic triazollnes such as 44 photodecompose 

to form aziridlnes but slightly increased yields of imines 

are observed *. Scheiner 34 suggests that increasing 

flexiblllty about the Cq-C5 bonds in a series of triazollnes 

,-.;eh as 44 arcr?unts for the increased yield of imine. 

(Table 5 ) .  

Aratani and coworkers l4 have elegantly 

demonstrated the effect of ring stereochemistry on product 

distribution (Table 6) in the photodecomposition of the 

optically active trans (12) and the (@) 

2 l -phenyl -~ ,5 -hexamethylene-1 ,2 ,3 -~- tr iazo l lnes  (Figure 17). 

Their observations indicate a high degree of configurational 

retention at C4 and C in both the photodecomposition and 5 

thermal decomposition. 

TABLE 5 .  PRODUCT DISTRIBUTION 34 IN THE PHOTODECOMPOSITION 

OF BICYCLIC TRIAZOLINES, 44. - 
Rin~ Size Imine ($1 Azirfdine ( 5 )  

n =  5 6 94 

n =  7 11 89 

n = 8 (cis) 12 88 



Figure 17. Scheme of Products formed in the decomposition 

2 of 1-phenyl-4.5-hexamethylene-1,2,3-A -trlazollnes. 
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Monocyclic triazolines such as 9 form aziridines 

with up to 20% imine. The photodecomposition of 

pera-bromophenyl azide - simple alkene 34 * - cis (21, and 

trans (10)-pmethylstyrene - -  13'66 adducts have suggested a 

mechanism which involves the formation of diradical 

intermediates such as 22 and 2 as the initial step. The 

intermediates a and '&may then undergo C4-C5 bond 

rotation with subsequent ring closure or hydride shift to 

give products 75-72 (Figure 18). The observed product 

distributions for the styrene (2 and lo), - 1-hexene (z), 
3-hexene (El,  and 2-methyl-2-butene (80) - trlazolines tend 
to support such a mechanism (Table 7). 

We have studied the photodecomposition of 

adducts formed from phenyl azide and para-substituted 

styrenes. We wished to compare the photodecomposition 

and thermal decomposition with the idea that the similar 

products observed for both types of decomposition may be 

caused by some mechanistic principle governing both forms 

of activation. On the basis of our observations we wish 

to propose a general mechanistic scheme which accounts for 

our observations and those of others. 



9 (cis) - 
I 

10 (trans) - 

Figure 18. Mechanism of Photodecomposltlon of cls and trans- - - 
1,5-Diphenyl-~-methy1-1,2,3-~2-trlazol~ne. 



TABLE 7. PRODUCT DISTRIBUTION FOR PHOTODECOMPOSITION OF 

MONOCYCLIC TRIAZOLINES FORMED FROM THE 8-METHYLSTYRENES 

(2 .10) .  - 1-HEXENE (z) 9 3-HEXENE AND 

2-,jEyai-2-mTENE ( e o j .  - 

cls trans 



Resul ts  

A d d i t i o n  of Azldes t o  Homoconjugated Dienes 

The r e a c t i o n  of 6 with 2 I n  I n e r t  s o l v e n t  l e a d s  

t o  t h e  fo rma t ion  o f  a monoaddition product ,  81. The 

n u c l e a r  magnetic resonance spectrum of (F igu re  1 9 )  

shows a b s o r p t i o n s  i n  t h e  r eg ion  3.6-5.1 which a r e  

a t t r i b u t e d  t o  t h e  hydrogens a t t ached  t o  t h e  carbons o f  

t h e  t r l a z o l i n e  r i n g .  The two AB p a t t e r n s  i n  t h i s  r e g i o n  

d e f i n i t e l y  i n d i c a t e  t h e  presence of two Isomeric  t r i a z o l l n e s .  

Two I n t e r p r e t a t i o n s  o f  t h i s  r e s u l t  a r e  poss ib l e .  F i r s t ,  

81 cou ld  be  a mix ture  o f  Isomeric t r l a z o l i n e s  r e s u l t i n g  - 
6 

from a d d i t i o n  o f  a z i d e  t o  bo th  t h e  a' (8& and u) and 

2  A (81c - and u) double bonds of Second, a d d i t i o n  

6 could  have occu r red  o n l y  t o  t h e  more s t r a i n e d  A double  

bond, b u t  I n  two o r i e n t a t i o n s  t o  g i v e  - 81a and - 81b. Under 

t h e  c o n d i t i o n s  o f  t h i s  r e a c t i o n  6 does no t  add t o  

b i c y c l o  (3.2.1) oct-2-ene 67 bu t  a d d i t i o n  t o  12 is f a c i l e .  

6 Therefore  a d d i t i o n  of a z i d e  t o  t h e  A and n o t  t h e  

bond i s  t h e  c o r r e c t  i n t e r p r e t a t i o n .  The mix ture  o f  

i somers  is t h e r e f o r e  - 81a and - 81b. (Figure  20) .  



Flgure 19. Nuclear rnagnetlc resonance spectrum of product 

81 from reaction of phenyl azide and bicyclo(3.2.1)octa-2,6- - 
diene. 

Flgure 20. Isomeric Triazollne Adducts of Phenyl azide 

and Blcyclo (3.2.1 )octa-2.6-dlene, s. 
% 



Assignment of N.M.R. signals to H2 and H6 in 

81a and elb was made by comparison of the ~osition of these - - 
signals with those due to similar hydrogens in 82 53, and 

other triazolines 15. Hulsgen et a1 53, report that 

82 - 
signals due to H2 and H6 in 82 and its aryl-substituted 

derivatives are doublets ( 9.2-9.5 Hz appearing at 

6 3.64-3.68 and 6 4.51-4.58 respectively. Scheiner 

reports l5 hydrogens attached to C of monocyclic 5 

trlazolines give N.M.R. signals between 6 3.6 and 4.0 

whereas C4 hydrogens resonate between 6 4.1 and 4.7. The 

two pairs of doublets ( 9.2 Hz. ) centered at 3.91 and 



4.17 In the N.M.R. spectrum of were assigned to H2 of 

the isomers. Since H2 of &L Is sterically situated in 

9 the shielding portion of the n cloud of the A double 

bond, the N.M.R. signal due to this hydrogen would be 

expected at higher field than H2 of E. The doublet 

centered at 3.91 is assigned to H2 in - 81a and the 

doublet at 6 4.17 is assigned to H2 in - 81b. In a 

similar manner the doublets centered at 6 4.74 and 6 4.98 

were assigned to H6 of and & respectively. This 

assignment is substantiated by the intensity build-up of 

the inner peaks of the AB pattern at 6 4.17 and (j 4.74 

of when compared with the peaks of the corresponding 

doublets at 6 3.91 and 6 4.98 for - Rla. This is character- 

istic of AB systems 68. Integration also shows the pairs 

of doublets assigned to &L and Rib to be correctly 

assigned and gives the ratio 8la:Blb as 1.311. 

The addition of para-nitrophenyl azide to 

gave a mixture of para-nitrophenyl substituted isomers 

81'a and m. By analogy with the treatment used to - 
obtain the isomer ratio of - 81a and - 81b, the isomer ratio 



81'a:81'b w a s  found t o  b e  1.581. -- 
Benzene, as a n  N.M.R. s o l v e n t ,  caused a l l  o f  t h e  

hydrogens t o  r e s o n a t e  a t  h i g h e r  f i e l d  69. That t h e  e f f e c t  

is n o t  uniform i s  e v i d e n t  from Tab le  8. The s h i e l d i n g  

exper ienced  by H2 of bo th  - 81s and - elb is greater 

(0.30-0.40 p.p.m.) t h a n  t h a t  exper ienced by H6 

(0.18-0.23 p.p.m.) i n  t h e s e  isomers. We c o n s i d e r  t h i s  

t o  b e  caused by unsymmetrical complexation of t h e  benzene 

w i t h  Q and wi th  - 81b. 

Ledaal  69 has  summarized t h e  chemical  s h i f t s  

induced i n  t h e  N.M.R. s p e c t r a  o f  s o l u t e s  p l aced  i n  a roma t i c  

s o l v e n t s .  The model h e  proposes  which a l l ows  t h e  most 

r e l i a b l e  p r e d i c t i o n s  o f  ASIS is based  upon t h e  

assumption o f  n e a r  neighbour  o r i e n t a t i o n  (complexat ion)  

induced i n  t h e  s o l v e n t  by p o l a r  bonds i n  t h e  s o l u t e .  For 

s o l u t e s  w i th  a d i p o l e  t h e  s o l v e n t  s h i f t  o f  d i f f e r e n t  

hydrogens o f  t h e  s o l u t e  i nc reased  as t h e i r  ~ r o x i m l t y  t o  

t h e  p o s i t i v e  end of t h e  d i p o l e  i nc reased  ( 1.e. t h e  

hydrogen l y i n g  i n  t h e  d iamagnet ic  s h i e l d i n g  cone o f  t h e  

benzene nuc leus  was s o l v e n t - s h i f t e d  t h e  g r e a t e s t  amount).  
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The l a r g e r  t h e  d i p o l e  moment, t h e  l a r g e r  t h e  s o l v e n t  

s h i f t  f o r  s o l u t e s  o f  similar type.  

Using t h e  above model and t h e  observed changes 

i n  chemical s h i f t  i n  & and 81b it is p o s s i b l e  t o  d e s i g n a t e  

t h e  form o f  t h e  - 8la-benzene and m - b e n z e n e  c o l l i s i o n  

c o m ~ l e x e s .  I n  bo th  c a s e s  t h e  benzene nuc leus  appears  t o  l i e  

below t h e  s o l u t e  molecule and t o  t h e  s i d e  n e a r  t h e  phenyl 

s u b s t i t u t e d  n i t rogen .  The p o s s l b i l l t y  t h a t  t h e  benzene 

nuc leus  is s i t u a t e d  a t  t h e  end o f  t h e  phenyl s u b s t l t u e n t  o f  

81 as well as i t s  l o c a t i o n  above t h e  b i c y c l i c  r i n g  system - 
70 may be d i scoun ted  because  o f  t h e  s h i f t s  observed . 

The a d d i t i o n  of phenyl a z i d e  t o  12 gave a mix ture  

of t r i a z o l i n e s  Q and m. That  a d d i t i o n  occur red  t o  

o n l y  t h e  h i g h l y  s t r a i n e d  double  bond was ev iden t  from 

t h e  appearance of s i g n a l s  due t o  t h e  Cll methylene 

hydrogens a t  6 4.75 and 5.05. The hydrogens a t  C2 and 

C6 of  & and have an o r i e n t a t i o n  wi th  r e s p e c t  t o  t h e  

methylene bond similar t o  t h a t  o f  H2 and H6 i n  - 81a and 81b - 
with  r e s p e c t  t o  t h e  n u c l e a r  double bond I n  t h o s e  t r i a z o l l n e s .  

Thus, a l though  i n  CC14, H2 and H6 i n  & and were 



exhibited as a single AB quartet for both isomers, in 

benzene the two sets of AB quartets were sufficiently 

resolved to allow the assignment specified in Table 8. 

The 83ar83b ratio was calculated in this case from 

integration of H1 and H7 signals in the benzene spectrum 

of these isomers to be 1.381. The bridgehead signal 

occurring at highest field in the benzene spectrum of 

the isomer mixture was assigned to HI of because of 

its similarity in chemical sHft to H1 of - 82. Likewise, 

the signal at 6 2.79 was assigned to H7 of Be Since 

the lowest field bridgehead hydrogen ( 6 3.10) should be 

H7 of m, the signal at f, 2.98 is deduced to be due to 

HI of 



Addition of phenyl azide t o  e - d i c y c l o p e n t a -  

diene has been reported several  times 71*72 but no 

evidence as  t o  the homogeneity of the  product has been 

avai lable .  Indeed the  r a the r  sharp melting range of the  

product could be construed as evidence f o r  formation of 

73 a s ing le  t r i a z o l i n e  adduct . 
The N.M.R. spectrum of the  addi t ion product, 

84 revealed the  presence of two o l e f i n i c  hydrogens. Since -* 

phenyl azide addi t ion proceeds read i ly  with exo-1,2-dlhydro- 

72S74 but not  w i t h  B-5.6-dihydro-3 74 addi t ion,  i n  

5 t h e  present case, must have occurred to  the  A -double 

bond of s. The 6 3.5-4.5 region of the N.M.R. spectrum 

of 84 revealed the presence of two isomeric t r iazo l ines .  

4B quar te t  pat terns  of H2 and H6 i n  2 were assigned 

'd - 84b as  shown i n  Table 8. Integrat ion of the 

+.o H and H6 gave a 84ar84b r a t i o  of 1.381. 2 



Thermal Decomposltlon o f  Norbornyl T r l a z o l l n e s  

We have s t u d i e d  t h e  thermal  decomposl t lon o f  

82 26 under  v a r l o u s  c o n d l t l o n s  and have found E-2 - 
(F igure  21)  t o  be t h e  p roduc t s  o f  decomposltlon. The 

amount o f  each produc t  was determined by g a s  chromatography 

and t h e  r e s u l t s  a r e  r eco rded  I n  Table  9. 

The - exo-az i r ld lne ,  %, was I s o l a t e d  from 

t h e  p y r o l y s a t e  o f  82 I n  d e c a l l n  by p r e p a r a t i v e  g a s  

chromatography. It w a s  I d e n t i c a l  w i t h  a sample of 9 

prepa red  by p h o t o l y s l s  o f  - 82 49053. 5 was p rev ious ly  
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reported as a product In the pyrolysis and photolysis 

of 82 53. The structure of 3 was confirmed by Its 

characteristic N.M.R. spectrum which exhibited a high 

field doublet (5-9.5 Hz.) at b 0.72 attributable to the 

anti-CR - hydrogen, a doublet of tri~lets !J=9.5 Hz, an6 - 

J=1.8 Hz.) at 6 1.62 attributable to the syn-CS hydrogen 

and a sharp singlet at 6 2.10 which was assigned to the 

hydrogens at C2 and Ck 53. These signals are particularly 

characteristic of 3-azatricyclo (3.2.1.0 2, Lexo 1 

75 octanes . 
The imine, 86, was Identified by Its 

hydrolysis to bicyclo (2.2.1) heptanone and aniline and 

by comparison with a sample prepared by condensation of 

these latter two reagents by azeotropic distillation. 

Hulsgen et a1 have previously reported 86 as a product 

of the pyrolysis of 82 - 
The structure of 8J was determined by a 

combination of spectroscopic analysis and chemical 

degradation. Significantly the infrared spectrum of the 

compound in question contained no N-H absorption. The 



N.M.R. spectrum o f  t h i s  compound e x h i b i t e d  f o u r  d i s t i n c t  

s i g n a l s  i n  t h e  r a t i o  o f  5r212c6 i n  t h e  d i r e c t i o n  o f  s t r o n g e r  

f i e l d .  S p e c i f i c a l l y  t h e  s i g n a l s  appeared as a m u l t i p l e t  

c e n t e r e d  a t  6 6.90, a t r i p l e t  (J=2.0 Hz.) c e n t e r e d  a t  

6 2.69, a m u l t i p l e t  c e n t e r e d  a t  6 2.37 and a complex s i g n a l  

I n  t h e  r e g i o n  between 6 1.1 and 6 1.7. The 6 2.69 s i g n a l  

may b e  a s s i g n e d  t o  hydrogens a t t a c h e d  t o  carbon b e a r i n g  

n i t r o g e n  and t h e  b 2.37 s i g n a l  t o  b r idgehead  hydrogens. 

Three s t r u c t u r e s  may b e  proposed which a r e  c o n s i s t e n t  

w i t h  t h e  s p e c t r a l  d a t a  and which are r easonab le  on 

mechan i s t i c  grounds. These a r e  8J, and 2. The 

format ion  o f  from 82 would be analogous t o  t h e  format ion  

o f  2-exo-7-E-dibromobicyclo - (2.2.1 ) heptane d u r i n g  t h e  

bromlna t lon  o f  a. Aze t id lnes  o f  t h i s  t y p e  have been 

cons idered  p rev ious ly  as p o s s i b l e  p roduc ts  o f  t r i a z o l i n e  

decomposi t i o n  23s44. The a z e t i d i n e  2 cou ld  a r i s e  as 

shown i n  F igu re  22. 

The equ iva l ence  o f  t h e  br idgehead  hydrogens i n  

t h e  N.M.R. spectrum o f  t h e  compound i n  q u e s t i o n  and t h e  

appearance o f  a t r i p l e t  f o r  t h e  hydrogens a t t a c h e d  t o  





carbon bearing nitrogen 76 led us to favour structure 

for this compound. To confirm the structure the compound 

was treated wlth hot potassium thiophenate in alcohol, 

conditions which should lead to Sn2 opening of a, and 

and give no skeletal rearrangement 77. Such cleavage 

would be expected to yield a trans-2,3-disubstituted 

blcyclo (2.2.1) heptane derivative only in the case of 

structure a. The product of this reaction exhibited an 
N.M.R. spectrum clearly indicating the trans-2.3-disub- 

stituted blcyclo (2.2.1) heptane, 2. A quartet 

(J2,2=4.0 HZ. z J3,7a -2 .5  Hz.) centered at 6 2.58 

was observed for the 3-endo hydrogen and a triplet 

(J2, 3=J2,4=4.0 Hz. ) centered at 6 3.50 was observed 

for the 2---hydrogen. The assigned couplings are 

70 consistent wlth those observed In similar systems . 
Treatment of with Raney nickel in isopropanol 

gave an aminobicyclo (2.2.1) heptane. This amine was 

identical in all respects with that formed upon the 

LAH reduction of 86. Since this latter reduction should - 
proceed from the exo side of the carbon-nitrogen double - 



bond o f  - 86, t h e  product must be  2-&-N-phenylamino- 

bicycle (2.2.1) heptane,  s. 
The s t r u c t u r e  of  88 was determined by a n  a n a l y s i s  

of  its i n f r a r e d  and N.M.R. s p e c t r a .  The i n f r a r e d  suectrum 

s i g n i f i c a n t l y  e x h i b i t e d  abso rp t ions  a t  3450 and 3070 und 

1701 cm'l which were a s s igned  t o  t h e  N-H and o l e f  i n i c  

groups r e s p e c t i v e l y .  The N.M.R. spectrum o f  - 88 conta ined  

s i g n a l s  i n  t h e  r a t i o  o f  51211 r l r214  i n  t h e  d i r e c t i o n  o f  

s t r o n g e r  f i e l d .  Two o l e f i n i c  hydrogens appeared as a 

symmetrical t r i p l e t  (J=2.0 Hz.) cen te red  a t  6 5.97. A 

broad s i g n a l  a t  6 2.90 was as s igned  t o  t h e  two br idgehead 

hydrogens. A one hydrogen s i n g l e t  a t  6 3.74 which was 

e a s i l y  exchanged wi th  deuterium oxide  was ass igned  t o  t h e  

hydrogen a t t a c h e d  t o  n i t rogen .  This  t r ea tmen t  d i d  no t  

s i g n i f i c a n t l y  a l t e r  t h e  appearance o f  t h e  s i n g l e t  a t  

6 3.42 which was ass igned  t o  t h e  hydrogen a t t a c h e d  t o  t h e  

carbon b e a r i n g  t h e  n i t r o g e n  func t ion .  S ince  t h i s  l a t t e r  

hydrogen was n o t  s i g n i f i c a n t l y  coupled t o  v l c i n a l  

hydrogens t h e  n i t r o g e n  f u n c t i o n  must be a t t a c h e d  t o  C 70 
7 .  

Mechanist ic c o n s i d e r a t i o n s  l e a d  t o  t h e  assignment of  t h e  



D-7-stereochemistry t o  t h i s  n i t rogen function. The 

formation o f  %dur ing  t h e  pyrolys is  of 82 Is analogous t o  

t h e  formation of syn-2-norbornene-?-methyl carbamate 

24 during t h e  pyrolys is  of t h e  corresponding t r l a z o l i n e  . 
A sample of - 88 w a s  a l s o  prepared by treatment of g w i t h  

72 acid.  Under s i m i l a r  condit ions i s  reported t o  give . 

22 E 
The s t r u c t u r e  of  was a l s o  deduced by ana lys i s  

of I t s  i n f r a r ed  and N.M.R. spect ra .  The i n f r a r ed  spectrum 

of contained N-H absorpt ion a t  3475 cm." and 

absorpt ion a t  840 cm." which i s  a t t r i b u t e d  t o  t h e  presence 

78 of t h e  m r t r l c y c l e n e  system . 



The N.M.R. spectrum of exhibi ted  s igna l s  i n  

t h e  r a t i o  5 r l c l c l r 7  i n  t h e  d i r e c t i o n  of s t ronger  f i e l d .  

A high f i e l d  s igna l  (6 1.02) which appeared a s  a r e l a t i v e l y  

sharp s igna l  was assigned t o  t h e  t h r e e  hydrogens a t tached 

,.A +he ...,..-I-....-..-...- - 4 - -  uu u.rr ,,JllAvplvporiG L ~ t ~ e .  A foiir hjidrogeii s i ~ n a i  which 

was observed as a complex mul t ip le t  between 6 0.9 and 

6 1.7 was assigned t o  t h e  C and C hydrogens. A broad 5 7 

s i n g l e t  ( 1 H )  a t  6 2.01 was assigned t o  t h e  C4 bridgehead 

hydrogen. This hydrogen absorbs a t  0.39 p.p.m. higher  

f i e l d  than t h e  C1 hydrogen of g0 This d i f fe rence  Is 

r ead i ly  a t t r i b u t a b l e  t o  diamagnetic sh ie ld ing  of C4 by 

t h e  cyclopropane r i n g  i n  Two f u r t h e r  one hydrogen 

s i n g l e t s  were observed i n  t h e  N.M.R. spectrum of &. One 

occurred a t  6 3.31 and w a s  assigned t o  the  hydrogen a t  C 3' 

The o t h e r  (6 3.47) disappeared upon the  add i t ion  of deuterium 

oxide and was thus due t o  t h e  hydrogen a t tached t o  the  

ni trogen.  A sample of & was prepared by the  treatment 

of 82 with ac id  (Table 9) .  

To determine I f  t h e r e  were subs t i tuen t  e f f e c t s  

i n  t h e  thermal decomposition of norbornyl t r i a z o l i n e s  such 

* 



as Q the four para-substituted phenyl triazolines 99-102 

(Table 10) were decomposed in pyridine-d5 at 112O~. in 

N.K.R. sample tubes. The N.M.R. spectra were recorded at 

intervals to assay the extent of reaction and to determine 

if any product rearrangement was occurring. 

As was found with 82 there was no detectable change ln 

product distribution with time even with prolonged heating 

after the reactlon was complete. 

In view of Huisgen's work with a 12.53.65 * 

the possibility of triazoline isomerization in the presence 

of base (pyridine) to a diazoalkane-amlne such as 66 was 

considered. To remove any doubt as to the isomerization 

possibility the N.M.R. spectra of 100 were measured in 

CDC13, C6D6 and in C D N, The only observable differences 5 5 

could be attributed to solvent effects and solvent impurities. 

Finally, a sample of - 100 in C D N was kept at 99'~. for 177 5 5 

minutes while repeated scans of the N.M.R. spectrum were 

recorded. There was no observable change in the appearance 

of the N.M.R. spectrum. The infrared spectrum recorded before 

and after heating showed only a solvent peak at 2263 cm. -1 
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-1 in the 2000-2400 cm. region. 

It does not appear that lsomerization to 

diazoalkane-amine In the presence of pyridlne is a route 

in the thermal decomposition of trlazolines, such as 9, 

and the observation 26*51 that nitrogen does not appear to 

be evolved in- a simple first order manner suggested that 

C2-C6 bond cleavage was occurring to give an intermediate 

such as D. We attempted to detect the appearance of 

such an intermediate, 



by carrying out the thermal decomposition of 82 in an 

I . R .  Hot Cell at 1 6 9 ~ .  A band at 2175 cm." was 

observed which Increased in intensity to a maximum after 

30 minutes and subsequently decreased and disappeared 

as the reaction progressed. With our preliminary 

observation suggesting an intermediate such as e;! which 

would explain the formation of endo-azirldlne, &, we chose 

the system 103 as a model. 



This system might be expected to give a larger amount of 

an intermediate such as =because of a larger yield of 

endo-aziridine observed in the thermal decomposition of 103. - 
In collaboration with Dr. L. H. Zalkow 82 we repeated the 

I.R. experiments on 103 and were able to detect a band 

at 2150 cm." which increased in intensity and subsequently 

decreased as the reaction progressed. 

On the basis of the apparent non-first order 

kinetics 26'51, the lnf rared bands detected by decomposing 

82 26 and 103 82 and the endo-azlridine products we consider - - 
that intermediates such as are involved in the thermal 

decomposition of norbornyl triazolines. 



Thermal Decompos~ t l o n  o f  1-Phenyl-5-para-Xphenyl- 

1 , 2 ,  ~ - ~ 2 - t r l a z o l l n e s ,  105. 

The thermal  decomposlt lon o f  monocycllc 

t r l a z o l l n e s  such as 105 produces a z l r l d l n e s ,  106, lmlnes ,  

107, and n i t rogen .  (Table  11). 

We have c a r r i e d  o u t  t h e  n e a t  p y r o l y s i s  o f  105a-105f a t  

171•‹c. and ana lyzed  t h e  r e s u l t i n g  produc ts  by N.M.R.. A t  

t h i s  t empera ture  decomposl t lon was complete a f t e r  two 

hours.  Analys l s  o f  t h e  p y r o l y s a t e  a f t e r  p a r t i a l  r e a c t l o n  

I n d i c a t e d  produc t  d l s t r l b u t l o n s  d i d  n o t  change 

observably  d u r i n g  t h e  cou r se  o f  r e a c t i o n .  A sample 

N.M.R. spectrum Is g i v e n  I n  F igure  2 3  f o r  t h e  p y r o l y s a t e  

o f  I n d i c a t i n g  t h e  r e g i o n  o f  A a b s o r p t i o n  f o r  t h e  
3 

83 imlne produc t  and t h e  ABX a b s o r p t l o n s  f o r  t h e  a z l r l d l n e  . 
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Aziridine u 
Figure 231 N.N.R .  Spectrum of Pyrolysate of B. 



We have p repa red  1-phenyl-+d-5-phenyl-1,2,3- 

2 - t r i a z o l i n e ,  w, and compared t h e  produc t  d i s t r i b u t i o n  

w i t h  t h a t  of  u. The appa ren t  r e d u c t i o n  i n  t h e  amount o f  

imine formed by remains t o  b e  expla ined .  

Thermal Decomposition o f  c i s  (9)  and t r a n s  (10)-  

2 1.5-Divhenyl-4-methyl-1.2.3-A - t r i a z o l i n e s .  

The thermal  decomposit ion o f  2 and 10 i n  

pyr idine-d5 a t  1 1 2 O ~ .  l e a d  t o  t h e  expected produc ts  

21, & and 21 as w e l l  as a produc t  imine,  - 108, i n  which 

t h e  phenyl group had migrated from C5 t o  C,+ of  t h e  

o r i g i n a l  t r i a z o l i n e .  The y i e l d s  of  p roduc t s  are g iven  

i n  Table  1 2  and were o b t a i n e d  by N.M.R. a n a l y s i s  o f  t h e  

py ro lysa t e s .  The r a t i o s  o f  aziridines were s u b s t a n t i a t e d  

by g.1.p.c. a n a l y s i s  on  Column F. The imlne-enamine 





products were apparently isomerlzing on the column and the 

relative amounts could not be ascertained by g.1.p.c. 

The azlridines and 2' were lsolated from 

the pyrolysates of 2 and 10 by preparative g.1.p.c. on 

Column F at 230'~. The spectral data obtained (see 

Experimental) for and 22 fully characterized the 

66 compounds in agreement with Scheiner's data . The imine 
21 was Isolated by g.1.p.c. and compared with an authentic 

6 6 sample prepared from acetophenone and aniline . (See 

Experimental ) . 
The remaining detectable product, 108, was 

characterized by comparing it with the products derived 

by condensation of aniline with 2-phenylpropionaldehyde. 

(See Experimental). The N.M.R. spectrum of - 108 showed 

the presence of three products in the ratio of 

1:2.5:4.2. On the basis of the N.M.R. and I.R. data 

these were assigned structures 108a. 108b and 10Pc. -- - 
The product lmine, m, was easily distlngulshed from 
the other components because of the J coupling 

characteristic of the methyl groups on carbon bearing a 



hydrogen ( N  7 Hz.) 84. This assignment is substantiated 

by the C=N absorption in the I.R. The two enamines 

108b and were assigned on the basis that the - 
thermodynamically more stable species would be present in 

greater amount since the synthesis is performed under 

equilibrating conditions. Hence - 108c was assigned the 

N.M.R. (CK ) absorption at higher field. The presence of 3 

the enamlnes is substantiated by the I.R. absorptions 

due to (C H NH- ) and ($-C=C) 
6 5- 80981. (Figure 24). 





Ptmtodecompositiorrof 1-Phenyl-5-para-Xphenyl- 

Photodecomposition of t r i a z o l l n e s ,  105, was 

found t o  produce mainly a z i r i d i n e ,  106, with  some lmine, 

107, products. ( see  Table 14 ) .  The y i e ld s  of products - 

were determined by ana lys i s  of t h e  N.M.R. spect ra .  No 

o t h e r  products were observed. The t r i a z o l i n e s  

and had U.V. maxima which had the  same order  of 

ex t i nc t i on  c o e f f i c i e n t s  and similar wavelengths as 

those of 2 and 10 (Table 15) .  
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Conformational Analysis of Triazollnes 2, 10 and 105. 

The preferred conformations of 2, 10 and 105 

are based on N.M.R. chemical shifts, coupling constants, 

and conformational energy considerations. 

McGre er 8 5 has found that methyl groups in the 

pseudo-equatorial position, of pyrazollnes like 109, absorb at 

18-26 Hz. toward lower field than methyl groups In the 

pseudo-axial - positions. 

log 

The chemical shift difference between the methyl 

groups in 2 and 10 - is 18 Hz. 66 with the & (2) isomer 

being at higher field. This observation Imolies. by 

analogy, that the methyl group in 2 is pseudo-axial. Of 

the four possible envelope conformations for 2 only two 



(s and 2) have a methyl group pseudo-axial. These two 

conformers may i n t e r c o n v e r t  by n i t rogen  invers ion .  

Hbwever, should be more s t a b l e  because & has 

e n e r g e t i c a l l y  unfavourable 1 ,3 -d lax ia l  (C H CH ) and 6 5 -  3 

1.2-axial-equatorial  ( C  H C H ) I n t e r a c t i o n s  86a 
6 5 - 6 5  . 

The l a r g e  coupl ing cons tan t  (12 Hz.) 66 t h a t  w a s  

observed f o r  2 f u r t h e r  impl ies  t h e  conformational preference  

f o r  by analogy w i t h  McGreer's observa t ions  85. If t h e  

hydrogens of 2 were undergoing exchange between a x i a l  and 

e q u a t o r i a l  s i t e s  w i t h  a s i g n i f i c a n t  populat ion of conforma- 

t i o n s  w i t h  e q u a t o r i a l  hydrogens then  one would expect much 

I 



smal ler  coupling constants  ( r-. 7 Hz. ) 85. On the  b a s i s  of 

t h e  above arguments t he  conformation 2 Is pre fe r red  f o r  the 

c i s  t r i a z o l i n e ,  2. - 
The - t r a n s  t r i a z o l i n e ,  10, is considered t o  have a 

p re fe r red  conformation based on conformational energy 

considera t ions  similar t o  those of 2. 

N-invers Ion - " H5 

The observat ion  t h a t  t h e  H4,-H coupling constant  (8.8 Hz.) 66 
5 

i n  10 - i s  s i m i l a r  t o  t h a t  found i n  109 (8.4 Hz.) 85 is an 

Ind ica t ion  of t he  conformational preference f o r  - 10. The 

u p f i e l d  s h i f t  of H4, and H of 10  r e l a t i v e  t o  H4 and H i n  5 - 5 

2 Is a s t rong  ind ica t ion  of t he  d i a x i a l  preference of t h e  

hydrogens i n  10  - again by analogy with HcCreer's observa- 

t i o n s  85 f o r  109. 



The p r e f e r r e d  conformation o f  a t r i a z o l i n e  r i n g  

l i k e  105 was determined from t h e  c a l c u l a t e d  d i h e d r a l  a n g l e s  

o f  t h e  r i n g  hydrogens. The d i h e d r a l  a n g l e s  were c a l c u l a t e d  

from coup l ing  c o n s t a n t s  o b t a i n e d  by a n a l y s i s  o f  t h e  N.M.R. 

spectrum of t h e  t r l a z o l i n e .  The coup l ing  c o n s t a n t s  were 

determined by u s i n g  t h e  LAOCOON I11 computor program 86b . 
The r e s u l t i n g  d a t a  i s  t a b u l a t e d  i n  Table  16. Fo r  t h e  

purposes  o f  d i s c u s s i o n  t h e  hydrogens o f  t h e  r i n g  which a r e  

e x h i b i t e d  as a n  ABC system have been l a b e l l e d  as i n  110. - 
From t h e  c a l c u l a t e d  coupl ing  c o n s t a n t s  o b t a i n e d  (Table  1 6 )  

it was t h e n  p o s s i b l e  t o  apply  t h e  DAERM technique  86c 

("Dihedral  Angle Es t ima t ion  by t h e  Rat io  Method") t o  c a l c u l a t e  

a p p r o p r i a t e  Karplus c o n s t a n t s  and d i h e d r a l  a n g l e s  f o r  t h e  

ABC hydrogens o f  105. The r e s u l t s  are t a b u l a t e d  i n  

Table  17. On t h e  b a s i s  o f  t h i s  c a l c u l a t i o n  met5od and by 

making t h e  assumption t h a t  t h e  ring geometry o f  is 

s i m i l a r  t o  2, 10 and cyc lopentene ,  we have p r e d i c t e d  t h e  

P r e f e r r e d  conformat ion of t h e  t r i a z o l i n e  r i n g  f o r  I&& 

(F igure  25) .  Two p o s s i b l e  conformat ions ,  and l l l b  -1 

Which a r e  a consequence o f  u s i n g  t h e  DAERM technique  a r e  

g iven  i n  F igure  25. The f i r s t  conformat ion,  u, was 
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r u l e d  o u t  on  t h e  b a s i s  o f  N.M.R. chemical  s h i f t s  and c o u ~ l i n g  

c o n s t a n t s .  

Crawford 87 has  found t h a t  i n  t h e  methylene 

c o n t a i n i n g  p y r a z o l i n e  112, cis v i c i n a l  coupl ings  a r e  l a r g e r  

t h a n  t r a n s  v i c i n a l  coupl ings .  



A s  prev ious ly  mentioned, t h e  - c i s  v i c i n a l  coupl ing  

(12.0 Hz.) 66 i n  2 is l a r g e r  than t h e  t r a n s  v i c i n a l  coupl ing  

(8.8 Hz.) 66 i n  10. A methyl group i s  no t  expected t o  have a 

l a r g e  e f f e c t  on t h e  coupl ing  cons tan t s  between v i c i n a l  

hydrogens (c.f .  2 and 10 with  u) when compared with  

hydrogen. In  - 112 t h e  t r a n s  v i c i n a l  coupl ing cons tan t s  

J(H H ,) and J(H4-H ) a r e  7.5 and 8.0 Hz. r e s p e c t i v e l y ,  a  
4- 3 5' 

d i f f e r e n c e  of  on ly  0.5 Hzo i n  going from methyl t o  hydrogen 

s u b s t i t u e n t s .  

On t h e  b a s i s  of  cis v i c i n a l  coupl ings being 

I 

l a r g e r  than  t r a n s  v i c i n a l  coupl ings , ,by  analogy t o  2, 10, 

and 109,  t h e  conformer l l l b  is p r e f e r r e d  f o r  t h e  t r i a z o l i n e  - - 
u. The t r i a z o l i n e s  and 105f a r e  found t o  have 

e s s e n t i a l l y  t h e  same conformational  preference  ( s e e  Tables  

16  and 1 7 ) .  An a d d i t i o n a l  p i ece  of  evidence which suppor t s  

t h e  argument f o r  - c i s  coupl ings be ing  g r e a t e r  than  t r a n s  

coupl ings i n  110 i s  t h e  deuterium-hydrogen coupl ings of  - 
105d. I f  H,+, i s  a t  h ighe r  f i e l d  than  H4, as expected '*', and - 
t h e  low f i e l d  double t  of  t h e  H4, H4, AB q u a r t e t  is coupled 

more s t r o n g l y  t o  deuterium than  i s  t h e  h igh  f i e l d  double t .  

as observed,  then  H4 is coupled more s t r o n g l y  t o  D and t h e  5 



c i s  coup l ing  must b e  g r e a t e r  t hen  t h e  t r a n s  coup l ing  i n  u. - 
Two f u r t h e r  o b s e r v a t i o n s  a r i s i n g  from t h i s  

t r ea tmen t  a r e :  1) t h a t  t h e  geminal  coupl ing  c o n s t a n t s  i n  

appear  t o  b e  n e g a t i v e  f o r  t h i s  type  o f  methylene u n i t ,  

by analogy t o  112, and 2 )  t h a t  t h e  p r e f e r r e d  conformat ion 

o f  t h e  t r i a z o l i n e s  105 h a s  t h e  least  amount of  s t e r i c  

r e p u l s i o n  between t h e  phenyl groups.  



Dl scussion 

In any discussion of reaction mechanisms it is 

essential that one keep in mind that no mechanistic scheme 

is proven. Mechanisms are simply logical constructs 

providing a convenient way of describing what we think 

is happening in a reaction. As our data about a reaction 

improves and accumulates we must be prepared to modify 

our view of a mechanism rather than try to force data to 

fit a rigid mechanistic scheme. To prove a mechanism one 

must be in a position to observe a molecule undergoing 

reaction from start to finish# a procedure which is 

beyond our present technology and may, in fact, be 

impossible because of the Heisenberg Uncertainty 

Principle. 

In the introduction to this thesis the author 

has attempted to review the reported data concerning 

the synthesis and decomposition of triazolines. In the 

results the author has attempted to describe experiments 

which further our understanding of the mechanisms 

involved. 



Homoconju~atlve Addition of Azides to Bicycllc Dienes. 

The mechanism of addition of azides to alkenes 

is postulated to be a concerted 1,3-dipolarcycloaddltion 

(See Introduction) which may involve a di~olar transition 

In the present study the observation that there 

is a higher proportion of "an isomer than "b" isomer In 

811 9 and - 84 has been interpreted in terms of stabilization 

of a positive charge generated at C2 in the transition 

state leading to the "a" isomers. In each case (81, 9 

and - 84) studied, the rrcloud of the unreacting double 

bond Is favourably situated for such homoconjugative 

stabilization. Supporting evidence for the 

homoconjugative stabilization effect Is found in McLeanes 

work 28 in which phenyl azide, 6, was added to a mono- 

triazoline adduct of norbornadiene, , and formed diadducts 

of norbornadiene (Figure 5). Thus when - 6 reacted with IJ 
the diadducts 20 and 21 were formed in the ratio 1 to 1.5. 

This result is exactly analogous to the result we obtained 



with 2 to give the -- 84b 184a ratio of 111.3. In addition, 

McLean 28 found that 18 and were produced in the ratio 

of 5113. Both 2 and 21 are the species expected to be 

formed from a homoconjugatively stabillzed transition 

state. 

The observation that the 81*ac81eb ratio of 

1.511 is greater than the -- 81ac81b ratio of 1.381 may be 

explained by the observation that the transition state 

for cycloaddltion is stabilized by electron-withdrawing 

substltuents on N of 81 vide supra. This has the effect 3 

of enhancing the preferred orientation of the homoconju- 

gatlvely stabilized cycloaddltion reaction. These 

observations are completely consistent with a dipolar 

intermediate like 2. It Is noteworthy that the addition 

of formic acid to gives over 90% of a, the result of 
8 8 homoconjugative participation by the b2 double bond . 

Likewise 22 is reported to give a high proportion of 114 

with formic acid 89. The orientation effect of the 

unreacting double bond in the dienes studied is signlflcant- 

ly less in the azide reaction than in the formic acid 



a d d i t i o n .  The o r i g i n  o f  t h i s  d i f f e r e n c e  presumably l i e s  

i n  t h e  amount o f  e l e c t r o n  d e f i c i e n c y  gene ra t ed  a t  C2 i n  

e a c h t y p e  of r e a c t i o n .  The g r e a t e r  t h e  & c t r o n  d e f i c i e n c y  

t h e  g r e a t e r  t h e  o r i e n t a t i o n  e f f e c t .  

The possibility o f  a n  I o n i c  pa th  would b e  

suppor t ed  by a ra te  enhancement f o r  t h e  a d d i t i o n  o f  a z i d e s  

t o  homoconjugated a lkenes .  Ba i ley  has  observed  t h a t  t h e  

r e a c t i o n  o f  p i c r y l  o r  phenyl a z i d e  w i th  and (homocon- 

juga ted  a l k e n e s )  Is s lower  t h a n  t h e  r e a c t i o n  o f  t h e s e  a z i d e s  

wi th  a which. I n  t h e  a u t h o r ' s  view tends  t o  r e f u t e  t h e  

p o s s i b i l i t y  o f  a n  i o n i c  pa th .  

Thus, even though d i p o l a r  s t a b i l i z a t i o n  seems 

t o  o c c u r  f o r  homoconjugated a l k e n e s  t h e  concer ted  



I cycloadditlon is still the correct mechanism and the rate 

reduction observed due to homoconjugation is a case of 

reduction in reactivity of the alkene (see Introduction). 
i 

I 
m,.,%-..1 ,.,.-----a ..a -- Drsvuvvar  ~ L U I I  of Korbornyi Triazoiines. 

Our first consideration 26 of a mechanism 

for the thermal decomposition of is given below. 

The formation of &, 86, - 88 and 2 during 

the pyrolysis of 82 was visualized as proceeding via 

the diazonium betaine intermediate, so The 
formation of 2, however, was noteworthy for it required 

a molecular rearrangement involving the cleavage of the 

C2-C6 bond of the bicyclo (2.2.1) heptyl system or 

several hydride shifts. We visualized the pyrolysis of 

82 as proceeding via the Initial heterolytic cleavage of - 
the N -N bond (824%) followed by carbon-carbon bond 3 4 - 
cleavage to give a. The diazoimine, u, then underwent 
internal 1.3-dipolar cycloaddltion to give 82 and/or 119 

which decomposed in the usual fashion to give products. 

(Figure 26). 



TABLE 17. RELATIVE RATES OF 

DECOMPOSITION OF TRIAZOLINE 

82 I N  DIFFERENT SOLVENTS - 
AT 160". 

Solvent t (mln.) 3 

Decalln 

Dlmethyl Sulfoxlde 66 

Nitrobenzene 36 

The f i r s t  fundamental process I n  t h i s  meclianlsm 

Is the he te ro ly t ic  cleavage of the N N bond of 82 t o  3- 4 

give pl. T h i s  proposal was based upon the  observatlon by 

o thers  24s51s58 and ourselves (Table 18 )  t h a t  the thermal 





decomposltlon of t r l a z o l l n e s  Is accelera ted I n  more po la r  

solvents .  The d i r ec t ion  of he te ro lys l s  has been determined 

by subs t l t u t lon  of electron-wlthdrawlng groups a t  N of the  3 

t r l a z o l l n e  r ing  "* 58*60*77*90, Thus the  reac t ion  under 

lnvest lgat lon was found t o  be accelera ted by such 

subs t i t u t ion  (Table 19). 

TABLE 18. RELATIVE RATES OF DECOM- 

POSITION OF ARYL SUBSTITUTED DERIVA- 

TIVES OF - 82 I N  NITROBENZENE AT 

141.6 t 0.1' 

para Substl tuent  t (mln) 3 

The second fundamental process I n  the  proposed 

mechanlsmwasthe cleavage of the C2-C6 bond of to  give  

the  dlazolmlne Intermediate,  u. I n  agreement with the  

postulation- of a mult is tep mechanism Is the  observation 



t h a t  n i t r o g e n  evo lu t ion  dur ing  t h e  p y r o l y s i s  of  82 d i d  n o t  

appear  t o  fo l low f i r s t  o r d e r  k i n e t i c s  (F igure  27).  

I f  one pos tu la t ed  a mechanism which involves  f i r s t  

o r d e r  appearance of  n i t rogen  then  a p l o t  of  loge 

( V , ( N 2 ) / ( ~ , ( N 2 ) - V t ( N 2 ) )  a g a i n s t  t i m e  should produce a 

s t r a i g h t  l i n e  w i t h  t h e  s lope  r e p r e s e n t i n g  t h e  f i r s t  o r d e r  

rate cons tan t .  The f a c t  t h a t  w e  were unable  t o  produce 

such a r e s u l t  may be  explained i n  two ways: 1) o u r  techniques 

were u n s u i t a b l e ;  o r  2 )  t h e  r e a c t i o n  r e a l l y  does n o t  evolve 

n i t r o g e n  i n  a f i r s t  o r d e r  manner. Our s t u d i e s  seem t o  i n d i c a t e  

t h a t  t h e  rate of  n i t r o g e n  l o s s  is l e s s  than  expected dur ing  t h e  

e a r l y  s t a g e s  o f  t h e  r e a c t i o n  and more than  expected i n  t h e  

l a t t e r  s t a g e s .  This  type o f  d e v i a t i o n  may be  expla ined  by 

t h e  k i n e t i c  scheme diagrammed below (Figure  28).  

B e r l i n  e t  a1 have r e p o r t e d  a n  analogous d e v i a t i o n  

from f i r s t  o r d e r  k i n e t i c s  i n  t h e  r a t e  of  n i t r o g e n  evo lu t ion  

dur ing  t h e  p y r o l y s i s  of t h e  phosphorylated t r i a z o l i n e ,  115. 

The i r  d e t a i l e d  a n a l y s i s  of  t h e  k i n e t i c  d a t a  favoured a r e a c t i o n  

scheme involv ing  two consecut ive  f i r s t  o r d e r  r e a c t i o n s  w i t h  

accumulation o f  a d iazo  in t e rmed ia t e  i n  t h e  e a r l y  s t a g e s  o f  

r e a c t i o n  51. I n  t h e  p resen t  case  t h e  d e v i a t i o n  noted could 



Figure  27. T r l a z o l i n e  - 82 Pyro lys i s  i n  Decalin at 

140.1 OC. (Graph to 43% r e a c t i o n ) .  

-- 
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arise f r o m  accumulat ion of t h e  diazonium b e t a i n e ,  o r  t h e  

diazoimine,  =, dur ing  t h e  e a r l y  s t a g e s  o f  r e a c t i o n .  When 

t h e  p y r o l y s i s  o f  t r i a z o l i n e ,  82, w a s  c a r r i e d  o u t  n e a t  i n  a 

v a r i a b l e  t empera ture  i n f r a r e d  c e l l  a t  165' a n  a d s o r p t i o n  

cen te red  a t  2175 cmoS1 appeared and grew t o  a maximum 

i n t e n s i t y  a t  t h i r t y  minutes. This  a b s o r p t i o n  t h e n  decreased  

i n  i n t e n s i t y  throughout  t h e  remaining p o r t i o n  o f  the  p y r o l y s i s .  

The a b s o r p t i o n  is n o t  due t o  phenyl a z i d e  which abso rbs  a t  

2130 cm.". We f e e l  t h i s  a b s o r p t i o n  is due t o  t h e  presence  o f  

% o r  a. Although i t  is d i f f i c u l t  t o  make a d e f i n i t e  a s s i g n -  

ment o f  t h e  observed a b s o r p t i o n ,  = would b e  expected t o  have 

a f i n i t e  e x i s t e n c e  as d i azoa lkanes  and imines  combine i n  

. 6  1.3-dipolar  a d d i t i o n  r e a c t i o n s  on ly  a t  moderate r a t e s  . 

xi 
Carbon-carbon bond c leavage  d u r i n g  t h e  p y r o l y s i s  

o f  t r i a z o l i n e  - 82 has been e l e g a n t l y  employed by Baldwin 

and coworkers t o  account  f o r  t h e  format ion o f  2 from - 82 i n  



phenyl lsocyanate 62. We have found t h a t  decomposltlon of 

t r l a z o l l n e  82 l r r  phenyl isocyanate Is very rap ld  and t h a t  

the  formation of both the  imine, 86, and - endo-azlrldlne, Q. 

a r e  suppressed r e l a t i v e  t o  the  m - a z i r l d l n e ,  5 26. Since 

t h e  a z l r l d i n e  nroductr ere s tcb ln  t= phenyl isboyaiiaie 

under the  condit ions of the  decomposltion, t h i s  r e s u l t  may 

represen t  a t rapping of before I t  Is converted t o  

*-aziridlne. It  Is I n t e r e s t i n g  t h a t  Baldwin was a b l e  

t o  ob t a in  a 60% y i e l d  of from decomposition of 82 I n  

phenyl Isocyanate but  t h a t  only 5-20s of - endo-azirldlne 

is formed from the  t r i a z o l l n e ,  82. I n  its absence. Thls 

may Ind ica te  t h a t  a t  l e a s t  p a r t  of the  dlazolmlne, 

Is converted t o  exo products ( e.g. 3, 86 and 3). The 

z+$Q reac t ion  would thus  appear t o  be r eve r s lb l e .  

There i s  a no t iceab le  decrease I n  the  amount of e- 
a z l r l d l n e  formed when the  decomposltion Is performed i n  

more po la r  solvents  (Table 9). T h l s  w a s  r e a d i l y  

i n t e r p r e t a b l e  i n  terms of the  proposed mechanism which 

allows decomposltlon of t h e  dlazonlum beta lne ,  92. t o  

n i t rogen and a norbornyl ca t i on  o r  t h e  diazoimlne s. 



Since the  former of these  modes of decomposltlon involves 

a g r e a t e r  charge separa t ion,  i t  would be expected t o  increase  

I n  Importance I n  solvents  of higher  d i e l e c t r i c  constant.  

Accordingly t h e  amount of - endo-azlrldlne, 3, which i s  

Termed vis t h e  less poiur mode of decomposition of t o  

t h e  diazoimlne, decreases i n  more polar  solvents .  

The mechanlstlc pos tu l a t e  ou t l ined  above t o  

account f o r  t h e  formation of the  e - a z l r i d i n e ,  3, 

upon pyrolys is  of 82 has been used by Zalkow e t  a1 t o  

exp la in  the  reac t ion  of benzenesulfonyl az lde  with t h e  

b i c y c l l c  anhydrides and 2 76. The r eac t l on  of 

benzenesulfonyl az lde  with & y i e l d s  60% of t h e  

endo-aziridlne, 58, and 19% of the  corresponding - 
exo-azirldlne, while r eac t l on  w i t h  2 gives 74% of the  - 
endo-azlrldlne, 2, and 22% of t h e  corresponding exo- - - 
az i r i d ine .  These reac t ions  a r e  considered t o  proceed v i a  

a n  unstable 1-benzenesulfonyl t r i a z o l l n e  76 which would 

be expected t o  decompose I n  a manner s i m i l a r  t o  82. It 

I S  In t e r e s t i ng  t h a t  i n  these l a t t e r  cases the  e - a z i r i d i n e s  

2 and 2 account f o r  a major por t ion  of the  r eac t i on  



produc t s  whereas i n  t h e  p r e s e n t  c a s e  on ly  a minor amount 

o f  t h e  e - a z i r i d i n e  a was formed. These r e s u l t s  and t h e  

i s o l a t i o n  o f  i n  60% y i e l d  62 from t h e  r e a c t i o n  o f  phenyl  

i s o c y a n a t e  w i t h  2 I n d i c a t e  a similar amount o f  c2-C6 

%--a - - - -  uuu ur-aakage occur s  i n  b o t h  r e a c t l o n s .  Evident ly  t h e  

i n d u c t i v e  and f i e l d  e f f e c t s  o f  t h e  anhydr ide  groups i n  

If? and 2 may n d f a c i l i t a t e  t h e  development o f  n e g a t i v e  

charge  o n  C o f  t h e  b i c y c l o  (2.2.1) h e p t y l  sys tem which 3 

o c c u r s  du r ing  t h e  fo rma t ion  o f  a diazoimine (e.g. s) 
91 f r o m  a diazonium b e t a l n e  (e.g. z) . 

One f u r t h e r  a s p e c t  o f  t h e  r e a c t i o n  which r e q u i r e s  

comment is t h e  amount o f  imlne 82 formed. S e v e r a l  

l n v e s  t i g a t o r s  51 have sugges t ed  t h a t  imine p roduc t s  a r e  

formed i n  norbornyl  t r i a z o l i n e  decomposit ions from 

diazonium b e t a i n e s  (e.g. 92) via 2.3-endo hydr lde  s h i f t s .  

T h i s  t y p e  of rearrangement  is very slow i n  t h e  norbornyl  

system. Indeed, even p roduc t ion  o f  imine from m- 

diazonium b e t a i n e  ana logs  o f  v ia  2,3-exo hydr ide  s h i f t s  

should  be  slow wi th  r e s p e c t  t o  Wagner-Meerwein r ea r r ange -  

ment 92s93 i n  t h i s  system. If e i t h e r  2.3-endo o r  2.3-ex0 - 
t. 



hydrlde shifts were occurrlng In the present case one 

would expect to find much more Wagner-Meerweln rearrange- 

ment products such as 88 and 5 than imlne (this was not 

observed). 

An attractive alternative which has been su~gested 

recently 24 Is proton transfer from C2 to nitrogen in 

dlazonlum betalnes analogous to z t o  give the enamine 

form of 82. In the present case all products Including 

5 and 86 were stable under the pyrolysis conditions. 

Imlne Is formed more readlly at the expense of 

both exo and endo azlrldine where the phenyl substltuent 

Is an electron-withdrawing group In the case of trlazollnes 

B-102. This result Is dlfflcult to explain. In the case 

where the electron-withdrawing azlde substltuent Is 

C6H5s02 23*45 azlrldlne is formed exclusively at low 

temperatures whereas some lmlne is formed at higher 

temperatures. In the case where the electron-withdrawing 

azlde substltuent Is PO(OE~)~. 52. almost exclusive 

lmine formation is observed. Cram 94*95 has pointed out 

that where a carbanion substltuent Is -PO(OR)2 then the 



carbanion tends t o  be symmetrical, and where a  carbanlon 

subs t i t uen t  i s  ArS02- then the  carbanion tends t o  be un- 

symmetrical. One may then pos tu l a t e  t h a t  a r y l  carbanions 

a r e  Intermediate cases an4  by analogy, t h e  n i t rogen anions 

would be the  same, 

An ion i c  mechanism whlch can expla in  the  

product d i s t r i b u t i o n s  would be one i n  whlch t h e  unsymmetrical 

n i t rogen anion is b e t t e r  a b l e  t o  undergo r i n g  c losure  t o  

t h e  developing carbonium ion a t  C6 i n  (Figure 27)  

when ni t rogen Is leaving because of t h e  g r e a t e r  e l ec t ron  

dens i ty  produced between N and C6. Where the  n i t rogen 3 

anion i s  more symmetrical then a higher energy 2,3-*- 

hydride s h i f t  could compete successful ly  with the  r i n g  

c losure  r eac t i on  and i n  t h e  completely symmetric case 

(W(OEt)2)  dominate t h e  react ion.  A s i m i l a r  argument 

could be  appl ied  f o r  imlne production v ia  an  enamine. 

That t h e  imlne forming r eac t i on  is normally a  higher energy 

process i s  demonstrated by the  increase  i n  imlne production 

upon reac t ion  a t  higher  temperatures 23*77 



59 Thermal Decomposition of T r i a z o l i n e s  116 and llJ . 
The thermal  decomposit ion of t h e  s e r i e s  of  

b l c y c l l c  t r i a z o l i n e s  116 is found t o  be q u l t e  analogous 

t o  t h e  norbornyl  t r i a z o l i n e s  i n  t h a t  e lect ron-withdrawing 

aryl subst: tuents fa=*our format ion o f  :mine over  a z i r i d i n e .  

The r e a c t i o n  of a s e r i e s  o f  a z i d e s  wi th  cyclohexene 

i s  found t o  produce a z i r i d i n e s  and imines. The t r i a z o l i n e s  

117 t h a t  a r e  assumed t o  form i n i t i a l l y  i n  t h i s  r e a c t i o n  

appea r  t o  y i e l d  l a r g e r  amounts of a z l r l d i n e  than  was t h e  

c a s e  wi th  t h e  r e s p e c t i v e  t r i a z o l i n e s  116. (Table  2 0 ) .  

The e f f e c t  of  s u b s t i t u e n t s  can be  e x d a i n e d  

w i t h  an  i o n i c  mechanism as f o r  t h e  norbornyl  t r i a z o l i n e s  bu t  

t h e  e f f e c t  o f  i n c r e a s i n g  t h e  r i n g  s i z e  i s  n o t  q u l t e  as 

s t r a i g h t f o r w a r d .  I n  t h i s  c a se  a n  i n c r e a s e  i n  a z i r i d i n e  

y i e l d  wl th  i n c r e a s i n g  r i n g  s i z e  may be exp la ined  on t h e  

basis of a more f avourab le  conformation o f  t h e  i n t e r m e d i a t e  

f o r  r i n g  c l o s u r e .  



TABLE 19.  THERMAL DECOMPOSITION OF TRIAZOLINES FORMED 

FROM CYCLOPENTENE AND CYCLOKEXENE 59. 

Alkene Azlde Substituent X % Azirldine $ Imlne 

p-=N3 

~yclo- 116a  NO^ - 98.6 
pentene b C02CH3 8 89 

c C 1  22 75 

d B r  23 74 

e R 28 71 

f CH3 32 55 

g CH30 38 55 

h 0 s O 2 N 3  94.5 

Cyclo- 11?a NO2 
hexene b C 1  



Thermal Decomposition of Styryl Triazolines 105a-f. 

The thermal decomposition of the styryl 

triazolines 105a-f if considered to proceed by an ionic 

mechanism should, on the basis of the above areuments, 

produce relatively greater amounts cf aziridlne than imine. 

This has, in fact, been observed for monocyclic systems 

by other authors 20,34 

The reason for determining the conformations 

of some of the styryl triazolines, 105, was to see if 

changes in the para-substituent affected the conformation 

of the triazoline ring significantly. A sample N.M.R. 

spectrum and a LAOCOON I11 s~ectrum are given in Appendix 1 

for u. In all of the styryl cases, 105a-c, e-f, the 
observed s~ectra have the same general appearance. Tables 

16 and 17 show essentially the same conformations for 

105c.e.f. The spectra obtained for 105a.b were not of a 

high quality sufficient to allow a good refinement by the 

LAOCOON-DAERM 86c method. However, preliminary results 

indicated the same conformations for 105a.b as for the 



others. It is safe to say that wlthin the limits of accuracy 

of the DAERK technique the conformations of the triazolines 

105a-c.e-f are the same. Therefore any changes in product 

distribution for the thermal decomposition of I& should 

5e  attribut&:e to electronic rather t'nan coniormatlonai or 

steric effects. 

Table 11 indicates that the yield of aziridine 

product decreases relative to lmfne for the para-substituted 

triazolines, 105. This seems to imply that a para- 

substituent either decreases the energy barrier to imine 

formation or else increases the energy barrier to 

aziridine formation. Since imine formation involves the 

hydrogen situated on C which has the substituted phenyl 5 

group it appears reasonable that the imine forming 

process is being enhanced. The aziridine forming process 

does not appear to require the intermediacy of the C 
5 

carbon. An additional point is that in the case of 

in whlch deuterium is substituted for hydrogen on C the 5 

yield of imine is smallest. This may be rationalized on 



t h e  b a s i s  t h a t  t h e  C-D bond has  a lower  zero-poin t  energy 96 

t h a n  t h e  C-H bond and r e a c t i o n s  i nvo lv ing  breakage of t h i s  

bond would be  slowed down because of t h e  Inc reased  energy 

b a r r i e r  t o  bond breakage.  It is n o t  p o s s i b l e  t o  s p e c u l a t e  

on  t h e  exac t  n a t u r e  (1.e. resonance o r  i n d u c t i v e  e f f e c t )  o f  

t h e  s u b s t i t u e n t  e f f e c t ,  w i t h  t h e  l i m i t e d  d a t a  a v a i l a b l e ,  

beyond say ing  t h a t  it probably has  t h e  g r e a t e s t  e f f e c t  

o n  t h e  imine forming reaction. If t h e  mechanism invo lved  

pu re ly  i o n i c  p roces ses  one  would expec t  a l i n e a r  r e l a t l o n -  

s h l p  between t h e  r a t e  o f  lmine format ion  and 0 
P* 

The 

produc t  d i s t r i b u t i o n s  oSserved sugges ted  t h a t  t h i s  w a s  

probably no t  t h e  case.  

Thermal Decomposition o f  cis (2) and t r a n s  (10) T r i a z o l i n e s .  

Thermal decomposi t i o n  of 2 and 10 g i v e s  

a z i r l d i n e s  & a n d  22 wi th  some imlne 21 i n  s i m i l a r  

q u a n t i t i e s  t o  t h a t  found i n  t h e  c a s e  of and u. 
The major a z l r l d i n e  component Is o f  a similar con f igu ra -  

t i o n  t o  t h e  t r l a z o l i n e  from which it was de r ived .  Th i s  

w a s  n o t  expec ted  on t h e  b a s i s  o f  a n  I o n i c  mechanism. 



Mechanism f o r  Thermal Decomposition of T r i a z o l i n e s .  

The h igh  deg ree  of s t e r e o s e l e c t i v i t y  found i n  t h e  

thermal  decomposit ion o f  2 and 1 0  - sugges t s  t h a t  t h e  

t r a n s i t i o n  s t a t e  f o r  r e a c t i o n  r e t a i n s  t h e  s t e r eochemica l  

e-..+~.." ......---* 
A a , , u I a  r L r n ~ ~ l b  i n  t h e  k-iazuiirle. Such a c o n d i t i o n  

would be  t h e  c a s e  f o r  conce r t ed  b reak lng  o f  t h e  two 

C-N bonds wi th  developing o v e r l a p  o f  t h e  new bonds b e i n g  

formed a t  t h e  t r a n s i t i o n  s t a t e  85, 119.. The thermal  

decomposi t ion could  be  thought  of  as a 2 + 2 c y c l o r e v e r s l o n ,  

(F igu re  2 9 ) .  Thi s  however r e q u i r e s  a  h igh ly  s t r a i n e d  

t r a n s i t i o n  s t a t e  i n  which bond c leavage  must b e  a 

2 + 2 p r o c e s s  t o  be  al lowed. S ince  t h e  geometry o f  
o s  o a  

t h e  s t a r t i n g  t r i a z o l i n e  i s  main ta ined  i n  t h e  produc t  

a z i r i d i n e s ,  viewing t h e  p roces s  as a concer ted  p r o c e s s  

r e q u i r e s  i n v e r s i o n  o f  N t o  b e  e n e r g e t i c a l l y  more 1 

favourab le  t h a n  i n v e r s i o n  a t  Cb. 

An a l t e r n a t i v e ,  b u t  e q u i v a l e n t  e x p l a n a t i o n ,  

i nvo lves  t h e  l o s s  o f  N2 t o  form a t h r e e  atom i n t e r m e d i a t e  

119a  which i s  analogous t o  t h e  t r ime thy lene  u n i t  found by - 
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Figure 29. Cycloreversion Mechanism. 



C r a w f  o r d  97 i n  t h e  gas  phase thermal  decomposit ion of 

py razo l ines .  The i n t e r m e d i a t e  t h e n  behaves as a 

t r ime thy lene  u n i t  and forms p roduc t s  i n  a s t e r e o s e l e c t i v e  

9  8 manner based on t h e  symmetry c a l c u l a t i o n s  of Hoffman . 
0 r 96 McGreer "' proposes  t h a t ,  l i k e  t r ime thy lene  , 

i n t e r a c t i o n  o f  t h e  o r b i t a l s  on  Cq wi th  t h e  C-N bonds of a 

p y r a z o l i n e  b e f o r e  l o s s  of  n i t r o g e n  can cause  t h e  t h r e e  

carbon f ragment  t o  a c t  as a symmetric o r  an t i symmetr ic  

component depending o n  s t e r i c  and e l e c t r o n i c  f a c t o r s .  

This  would a l l o w  a v a r i e t y  o f  s te reochemica l  r e s u l t s  t o  

b e  i n  compet i t ion  w i t h  each o t h e r .  Th i s  may i n  f a c t  be  

99 analogous t o  a 2+2+2 p e r i c y c l i c  r e a c t i o n  . 
Pursuing t h e  i d e a  t h a t  thermal  ~ ~ c o I U D O S ~ ~ ~ O ~ S  

o f  t r i a z o l i n e s  a r e  conce r t ed  p roces ses  t h e n  one may 

d e s c r i b e  t h e  format ion  of p roduc ts  as involv ing :  1) con- 

c e r t e d  l o s s  o f  N2 wi th  r i n g  c l o s u r e  ( o r  fo rmat ion  o f  a  

C-C-N u n i t )  t o  form a z i r i d i n e s  s t e r e o s e l e c t i v e l y  (F igu re  

29, A c t i v a t i o n  Process  1) o r ;  2 )  t h e  format ion  o f  

d i azoa lkanes  by concer ted N1-N2 and C C bond c leavage  
4- 5 



(Figure 29, Activation Process 2) or; 3) imlne formation 

via concerted loss of N2 with hydride shift in a 

2 + 2 + 2 pericyclic reaction (Figure 29, Activation 
0 0 0 

Process 3). 

To explpin the anemalc??s cases, where charge 

seems to be involved, as in the case of Wagner-Meerwein 

shifts in the norbornyl systems, one must realize that 

polarization of bonds involved In these perlcyclic 

reactions does not alter the orbital symmetry requirements 

to which the reaction is subject. In other words. 

cy cloreversions as cycloadditions may proceed via dipolar 

transition state intermediates and thus be subject to small 

solvent and substituent effects. 

Photodecomposition of Triazolines. 

Exactly the same types of symmetry arguments may 

be applied to the photodecomposition of triazolines 

except that the symmetry rules now require a 2 + 2 
0 s  0 s  

cycloreversion 99. This implies an even greater stereo- 

selectivity as was observed by Scheiner 14 66 and Aratani . 



I The a u t h o r  now t a k e s  t h e  view t h a t  t h e  s y n t h e s i s  

and decomposit ion (bo th  thermal and p h o t o l y t i c )  r e a c t i o n s  

a r e  two manlf e s  t a t i o n s  (Cycloaddi t i o n  and Cyc lo reve r s lon )  

o f  a s i n p l e  t y p e  of Drocess. A s imple  view of t h i s  

p r o p o s l t l o n  1s sugges ted  i n  F igu res  29 and 30. 

A l t e r n a t i v e  Mechanism f o r  1.3-Dipolarcgcloaddi t i o n  o f  

Azides t o  Alkenes. 

Hulsgen lob favour s  a mechanism f o r  1 .3 -d ipo la r -  

c y c l o a d d l t i o n s  which Involves  hmrUng of t h e  a z l d e  

s imul teneous ly  wi th  m i e n t a t i o n  c f  t h e  a lkene .  Tk5.s ! m ? ? e s  

t h a t  t h e  k i n e t i c s  o f  c y c l o a d d l t i o n  must b e  second o r d e r  

o v e r a l l .  1.e. Azlde and Alkene k2 > T r i a z o l i n e .  

Huisgen 53 f i n d s  t h a t  t h e  k i n e t i c s  of  cyc lo-  

a d d i t i o n  of - 6 o r  a i n  t h e  presence  o f  a two-fold excess  

o f  a lkene .  - 1 2 1 ,  i s  second o r d e r .  



GROUND STATE AZIDE (LINEAR) 

ACTIVATED AZlDE (BENT) 

1,3- DlP0LARCYCU)ADDITION OF 
ALKENE TO BENT AZlDE / 

PRODUCT TRlAZOLlNE 

Figure 30. Cycloaddltion Mechanism. 



In add i t ion  he observed a small inverse  so lven t  e f f e c t  

which suggested t h a t  t h e  t r a n s i t i o n  s t a t e  was l e s s  po l a r  

than t h e  s t a r t i n g  mater ia ls .  

Scheiner l6 found t h a t  t h e  k ine t i c s  of  

cyciaaddition of 6 t o  -a is pseudo-firs t  o rder  i n  both 

az ide  and alkene when alkene is  i n  a n  hundred-fold excess. 

By t h e  method of i n i t i a l  r a t e s  t h i s  indica ted  a 

mechanism which was second order  o v e r a l l  loo. He a l s o  found 

no genera l  so lven t  e f f ec t .  

The apparent  l a c k  of a s i g n i f i c a n t  solvent  e f f e c t  

found by both m i s g e n  53 and Scheiner l6 ind ica t e s  t h a t  

the  mechanism does not  involve a zwi t t e r ion  intermediate,  

122, l i k e  t h a t  proposed by Awad 63  f o r  t h e  r eac t i on  of - 6 

with 123. 



A potential energy, entropy, and activation 

energy scheme for the simultaneous mechanism proposed by 

Hulsgen lob should resemble Figure 31 (Process 1). 

An alternative description for the mechanism of 

cycloaddltlon is o w  which is Aesc~ibod by F i g w e s  30 

and 32 (Process 2). In this process the azide is first 

activated to a bent configuration with a corresponding 

increase in the potential energy of the reactants. 

Later in the sequence the bent azide is oriented with 

respect to the alkene with a corresponding decrease 

in the entropy of the system. The metastable intermediate 

which is formed may then proceed to products as 

indicated in Figure 2'. 

101 
As Huisgen has pointed out it is not always 

possible to distinguish between reactive Intermediates on 

the basis of kinetics since the rate determining step is 

the only one about which Information is provided by the 

determination of overall kinetics and activation parameters* 

The available kinetic data does not allow one to make a 

clear distinction between Process 1 and Process 2 as the 



REACTION COORDINATE 

Figure 31 . Energy Schemes for  a Concerted Cycloadditlon. 
(Process 1)  



REACTION COORDINATE 

Figure 32. Energy Schemes for a Stepwise Cycloaddition. 

(Process 2) 



r e s u l t s  mentioned above always Involved excess alkene which 

could mask a process l i k e  2 i n  which t h e  az lde  i s  

equ i l i b r a t i ng  w i t h  a c t i va t ed  azide. (Figure 3 0 )  

Process 2 allows an a l t e r n a t i v e  explanat ion 

4.-- A L -  
LIIC reversing s i g n  o i  t h e  J values found i n  Table 1. 1- 

For example, i f  the  bending of the  az ide  is t h e  r a t e  

determining s t e p  then one expects t o  s e e  the  az ide  with 

t h e  lowest a c t i v a t i o n  energy reac t ing  most rap id ly  with  a 

given alkene. T h i s  implies a pos i t i ve  value. If,  1) 
however, the  r a t e  determining s t e p  is  t h e  o r i e n t a t i o n  of 

alkene w i t h  bent az ide  and t r a n s i t i o n  t o  products then 

one would expect the  most e lec t ron-r ich  az ide  t o  o r i e n t  

with the  most e lec t ron-def ic ient  alkene with t h e  lowest 

a c t i v a t i o n  energy. T h i s  implies a n e g a t l v e p  value. 

The k i n e t i c  arguments presented by Scheiner 16 

favoured a s t a b i l i z a t i o n  of negat ive  charge on N1 i n  the  

t r a n s l t i o n  s t a t e  and a l s o  t h e  more rap id  formation of t h e  

bond between N and C4 than between N1 and C - r e s u l t i n g  3 5 

i n  a d ipo l a r  t r a n s i t i o n  s t a t e  l i k e  ( s ee  In t roduct ion) .  

An equivalent  r e s u l t  may be found i n  process 2 ,  1.e. an  

F 



electron-withdrawing group on N1 would stabilize a negative 

charge on N1 but It also favours the formation of the bent 

configuration 74d (Figure 7) which has a positive 

terminal nitrogen and hence reacts faster with the alkene 

double bond. 



Mass Spect ra l  Analysis of Tr iazol ines  102 

To ob ta in  more information about the  decomposi- 

t i o n  of t r i a z o l i n e s  under condit ions involving e l ec t ron  

impact we s tud ied  the  mass spec t ra  of the  norbornyl 

t r i a z o l i n e s  99-102 and t h e  s tyry l  t r iezn l ines  105a=f 

(Tables 2l.and 22). Figures 33 and 34 g ive  genera l  

cracking pa t t e rn s  f o r  t h e  two systems of t r i a z o l i n e s .  A 

d e t a i l e d  cracking p a t t e r n  f o r  is given i n  Figure 22. 

The most genera l  observat ions of  t h e  cracking 

pa t t e rn s  of both systems a r e  t h a t  t h e  parent  r a d i c a l  i on  

is normally not  observed, t h e  P-28 r ad i ca l  ion  is  always 

p resen t  corresponding t o  l o s s  of N2 from t h e  parent ,  

t h e  P-28 r a d i c a l  ion l o s e s  a hydrogen r a d i c a l  t o  g ive  a 

P-29 ion, and t h e  P-28 t o  P-29 process usual ly  exh ib i t s  

a metastable i on  a t  P-30. Beyond t h i s  t h e  cracking 

pa t t e rn s  become s p e c i f i c  t o  t h e  system being examined. 

In  t h e  norbornyl systems the  P-28 r ad i ca l  ion  

l o s e s  the  elements of ethylene t o  form a P-56 r a d i c a l  ion  

which i n  t u r n  l o s e s  a hydrogen r a d i c a l  t o  form a P-57 ion  

wi th  the  accompanying metastable ion  a t  P-58. This type 



TABLE 20 .  RELATIVE INTENSITIES OF MASS SPECTRAL IONS 

IN THE NORBORNYL TRIAZOLINE SYSTEMS a. 

Compound r 99 100 101 102 
para-Subs ti tuent X r N02 B r  CH3 CH 0 

Ion - 
P-2 8 

P-29 

P-4 3 

P-56 

p-57 

rn* (P-56+~-57 

P-69 

P-8 3 

P-94 

P-109 

P-136 

m/e 93 

a Direct Probe Injection 

Ambient Temp. 80•‹c. 

Ionization Voltage 80V. 



Figure 33. Generalized Mass Spectral  Cracking Pattern 

f o r  Norbornyl Triazol ines .  

Irtl t i a l  Fragmentation 

Breakdown 

- - favoured by X - e donating group 

- favoured by X - e- donating group 

( P - 2 8 P  - (P-109) 0 
- - favoured by X - e donating group 

0 
(P-1 36 

- - s trongly  favoured by X - e 

donating group 

0 (P-28) - Y -m/e ( 9 3 )  - - s trongly  favoured by X - e 

withdrawing group 



TABLE 21, RELATIVE INTENSITIES OF MASS SPECTRAL IONS 

I N  THE STYRYL TRIAZOLINE SERIES, 105 a. 

Compound r l05a 105b 10% 105d 105e 105f  
para-X I C1 B r  H H Me He0 

Ion - 

a D i r e c t  Probe Injection 

Ambient Temp. 80'~.  

Ionization Voltage 80V. 



Flgure 34. Generalized lviass Spectral Cracking Pattern 

for Styryl hlazollnes. 

Initial Fra~mentation 



of process is Important for all the norbornyl systems 

but is more important, forming the base ion, where the 

aryl substituent is electron-donating. The loss of the 

elements of norbornene (P-94) from the parent radical ion 

seems to be occurring significantly and is favoured when 

the aryl substituents are electron-donating groups. The 

resulting (P-94) Ion Is simply an azlde radical ion. 

One other process favoured by electron-withdrawing aryl 

substituents is the P-28 to P-109 transformation which 

may be loss of a blcyclo (2.1.1) hexane radical. The 

only process which seems favoured by electron withdrawing 

aryl substituents is the formation of the norbornyl 

cation (m/e 93)'. 

In the styryl system the processes are more 

straightforward because of the presence of many metastable 

peaks in the spectrum of u. There are four processes 
of Importance in the styryl series. The first is the loss 

of a CH radical from the P-28 radical ion to give a 3 

P-43 Ion. The second is loss of a substituted phenyl 

carbene to give an Ion (m/e 104) corresponding to 



C H g=$-H. This ion can in turn lose HCN to give an 
6 5- 

ion (m/e 77)+ corresponding to c ~ H ~ .  Finally the P-29 

I + 
ion can lose C H NC to give an ion (m/e 91) correspond- 6 5 

ing  to the tropylium ion. This last being common in 

systems with aromatic rings 102 . 



Initial Fra~mentatlon 
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Summary 

The r e s u l t s  o f  o u r  s t u d i e s  on t h e  a d d i t i o n  o f  a z i d e s  

t o  homoconju3ated d i e n e s  e s s e n t i a l l y  suppor t  t h e  commonly 

a c c e p t e d  theory  t h a t  a z i d e s  add t o  o l e f i n s  i n  a conce r t ed  

1 .3-dipolarcy c l o a d d i t i o n .  

The r e s u l t s  o f  o u r  s t u d i e s  on t h e  thermal  decompo- 

s i t i o n  of t r i a z o l i n e s ,  however, cause  us t o  propose a 

mul t i -pa th  mechanism invo lv ing  as major pa ths  concer ted  

cyc lo reve r s ions  and as minor pa ths  t h e  c u r r e n t l y  a c c e p t e d  

s t epwlse  i o n i c  modes o f  decomposit ion.  

The predominance o f  s t e r i c  r e t e n t i o n  du r ing  a z i r i d i n e  

fo rma t ion  from 2 and 10  - i s  most e a s i l y  exp la ined  i n  terms o f  

e i t h e r  1 )  t h e  conce r t ed  e l i m i n a t i o n  o f  n i t r o g e n  t o  form 

p roduc t s ,  o r  2 )  fo rmat ion  o f  symmetric and an t i symmetr ic  CCN 

i n t e r m e d i a t e s  which form produc ts  i n  a s t e r e o s e l e c t i v e  f a sh ion .  

Both o f  t h e s e  p o s s i b l e  r o u t e s  have been advanced t o  e x p l a i n  

t h e  s t e r e o s e l e c t i v i t y  observed i n  p y r a z o l i n e  decomposit ion 

8 5 * 9 7 .  I t  is n o t  p o s s i b l e  t o  d i s t i n g u i s h  which o f  t h e s e  r o u t e s  

i s  c o r r e c t  i n  t h e t r l a z o l l n e  system wi th  t h e  d a t a  a v a i l a b l e .  



E i t h e r  o f  t h e s e  r o u t e s  is c o n s i s t e n t  wl th  t h e  h igh  degree  o f  

s t e r e o s e l e c t i v l  t y  r e p o r t e d  66 I n  t h e  p h o t o d e c o m ~ o s i t l o n  o f  

2 and lo. 

On t h e  b a s i s  of  t h e  products  formed I n  t h e  thermal  

d e c o m ~ o s i t i o n  o f  z, B-152 - ( p r e s e n t  s t u d y )  and t h e  r e s u l t s  

o f  o t h e r  s t u d i e s  27*55r62,  I t  seems r easonab le  t h a t  one r o u t e  

of norbornyl  t r i a z o l l n e  decomposit ion involves  c leavage  o f  

t h e  C-C bond o f  t h e  t r i a z o l l n e  r i ng .  T r i a z o l l n e  C-C bond 

c leavage  has been demonstra ted i n  o t h e r  systems 7.60.61 

Whether t h e  C-C bond c leavage  Is conce r t ed  wl th  N-N bond 

c l e a v a ~ e  of t h e  t r l a z o l i f i e  r i n g  ( i .e.  a c y c l o r e v e r s i o n )  cr 

whether t h e s e  two bonds c l e a v e  independent ly  can n o t  b e  

determined i n  t h e  norbornyl  system wl th  t h e  p r e s e n t  d a t a .  

However, it seems l i k e l y  t h a t  a concer ted  p roces s  o p e r a t e s  

I n  t h o s e  systems where d iazoa lkanes  have been d e t e c t e d  by 

produc t  and s p e c t r o s c o p i c  a n a l y s i s  7s60.61 

I f  s t epwise  c leavage  of t h e  N-N and C-C bonds were 

t o  occu r  t h e  dlazonium i o n  t h u s  produced would b e  exaec ted  

t o  l o s e  N very r a p i d l y  under  t h e  t he rmolys l s  cond l t l ons .  I n  2 

d e c a l i n  s o l u t i o n ,  t h e  produc ts  of  - 82 a r l s l n g  from Wagner- 



Meerweln rearrangement  (expected of t h e  c a t i o n  produced upon 

l o s s  o f  N2 from t h e  dlazonlum i o n ) ,  account  f o r  .dl$ o f  t h e  

r e a c t i o n  mixture .  The r e l a t i v e  I n c r e a s e  I n  3 and & f o r  

thermal  decomposlt lon I n  more p o l a r  s o l v e n t s  may I n  f a c t  

I n d i c a t e  t h a t  a n  i o n i c  mechanism is competing wl th  t h e  

conce r t ed  ones b u t  t h a t  I t  Is a r e l a t i v e l y  h igh  energy Drocess 

i n  non-polar s o l v e n t s .  

By adding c y c l o r e v e r s l o n s  t o  t h e  mechanisms 

t h u s  fa r  advanced f o r  t r i a z o l l n e  thermal  decomposlt lon and 

photodecomposit lon I t  Is now p o s s i b l e  t o  e x p l a i n  t h e  r e s u l t s  

o f  a l l  t h e  t r l a z o l l n e  systems s t u d l e d .  The c y c l o r e v e r s l o n s  

cons ide red  t o  be  a n  i n t e g r a l  p a r t  o f  t h e  t r l a z o l i n e  

decomposit lon r o u t e s  c o n t r a s t  we l l  wl th  t h e  symmetry a l lowed 

s y n t h e t i c  r o u t e s  which produce t r i a z o l l n e s .  The p o s s i b i l i t y  

of t h e  s y n t h e s i s  and decomposit ion being two a s n e c t s  o f  a 

s i n g l e  type  o f  p rocess  is e s p e c i a l l y  a p ~ e a l l n g .  



To properly clarify these proposals additional 

work is required, particularly in the area of kinetics of 

the thermal decomposltlon. Much more definitive data is 

needed and some suggestions have been made in the following 

section. 



Sugp;estions f o r  F u r t h e r  Study 

The mechanism f o r  1.3-dlpolarcycloadditlon o f  

a z i d e s  t o  a lkenes  i s  f a i r l y  c l e a r l y  e s t a b l i s h e d  as q 

4 + n2s conce r t ed  c y c l o a d d i t i o n  10.99 
n 

The mechanism f o r  thermal  d e c o m ~ o s i t i o n  o f  

t r i a z o l i n e s  has  been proposed as a s t epwise  i o n i c  

p roces s  by many au tho r s .  This  a u t h o r  has  urouosed a 

concer ted  mechanism which o p e r a t e s  i n  a manner d i c t a t e d  

by o r b i t a l  symmetry c o n s i d e r a t i o n s .  

There a r e  some o b s e r v a t i o n s  t h a t  a r e  open t o  

deba te  i n  choosing a mechanism f o r  t h e  decomposit ion of 

t r i a z o l i n e s .  1) The non- l inea r  Hammett c o r r e l a t i o n  found 

by Huisgen 65 ( s e e  Table  3 and F igu re  1 6 )  does n o t  seem 

t o  be  c o n s i s t e n t  wi th  a n  i o n i c  mechanism. Schreck 1 0 3  

has  po in t ed  o u t  t h a t  non - l i nea r  concave upward Hammett 

p l o t s  (F igu re  1 6 )  i n d i c a t e  a change i n  t h e  mechanism o r  

t r a n s i t i o n  s t a t e  of t h e  r e a c t i o n ,  a s  one proceeds  from 

e l ec t ron -dona t ing  t o  e lec t ron-wi  thdrawing Froups. I f  t h e  

mechanism of t r i a z o l i n e  decomposition is c o n s t a n t  and i o n i c  



t h e n  one expec t s  a l i n e a r  r e l a t i o n s h i p  wi th  a f a i r l y  l a r g e  

change i n  r a t e s  over  a r ea sonab le  change i n  0. I n  go ing  

from 
OP 

- 0.268 (pCH 0 )  t o  0.778 (pNo2) a r a t e  chanse o f  3 

l e s s  t han  a f a c t o r  o f  5 w a s  observed f o r  a. This  

behaviour  is  more c h a r a c t e r i s t i c  o f  r e a c t i o n s  i nvo lv ing  

96 i s o p o l a r  t r a n s i t i o n  s t a t e s  . I n  t h e  norbornyl  system 

( p r e s e n t  work) 26 (82,  - B - 1 0 2 )  - o v e r  t h e  same range of 0 
P 

t h e  r a t e  of  decomposit ion changed by a f a c t o r  o f  on ly  16, 

b u t  i n  t h e  o p p o s i t e  d i r e c t i o n .  To s o r t  o u t  some o f  t h e  

appa ren t  d i f f i c u l t i e s  it is necessary  t o  examine t h e  

k i n e t i c s  of  decomposit ion f o r  a much l a r g e r  group o f  

s u b s t l t u e n t s  on N1 and C4 o f  some s imple  t r i a z o l i n e  

systems which do n o t  appear  t o  involve  c o m ~ l i c a t i n a  s i d e  

r e a c t i o n s .  A good s e r i e s  mag be t h e  p a r e n t  t r l a z o l i n e s  

such as - 124 which appear  t o  g i v e  mainly a z i r i d i n e  product .  



I a t tempted  i n i t i a l l y  b u t  a word of cau t ion  is i n  o r d e r .  I n  

I t h e  norbornyl  systems such as 82 and 115 t h e  k i n e t i c s  

appea r  t o  obey a complex r a t e  l a w  which is t e n t a t i v e l y  
-- 

consecu t ive  f i r s t  o r d e r  'I. S i m i l a r l y  t h e  k i n e t i c s  f o r  t h e  

s t y r y l  cases  105 do n o t  appea r  t o  obey a s imple  r a t e  l a w .  

Huisgen 6 5 ,  however, c la ims  f i r s t  o r d e r  k i n e t i c s  f o r  t h e  

c a s e s  o f  g. Once t h e  o r d e r  o f t f i e  r e a c t i o n  i s  c l e a r l y  

e s t a b l i s h e d  f o r  124 t h e n  t h e  e f f e c t  of  n i t r o g e n  

s u b s t i t u e n t s  should  be  c l e a r  and t h e  i o n i c  o r  i s o p o l a r  

i c h a r a c t e r  of  t h e  mechanism may be considered.  A second 

s e r i e s  of t r i a z o l i n e s  w i th  va ry ing  s u b s t i t u e n t s  on C4, 

such  as 125, should  b e  ana lyzed  k i n e t i c a l l y  t o  f u r t h e r  



e s t a b l i s h  t h e  o r d e r  o f  n i t r o g e n  e v o l u t i o n  and hence gain 

a n  i n s i g h t  i n t o  t h e  mechanism o f  thermal decomposit ion 

and determine whether o r  n o t  t h e  mechanism changes. The 

t r i a z o l i n e s  o f  t h e  125 s e r i e s  could  probably be  s y n t h e s i z e d  

by t h e  a d d i t i o n  of s u b s t i t u t e d  phenyl  d i azoa lkanes  t o  imines.  

The conformations o f  a l l  o f  t h e s e  t r i a z o l i n e s  shou ld  b e  

determined t o  b e  s u r e  t h a t  conformat ional  e f f e c t s  a r e  

r e l a t i v e l y  cons t an t .  

2 )  The o b s e r v a t i o n  of a deut;erlum i s o t o p e  

e f f e c t  (Table 11) i n  t h e  c a s e  o f  cannot be 

exp la ined  by a s i m ~ l e  i o n i c  hydr ide  s h i f t  mechanism 

concer ted  wi th  l o s s  o f  n i t r o g e n .  It can b e  accommodated 

by a p e r i c y c l i c  r e a c t i o n .  The d i f f e r e n c e  i n  bond energy 

between C-?I and C-D bonds may cause  t h e  2 + 2 + 2 
a s  0 s  a s  

p e r i c y c l i c  r e a c t i o n  t o  be  l e s s  favoured  t h a n  t h e  

2, + 2, p e r i c y c l i c  r e a c t i o n .  An i d e a  a l r e a d y  suppor t ed  
a 0 

by t h e  reduced amount o f  imine i n  thermal  decomvosi- 

t i o n .  In  t h e  photodecomposit ion o f  t h e  r e v e r s e  

p roduc t  d i s t r i b u t i o n  i s  noted ,  i .e .  t h e  r e l a t i v e  amount of 

imlne  i n c r e a s e s .  I f  t h e  mechanism invo lves  t h e  f o r m a t i o n  



of  symmetric and an t i symmetr ic  C-C-N u n i t s  (by analogy 

t o  t h e  t r ime thy lenes  proposed by Crawford 9 7 ) .  Then 

t h e  r e v e r s a l  i n  r e l a t i v e  produc t  d i s t r i b u t i o n  because o f  

t h e  method of a c t i v a t i o n  may be expla ined  on t h e  basis o f  

r e v e r s a l  o f  symmetry requi rements  and a s  is  expec ted  i f  

o r b i t a l  symmetry is conserved (1.e. p h o t o a c t i v a t i o n  has  

t h e  o p p o s i t e  symmetry requirement  t o  thermal  a c t i v a t i o n  

i n  c y c l o r e v e r s i o n  r e a c t i o n s ) .  The k i n e t i c  evidence f o r  t h i s  

i s  c e r t a i n l y  n o t  we l l  e s t a b l i s h e d .  I t  would be  i n s t r u c t i v e  

t o  s tudy  t h e  k i n e t i c s  and produc t  d i s t r i b u t i o n s  f o r  some 

s imple  t r i a z o l i n e s  wi th  deuter ium o n  C 5' 

3)  The r e t e n t i o n  o f  n i t r o g e n  by a n  in te rmei l ia te  

i n  t h e  thermal decomposit ion o f  115 51 was expla ined  on t h e  

b a s i s  o f  a complex ionic c y c l i c  i n t e r m e d i a t e  l i k e  o r  a 

non-polar  i n t e r m e d i a t e  l i k e  a w a s  p o s t u l a t e d .  A t h i r d  

a l t e r n a t i v e  which might e x p l a i n  t h e  d e v i a t i o n  from f i r s t  

o r d e r  k i n e t i c s  may be a n  e q u l l i b r i u m  p roces s  between t h e  

t r i a z o l i n e  and t h e - a z i d e - o l e f i n  p a i r .  Th i s  cyc lo reve r s ion  

could  cause  a  r e t e n t i o n  o f  n i t r o g e n  i n  t h e  form o f  a n  

a z i d e  and t h e r e f o r e  a d e v i a t i o n  from f i r s t  o r d e r  k i n e t i c s .  
F 



To test for this possibility one could observe the infrared 

spectrum of a triazoline as a function of temperature and 

see if an azide band is present. The equilibrium should shift 

as the temperature is changed which may be observable 

provided allowance is made for decomposition. If such a 

process was observed it would be an example of the third 

type of cycloreversion reaction that is allowed for this 

type of system. 

4)  To verify the mechanisms of decomposltlon 

a quantitative N.M.R. study should be performed to 

establish the rate law governing the disappearance of 

trlazoline. Since we were able to detect an intermediate 

by infrared methods it should be possible to quantita- 

tively analyze the reaction by this method. In addition 

to monitoring the trlazoline disappearance it is possible 

to monitor the rate of appearnace of products by N.M.R. and 

establish the rate laws for their apDearance. 



Having accumulated d a t a  f o r  t h e  p roces ses  

desc r ibed  above i t  should  be  p o s s i b l e  t o  c l e a r l y  show 

i f  t h e r e  a r e  i n t e rmed ia t e s  involved i n  t h e  mechanism. 

The d a t a  r e d u c t i o n  would probably r e q u i r e  t h e  u s e  of a 

computor t o  perform i t e r a t i v e  procedures bu t  i f  a l l  of 

t h e  above sugges ted  evidence w a s  a v a i l a b l e  t h e  d a t a  

r e d u c t i o n  should  n o t  be  d i f f i c u l t  f o r  a competent 

programmer 



Experimental 

General 

C, H and N analyses were performed by Mr. Alfred 

Bernhardt, Microanalytical Laboratory, Hulheim, West Germany. 

Infrared spectra were recorded on a Unicam SP 200, 

Perkln-Elmer 457. or Beckman IR 12 spectrophotometers. 

Nuclear Magnetic Resonance spectra were recorded 

on a Varian A-56/60 spectrometer with line positions being 

reported in 6 units using TMS as an internal standard (6 0). 

Melting Points were obtained on a Fisher-Johns 

melting point apparatus and are uncorrected. 

Ultraviolet spectra were recorded on a Unicam SP 800 

or a Cary 14 spectrophotometer. 

Gas-Liquid partition chromatography was performed 

on Varian Aerograph Autoprep A-705 and HI-Fy gas 

chromatography units. Planimeters or disc integrators 

were used to obtain peak areas. Calibration of peak areas 

was obtained by injecting known amounts of a sample in 

question or of a related Isomer. The following columns 

were usedr column A, 1.5 ft. X 0.25 in., containing 20% 
F 



SE S i l i c o n  o i l  s t a t i ona ry  phase on 60-80 mesh Chrornosorb W 

support ;  column B, 6 f t .  x 0.25 in. ,  containing 20% XF-1150 

Cyano S i l i c o n  o i l  s t a t i ona ry  phase on 60-80 mesh Chromosorb 

W support:  column C, 5 ft. x 0.50 in. ,  containing packing 

i d e n t i c a l  t o  column B: column D, 5 f t .  x 0.125 in . ,  

conta in ing packing mate r ia l  i d e n t i c a l  t o  column B; column E, 

20 f t .  x 0.375 in. ,  conta in ing 30% SE S i l i con  011 s t a t i ona ry  

phase on 40-60 mesh Chromosorb W support:  column F, 

5 f t .  x 0.25 in. ,  containing Carbowax 20M on 60-68 mesh 

Chromosorb W support.  

Mass Spect ra  were recorded on an  Hitachl  

Perkin-Elmer RU-6 mass spectrometer. 

EeDara t l on  of 3-~hensl-3.4.5-triazotricsclo (5.2.1.0 2 1 6 )  

dec-b-ene. 82. 

The phenyl az ide  adduct of blcyclo (2.2.1) 

hept-2-ene was prepared i n  t h e  usual manner l6 and had 

m.p. 99-loo0; recorded 16  m.p. 101-102~.  The N.M.R. 

5 3 s p e c t r a  confirmed the  s t r u c t u r e  and p u r i t y  of t h e  adduct . 



Preparation of 3-phenyl-8(9)-methylene-3,4,5-triazotrl- 

cyclo (5.2.1.0 2e6) dec-4-enes, 82. 

The phenyl azide adduct of 5-methylene-2-norbornene 

Preparation of 3-phenyl-3,b.S-triazotricyclo (5.3.1.0 2.6) 

undec-4.8(9)-dlenes, 81. 

A solution of 0.5 g. of phenyl azide and 0.5 g. 

of blcyclo (3.2.1 octa-2,6-dime lo4 In 25 ml. of petroleum 

ether (b.p. 60-110~) was allowed to stand for several days. 

The excess phenyl azide was removed under vacuum and the 

crystalline sample was analyzed by N.M.R. Recrystalllzatlon 

from CHCl petroleum ether (b.p. 30-60') gave a white solid 3- 

in 85% yield, m.p. 67.5-69'. The N.M.R. analysts of the 

recrystallized product (Figure 19) revealed no detectable 

change ln 81a181b had occurred during the recrystallization. -- 
Anal. Calcd. for C14H15N3~ (M)+ 225. Found (mass 

+ 
spectrometry) I (M) 225: (M-28)' 197. 

The p-nltmphenyl analogue of - 81 had m.p. 168-90•‹r 

N.K.R. (pyrldine) 6 1-2 (me 4H), 2-3 (me 8H), 4.0-5.2 

(m, 2H Table 8 ) and 5.35-6.3 (m, 2H). 



(K and K Laboratories, Inc.) was prepared 1n the usual 

manner by reactlon at room temperature for several days. 

The crude product showed the same 833183b as that (70%) 

recrystallized from CHCl petroleum ether (b.p. 30-60') 3- 

m.p. 60.5-62'. 

Anal. Calcd. for C H N r (M)' 225. Found (mass 
14 15 3 

spectrometry) r (M)' 225; (M-28)+ 197. 

The p-nltrophenyl analogue of Q had m.p. 

159-160' (decomposltlon) N.M.R. (pyridlne) 6 1.14 

(AB, J=ll Hz., 2H10), 1.83-2.35 (b, 2H8(9) ), 2.42-2.92 

(m, 2HgH), 3012 (m, 1H2), 3.82 (d,J=9 Hz., lH6), 4.80 and 

5.08 (H2C=C The AB quartets due to H2 and H6 of Isomers 

a and b were also uncompletely resolved in benzene, 

chloroform. 

Preparation of 84 

The phenyl azide adduct of - endo-dicyclopentadiene 

(Aldrich Chemical '20.1 was prepared by reactlon at room 

temperature for several days. Recrystalllzatlon of the 

crude pmduct gave 75% 84, m.p. 117-118' (lit. 72 127-128O 
F 



(Me0H)r f o r  N.M.R. s e e  Table 8. 

Anal. Calcd. f o r  C13H17N3: (I)' 251. Found (mass 

+ 
spectrometry)  I (I)+ 2511 (M-28) 223. 

The p-nltrophenyl analogue of - 84 had m.p. 183-184O 

(decomposition);  N.M.R. (CHC1 ) 6 1.28 (AB, J= 11 Hz., 3 

2H13), 2.2-2.8 (m, 4 H ) ,  2.8-3.5 (m,  2f5H), 3.72 (d,  J=9.2 Ha, 

1 H 2 ) ,  4.62 (d,  519.2 HZ., H6b), 4.67 (d,  5 ~ 9 . 2  HZ., H6,), 

and 5.72 ( s ,  2H). 

I s o l a t i o n  of products of ~ y r o l y s i s  of 82 i n  decal in.  

A s o h .  of 1 6  g. of 2 i n  600 m l .  deca l in  was 

heated f o r  5 hr.  a t  160' a f t e r  which time N2 evolut ion  

ceased. The solvent  was removed a t  40' under vacuum 

(2  mm.). Gas chromatographic ana ly s i s  of t h e  pyrolysa te  

on  column B ( i n j e c t o r  180•‹, column 1 6 0 ~ )  gave t h e  product 

d i s t r i b u t i o n  recorded i n  Table 9. The f i v e  components 

were separa ted  by p repara t ive  gas  chromatography on 

column E ( i n j e c t o r  180•‹, column 160•‹). The f i r s t  

component of t he  pyrolysa te  t o  be e lu ted  was 9 which w a s  

i s o l a t e d  a s  an o i l ,  b.p.  80' (0.10 mm.). (Found: 



C, 84.00; H, 7.99. Calc. f o r  C13H15NtC, 84.24; H, 8.16%). 

The second component t o  be e lu ted  from the  column was s. 
This component w a s  i s o l a t e d  a s  an o i l ,  b.p. 80•‹(0.10 mm. ). 

(Found: C, 83.89; H, 8.08. Calc. f o r  C H N r  C ,  84.28, 13  15 

H, 8.16%). This component was i d e n t i c a l  I n  a l l  r e spec t s  

w i t h  t he  product of pho to lys i s  of 82 which is descr ibed 

below. The a n l l ,  86, was e lu t ed  t h i r d  and was i d e n t i c a l  

with an authent ic  sample prepared a s  descrlbed below. The 

component e lu ted  fou r th  was 88. T h i s  component was d i s t i l l e d  

a t  100' (0.1 mm.) and melted a t  room temperature (27'). 

(Foundr C ,  84.11; H, 8.22: N, 7.54. Calc. f o r  C13H15N: 

C ,  84.28; H, 8.16; N, 7.565). The last  component t o  be 

e lu t ed  was &. T h i s  no r t r i cyc l ene  d e r i v a t i v e  was I s o l a t e d  a s  

an 011, b.p. 97' ( 0 . 1 3 m m . ) .  (Found8 C,  83.78: H, 8.11; Calc. 

for C13H15 N: C,84.28: H, 8.16%). These l a t t e r  two components 

(9 and &) were prepared i n  l a r g e r  quan t i ty  by t he  t reatment  

of  t h e  t r i a z o l i n e ,  82, with a c i d  as descrlbed below. The i so -  

l a t e d  components were t e s t e d  f o r  p u r i t y  by t h i n  l a y e r  chromato- 

graphy i n  severa l  so lven t  systems. 

Each component i s o l a t e d  was r e i n j e c t e d  and found t o  

be  stable under t he  gas chromatographic condit ions.  In  a d d i t i o n  



each component was t e s t e d  under t he  r eac t i on  condit ions and 

found t o  be unchanged. 

Preparat ion of 3-phenyl-3-azatricyclo (3.2.1.0 2.4 exo 1 

octane (85) by photolys is  of 82. 

A soln. of 10.0 g. of - 82 i n  250 m l .  e t h e r  w a s  

i r r a d i a t e d  i n  a quar tz  vesse l  with a 200 w a t t  Hanovia lamp 

f o r  1 hr.  The e t h e r  was evaporated and t he  product was 

vacuum d i s t i l l e d ,  b.p. 84.5-85.0' (0.11 mm.)(reported 5 3 

b.p. 90' a t  0.06 mm.). 

The - exo-azir idine,  a, was i s o l a t e d  I n  75% y ie ld .  

Analysis of both t h e  crude photolysate  and the  d i s t i l l e d  

product by T.L.C. and by gas chromatography on column A 

( i n j e c t o r  180'. column 163') and column B ( i n j e c t o r  l€!oO, 

column 163') ind ica ted  a s i n g l e  component, 

Prepara t ion  of N-phenyl-bic~clo (2.2.1) hept-2-imine, 86. 

A soln.  of 2.6 g.  bicyclo  (2.2.1) heptane-2-one 

and 2.1 g. a n i l i n e  i n  1 0  m l .  benzene containing a c a t a l y t i c  

amount (30 mg.) of p-toluensulfonic ac id  was ref luxed f o r  

6 hr. The benzene was removed and t he  product, 86, w a s  
t- 



distilled under reduced pressure, b.p. 83.0-85.5' (0.10 mm.) 

(reported 53 b.p. 85.93' at 0.03 mm.). Analysis of the 

distillate by gas chromatography of column B (Injector 180~. 

column 160' ) revealed a single component which was identical 

In all respects to the imine, 86, isolated from the 

pyrolysis of - 82 N.M.R. 6 7.4-6.6 (5H), 2.85 (lH), 2.47 (lH), 

2.22 (1H) and 2.0-102 (7H). 

Preparation of 2-exo-thiovhenoxy-2-endo-N-phenylaminoblcyclo 

(2.2.1) heptane.,95. 

To 4.3 ml. of a 0.127 N potassium thiophenate In 

t-BuOH was added 0.2022 g. of 5. The reaction was refluxed 

for 50 hr. then passed onto 20 ml. water and the resulting 

mixture neutralized by the addition of dry Ice. The 

suspension was extracted with ether which was dried over 

@SO4, filtered and evaporated. The crude ether extract 

(0.6 g.) was chromatographed on 3 g. of Silica Gel. Elution 

with petroleum ether (b.p. 30-60') gave 100 mg. pure as 

an oil, bop. 180' (1.0 mm.). (Found: C, 77.328 H, 7.00. 

Calc. for ClgH19NSr C, 77.26: R, 7.17%). 



Raney nickel  reduct ion of 95. 

A s o h .  of 0.050 g. of ef? In  2 m l .  2-propanol 

containing 1 g. W-2 Raney N i  was s t i r r e d  a t  room temperature 

over night.  The so lu t i on  w a s  f i l t e r e d  and t h e  c a t a l y s t  

washed with 2-propanol. The alcohol  was evaporated and the  

res idue  was analyzed by T.L.C. and gas chromatography on 

columns A and B ( I n j e c t o r  200'. column 1 8 5 ~ ) .  Analysis by 

these  techniques revealed a s i n g l e  component which behaved 

i n  a fashion Iden t i ca l  t o  96, prepared from - 86 as described 

below. Samples of prepared from a and 86 exhibi ted  

i d e n t i c a l  N.M.R. and I . R .  s ~ e c t r a .  

Preparat ion of 2-endo-N-phenylaminobicyclo (2.2.1) heptane, 

96. from 86. 

An e t h e r a l  so ln .  of 2.0 g. of - 86 was t r e a t e d  with 

excess LAH. The s o h .  was s t i r r e d  f o r  1 hr.  a f t e r  which 

t h e  reac t ion  was poured onto water. The e the r  phase of  

t h e  reac t ion  mixture was serpara ted ,  d r ied  over MgS02, 

f l l t e r e d  and evaporated. The e t h e r  e x t r a c t  (2.34 g . )  

showed one major component by T.C.C. This crude e x t r a c t  



was chromatographed on 60 g. of Silica Gel using petroleum 

ether (b.p. 30-60') and benzene as eluent. The product, $&, 

was isolated as an oil, b.p. 85' (1.0 mm.). (Found: C, 83.531 

H, 9.31. Calc. for Cl3HI7Nz C, 83.378 H, 9.15%). 

Preparation of 7-syn-N-~henylaminoblcyclo (2.2.1) hevt-2-ene, 

88, and 3-N-phenylaminonortricyclene, 89. 

A soln. of 3 g. of - 82 In 60 ml. acetone was treated 

in a dropwise manner with 5 ml. 2N HC1 at room temperature. 

The reaction was neutralized with saturated aqueous Na CO 
2 3' 

concentrated in vacac and extracted with ether. The ether 

extract was dried over MgS04, filtered and the ether 

evaporated. The resulting product mixture was chromatographed 

on 200 g. of neutral alumina. Elution with petroleum ether: 

ether (911) gave, in the initial fractions, pure 88. - 
Continued elution with this eluent gave a mixture of 88 and 

&which was separated into the pure components by 

preparative gas chromatography on column E (injector 230'. 

column 215O). Elution of the alumina column with petroleum 

etherrmethanol (882) gave Syn-7-N-phenylamino-2-exo-bicyclo - 
F 



(2.2.1) heptanol. 'his substance was Iden t i ca l  with an  

au then t i c  sample prepared from t h e  exa a z i r l d l n e ,  ~, by 

the  method of Hulsgen 53. The amount of each product was 

determined by gas chromatography of the  crude e t h e r  e x t r a c t  

(Table 9 ) .  

Preparat ion of 3-P-nitrophenyl-3.4.5-triazatricyclo (5.2.1.0) 

dec-4-ene. 99. 

The p-nitrophenyl az ide  adduct of b icyclo  (2.2.1) 

hept-2-ene was prepared i n  t he  usual  manner l6 and had 

m.p. 164.5-165.5O~ recorded l6 m.p. 164-165'. 

Anal. Calcd. f o r  C13H14N402r (M)' 258. Pound 

(mass s ~ e c t r o m e t r y )  r (M-28 )+  230. 

Prepara t ion  of 3-p-bromophenyl-3.4,s-trlazablcyclo (5.2.1.0) 

dec-4-ene. 100. 

The p-bromophenyl az ide  adduct b icyclo  (2.2.1) 

hept-2-ene w a s  prepared i n  t he  usual  manner l6 and had 

m.p. 121.6-122.6'8 recorded 1 6  m.p. 123-12k0. 



Anal. Calcd. f o r  C N B r :  (M)+ 291, 293. 13~14 3 
+ 

Found (mass spect rometry) :  (M-28) 263, 265. 

Prepara t ion  of  3-p-tolyl-3.4.5-trlazatricyclo (5.2.1.0) 

dec-4-em. 101. 

The p- to ly l  a z i d e  adduct of b lcyclo  (2.2.1) 

hept-2-ene was prepared i n  t he  usual  manner l6 and had a 

m.p. of  79-80.5'8 recorded 16 
m.p. 79-80•‹. 

Anal. Calcd. f o r  C14R17N3s (M)'  227. Found (mass 

spectrometry)  : (M-28)' 199. 

Prepara t ion  of  3-p-anisyl-3.4.5-triazatrlc~clo (5.2.1.0 ) 

dec-4-ene, 102. 

The p-anlsyl a z ide  adduct of b lcyc lo  (2.2.1) 

hept-2-ene was prepared i n  the  usua l  manner l6 and had 

a m.p. of 89.3-90.3~1 recorded l6 m.p. 90-91'. 

Anal. Calcd. f o r  C14H17N30: (M)' 24). Found 

(mass spectrometry)  r (M-28)+ 215. 



Kinetic determinations of the pyrolysis of triazolines. 

The extent and rates of pyrolysis of some of the 

trlazolines studied were determined by measurement of N2 gas 

evolution by two methods. (See Appendix 2). 

Nethod 1 

For solutions, the temperature of the reaction 

was regulated by Immersion of the reaction vessel in a 

five gallon oil bath maintained at constant temperature 

( 2  0.2'). The measurements of gas evolution were made with 

the aid of a thermostated (+ - 0.05Oc.) 100 ml. gas burette 

attached by a 2 mm. glass capillary to the reaction vessel. 

A typical kinetic determination was as followst The 

solvent (30 ml.) was placed in the reactlon vessel and the 

solution was allowed to equillbrate with stirring for 10-20 

minutes. During this time the system was flushed 

continuously with dry N2. The triazoline (0.002 mole to 

0.003 mole) was then injected into the stirred solution as 

a solid plug or as a concentrated solution and the system 

was sealed. The zero reading on the gas measuring burette 

was taken and the volume and pressure of N2 collected was 



recorded at intervals until >80% reaction. Plots of 

log (Vae/Voc-Vt) versus t gave smooth lines which 

exhibited divergence from linearity in the Initial and latter 

Method 2 

For neat samples, the temperature of the reaction 

vessel was regulated by placing it in an aluminum block 

maintained at constant temperature (2  0.5'~. ) . The only 
other difference from method 1 is the very small reaction 

vessel which is not stirred. 

To test that the system was not introducing error 

by either method, blank determinations were carried out. 

The blanks were mechanically identical to the normal runs, 

only the triazoline was excluded. 

Estimation of error in the kinetics of nltropen evolution. 

In the plot of Y = log (V, &-Vt)) against 

time the expected error is represented by LIY/Y. 



I Where the error in Vao or AVd =+ - 0.1 ml. and the error in 

Vt or &It = + - 0.2 ml. is based on gravimetric and 

I volumetric measurements respectively. If one considers a 

I typical run in which 50 ml. of nitrogen are evolved then an 

at 0% rxn &/Y = 0.008 

20% = o.0og 

50% = 0.014 

98% = 0.3 

The average error for this tyPe of plot in the range 

0-50% reaction is -0.01 which is approximately indicated in 

I Figure 27 by the length of the vertical bar of the + markers. 

I A sharp break in the graph (Figure 27) was noticed 

I about 10-15 minutes after the reaction had started (L5% 

I reaction). It was assumed that the system had achieved 

I equilibrium by this time. From this point onward a fairly 

I smooth curve was apparent that was concave upward, an 

I indication that the nitrogen was being evolved more rapidly 

with increasing time. In the range of 5% to 43% reaction 

(a period of about 425 minutes) a linear graph could not be 

fitted to the data points within the limits of error 



c a l c u l a t e d  above. I n  o t h e r  k i n e t i c  r u n s  t h e  d ivergence  from 

l i n e a r i t y  was even more pronounced than  t h a t  r e p r e s e n t e d  by 

F igure  27, however, t h e  n a t u r e  of t h e  d ivergence  w a s  t h e  same. 

The d a t a  used t o  p l o t  F igure  27 w a s  reduced by a 

s imple  l i n e a r  r e g r e s s i o n  a n a l y s i s  program which p l o t t e d  t h e  

r e s u l t s  on a Calcomp P l o t t e r .  The program was des igned  t o  

c o r r e c t  f o r  p r e s s u r e  and tempera ture  v a r i a t i o n s  o f  t h e  N2 

volume recorded  a t  each p o i n t .  A hand c a l c u l a t i o n  o f  one 

s e t  of d a t a  i n d i c a t e d  t h a t  t h e  program w a s  f u n c t i o n i n g  

c o r r e c t l y .  The r e s u l t s  f o r  F igu re  27 a r e  g iven  below I n  

Table 22. 
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P g r o l y s i s  o f  82 and 10j i n  an I.R.  h o t  cell .  

I n  t h i s  s tudy  a v a r i a b l e  t empera ture  I . R .  c e l l  

( VLT-2) 6lanufactured by t h e  Research and I n d u s t r i a l  

Ins t ruments  Co., London. England) was used. The c e l l  was 

equipped wi th  pctass ium brom:de windows spaced 0.020 in .  

a p a r t .  The tempera ture  o f  t h e  c e l l  was c o n t r o l l e d  by t h e  

r h e o s t a t  s e t t i n g  (+ - sOc. ) of t h e  PS-1 power supply.  

I n  a t y p i c a l  experiment t h e  sample c e l l  was f i l l e d  

w i t h  0.5-1.0 gm. of t h e  a p p r o p r i a t e  t r i a z o l i n e  and s e a l e d ,  

The c e l l  h o l d e r  w a s  p l a c e d  i n  t h e  sample beam of a Beckman 

I R  1 2  spec t rophotometer  and hea t ed  t o  t h e  r e q u i r e d  tempera ture ,  

Once t h e  c e l l  h o l d e r  had e q u i l i b r a t e d  t h e  c e l l  w a s  i n s e r t e d  

as qu ick ly  as p o s s i b l e  and t h e  I R  1 2  was set  t o  r e p e t i t i v e l y  

s c a n  t h e  2020-2450 cm. r e g i o n  of t h e  spectrum. The 

r e a c t i o n  was assumed t o  start once t h e  sample had melted.  

T h i s  could be observed v i s u a l l y  and by t h e  very sudden change 

i n  t h e  o p t i c a l  d e n s i t y  o f  t h e  I . R .  c e l l .  The scanning  was 

cont inued  f o r  a t  l e a s t  f i v e  hours.  I n  b o t h  c a s e s  a n  

a b s o r p t i o n  peak appeared i n  t h e  I . R .  a s h o r t  t ime a f t e r  t h e  

r e a c t i o n  s t a r t e d ,  grew t o  maximum i n t e n s i t y  a t  approximate ly  



30 minutes and then slowly disappeared as the reaction 

progressed. It was not possible to calibrate the intensity 

of the instrument readings absolutely, however, in both cases 

the signal to noise ratio was at least 1011 for the maximum 

absorptions recorded. 

In the case of 82 the cell was heated to 1 6 ~ ~ ~ .  

(+ - 9 )  and an absorption at 2175 cm. was observed which 

rose to a maximum at 30 minutes after the reaction commenced. 

This absorption was reproduced in three se~arate experiments. 

In the case of the cell was maintained between 

200 and 235' C. durinn which time an absorption at, 2150 cm. -1 

appeared, rose to a maximum at approximately 31 minutes and 

disappeared slowly for a period in excess of one hour. This 

absorption was reproduced in a separate experiment. 

To check for cell contamination the same experiments 

were performed on the empty cell and with the cell containing 

decalln. No absorptions were recorded in either case. 



General Procedure f o r  Syntheslzina S tyry l  

Tr iazol lnes .  1 0 i  4.66 

A so lu t i on  of 5 g. of the  appropr ia te  

p-subst i tuted s ty rene  (Borden Chemicals) was reac ted  with 

excess phenyl az lde  by re f lux ing  i n  1 0  m l .  of spectrograde 

e t h y l  a c e t a t e  (Fisher  o r  Matheson Coleman Be l l )  f o r  four  

hours 4. On cooling the  so lu t i on  a p r e c i p i t a t e  usual ly  

formed which w a s  then f i l t e r e d  o f f  and washed with Na-dried 

30-60 petroleum e ther .  The p r e c i p i t a t e  was d r ied  by 

placing I t  under vacuum. A second crop of c r y s t a l s  could 

be obtained by pumping o f f  t h e  solvent  and s t a r t i n g  

mate r ia l s  under high vacuum. These were washed with 

petroleum e the r  and dr ied  a s  before. The first crop of 

c r y s t a l s  were invar iably  white and had very sharp melting 

points  (Table 11). They were used without f u r t h e r  

treatment.  The N.M.R. s pec t r a  In  pyridine-d5 showed the  

absence of any impur i t ies  and gave t y p i c a l  ABC spec t r a  

(Table 16 ), The y i e l d s  of product ranged from 15-50s 

and tended t o  be lower f o r  t h e  halogen s u b s t i t u t e d  s tyrenes  

probably due t o  more f a c i l e  decomposition of the  



product t r i a zo l i ne s .  The mass spec t ra  ind ica ted  t h e  

cor rec t  molecular weight f o r  t he  adducts formed 

(Table 22). 

Preparat ion of 1-phenylethanol-1-d 105 

1.9 8. (0.045 moles) of LlAZD4 (1.c.N.)  w a s  added 

t o  40 m l .  Et20 ( f r e sh ly  d i s t i l l e d  from L I A 1 H 4 )  and kept 

under a dry n i t rogen atmosphere while s t i r r i n g  f o r  one 

hour. To t h i s  white s l u r r y  w a s  added 16.4 g .  (0.137 moles) 

o f  acetophenone (Matheson Coleman Be l l  - f r e sh ly  

d i s t i P l e d  and f r a c t i o n a t e d  a t  203.0-203.5~~. ). The 

s o l u t i o n  was s t i r r e d  overnight  under a dry  n i t rogen 

atmosphere. The work-up involved t he  caut ious  add i t i on  

o f  d i s t i l l e d  H20 I n  s u f f l c l e n t  quan t i ty  t o  make an 

amorphous mass of t h e  L i  salts. The Et20 so lu t i on  was 

removed from the  s ludge and t h e  Et20 d i s t i l l e d  o f f  a t  

33'/725.5 mm. The product was recovered I n  69% y i e l d  

(11.6 g . )  by d i s t i l l a t i o n  a t  61•‹/-1 mm. (lit.  51-4' a t  

0.5 mm. 1. C.1.p.c. ana ly s i s  a t  230•‹C, on column F 



-1 2150 cm. (c-D) 80*818 N.M.R. (cDc13) 6 1.34 (bs ,  3H), 

6 3.16 (bs, l H ) ,  6 7.17 ( s ,  5H). The a d d i t i o n  o f  D20 

caused t h e  hydrogen s i g n a l  a t  6 3.16 t o  d i s a p p e a r  and a 

DOH t o  appear.  

Anal. Calcd. f o r  C8H9D08 (HI+ 123. Found (mass 

spectrometry ) (M)+ 123. 

P repa ra t ion  o f  cl-Deuteriostyrene 105,106 

To 1106 g. (0.095 moles)  o f  1-phenylethanol-1-d 

was added 9.8 mg. o f  p-benzoqulnone (Matheson, Coleman 

& B e l l ,  P r a c t i c a l  Grade) and 1 2  mg. o f  I2 (ACS g rade  

A l l i e d  Chemical). The s o l u t i o n  was slowly hea t ed  t o  

270'~. and t h e  d i s t i l l a t e  was c o l l e c t e d  ove r  4 mg. o f  

==-t r ln i t robenzene (Eastman). D i s t i l l a t i o n  w a s  s t e a d y  

f r o m  about  12s0 C. when I t  slowed a d d i t i o n a l  I2 w a s  

added. 1.5 m l .  H20 and 8.5 m l .  o f  an  o r g a n i c  phase  

w a s  c o l l e c t e d .  The d i s t i l l a t e  w a s  t aken  up i n  Et20, 

washed wi th  10% Na2S204 s o l u t i o n ,  washed wi th  d i s t i l l e d  

H20, and d r i e d  ove r  MgS04. The Et20 was removed on a 

r o t a r y  evapora tor  t o  y i e l d  6.7 g. o f  product .  G.1.p.c. 

P 



ana lys i s  a t  230'~. on column F Indicated a mixture of 

10% s t a r t i n g  alcohol and 90% of a product with t h e  same 

r e t en t ion  time as  styrene. I .R.  ( f i lm)  3030 cm." (aromatic 

C-H), 3060 and 3080 cm. -1 (vinyl  C-H),  2235 cm. (vinyl  

C-D) 80*81z N.M.R. ( C D C l ) )  1 m 1 H ) .  

6 5.64 (complex t, JDK(trans)  = 2.5 Hz, l H ) ,  . . 

a 7.23 (m, 5 H ) .  

Anal. Calcd. f o r  C H D I  (M)' 105. Found (mass 
8 7 

spectrometry) I (M)' 105. 

2 Prevaration of 1.5-Dlvhenyl-5-d-1,2,3-h - t r i azo l lne .  l05d. 

4.0 g, (0,034 moles) of 90% pure o-deuterlostyrene 

was added t o  6.5 g. (0.055 moles) of phenyl azlde I n  10 m l .  

of e thy l  aceta te .  The so lu t ion  was refluxed f o r  4 hr. and 

15 mln. then cooled t o  room temperature and the  white 

f l u f f y  c r y s t a l s  were f i l t e r e d  off  t o  y ie ld  0.45 g. of 

t r i azo l ine .  A second crop of 0.65 g. was recovered by 

removing some of the solvent .  The two crops were 

washed with 30-60 petroleum e ther  and dr ied under vacuum. 

The t o t a l  y i e ld  of pure was 14% (1.1 g . )  based on 



s t a r t i n g  alkene. M.D. 126-126.6'~. 1 N.M.R. (pyridine-d5) 

b 4.28 (AB, J=-17.0 Hz., JDH= 0.7 Hz., l H ) ,  6 4.86 (AB, 

J=-17.0 HZ., JDH= 1.5 HZ., 1 H ) .  

Anal. Calcd. f o r  Cl,K12DN3s (11)' 224. Found 

(mass spectrometry t (11-28)+ 196. 

P r e ~ a r a t i o n  of 1-Phenylacetylideneanlllne. 107c 

A s o l u t i o n  of 13.5 g. (0.112 moles) of 

acetophenone (Matheson, Coleman &  ell) , 10.4 g. (0.113 

moles) of a n i l i n e  (F i sher  r eagen t ) ,  and a few gra ins  o f  

--toluenesulphonic a c i d  I n  300 m l .  of toluene was 

re f luxed  under a Dean-Stark t r a p  u n t i l  no f u r t h e r  H20 was 

being azeotroped out  of so lu t ion .  The toluene w a s  

d i s t i l l e d  o f f  leaving 25.2 g. of a yellow c r y s t a l l i n e  

mater ia l .  This res idue  w a s  f r ac t iona ted  and 10.5 g. 

(b.p. 1 4 3 - 1 ~ 5 ~ c . )  w a s  used f o r  C.1.p.c. ana lys i s .  The 

gas  chromatogram (using Column F a t  230'~. ) showed a 

s i n g l e  component. I.R. ( f i l m )  1635 cm." (C=N)  80# 

N.M.R. (CDC13) 6 2.14 (s, 3H).  



Pre~aration of cis-1,s-Diphenyl-4-methyl-1.2, 3-42- 

triazoline. 9 4*66. 

2 was synthesized from cis-pmethylstyrene, 2, 

(K and K Laboratories) in 20% yield by the same procedure 

used to synthesize 13. N.M.R. 66 (pyrldine-d5) 6 1.03 

(d, J=6.7 Hz.. 3H). 6 4.85, 6 5.12 (com~lex, 5=6.7 Hz., 

J=12 Hz., 2H). 

Anal. Calcd. for C H N #(MI+ 237. Found 
15 15 3 

(mass spectrometry)~ (MI' 237, (M-28)' 209, (H-29)' 208, 

(m*~ 2093208) 207. 

Preparation of trans-1.5-Diphenyl-&-methyl- 

1.2. 3-h2-triazoline. 10 4,66 . 
10 was synthesized from trans-+methylstyrene, 8 - - ,. 

(K and K Laboratories) in 15% yield by the same procedure 

used to synthesize 105. N.M.R. 66 (pyridine-d5) 6 1.37 

(d,  J=6.8 Hz.. 3H). 6 4.25, 6 4.45 (complex, J=6.8 HZ., 

J=8.5 Hz., 2H). 



I s o l a t i o n  of Thermal Decomposition Products of 2 and 10. 

The c i s -az i r id ine ,  Zf?, was i s o l a t e d  from the  - 
crude pyrolysa tes  of 2 by prepara t ive  G.1.p.c. on 

column F at  230'~. Relnjec t ion  of a co l l ec ted  sample 

showed a s ing le  component. N.M.R. (CDC13) 6 1.10 (d, 

~ = 5 . 6  Hz., 3H) ,  6 2.47 (quintet(unreso1ved d of q u a r t e t s ) ,  

5 ~ 5 . 6  Hz., J=6.5 Hz., l H ) ,  6 3.22 (d, J=6.5 Hz., 1 H ) :  

N.M.R. (pyridine-d5) 6 1.10 (d,  ~=5 .6  Hz., 3 ,  6 2.49 

(qu in t e t  (unresolved d of q u a r t e t s ) ,  J= 5.6 Hz., J=6.6 Hz., 

l H ) ,  6 3.30 (d, ~ = 6 . 6  Hz., 1H). (Li t .  66 N.M.R. ( c D c ~ ~ )  

6 3.20 (d,  J=6.2 Hz., l a ) ) .  

Anal. Calcd. f o r  C H NI ( M I +  209. Found 1 5  15 

(mass spectrometry) r (MI+ 209, (~-l)+ 208, (m*: 209-208) 

207. 

The t rans -az l r id ine ,  22, was i s o l a t e d  from 

t h e  crude pyrolysate  of 10 i n  t h e  same manner as z. 
Reinjec t ion  of a sample showed a component 95+$ with a  

t r a c e  of a  component with t h e  same r e t e n t i o n  time as E. 

The N.M.R. i nd ica ted  t h a t  22 was contaminated with 

( 4 5 % ) .  N.M.R. (CDCl  ) 6 1.11 (d, J=5.7 Hz., 3H). 3 



b 2.50 (d of quartets, J=5.7 Hz., 5~3.0 Hz., lH), 

6 2.88 (d, J=3.0 Hz., 1H)r N.M.R. (pyrldlne-d5) 6 1.04 

(d ,  J=5.7 Hz., 3H), 6 2.48 (d of quartets, 5~5.7 Hz., 

J=2.8 Hz., lH), 6 2.92 (d, J=2.8 Hz., 1H). 

Anal. Calcd. for C H Ns (M)+ 209. Found 
15 15 

(mass spectrometry)r (M)' 209, (M-l)+ 208, (met 209-1206) 

207. 

Preparation of 1-Phenylpropylldeneaniline, E. 

Proplophenone was synthesized In good yleld (70%) 

by F'rledel-Crafts acylation of benzene with propionyl 

chloride (freshly prepared In 69% yleld, b.p. 78.5-82.0~~. 

at 733 mm. Hg, by treatment of proplonlc acid with S0C12). 

I.R. (film) 1685 cm." (0 - C = 0) N.M.R. (CDC1 ) 
1 3 

b 1.18 (t, J=7.3 Hz., 3H), 6 2.91 (q, Jp7.3 HZ., 2H). 

b.p. 218'~. 

A solution 66 of 8 g. (0.06 moles) of 

proplophenone. 5.6 g. (0.061 moles) of aniline (Fisher 

reagent), and a trace of para-toluenesulphonlc acid in 

300 ml. toluene was refluxed for 36 hr. under a 
r 



Dean-Stark t r ap  u n t i l  no f u r t h e r  H20 was being azeotroped 

ou t  of so lu t iono  The toluene was d i s t i l l e d  of f  a t  

atmospheric pressure leaving 12.2 g. of crude orange 

c r y s t a l l i n e  product. 6 g. of the  crude product w a s  

f rac t iona ted  under vacuum and the  center  f r a c t i o n  

( 3 g., b.p. 120-12-j0c./1 mm.) was used f o r  G.1.p.c. 

analys is .  The gas chromatogram (using Column F a t  230'~. ) 

showed a s ing le  component, a. I . R .  ( f i lm)  1620 cm. 
-1 

( e N )  "8 N.M.R. (CDC13) 6 1.05 (t ,  J=7.5 Hz.. 3 H ) .  6 2.64 

(9, J=7.5 HZ., 2H). 

Anal. Calcd. f o r  C15HlgNI ( M ) +  209. Found 

+ + 
(mass spectrometry)r ( M )  209, ( M - 1 )  208, (m*: 2099208) 

207, (M-29) 180. 

Preparat ion of Imine of 2-Phenylproplonaldehyde, 1 s  
- 

A so lu t ion  of 13.5 g. (0.1 moles) of 

2-phenylproplonaldehyde (Aldrich, 90%: I . R .  ( f i l m )  

-1 80 1720 cm. ( 0 0 )  'O, 2720, 2820 (H-c=O) : N.M.R. 

( C D C l g )  6 1.41 (d, J=7.0 Hz., 3 H ) ,  6 3.60 (d of qua r t e t s  

unresolved, J=7.0 Hz., l H ) ,  b 7.23 ( m ,  5 H ) ,  6 9.58 



(d, J=l.7 Hz., l H ) . )  and 10.0 g. (0.11 moles) of  a n i l i n e  

i n  300 m l .  toluene w a s  ref luxed under a Dean-Stark t r a p  

u n t i l  no more H20 w a s  azeotroping out .  The toluene was 

d i s t i l l e d  off  and 20.7 g. of  a yellow o i l  was recovered. 

The gas chromatogram (run on Column P a t  230'~. ) showed 

the  presence of s t a r t i n g  aldehyde, a n i l i n e  and a very 

broad peak accounting f o r  >95% of the  mixture. 

I .R.  ( f i lm)  
-1 80 3430 cm. (N-H), 1650 (C=N) ,  1600 (conj. 

C=C), 1500, 1510 (conj  arom.), 1320. 1265 (C-a-gf). The 

N.M.R. spectrum indicated th ree  s e t s  of peaks i n  the  

r a t i o  of 1r4.2:105 ( i n  the  d i r ec t ion  of decreasing f i e l d )  

which a r e  due t o  methyl groups and which ind ica te  th ree  

d i s c r e t e  compounds. N.M.R. (cDCl3) 1) 6 1.50 (d, 5-7.0 Hz. 1, 

6 3.74 (d of quar te t s ,  J17.0 Hz., 5-2.1 Hz.), 2 )  6 1.94 

(d, J=1.3 Hz.), 3) 6 2.01 (d, J=1.0 Hz.). 



The photodecomposition of severa l  of t h e  105 

t r l a z o l i n e s  w a s  c a r r i ed  o u t  i n  quartz  and i n  pyrex N.M.R. 

tubes. The solvent  used f o r  i r r a d i a t i o n  i n  quar tz  w a s  

CD CN and f o r  i r r a d i a t i o n  I n  pyrex, CDC13. 3 
The 

i r r a d i a t i o n  source was a 250 W. Hanovia Medium Pressure 

Hg Arc lamp. The lamp w a s  placed i n  a quartz  cooling 

jacket and the  N.M.R. tube was placed about 1 inch from 

the  lamp ou ts ide  the  cooling jacket. The lamp w a s  l e f t  on 

and samples were placed i n  f r o n t  of it. The t o t a l  

i r r a d i a t i o n  time was 90 minutes f o r  any given sample.' 

To check f o r  poss ib le  intermediates  the  samples were 

removed from the  source a t  i n t e r v a l s  and checked by 

N.M.R. before t h e  i r r a d i a t i o n  was complete. No 

observable changes i n  product d i s t r i b u t i o n  were found 

as a funct ion of time of i r r a d i a t i o n .  
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Figure 38. Nitrogen Evolution Measuring Apparatus. 
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