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Stabilization of Singlet Ethoxycarbonylnitrene by 1,4-Dioxan. Part 3.l 
Stereospecificity for the Addition to 4-Methylpent-2-ene of the Nitrene 
generated from Ethyl Azidoformate 
By Hiroshi Takeuchi," Toru Igura, Michiharu Mitani, Teruko Tsuchida, and Kikuhiko Koyama, Depart- 

ment of Synthetic Chemistry, Faculty of Engineering, Shinshu University 500, Wakasato, Nagano 380, Japan 

The addition to cis-4-methylpent-2-ene of ethoxycarbonylnitrene generated by the photolysis of ethyl azido- 
formate was carried out in 1.4-dioxan-cyclohexane. Both the stereospecificity of addition and the sum of all 
singlet nitrene products increase with an increase in the concentration of 1.4-dioxan. The relative yield of cis- to 
trans-aziridine is proportional to the concentration of 1.4-dioxan. and the total triplet nitrene products stay practic- 
ally constant. This suggests that increased concentration of the singlet state by 1.4-dioxan corresponds to in- 
creased concentration of a singlet 1.4-dioxan-nitrene complex, not the free singlet nitrene. For addition using 
mns-4-methylpent-2-ene in place of the cis-isomer, there w a s  a smaller increase in the stereospecificity induced by 
1.4-dioxan. On the other hand, for addition of the nitrene generated by thermolysis, the stereospecificity was 
almost independent of the concentration of 1.4-dioxan. 

IN  previous papers l p 2  we showed from the relative 
reactivity of insertion into C-H bonds that lJ4-dioxan 
stabilizes the singlet state of ethoxycarbonylnitrene and 
a singlet complex is formed between the nitrene and 
1,4-dioxan. It has recently been observed that dichloro- 
methane 3-5 and hexafluorobenzene 637 also stabilize the 
singlet state upon C-H insertion. For dichloromethane, 
singlet stabilization by chlorine atoms is counter- 
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balanced by intersystem crossing by the solvent.3~5 
Therefore, if the dichloromethane-nitrene interaction 
which causes singlet stabilization is more unfavourable 
than interaction of nitrene with olefin, singlet stabiliz- 
ation would be prevented in the presence of an ~ l e f i n . ~  
Singlet stabilization by dichloromethane is not found for 
addition to olefins.8-1° Thus 1,4-dioxan which does not 
have any heavy atoms can be expected to stabilize the 
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singlet state of ethoxycarbonylnitrene 'upon addition to 
olefins. Furthermore, study of the stereospecificity for 
addition in the presence of 1,4-dioxan may give some 
information on the concentrations of the singlet and 
triplet species. 

RESULTS AND DISCUSSION 

Addition to 4-Methylfient-2-ene of Ethoxycarbonylnitrene 
generated Photochemically from Ethyl Azido formate.-A 
mixture of ethyl azidoformate (I) and trans-4-methyl- 
pent-2-ene in the molar ratio ca. 1 : 10 was dissolved in 

N3c02Et 0 (o)-NHCO,Et 

H NC02E t 

0 (11 

(IIl (rnl (El 
a; trans 
b ; cis 

cyclohexane or 1,4-dioxan, and irradiated under the 
conditions described in the Experimental section. The 
yield of products, trans- and cis-N-ethoxycarbonyl-2- 
j sopropyl-3-methylaziridines (IIa and b), ethyl N- 
cyclohexylcarbamate (111) , and ethyl 1,4-dioxan-2- 
ylcarbamate (IV), was determined by g.1.c. analysis 
(Table 1). 

TABLE 1 
Photochemical reactions of ethyl azidoformate with trans- 

4-methylpent-2-ene in cyclohexane or in 1,4- 
dioxan 

Olefin Aziridine Fraction (111) (IV) 
(mole yield trans Yield Yield 

Solvent %) ( % I  ( % I  ( % I  (%I  
Cyclohexane 7 31.4 80.5 37.1 0 
l14-Dioxan 7 39.7 84.3 0 42.3 
Cyclohexane 10 83.8 
1,4-Dioxan 10 87.8 

azide (I) in the presence of the cis-olefin (7 mole yo) was 
carried out under conditions similar to those above 
(Table 2). As Table 2 shows, addition is more stereo- 
specific the higher the 1,4-dioxan concentration, and the 
effect of 1,4-dioxan is a little larger by comparison with 
that for the trans-olefin. As noted in the Experimental 
section, the olefins and aziridines do not isomerize under 
our experimental conditions. Therefore the results 
clearly show singlet stabilization of the nitrene by 
1,4-dioxan. We have postulated previously that the 
interaction of the singlet nitrene with 1,4-dioxan causes 
such a singlet stabilization.2 We have also reported 
that the formation of a 1,4-dioxan-nitrene complex 
which has some reactivity towards C-H bonds is respon- 
sible for singlet stabi1ization.l 

Here we assume that the singlet-like complex besides 
free singlet nitrene reacts stereospecifically with olefin 
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The data for 10 and 7 mole yo olefin show that the 
stereospecificity of the addition is somewhat higher in 

(Scheme 1). In this case, when the complex is formed 
with the equilibrium constant K as illustrated in the 

TABLE 2 
Photochemical reactions of ethyl azidoformate with cis-4-methylpent-2-ene in 1,4-dioxan-cyclohexane 

Yield (%) 
7 ~~~~ 

Aziridines 

1,4-Dioxan 
(mole %) Total CiS trans 

0 37.0 16.3 20.7 
23.8 32.5 15.7 16.8 
46.4 36.4 18.4 18.0 
70.1 35.4 19.3 16.1 
92.7 43.1 25.1 18.0 

trans-yield x 1.25. 

Fraction From 
of cis triplet a 

44.1 25.9 
48.3 21.0 
50.6 22.5 
54.6 20.1 
58.3 22.5 

( % I  (%) 

From 
singlet b Singlet Triplet 

(IV) products products 
25.9 11.1 41.9 0 53.0 

11.5 37.8 7.5 56.8 21.0 
13.9 26.6 14.6 55.1 22.5 
15.3 18.7 27.2 61.2 20.1 
20.6 0 44.2 64.8 22.5 

( % I  (111) 

b Total aziridine minus aziridine from triplet. 

1,4-dioxan than in cyclohexane. Since addition affords 
an aziridine mixture with a high proportion of trans- 

Scheme, the relative yield (Y,) of cis- (IIb) with respect 
to trans-aziridine (IIa) can be found from equation (1). - -  

isomer, the fraction of trans-product will vary to only 
a small extent even if singlet stabilization occurs in 1,4- 
dioxan. 

y, = d[(IIb)],d[(IIa)] = 
M S I  + K,[CI + ~,[Tl)/(~,CTl) (1) 

In contrast, the use of cis-4-methylpent-2-ene would In this expression, [C], [S], and [TI are the concen- 
be anticipated to favour investigation of the solvent trations of the complex, the singlet, and the triplet 
effect of 1,4-dioxan. For this reason, photolysis of nitrene and k1-k4 are the rate constants shown in the 
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Scheme. When the concentration of 1,4-dioxan [D] is 
zero, the relative yield is given by equation (2). Using 
the relationship [C] = K(S)  [D], combination of equations 
(1) and (2) gives (3). A linear plot of the value Yr 

against [D] is obtained (Figure), indicating that [S]/[T] 
is independent of the concentration of 1,4-dioxan. 
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[ D l ( m o l  %) 
Relative yield of cis- (IIb) to  trans-aziridine (Ira) (Yo) against 

mole yo 1,Cdioxan in cyclohexane for the addition of ethoxy- 
carbonylnitrene generated photochemically from ethyl azido- 
formate to  cis-4-methylpent-2-ene 

Therefore, on the basis of the above assumption, we 
reach the conclusion that the increased stereospecificity 
by 1,4-dioxan results from the increased concentration 
of the singlet complex, not the free singlet nitrene. 

We can separate singlet and triplet products as follows. 
Since the olefin efficiently traps the triplet nitrene, the 
formation of ethyl carbamate which is the triplet nitrene 
product 2y11 is inhibited in the presence of 7 mole yo cis- 
olefin. Both carbamates (111) and (IV) are therefore 
classified as singlet products. For the aziridines, 
applying the value k3/k, 0.25 lo cis-aziridine is formed 
from the triplet nitrene in one-quarter of the yield of 
trans-aziridine. The sums of all singlet and triplet 
nitrene products are added up  as indicated in Table 2. 
From the results, we can demonstrate without recourse to 
kinetics that the total singlet product yields behave very 
much like the yield of stereospecificially formed cis- 
aziridine, and that the total triplet products stay constant 
at a level of 22.4 & 2.0%. 

From the study of selectivity towards C-H insertion,l 
we found that the nitrene-1,4-dioxan complex is 
reactive towards C-H bonds. Thus our assumption that 
the complex can react with olefins seems reasonable. 
The complex might be regarded as being reactive to 
both C-H bonds and olefins, since for steric reasons it 
does not tend towards formation of carbamate (IV).2 In  
contrast, an ylide or complex formed by interaction of the 
nitrene with an ether, such as tetrahydrofuran or tetra- 
hydropyran, rapidly gives ethyl tetrahydrofuran- or 
tetrahydropyran-2-carbamate without reacting with 

other species. Thus tetrahydrofuran or tetrahydropyran 
do not stabilize the singlet state of nitrene.2 

The statement that  the free singlet: triplet ratio is 
constant at various 1,4-dioxan-cyclohexane ratios seems 
difficult to understand at  first sight if cyclohexane traps 
the singlet nitrene with a rate constant different from 
that for 1,4-dioxan. However, these trapping rates may 
be almost identical since the percentage of singlet nitrene 
trapped by cyclohexane [the yield of carbamate (111) in 
cyclohexane)] and by 1,4-dioxan jthe yield of carbaniate 
(IV) in 1,4-dioxan], 50 and 45y0, respectively, in photo- 
lysis are nearly the same according to our unpublished 
data. The yields are 42 and 44% for photolysis even at 
an olefin concentration of 7 mole yo (Table 2). 

The small influence of 1,4-dioxan on the stereo- 
specificity for addition to  the tram- by comparison with 
the cis-olefin shows that k,/k, in the former addition is 
a little lower than that in the latter. 

Currently, we cannot exclude the alternative possi- 
bility in which the complex is formed very quickly by 
interaction between the triplet nitrene and 1,4-dioxan, 
and equilibrates with both the singlet nitrene and 1,4- 
dioxan. This is under investigation. 

Addition of Ethoxycarbonylnitvene geizerated Tlzevmally 
from Ethyl Axidofonizate to cis-4-Methylfient-2-ene,-A 
solution containing the same components as for the 
photolysis was heated at 120" for 2 h (Table 3). Stereo- 

TABLE 3 
Thermal reactions of ethyl azicloforinate with cis-4-inethyl- 

pent-2-ene in mixtures of 1,4-dioxan and cyclo- 
hexane 

1,4-Dioxan Aziridine Fraction (111) (W 
(mole 7;) yield (?A) cis ("/) Yield ((>{)) Yield (yo)  

0 30.8 62.4 52.2 0 
23.8 29.4 62.1 44. B 6 .6  
46.4 35.2 61.4 39.7 16.0 
70.1 35.6 59.8 21.5 31.2 
92.7 41.2 65.3 0 54.9 

specificity for addition is almost independent of the 
concentration of 1,4-dioxan. The olefin and aziridines 
do not isomerize under the conditions described in the 
Experimental section. 

These findings show a low value for Kk2/k, in equation 
(3). All nitrene generated thermally from azide (I) 
is initially in the singlet state, whereas ca. 3076 nitrene 
formed by photolysis is in the triplet state,1° so that  the 
concentration of triplet nitrene in tliermioysis is consider- 
ably lower than that in pliotolysis. However, as 
indicated in Tables 2 and 3, the yield of tram-aziridine 
formed through reaction with the triplet nitrene does not 
differ much between photolysis and thermolysis. There- 
fore the value of k, corresponding to therinolysis seems to 
be much greater than that corresponding to photolysis. 
The different magnitude of k, might be attributable to 
the temperature difference of 100". We have no direct 
evidence for the magnitude of K and k,, but K in thermo- 
lysis is presumably small in coniparison with photolysis 
due to the temperature difference. The value of k,  

hedron, 1967, 23, 45. 
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is likely subject to steric influence because of the crowded 
transition state. It appears to have little temperature 
dependence. 

EXPERIMENTAL 

Determination of the amount of ethyl azidoformate (I) 
decomposed, and quantitative analysis of the products, 
trans- and cis-N-ethoxycarbonyl-2-isopropyl-3-methylaziri- 
dines (IIa and b), ethyl N-cyclohexylcarbamate (III), and 
ethyl 1,4-dioxan-2-ylcarbamate (IV) , were carried out as 
described previously.1 Cyclohexane and 1 , 4-dioxan were 
purified by standard methods before use, Both trans- and 
cis-4-methylpent-2-ene were purified by distillation, b.p. 
56-59 and 55-56', respectively, of commercial materials 
(Wako, reagent grade). Azide (1),12 b.p. 45-46' a t  35 
mmHg, and trans- and cis-aziridines ( I la  and b),s b.p. 
56-60" and 54-55' a t  3 mmHg, respectively, were obtained 
by literature methods. 

Photochemical Reactions and AnuZyses.-Azide (I) and 
trans-4-methylpent-2-ene in the molar ratio ca. 1 : 10 were 
placed in a quartz vessel (25 cm x 1.8 cm). Cyclohexane 
or 1,kdioxan was added, resulting in a 10.0 ml solution 
with an olefin concentration of 10 or 7 mole yo. After 
purging with dry nitrogen for 1 h, the mixture was irradiated 
with an external 200 W low pressure Hg lamp a t  20" for 
2 h. The consumption of azide (ca. 100%) was determined 
by means of i.r. bands a t  2 185 and 2 137 cm-1. The 
products (11)-(IV) were analysed by g.1.c. using a glass 
column (2 m x 3 mm) packed with 10% polyethylene glycol 
on 60-80 Diasolid L, and the amounts were then calculated 
from the g.1.c. peak areas in the usual manner. 

Experiments using cis- in place of trans-4-methylpent-2- 

ene were carried out a t  a concentration of 7 mole yo in 
various mixtures of 1,Cdioxan and cyclohexane under the 
same conditions. The yields of the products (11)-(IV) were 
determined as above. 

Non-photolysed mixtures did not produce (11)-(IV) . 
None of the g.1.c. peaks of the starting materials and 
products overlapped. Further irradiation for 0.5, 1, and 
2 h in the presence of the cis-olefin a t  46.4 mole % 1,4- 
dioxan resulted in 61, 100, and lOOyo decomposition of 
azide, respectively, but g.1.c. analyses of the ratios of cis- 
aziridine to total aziridines agreed within < 1%. This 
indicates that the olefins and aziridines hardly isomerize at  
all under our experimental conditions. 

ThermaE Reactions and Analyses.-A solution (2.0 ml) 
of the same composition as for photolysis using cis-olefin 
was placed in a sealed glass tube, and heated a t  120' for 2 
h, resulting in lOOyo decomposition of azide. The yield 
of products (11)-(IV), was determined by using a g.1.c. 
glass column (1 m x 3 mm) packed with 15% silicone SE 
30 on 60-80 Uniport KS in the same manner as above. 

No overlap of the g.1.c. peaks of the products was found 
using methods similar to these of the photochemical case, 
The isomerization of the olefins and aziridines probably does 
not occur under these conditions since a t  46.4 mole yo 1,4- 
dioxan, the ratio of cis-aziridine to total aziridines upon 
thermolysis for 0.5 h (37% decomposition of azide) is the 
same as that for 2 h within < 1 yo. 

We thank Professor W. Lwowski for valuable comments 
and discussions. 
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