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Abstract—Ary! azides have been found to add to unactivated olefins, providing a convenient route to
alkyl substituted triazolines. Similarly, conjugated dienes undergo cycloaddition with azides to give
5-vinyltriazoline derivatives. The orientation of the additions accords with previously reported mechanistic
considerations, and it appears to be controlled by electronic rather than steric factors.

THE photodecomposition of AZ-1,2,3-triazolines has been shown to produce aziri-
dines in high yield.! In contrast to classical preparative methods, e.g. Wenker and
Gabriel procedures,? triazoline photolysis is carried out under extremely mild
conditions. Any inert, transparent solvent may be employed, and photolysis occurs
efficiently at room temperature or below. Thus the method is particularly suitable
for the preparation of aziridines that are sensitive to polar reagents and elevated
temperatures. Aziridine I, for example, was obtained in 679 yield from the corres-
ponding triazoline.®> However, for triazoline photolysis to be of general value as a
route to aziridines, the triazoline starting materials must themselves be available.
The present paper describes the preparation of triazolines from ‘‘unactivated”

olefins and dienes.
OO
O
I

Three reactions have been reported to give triazolines. The rearrangement of
arylazoaziridines (Eq. 1)* is of limited value, due to the inaccessibility and instability
of the starting materials. Of greater scope is the cycloaddition of diazomethane, and
presumably other diazoalkanes, to Shiff’s bases (Eq. 2).°> Although successful for the
preparation of 1,5-diaryltriazolines, it is questionable whether this reaction can be
applied to other, less stable, imines. The most promising general route to triazolines
involves the addition of azides to olefins (Eq. 3).

First reported in 1912,% the reaction of azides with olefinic bonds has subsequently
been extended to a variety of substituted’ and strained olefins.? It is notable, however,
that linear, unstrained olefins have not been employed. Using cycloalkenes, Alder
and Stein® observed a dramatic rate-enhancement for angle-strained (winkelges-
pannte) double bonds, when compared with unstrained cycloalkenes. Thus, while
norbornene and, to a lesser degree, cyclopentene added aryl azide rapidly, no adduct
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was obtained with cyclohexene. The origin of this phenomenon has not been fully
elucidated, but it would appear that Alder’s observation of the relative sluggishness
of unstrained olefins has discouraged further investigation of their reactivity.
Recently, azide-olefin addition has been studied from a mechanistic point of view.'°
The results indicate that the addition of aryl azides to electron-rich olefins* occurs
in a concerted manner, proceeding through an electronically unsymmetrical transition
state I1. In I1, bond formation at a has progressed to a greater extent than at b, resulting
in the indicated charge imbalance. The polarity of the charge imbalance is reflected

a
.---N§

2N

é+ I‘_

1

by substituent effects in both the azide and olefinic addends, e.g. p = +0-84 for the
addition of substituted phenyl azides to norbornene.!® The high reactivity of ena-
mines'! and enol ethers!? is explicable in terms of a resonance interaction of the
adjacent heteroatom with the partial positive charge generated in the transition
state. Other groups capable of stabilizing the transitional positive charge, hence
lowering the activation energy, should also facilitate the reaction. On the other hand,
the concerted nature of the addition, evidenced by its stereospecificity’? and large
negative entropy of activation,'® 8 suggests a sensitivity to steric factors. However,
currently available mechanistic information indicates no a priori reason why linear,
unactivated olefins should not undergo azide addition.

RESULTS AND DISCUSSION

To determine the feasibility of the addition of aryl azides to simple olefins, a series
of olefins incorporating varying degrees of alkyl substitution was reacted with p-

* Simple olefins, and those possessing substituents capable of donating clectrons to the double bond.
The following discussion does not include electron deficient double bonds, e.g. acrylonitrile.
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bromo- and p-nitrophenyl azides. The reaction was found to occur quite slowly at
room temperature. p-Bromopheny! azide in excess 1-hexene, for example, afforded
an 89 % yield of adduct after 5-5 months at room temperature. At elevated tempera-
tures (> 80°), extensive decomposition of the triazoline adducts was observed. This
behavior has been noted previously; the thermal instability of triazolines formed
from cyanogen azide!'* picryl azide,'> and arylsulfonyl azides'® has thus far pre-
cluded their isolation. With aryl azides, however, it was possible to obtain acceptable
yields of triazoline, provided that the temperature and time of the reaction were
carefully controlled. A generally satisfactory procedure involved treating the azide
with excess olefin at temperatures in the range 40-70°, and terminating the reaction
after evolution of ca. 20% of the theoretical nitrogen (derived from triazoline de-
composition). The data in Table 1 suggest that increased yields are obtained at lower
temperatures, but prohibitively long reaction times may be required. Tetramethyl-
ethylene failed to undergo addition, either at room temperature or 60°.

The structures assigned to the adducts of unsymmetrical olefins are supported by
their NMR spectra. A survey of the chemical shifts for hydrogen adjacent to the azo
linkage (H,) and for hydrogen adjacent to the N-aryl group (Hs) in several sym-
metrically 4,5-dialkyl substituted triazolines revealed the following ranges: H,,
5-3-59 r and H,, 6064 1 (cf. Huisgen et al.,, Ref. 8b). Use of these values led to the
structures shown in Table 1. (The indicated chemical shifts are not applicable to tri-
azolines possessing substituents other than aryl groups at the 1-position.) The-

53-59t H,
—N
N\
N

60-64 1 H,/""”’“T
Ar

assigned structures accord with reaction via transition state II, but they are incon-
sistent with orientations predicted from steric considerations. As observed with
other systems, the orientation of azide addition to electron-rich olefins is controlled
by electronic rather than steric factors.> %12

For predictive purposes, the addition may be viewed as occurring in a Markownikoff
sense, initiated by electrophilic attack of the terminal azido nitrogen on the olefin.
Superficially, that attack which generates the most stable carbonium ion on the
olefinic component, predicts the observed orientation in the product. While useful,
this predictive rule must be considered only a rough approximation of the operative
cycloaddition mechanism. (For a partial exception to the rule, see below.)

Since groups capable of stabilizing the positive charge in transition state II should
facilitate the reaction, it was anticipated that conjugated dienes would be reactive
with azides.* Thus, while no detectable addition was observed with cyclohexene
after 3 months at room temperature, adduct from 1,3-cyclohexadiene and p-bromo-
phenylazide began to crystallize in 3 days. A 779 yield of the triazoline was obtained
after 18 days at room temperature. Similar rate-enhancement was noted for other
dienes (Table 2). The addition of azides to conjugated dienes is of special interest,
since, in conjunction with triazoline photolysis, it provides a simple and efficient
route to 2-vinylaziridines.!’

The NMR spectra of the diene adducts showed two vinyl hydrogens in each case.

* Alder has described the reaction of isoprene with phenyl azide.® No structure was given for the adduct.



[ e 19
. 97T b9 LISS N .
A9 cor oo s08S /v $8-8 139 o ON
98vl  SLS  SOIS
sk \) 1
ssskepL oV e o1e 8 A A g LR
1y
_b TH%Y-u —.—\m_EoU-a
9961 $99  SEHS /
dws; WooI ‘sHuow S¢S 6L N g
g WIOWT  oel 059 0TS v &
=
X
[8]
[70]
A voTT LS9 SOS8S
dws; wool ‘squow ¢- K 1 z
jwoor SOW S| oo (L0 oge v $901-6S01 99 4 ON s
SLT 069  ¥E09 N __x -
d ‘ST . ng -u
W3} WOOI SPUOWSS o o ol v £p 68 A q D
0ST 19§ 6LOS _
sk - I
HOKEDE Ol e Lols v 518 12 N q
X
N H 9 juasos %
suonIpuo) puno/poje) y5K150 ~dW aurjozeu ] N X Li=le}
184109y PISIA
eie( [eonkeuy
SNLIHTO AANIVISNN OL SIAIZY TAYY 40 NOLLIAdY °| 314V ]

352



353

The addition of aryl azides to unstrained olefins

‘pautuLsLpuf) ,
"3U0I0E ‘g (918108 [A12 ‘(] ‘JOYID [AYIAIP ‘D {{OUBYIAD ‘g {IUBXIY-U 'Y :SIUIAOS
‘GONBZI[[BISAI03I 9UO I ,

dwa) mooi syaom 9

aqn) po[e3s *,06 ‘skep 91

JUSA[OS JUOINOB ‘9 ‘SABP 8

JUIA[OS JUBXIY-U ‘69 ‘SAep ¢

o8¢ ‘skep 9

o8¢ ‘shep 07

dm?) woos ‘ujos 19419 ‘sqIuot

(44 44
(4874
6961
6LS1

6512
€512
8¢-b1
{44

8¢7
T6¢T
SLST
L9s1

|84
14274

9¢-§
1z
9s¥
SSv

(4%
0z-9
ss
1 4Y

01-9
09
[4%Y
9T¢

s
645

£L9S
6895
08-6¢
y9-6v

£0-09
8665
97¢$
LOES

6v95
096
11-6v
L6y

8y-¥s
€SS

1w
|
g %pesi-gs1  g» N ON
Z\
: L8-98 €1 //z g
v
b
q PPSOLHT X ON
v wigol vz N 1q
1
N W s
v 2P SEI€E] Of / N ON W
X T
v $9+9 €1 N g .
SN 2
1y
[
N

IN N
av 2P 601 — Z/A ION F
zM

SN N



354 P. SCHEINER

With isoprene and trans-piperylene addition therefore occurred at the monosubsti-
tuted double bond. The chemical shifts for H, and H, were again used to determine
the orientation of addition. As noted above, hydrogen at position 4 of the triazoline
nucleus displays a signal at lower field than hydrogen at the 5-position. The diene
adducts, however, showed only complex multiplets (3 H’s) from 5-3-59 1, the region
of H, resonance. The orientations are therefore as depicted in Table 2; the Hy peaks
have been displaced downfield to the H, region, due to the presence of the adjacent
vinyl group. Had addition occurred in the reverse sense (III), the positions of H, and
H; would have shown a larger than normal separation. The latter effect is apparent
in the spectra of the acrylonitrile and methyl acrylate-phenyl azide adducts (IV),”*
while the styrene and B-methylstyrene-phenyl azide adducts (V)! 3 reveal a downfield
displacement of the H, signal, similar to that observed for the diene adducts in this
study.

N, X N X
\\N \\N \\N
/ / /
N N N
! | P |
5 Ar Ph Ph
I IV, X = CN, CO,Me V,X = H, Me

In terms of transition state 11, the partial positive charge on the hydrocarbon may
be stabilized by delocalization through the conjugated double bond; hence the
observed orientation. The additions to isoprene, however, do not strictly follow the
predictive rule cited above. Greater stabilization of the positive charge would be
anticipated for transition state VI (3°, allylic) than for transition state VII (2°, allylic).

\ \
Me /N >N
N M°Y——N
s+ ' [ 5 &+ I P
Ar Ar
A\ VII

Reaction via VII (and not VI) probably results from the increased steric hindrance
associated with VI. Stabilization energy gained by the 3°-methyl is apparently more
than offset by the steric hindrance of this group; the alternative orientation VII is
therefore preferred.

The sensitivity of azide addition to steric hindrance, first noted by Alder® and
supported by kinetic results,!* is also reflected by the data in Table 1. Despite longer
reaction periods, lower yields were obtained with increased alkyl substitution on
the olefin. Steric hindrance to addition and the thermal instability of triazolines thus
appear to be the main barriers to triazoline formation. Nevertheless, the results
indicate that linear, unstrained olefins and conjugated dienes may be successfully
employed in this reaction.
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EXPERIMENTAL
NMR spectra were determined in CDCl; with a Varian A-60 instrument, using TMS as an internal
standard. M.ps, uncorrected, were determined with a Fisher-Johns m.p. apparatus.

p-Bromophenyl azide and p-nitrophenyl azide were prepared by the method of Smith and Boyer.!®
The olefins were used, without purification, as obtained from commercial suppliers.

The heated reactions described in Tables 1 and 2 were carried out using 005 mole of azide and a 3-5
molar excess of olefin; the room temp reactions employed equimolar amounts of azide and olefin. A gas
buret was used to measure N, evolution in the heated reactions, and heating was discontinued after ca.
209 of the theoretical N, was observed. Solvent was then removed under reduced press, and the residue
crystallized from an appropriate solvent at —20°.
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