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Abstract-A stereospeciiic synthesis of the endo triazoline 20 has been accomplished by the sequential conversion of 
norbomylene to the oxime of 3-no-chloronorbomanone followed by reduction of its acetate or p -nitrobenzoate with 
diborane to give 2-endo-amino-3-exe chloronorbornane, then coupling of the latter with p-nitrobenzene diazonium 
chloride to give diazoamine 19, which was cyclized with etbanolic sodium ethoxide in the presence of silver nitrate. 
Photolysis of endo triazoline 26 gave exclusively mdo aziridine 3 (R = p-NO&H,), while on pyrolysis in decalin at 
165-170” there was obtained emfo aziridine 3, exe axiridine 2, imine 4 and a large amount of polymer. Under identical 
conditions, the isomeric exe triazoline 1 (R = p-NO&H.) gave exe aziridine 2, endo aziridine 3, imine 4 and no 
polymer. The “triazoline-aziridine inversion” is presumed to occur via the diazoimine intermediate 7. While 
photolysis of exe triazolines 23 and 24 and pyrolysis of 23 gave, as expected, the corresponding exe aziridines 25 and 
26, pyrolysis of 24 appears to have given the isoxazoline 28. Evidence for the intermediacy of the diazoimine 27 in the 
formation of 24 is presented. 

Triazoline decomposition has been the subject of a recent 
excellent revied and the overall results of the thermal 
decompositions can be summarized as outlined in Scheme 
1. Bicyclic triazolines decompose to give predominantly 
aziridines and/or imines as originally shown by Alder et 
al.’ These pyrolyses are considerably more complicated 
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Scheme 1 

than originally assumed and the product distributions 
appear to be dependent on a number of structural and 
experimental factors. Thus, in the reaction of norbor- 
nylene with benzenesulfonyl azide at room temperature, a 
reaction known to involve a transient exe-triazoline? only 
exo-aziridine 2 (R = SOX&) was previously rep~rted.~ 
However, we now know that even this reaction is 
extremely sensitive to experimental conditions, giving 
substantial amounts of endo-aziridk and imine at 
elevated temperatures and in the presence of certain 
solvents and surfaces (Scheme 2).6 On the other hand, the 
thermal reaction of norbomylene in refluxing toluene with 
diethyl phosphorazidate is reported to give only phos- 
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phoramidate 4 (R = P(OEt)A again via a transient 
ezo -triazoline~ Pyrolysis of the isolatable exe -triazoline 1 
(R = Ph) in decalin at 160” reportedly gave exe aziridine 2 
(4%), imine 4 (1896) endo-aziridine 3 (9%) and rearranged 
amines 5 (10%) and 6 (11%)’ Changing the solvent to 
DMSO in the latter case resulted in a substantial increase 
in imine (42%) and decrease in uo-aziridine (36%). 
Pyrolysis of e.zo-triazoline 1 (R = CGCH,) in decalinat 
114” gave similar results: 2 (52%), 3 (7%), 4 (36%), 5 (1%) 
6 (5%). 

The formation of endo-aziridine 3 from exo-triazoline 
1, which we shall henceforth refer to as “triazoline- 
aziridine inversion” is particularly intriguing. This “inver- 
sion” was thst reported in the reactions of cis -ekdo - and 
cis-exe-norbomeneJ$dicarboxylic acid anhydrides and 
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the corresponding cis-exe-methyl ester with ben- 
zenesulfonyl azide in refluxing carbon tetrachloride. In 
these cases, the inverted endo-aziridine was the major 
product @l-76%) and the e-co-aziridine was the only other 
product.‘o This striking “~~o~~-~~ne inversion” 
was not observed in the ease of the isomeric 5,6-cis-exo- 
dimethyl ester, where the exe-aziridine was exclusively 
formed, apparently due to steric inhibition and unfavora- 
ble entropy.” Similarly, pyrolysis of the isolatable 
triazoline 1 fR = Ph, exe-anhydride at C-5, C-6) in decalin 
at 160” gave 46% exe-aziridine 2 and 54% endo-aziridine 
3.” We have previously suggested that endo-aziridines 
arise from exe triazolines via diazoimine intermediates 7. 
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Indeed, such a diazoimine is seen to arise by path b of 
Scheme 1, a well-established decomposition pathway in 
the reaction of arylsulfonyl azides with linear amine?’ 
and can be considered a “diazo transfer” process.‘.” 
Similarly, Baldwin et al.‘-’ suggested a diazoimine inter- 
mediate in the formation of lactam 8, when the phenyl 
azide-norbornene adduct 1, (R = Ph) was decomposed in 
phenyl isocyanate. 

8 9 

The exact mechanism(s) of the formation of the 
diazoimine intermediate remains in question. Thus it may 
arise stepwise via a diazonium betaine 9 as previously 
suggested’“‘0 or directly via a thermally allowed disrotat- 
ory ring opening as illustrated in Scheme 3. On the other 
hand, the “triazolineaziridine inversion” could conceiva- 
bly take place by a thermally allowed electrocyclic rfng 
opening to give f&t an endo-triazoline 11 which would 
then lose nitrogen to give the endo-aziridine (Scheme 4). 

Scheme 3 

Scheme 4 

However, this pathway seems less likely in view of the 
large amount of strain to be expected in an intermediate 
such as 10. Attempts to detect the conversion of an 
exe-tiazoline into an endo-triazoline by observing the 
characteristic sptitting patterns of the C-2, C-3 protons in 
the NMR have thus far failed.” 

The formation of imine 4 may occur via the diazonium 
betaine intermediate 9 or by a concerted mechanism as 
~lus~at~ in Scheme 5. Such a concerted mec~sm has 
previously been postulated to account for the cyclic 
amidines obtained in the reaction of tosyl azide with 
nitrogen heterocycles such as 1 &dimethyl-A*- 
te~~y~p~dine.‘*’ On the other hand, Berlin et al.” 
have proposed that a ZJ-endo-endo migration of a methyl 
group occurs via a diazoimine intermediate similar to 9 in 
the reaction of diethyl phosphorazidate and 2-methyl-2- 
norbomene. In this particular case, it has been proposed 
that the diazo~um ion is stabilized in a special manner by 
the highly polarized P-0 function and kinetics of the 
related reaction with norbomene’ clearly are not consis- 
tent with a concerted elimination of nitrogen as indicated 
in Scheme 5. 

Scheme 5 

In the reactions of ~nzenesu~onyl azide with var- 
ious bicyclic olefins such as norbomene,’ 
bicyclo(2.2.2)octene,‘6 dicyclopentadiene,‘6 norboma- 
diene,” cis -endo - and cis -exo-norbomene-S$dicarb- 
oxylic acid anhydrides and methyl esters,” no 
amine products such as S or 6 have thus far been reported. 
In the case of the norbomyl derivatives with ester or 
anhydride functions at C-5 and Cd, only aziridine 
products have been observed, and as previously men- 
tioned, the product dist~bution in the reaction of 
norbomene with benzenesulfony1 azide is dependent on 
the nature of the solvent, the temperature and apparently 
trace meta1s.b 

With the above mentioned background, in particular the 
un~e~~nties involved in the “exe-~azoline-ego- 
a&dine inversion”, we undertook to develop a general 
synthetic route to the heretofore unknown bicyclic endo 
triazolines in order to determine if such an “inversion” 
would also occur in these isomeric compounds. Endo 
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(3 + 2) cycloadditions of l&dipoles to norbomenc are 
U&liOWll,“” when exe approach of the I$-dipole is 
blocked by substituents on the C-7 methylene group, as in 
the case of apobomylene, no azide addition occurs;I we 
have further verified these conchrsions! 

In the (3 +2) cycloaddition of norbomadiene and 
phenyl azide, approx. 5% of the 1: 1 endo-adduct has been 
reported, whereas with excess phenyl azide again only 
about 5% of 1: 2 exo : endo -products were reported and no 
endo : endo products.‘* In spite of the previously men- 
tioned low yields, we decided to reinvestigate the 
possibility of obt~~ng an ego-~~otine from norbor- 
nadiene by a (3 + 2) cycloaddition. We chose benzyl azide 
as the 13-dipole since it offered the possibility of 
providing an easily removable group for the potential 
syntheses of endo-triazolines by the sequence: (1) 
isolation of endo -triazoline from the (3 t 2) cycloaddition; 
(2) photolysis to yield the N-benzyl-aziridine?.‘7.‘v (3) 
hydrogenolysis to give the unsubstituted aziridine and (4) 
isomerization of derived I-arylazoaziridines to give l- 
aryi-A*-1,2,3-triazolines as previously described by Heine 
and Tomalia.m In actual fact, no endo-triazolines could be 
isolated from the reactions of norbomadiene and benzyl 
azide under a variety of conditions and the only 
crystalline products obtained were the anti-exo-exo- 
ditriazoline 12 and the dye-exo-~o~~~oline 13. That 
both ditriazolines (12 and 13) contained only exo- 
triazoline rings was apparent from the C-2-C-3 and C- 
5-Crd NMR couplings in each case (J = 9 Hz) and the 
assi~ment of the anti ~angement in 12 was based on 
the equivalence of the two bridgehead protons at C-l and 
C-4 (6 2.60) in this case and their non-equivalence (8 197 
and 3.08) in the case of 13. The highest observed mass 
spectral ion in both 12 and 13 was at m/e 302, 
co~es~nding to M’-2N2. 

Cd& H>C’ 
12 

Cd&HE’ ‘CH&H, 
I 

13 IJ: A’ 
15: dihydro A’ 

In other attempts to arrive at endo triazolines, 
N-~nophth~imide was oxidized with lead tetraacetate” 
in the presence of bornylene but no aziridine could be 
detected in the products. When dimethyl bicyclo(2.2.1)- 
hepta-2Jdiene-2,3dicarboxylate (14) was treated with 
ph~yl~i&, the only isolatable product was dimethyl-l- 
phenyl- 1,2,3-biazofe-4,Sdicarboxylate presumably form- 
ed by a retro (4+ 2) cycloaddition. On the other hand, 

the dihydro isomer 15, as seen in the squel, readily reacts 
with phenyl azide to give a triazoline which thermally 
decomposes by an entirely Merent pathway only at 
elevated temperatures. In the latter case the retro (4 + 2) 
cycloaddition pathway is not availabk to the tiazoline. 
The mass spectrum of the above mentioned aromatic 
product, showed a large M’ ion at m/e 261 (63%). By 
comparison, the much less stable triazoIines we have 
studied, as expected, never show an M’ ion, and usually 
only a weak ion at M+-N2. Not surprisingly, a (4+2) 
cycloaddition of cyclopentadiene and I-benzyl-1,2,3- 
triazole failed as did the reaction of 2-i~~olone with 
cyclopentadiene. 

With the lack of success of the preceding pathways, it 
was decided that an entirely different approach would be 
pursued which would involve constructing a norbomyl 
intermediate containing a C-2 endo amino group and an 
exo C-3 group which could be readily displaced in- 
tramolecularly either by the C-2 endo amino group 
directly or by a diazoamino group derived from the amino 
group. In the former case, an e~-~~ne would be 
obtained, which it was visualized could be converted into 
the desired endo-triazoline by the method of Heine and 
TomiliaPO while in the latter case, the triazoline would be 
obtained directly. 

Since 3-~o~~o~norcamphor oxime (16) had been 
previously reportedu3’ this seemed the obvious starting 
point for our synthetic sequence. The oxime 16 was not 
reduced to the desired amine with rhodium on alumina 
and was therefore converted into its acetate 17, which was 

16: R-H (syn & anti) 18 
17: R = COCH, (syn & anti) 

shown to be a mixture of syn and anti forms by the 
presence of one bridgehead proton in two different 
environments (6 3.48 (O-6) and 8 3.03 (0*4)) and an acetyl 
group in two different environments (S 2.10 and 6 2.07). A 
word of caution must be added at this point with regard to 
potential users of 3chloronorcamphor oxime acetate and 
the corresponding p-nitrobenzoate. These compounds 
produced severe allergic reactions in all individuals whose 
skins were exposed to them! Attempted hydrogenation of 
the oxime acetate with rhodium on carbon gave the same 
unidentified product as obtained from the oxime but not 
the desired amine, while reduction with sodium borohyd- 
ride, interestingly, gave norcamphor oxime as a similar 
mixture of syn and anti forms. In the latter case, the 
intermediate anion of 3chlororonorcamphor oxime ap- 
parently eliminates chloride ion to give 2-nitroso-2- 
norbomene, which reananges to the more stable tautomer 
norcamphor oxime. 

Since it had been reported that oxime esters could be 
reduced to amines with wane,% the latter, in a stream 
of nitrogen, was passad through a tetrahydrofuran 
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solution of 3-t~ochloronorcampho oxime acetate. The 
amine product was isolated in 17% yield as its hydroch- 
loride salt and b~ifi~ti~ gave the free amine. While the 
NMR spectrum of the amine ~di~ted,~t it was in fact 
the desired 2-e~~~3-e~~~nor~e, as- 
signment of the ,amino group to an. endo configuration 
could not be made conclusively, at this point, since the 
C-2 and C-3 hydrogen signals overlapped. Conclusive 
proof of the stereochemical assignment, however, was 
found in the ultimate conversion of this chorine to 
the desired endo-triazoline by an in~olecu1~ dispiace- 
ment of the exo-chioro group as discussed below. By use 
of the oxime p-nitrobenzoate instead of the correspond- 
ing acetate, the yield of chloroamine was increased to 
41%. 

As previously mentioned, Heine and Tomilia= had 
previously reported the coupling of aryl divots salts 
with ~substitut~ aziridmes to give diazoaziridines 
which were isomerized to the 5-membered ring triazoiines 
via an intermediate ambident anion formed by treatment 
of the diazoaziridine with the nucleophihc iodide ion.u By 
couphng 2-endo -amin~3-mo chloronorbomane with an 
ary~~~onium salt and treatment of the derived 
di~o~ine with base, we would arrive at a similar 
intermediate ambident anion possessing the required 
stereochemistry for closure to an eado triazoline. Indeed, 
coupling .with the diazonium sah of p-nitroaniline 
proceeded readily to give the desired diazoamine 19 in 
good yield (m.p. 112-115” dec). Unfortunately, we were 
not able to obtain a good yield of the ~~es~n~~ 

phenyl (instead of p-nitrophenyl) diazoamine under 
similar experimental conditions. The mass spectrum of 19 
was interesting in that it was very similar to that of the 
endo-triazoline 20, ultimately obtained as described 
below, su~esting that 19 cyclizes to the triazohne under 
the mass spec~ome~c conditions. 

Treatment of 19 with base indeed gave the desired 
ambident anion as indicated by the formation of a deep 
red colored solution. However, the desired intramolecular 
displacement of chlorine was only observed (dissipation 
of red color) when silver nitrate was added to the solution. 
Formation of the desired endo-triazoline 28 was readily 
acc~p~shed by adding an equal molar sohttion of 
ethanoiic saver nitrate to an ethanoiic solution of 19 
containing sodium ethoxide. Upon addition of the silver 
nitrate solution, the deep red color changed to yellow. In 
this manner a 64% yield of crystahme endo-triazoline 20 
was obtained. The NMR spectrum clearly showed that the 
product was indeed the endo-triazohne 29 by the presence 
of two low field muitipiets (doublets of doublets) centered 
at 6 5.09 and S 4.02 with coupling constants of J = 12.0, 

5.50 Hz and J = 12.0.4.25 Hz respectively. These multip- 
lets could be assigned to the C-2 and C-3 protons of 29, 
respectively, with the larger coupling of 12Hz corres- 
ponding to JzJ while the smaller couplings correspond to 
J 12 = 5.50 Hz and Js,, = 4-25 Hz. By contrast, the isomeric 
exe triazohne (1, R = p-NO&H,), prepared as previously 
des~ribed~ by the (3 + 2) cycloaddition of p nitrophenyl 
azide to norbomene shows in its NMR spectrum the C-2 
and C-3 protons as a pair of doublets (Ju = 9 Hz) centered 
at 6 4.77 and 8 3.79 respectively with Jt3 a JsA = 0 as 
expected. 

It should be mentioned that diborane reduction of 
chlorooxime acetate 17 or the corresponding p- 
nitrobenzoate on a small scale appeared to be stereo- 
specific, giving repeatedly, after coupling and cychzation, 
only the e~do-choline, while a single attempt to scale up 
(10x) reduction of the p -~~o~~oate of the oxime gave 
some exe-triazoline (Ex~~ent~). Photolysis of a 2: 1 
mixture of endo- and exe-triazolines 28 and 1 (R = p- 
NOXd-L), respectively, gave a 2 : 1 mixture of endo- and 
exo-aziridines 3 and 2 (R = p-NO&.&), respectively, 
while photolysis of gure 1 (R-p-NO&I&~ gave, as 
previously reported,’ exclusively the exe aziridine 2 
(R = p-NO&&). The endo aziridine 3 (R = p-NO&H,) 
collected by preparative us-squid-c~mat~phy, from 
the above mentioned mixture showed the expected 
characteristic NMR spectrum’* with the equivalent C-2 
and C-3 protons appearing as a triplet (J = 1 Hz) centered 
at S 293. By contrast, in the NMR spectrum of the 
isomeric exe aziridine 2 (R = p -NCX&) these protons 
appear as a singlet at 8 2-42. Similarly, the exe-a&dine 
showed the ch~cte~sti~” high field position of the anti 
C-8 proton (8 0.87) which was absent in the en& 
aziridine. One interesting aspect of the mass spectra of 
endo- and exe-aziridines 3 and 2 (R = p-NO&H,) was 
the appearance of a base peak at m/e 201 in each case, 
which may be due to ion 21. By contrast, the isomeric 
imine 4 (B = p-NO&H& ob~in~ as described below, 
showed only a very small ion at mle 201. 
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Finally, the endo and exe triazolines 20 and I 
(R = p-NO&&) respectively were each pyrolyzed in 
decalin at W-170“ for 2 hr and the results obtained are 
outlined in Table 1. The Table shows the percent products 
determined by glc analysis. The endo- and CXO- 
aziridines were identified by GLC comparisons with 
authentic sampks and by comparison of the NMR spectra 
of the pyrotysate product mixture with those of authentic 
samples of emfo and exe aziridines. The imine was 
iden~ed by GLC comparison with an authentic sample 
and by GLC comp~son of its hy~olysis products with 
p -ni~aniiine and norcamphor. From previous work it was 
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Table I. Pyrolysis products (I) at 165-l7(P in Decalin 

endo 
Azkidine Irnine Axzine Non-vola~e 

Triazoline (3Y (4Y (2P products 

exe (I)* 8.8 42.3 48.5 0 
cndo (20) 3.7 IO.0 7.3 79 

&OR’ &OR’ 

23~ R-R’=0 25: R-R’=0 
t4: R=R’=OMe 26: R=R’=OMe 

‘R = p-NO&H. 

to be expected that aII products from the pyrolysis of 
exe -triazoline 1 (R = p-NO&I-L) would be GLC volatile 
and the results of this pyrolysis correlate well with earlier 
observations of similar pyrolyses of exo-triazolines.g’o 
The large amount of GLC non-volatile material produced 
in the pyrolysis of the endo-triazoline under these 
con~tio~s may be due to the fo~ation of polymeric 
material such as 22, the ~lyme~~tion initiation being 

due to nucleophilic attack on the relatively unhindered 
exe face of the strained endo-iodine or the endo- 
triazoline. It should be noted that the endo-triazoline was 
observed to lose nitrogen about thirty degrees lower 
(135140”) than the exe-triazoline and, since it was 
necessary to heat the exe-triazoline at 165-170” to 
observe its decomposition, this higher temperature could 
account for the large amount of polymeric material 
produced in the case of the endo-ttiaz&e. The formation 
of the same products in the pyrolyses of endo- and 
exe-triazolines 20 and 1 (R = p-NC&C!&) respectively 
and, in particular, the observation of the “triazoline- 
aziridine” inversion-that is, formation of exe-aziridine 
from endo-triazoline in this case adds further support to 
the postulation of a ~a~i~ne inte~ediate (7) in these 
‘online-~dine” inversions. 

In order to gain more insight into the mechanism by 
which the proposed diazoimine intermediate 7 is formed 
in these “triazoline-aziridine” inversions and, in particu- 
lar, the nature of the carbon-carbon bond fission either 
from 9 or directly as in Scheme 3 or Scheme 4, we decided 
to study the pyrolyses of eiaztis 23 aud 24. dye 
23 was prepared by the (3+2) q&addition of phenyl 

azide to bicyclo(2.2.1)-2-heptene-2~~ec~~xy~c anhyd- 
ride as previ~siy described’ while the co~es~~~ 
diester 24 was prepared by a similar cycloaddition to 
dimethyl bicyclo(2.2. I)-2-heptene-23dicarboxylate. As 
expected, neither 23 nor 24 showed a molecular ion (M’) 
in its mass spectrum, but 23 showed a relatively large ion 
at W-N2 (m/e 255, 6%) while the more flexible 24 
showed only a small M’-N2 ion (m/e 301, 10%). 
Photolysis of 23 gave, as previously rep~rted,‘~ sofeiy the 
corresponding e.xo-a&dine 25, whiIe photolysis of 24 
similarly gave a single product, identified as the dimethyl 
ester 2.6. Similarly, pyrolysis of anhydride 23 at 163 + 2” in 
decalin gave solely exe-aziridine 25, indicating that 
‘Yriazoline-aziridin” inversion in this non-flexible anhyd- 
ride did not occur. Clearly formation of intermediate 7 
(via 9 or Scheme 3) or the electrocyclic ring opening 
illustrated in Scheme 3 shouid be extremely difficult in a 
molecule such as 23. It therefore was of particular interest 
to investigate the pyrolysis of the electronically similar 
but structurally more flexible molecule 24. 

When triazoline 24 was heated in decalin at 162 2 2”, 
the decalin removed at reduced pressure and the residue 
quickly c~omat~phed on silica gel, a fog-smeUi~ 
yellow oil was eluted in benzene, the IR spectrum of 
which showed VZ 2120, 1720, 1695, 1630, 1595 cm-’ and 
A’+““-’ 233, 238, 244 and 251 run. On standing a short 
c at room temperature or even in the refrigerator the 
band at 2120 cm- disappeared and all attempts to purify 
and characterize this material failed. However, the above 
spectral observations are consistent with a structure such 
as 27, providing additional support for the previously 
suggested diazoimine type intermediate 7.’ 

Gas chromatographic analysis of the above mentioned 
decalin solution after pyrolysis of triazoline 24 showed 
the presence of one major (75%) component and at least 7 
minor components. Mixed injection with exe aziridine 26 
showed that it was not one of the components of the 
product mixture. The major product decomposed when 
subjected to column or TLC but could be collected by 
prepamtive GLC, However, it deoomposed rapidly on 
stauding at room tem~at~. Its IR spectmm indicated it 
contained an ester CO group (1725 cm-‘) and its NMR 
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Scheme 6 

spectrum indicated it contained two non~~v~ent OMe 
groups, only one of which was identical in chemical shift 
to one of the OMe groups in the starting triazohne. A 
comparison of the mass spectrum of this unstable product 
with the mass spectra of triazoline 24 and aziridine 26 
under essentially identical conditions was particularly 
interesting and the results can be found in Table 2 in the 
Expe~ment~. In order to simplify and shorten the 
discussion, we wish to first suggest that the major 
pyrolysis product should be represented by isoxahne 
structure 28 arising from 24 as illustrated in Scheme 6. It is 
tempting to suggest that the ion at m/e 286 present in the 
spectrum of 28, but absent in the spectra of triazoline 24 
and aziridme 26, has structure 29. ft will be noticed from 

29 30 

Table 2 that both isoxaline 28 and triazoline 2.4 show base 
peaks at m/e 242 which suggests this ion should be 
represented by the stable structure 30. The base peak in 
the mass spectrum of aziridine 26 at mle 272 is probably 
due to the ion 31 arising in a manner similar to that 
observed in the formation of 21 as previously mentioned 
from aziridines 2 and 3 (R = p-NO&K). Finally, the 
appearance of a relatively large ion at m/e 107 in the 
spectrum of 28, but absent in the aziridine spectrum and 
present to only a small extent in the spectrum of triazoline 
24, suggests that this ion has structure 32. While all of the 

Ph 

31 32 

mass spectral explanations are recognized to be Only 
suggestions at this time, it does appear that the wieight of 
evidence tends to support structure 28. Unfortunately, we 
were unable to obtain further confirmative evidence for 
the structure of the pyrolysis product due to its instability 
and pickily due to its serious adverse physiological 
effects (Ex~~ment~). 

One aspect of any of the mechanisms thus far suggested 
to account for the “triazoline-aziridine inversion” which 
has continued to disturb us has been an explanation for 
the predominant formation of endo aziridines in the 
reactions of cis -endo - and cis -exe norbomene-S,6 
dicarboxylic acid anhydrides and the corresponding cis- 
exodimethyl ester with benzenestdfonyl azide and the 
fo~ation of greater than 50% endo-aziridine in the 
pyrolysis of 1 (R = C&, exe-auhydride at C-5, C-6).” 
Why does one get predominantly the thermodynamically 
less stable product, particularly, in the case of cis-endo- 
norbomene-5&dicarboxylic acid anhydride? We now 
wish to suggest that this phenomena arises from a strong 
field effect exhibited by the anhydride or carbomethoxy 
groups at C-5 and C-6. Ass~ing that a diazoimine 
intermediate such as 7 is involved, then if the imine 
portion aligns itself with the dipole of the anhydride 
moiety in a head to tail fashion, then the preferred 
conformation should be as in 33 thus leading to the 
endo-aziridine. Similar arguments hold for the exe 
~hy~de and dimethyl ester which might be represented 
as in 34. Apparently steric effects are too great to be 

33 34: R-R’=OorR=R’=OMe 

overcome by the dipole effect in the case of the 
cis-endo-dimethyl ester.” That there is indeed a field 
effect of the anhy~de groups has been muscats by the 
relative rates of nitrogen evolution in the reactions of 
benzenesuifonyl azide with norbomene, exe anhydride 
and endo anhydride (100: 10: I).” 

Kps were taken on a Thomas-Hoover apparatus and are 
uncorrected. IR spectra were recorded with a Peru-Ever 237B 
spec~ophotometer. NMR spectra were obtained with a Varian 
A# spectrometer using CDCI, as solvent and TMS as an internal 
standard (6 = 0). Abbreviations used to report NMR spectra are as 
follows: s-singlet; d-doublet; t-triplet; q-quartet; b-broad; 
m-multiplet; o-complex. Mass spectra were obtained with a 
Varian M46 mass spectrometer (70eV). 

Preparation of 3-chioronorcamphor nxime acetate. T$e crystal- 
line diieric ~~sffNo~de of norbomene was prepared in 56% 
yield according to the procedure of Meinwald et a!.P m.p. 
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155-156” (lit.” 155.5-156.5”); V= 1615, 1385, 1230, 670cm-‘; 
hi+/2 m/c 159 (25%). 2-Chlom3-nitroso-norbornane dimer was 
isomer&d to 3-chloronorcamphor oxime in quantitative yield as 
previously described.” The &&are of syn and 4nfl isomers= was 
isolated as a viscous oil. ~2 3250,1675,1450cm~‘; M‘ m/2 159 
(50%); g (CDCY,) 440 and 4.25 (1 H, ratio 30:70; J = 2-O Hz), 3.53 
and 2.% (1 H, ratio 70:30, m). ne above oxime (2.08) was 
converted into its acetate by stirring in a mixture of Ac,O (4 ml) 
and pyridine (4 ml) at room temp overnight. Addition of an equal 
volume of ice water yielded an oily ppt which was taken up in 
chloroform. Sequential washing of the chloroform layer with 10% 
HCl aq, 5% NaHCO, aq, water and finally drying over Na,SO, and 
ev~o~tion gave 2*3g (92%) of the acetate as a viscous oil 
(Found: C, 53~70; H, 6.01; Cl, 17.70; N, 7.01. Calc. for 
GH,,Q,CIN: C, 53.73; H, 5.97; Cl, 17*&4; N, 6.9%); VZ 1770, 
lWcm-‘; M+-CIH,OI m/e 142 (48%); 6 (CCL): 4.34 (1 H, d, 
J = 2.5 Hz), 3.48 and 3.03 (1 H, ratio -60:40), 2.57 (1 H, bs), 2alO 
and 2.07 (total 3 H). A special note of caution is suggested for 
potential users of 3-CNorono~~phor oxime acetate as well as 
the co~es~n~~ p-~~~~~te. These com~unds produced 
severe skin irritations and allergic reactions in individuals exposed 
to them! 

Preparation of the p-nitrobenzoale of 3-chloronorcamphor 
oxime. To a soln of the oxime (5.86 g, 37 mmole) in anhyd ether 
(IOOml) and chloroform (1Oml) was added p-nitrobenzoyl 
chloride (758 g, 45 mmole). After stirring for 30 min, a flocculent 
yellow ppt began to appear and after an additional 30min, the 
solvent was removed in u4cuo and the ppt was washed with 10% 
NaHCO, aq and then collected by filtration. After further washing 
with water and air drying the solid was recrystallized from 95% 
EtOH to give 7.66 (67%) of pure 3-chloronorcamphor oximc 
p-nitrobenzoate, m.p. 175-176” (Found: C, 54.45; H, 4.36; Cl, 
il.35; N, 9.27. Cali for C,,H,,CINIO,: C, 54.47; H. 4.24; Cl, 
11.48: N. 9.07%k v!!!T 1750.1660.153Ocm-‘: M’ m/e 308 (smali): ,. _- 
S (Ctii,): 8.25 (4 H, m), 4.53 (i H, d, J =j Hz), j.70 aid 3.29 
(1 H, ratio 40:60, m), 2.72 (1 H, m). 

Reduction of 3-chioronorcamphot oxime ucetute. 3- 
Chloronorcamphor oxime acetate was reduced with diborane 
according to the procedure of Feuer and Braunsteir? using a 
hydroboration apparatus as descriid by Brown.n Into a soln of 
4.1 ml BF,-etherate in lOml dry diglyme was added dropwise, 
0.93 g NaBH, in 35 ml dry diglyme. The generated diborane was 
swept by a stream of N2 into a THF soln containing l-7 g of the 
oxime acetate. After complete addition of the NaBH,- soln to the 
BF,, the generator was heated gradually to 60” over a period of 
I hr, then disconnected from the reaction vessel containing the 
THF soln. The latter soln was stirred at RT for 20 hr. then 5 ml 
HZ0 was cautiously added, after which the solvent was removed 
in UDCUO to give a white solid. To this was added 20 ml of 10% HCI 
and the soln reffuxed for I hr then 20 ml of 20% KOH was added 
and the soln was extracted with ether. After drying over Na,SO,, 
excess HCl gas was bubbled into the ether soin, whereupon a 
white, flocculent ppt formed. Compound l&HCI was washed 
several times with ether and gave m.p. 195-200” (17%) (Found: C, 
45.95; H, 7.23; Cl, 39.09; N, 7.49. Calc. for C,H&IN.HCI: C, 
46.17; H, 7.20: Cl, 38.94; N, 7.6%); YE:: 3400,292s. 19&l, MO, 
1570, 1495, 147s cm-‘; M’-HCI m/e 145 (67%); 8 
(CF,COtH-CDCI,): 7.08 (3 H, b, disappears on addition of D,O), 
3.63 12 H, mf. 2.50 (1 H. ml. 2.32 (1 H. m). 2W-0 (6 Hf. 

Ihe free &ne was &bta&d as’ao oil &on basificatibn of an 

*In a single attempt to scale-up (10X) the diborane reduction of 
the p-nitrobenzoatc of the oxime there was isolated a crude amine 
hydrochloride, which was extensively purified as mentioned above 
to give only 13% of amine hydrochloride suitable for couolina. This 
p&M a&ne hy~~No~~e gave, eventually, a 2: 1 &x&e of 
endo and exo triazolines! 

aqueous soht with solid KOH, followed by extraction with ether, 
drying over NaZSOI and removal of the solvent in u4cuo. u”z’l 

3380,3300,1610cm-‘; deuterated amine (recovered from NhfR in 
presence of D20); YZ~ 2215,2105, 1645cm-‘; t (CDCI,): 3.36 
(1 H, t, I= 3*9,3*20 (I H, q?, J = 2.9,2*23 (2 Hf, 2*03-l@J (8 Hf. 
in presence of Da0 g 2~0~1@3 (6 II). 

Reduction of 3-chloronorcamphor oxime p-nitrobenzoate. 
Diirane, generated by the dropwise addition of I.86 g NaBIL in 

7Oml dry diiyme into 8.2 ml of BF,.etherate in 25 ml dry 
diglyme, was swept by a stream of N, into a soln of 7*9g of 
3-chloronorcamphor oxime p-nitrobenzoate in 125 ml THF. The 
soin was worked up as described above except that after acid 
hydrolysis, the water layer was extracted with chtoroform to 
remove the p-nitrobenzoyl chloride, then the acidic soln was 
made alkaline, extracted with ether, etc. The amine hydrochloride 
was isolated in 41% yield. Attempts to scale-up the reduction 
IO-fold gave a yellow product of poor quality, which had to be 
extensively purified, before further use, as follows: dissolution in 
water, basilication, extraction with ether, extraction with dilute 
acid, washing with cNorofo~, b~~cation, extraction with ether, 
washing with water, drying, tiltering and finally reacidification 
with gaseous hydrogen chloride. 

Preparalion of 2endo(p-nitrophenylato)omino.3-exo- 
chlomnor6omune (19). To 500 mg (2.75 mmole) of 2-endo-amino- 
3-uo-chloronorbomane hydrochloride in 25ml of water was 
added a buffered soln (PH 56-6.0) of p-nitrobenzenediazonium 
chloride at 0’ (prepared from 180 mg, I.30 mmole, of p- 
~~~ine~. A yellow ppt formed immediately and after 
addition of NaCl(20 g), the soln was stined and allowed to come 
to RT (I hr). Filtration gave 234 mg (61%) of the product, 19, m.p. 
112-115” with bubbling (Found: C, 5297; H, 5.13. Calc. for 
C,,H,XIN,OI: C, 52.89; H, 5.09%); &~‘~ 3315 cm-‘. ~2 3380, 
l@Ocm-‘; W-N, m/e 266 (4%); 6 (CDCI,): 8.21 (2 H, d, J = 9), 
7.26 (2 H, d, J = 9). 4.26 (I H, m), 3.89 (1 H, t, J = 2.5), 2.54 (2 H, 
m). 2-22-1’10 (6H, cl. A m~~cation of the above orocedure 
b&inning with’fr& &ine gave a somewhat higher y&Id (81%). 

Preparation of 3 - p -_ nitrophenyl - 3,4,j - triazutricyclo 
(5.2.1.@- ) - dec - 4 - ene (20). To 90 mg (0.307 mmole) of the 
above diazoamine in 20 ml abs EtOH at 60” was added 0.35 ml of a 
1.08 N soln of freshly prepared NaOEt in EtOH to give a deep 
wine red soln. The addition of a soln of 53 ma (0.307 mmole) of 
AgNO, in IS ml abs EtOH gave a bright yellows& with a b&n 
ppt. After coolii, the solnwas filterid to remove the brown ppt, 
which was washed with EtOH. Evawration of the combined 
EtOH fractions gave a brown-yellow’solid to which was added 
chloroform. The chloroform soln was filtered; the brown ppt was 
washed with chloroform and the combined chloroform solns 
concentrated in uacuo. The residual solid was triturated with CCL, 
the CCL&n filtered and evaporated to give the desired endo 
20 (49 mg, 64%). m.p. 12@-130” with bubbling. Recrystalliza- 
tion from EtOH gave orange crystals, m.p. 135-1380 with bubbling 
(Found: C, 60.35; H, 5.53; N; 21.59. &lc. for C,,H,.N,02: c 
60.45: H. 546: N. 216O%k Z.3’ 1595. 1500. 1378. 1320cm-‘: 
W-N, m’le 23d (G%); 6 (&C~)r8*15 (ZH, d, i = 9),‘7.27 (2H, dl 
J = 9), 5.09 (lH, d of d, J = 5.50, 12~0), 4.02 (IH. d of d, J = 4.25, 
12.0), 2.80 (2 H, M), l-65-0*75 (6H. c). 

Preparation of 3 - p - nitrophenyi - 3,4,5 - triaza- 
f~cyc~o(5.2.l~~~~~~ dec - 4 - ene (1, R = p-NO&I-i& The exo 
triazoline was prepared by the (3 + 2) cyclo~dition of p- 
nitrophenyl azide to norbomene as previously described.= The 
yellow crystals melted at 16b16Y (lit.” 16b165”); v:: 1595, 
1500, 1375, 1320cm-‘; 6 WC&): 8-30 (2H, d, J = 9). 7.38 (2H, d, 
J = 9). 4.77 (IH, d, J = 9), 3.79 (1H. d, J = 9j.290 (2H. s). lXLO~91 
(6H, c); hf’-N, m/e 230 (23%). 

Photolvsis of rriazolines. After deaassinx with N,, an acetone 
(250 ml) ;oln ~ont~~ng a 2: I m&&e Gf the e&o and exo 
triazolines’ was photolyzed for 6 hr at 5” through a quartz tBter 
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with a 200 W Hanovia lamp. Removal of the acetone in uacuo 
gave a dark brown oil, the GLC of which showed two products in 
a ratio of 2: 1. The minor product, of longer retention time, was 
identified as the uro-aziridine, 2 (R = p-NO&H+) by comparison 
on GLC with an authentic sample (see below) and by comparison 
of the NMR spectrum of the dark brown oil with the NMR 
spectrum of an authentic sample of the exe-aziridine. 

The major product, endo- 3 (R = p-NO&,H& was collected by 
preparative GLC on a 15% SE-30 column and reinjection on the 
atudytical column verified that it had not been altered in the 
process. The yellow, solid 3 (R = p-NO&H,), gave m.p. 90-92”; 
v= 2968,1590,1497,1345,1325,1285 cm-‘; 8 (CDCh): 8.06 (2H, 
d, J=9), 6.95 (2H, d, J=9), 2.93 (2H, t, J=2), 2.49 (2H, c), 
2.05-1.21 (6H, c); M’ m/e 2308835 (4%). CaIc For C,,H,.N,O: 
M’ m/e 230.0969. 

Photolysis of the pure exe-triazoline, as described above, gave 
exclusively exe-2 (R= p-NO&H.), m.p. 121-1229 (Iit.l9 
121-122”); vz 1590,1500,1385, 1325 em-‘; 6 (CDCl,): 8.10 (2H, 
d, J = 9), 6.95 (2H, d, J = 9), 2.57 (ZH, s), 2.42 (ZH, sf, I *73-1&i 
(SH. c), 0.87 (lH, d, J = 95 Hz); M’ m/e 230 (10%). 

Pyrolysis of friazoiines. Each of the ew and en& triazolines 
(2Omg) were added to separate Pyrex tubes containing 3 ml 
freshly distihed decahn. Warming on the steam both resulted only 
in partial solu~y and the tubes were then placed in an oiI bath at 
165-170”. Although evolution of N, (vi& observation) ceased 
after I5 mitt, heat& at this temp was continued for 2 hr. Analysis 
of the de&in solns bv GLC on a 3% XE-60 column indicated 
that each soln contain& the same 3 volatile products in increas- 
ing or&r of retention times: endo-aziridine, N-p- 
~~op~nyIbicyc~(2.2.l)~pt-2-~~e and exe-aziridine respect- 
fully. The en&- and ,e.ro-azmdines were identaied by GLC 
comparison with authentic samples and comparison of the NMR 
spectrum of the product mixture with those of authentic samples 
of endo- and exe-aziridines. The imine was i&n&d from the 
observation that this product decomposed into p-nitroanihne and 
norcamphor (identified by GLC) when the de&n soIns were 
exposed to moist air and by GLC comparison with an authentic 
sample of imme prepared by refluxing a benzene soln of 
nor~~pbor, p-~~~ne and a catafytic amount of p- 
toluenesulfonic acid. The imine hydrolyzed rapidly during 
attempts to purify it. The ratios of products are given in Table 1 in 
the text. 

Reduction of 3-chloronorcantphor oxime acefate to norcamphor 
oxime. To 3~~oronor~pb~ bxime acetate (1-O g) in 15 rnI abs 
EtOH was added 04Oaof NaBH. in 10 ml abs EtOH. After stirrinn 
for 1.75 hr, the soIn &s poured.into 25 ml water, the water sol; 
extracted with ether and the ether layer dried over Na,SO., 
filtered and finally concentrated with a rotatory evaporator to give 
a quantitative yield of an oil identicai with norcamphor oxime 
(syn and anti) prepared in the usual manner from norcamphor, 
except the ratio of syn to anti isomers dIffered as indicated in the 
NMR spectra. Norcamphor oxime from llchkuonorcamphor 
oxime acetate: vz 33SOcm-‘; vs 3590,3250,2950. 1680 cm-‘; 
6 (CDCI,): 9.20 (lH, b), 352 (0.6 H, s), 288 (0.4 H, s), 248 (lH, s), 
2-33-1.10 (8H, c); M’ m/e 125. Nor~phor oxime from 
norcamphor: b.p. 78-81’11 mm (lit.’ b.p. 114-6”112mm); aa”, 
3350 cm-‘; ~“2 3590,3250,2950,1680 cm“; 8 (CDCI,): 9.20 (lH, 
b),332(0.1H, s),288 (0.9H, Q.2.48 (IH, s), 2*33-1.lO(SH, c). 

Reaction ofphenyl azide with dimethyl bicycIo(2.2.l)hepto-2,5- 
dienc-2,3-dicorboxyiate. A soln containii phenyl azide (SO g) and 
dimethylbicyclo(2.2.1)hepta-2J-diene-2,3-dicarboxylate (11.4 g) in 
30 ml of cyclohexane was refluxed for 2 hr under N,, then allowed 
to stand at RT for 4 days. The soln had separated into two phases, 
a top clear yelIow phase and a lower dark brown-red phase. The 
upper phase was removed by pipette and the lower layer (7.8 g) 

crystahized. Two grams of this semi-crystahiae lower layer was 

boii in ether and upon cooling wh& crystals were deposited 
(0*36g), q .p. 120-123°. RecrystaRization from ether gave pure 
methyl-l~henyI-l~~-~~ole~~~xyla~, rup. 126-InO 
(ht.” m.p. 12612T”). Y= I720 cm-‘; 8 (CDCI&: 754 (SH, s), 399 
(3H, s), 390 (3H, s); M’ m/e 261 (63%), (M + l)* m/e 262 (7%); 
A,, 240 mu (e 8,150), reportedm for I-phenyl-1,2,3&azole AzH 
243 nm (loge 4.01). 

3,459,10,11-Huraazafarncyclo(S.S.l.~~’~tri&ca - 3,lO - 
diene(syn - exo - exo - ditn’azoline) (13) and anti - exo - exo - 
ditriotoline (12) 

Reaction of norbomadiene with bmtyl a&e. Into a refluxing 
sofn of 3.5 g no~orn~ene in 1OmI cyclohexane was added 
dropwise SO g of benzyl azide, prepared as previously described= 
(uZ 2195 cm-‘; Scm 3: 7.15, 4.07), in 5 ml cyclohexane! After 
refluxing for 2*3hr, and standing at RT for two days, 4.1 g of 
brown ppt appeared, which after removal by f&ration was boiled 
in ether twice, whereupon 1.6g of s&d remainuI undissolved. 
Concentration of the ether filtrate gave O-3 g of white needIts, m.p. 
154-156”. identified as the anti exe-exe- 12 (Found C. 70.45: H. 
6.30; N, 23.32. CaIc. for CI,H,Ns: C, 70.39;‘H, 6.15; H, 23.46%); 
V= uf50,2940,1465,1445.99S, 700 cm-‘; 8 (CD&): 7.30 (10 H), 
490 (2 H. d. J = 151,4*61 (2 H, d. J = 15f.4-3f (2 H. d, J = 9). 3.22 
(2 H,h J= 9). 2.60 (2 H. m), 1.15 (2H, m); M’:ZNi m/e 302 The 
isomeric syn-exe-uo- 13, m.p. 1681709, was h&ted from the 
1.6 8 of insoluble solid mentioned above by successive recrystaIIi- 
rations from CCL, n-hexane and IInaIIy ether (Found: C, 70.28; H, 
6.38; N, 23.39. CaIc. for CaH,Na: C,.70.39; H, 6.15; N, 23.46%); 
v!Z 3050. 3030. 2975. 2920. 1490. 1475. 135& 1120. 1105. looo. 
72&m-l; 6 (CD&): 727 (16 H), 4:79(2 H, d, J= 15)(448 (2 H, d; 
J = IS), 448 (2 H, d, J = 9). 3.08 (1 H, m), 3.00(2H, d, J =9), 197 
(1 H, m), l-10 (2 H, m); M’-2N, m/e 302. The ratio of anti to syn 
triazohnes, based on totaI recovered material, was 2.2 to 1. Varying 
the molar ratio of norbomadiene to benzyl azide from 1: 1 (as 
above) to 4.1: I decreased the amount (by weight) of isolatable 
crystahine products seven fold! 

Preparation of dimethyl &cyclo(2.2.l)hepta-2J-diene-2,3- 
djca~xyIate (14). Dimethyl acetylene dicarboxylate (908) was 
cautiously added to 52.3 g of freshly distiIIed cyelopentadiene at 
-78”. The vigorous reaction subsided after several seconds, giving 
a red soln. The product was isolated (73.Og, 68%) by vacuum 
distillation, b.p. 1 I lo/2 mm (lit3’ 134-135°/10-11 mm). vz 2980, 
2945, 1710, 1625 cm-‘; 8 (neat): 692 (2 H, t, J = 2), 3.88 (2 H, t, 
J = I+), 3.70 (6 H, s), 2.12 (2 H, ABX, J,s = 7, J,, = 1.5); M’ 
m/e 208 (63%). 

Preparation of dimethyl bicyclo(2.2.1)-Zheptene-2,3- 
dicarboxylate (IS). The above diene (34.7 g) was hydrogenated in 
acetone (110 ml) in the presence of 5% Pd-C (1.75 g) at room temp 
and atmospheric pressure. The usual workup gave 23-S g (67%) of 
the desired product, b.p. 86”/OSmm (lit.” 132-3*/12mm); vz 
1720, 1615 cm-‘; 6 (neat): 3.70 (6 H, s), 3.23 (2 H, b), 2*0-1.0 (6 H, 
c); M’ m/e 210 (10%). 

Preparation of bicyclo(2.2.1)-2-~t~e-2~-dic~~xyl~ acid 
anhy~e. A soln prepared from 3.5 g KOH. 25 mI 95% &OH and 
S g of the above mentioned dimethyl ester was refbixed for 20 min. 
The usual workup’ gave 4~3g of crude diacid which was 
recrystallized from water to give 2.8 g (66%) of pure diacid, m.p. 
213_214”(lit? m.p. 21?). Y:Z 2SOO,1695,1622 cm-‘; M’ mie 182 
(9%). 

A soIn of 25 g of the above diacid in 8.4 g Ac,O was refhtxed for 
IS hr and removal of the AciO in uocuo gave a brown solid which 
yielded 1.5 g (68%) of the desired anbydride after recrystallizing 
from n-hexane, m.p. 92-94” (lit.” m.p. 98-w); v,” 1827, 1777, 
1603 cm-‘; M’ mfe 164 (45%). 

Preparation of 3-phenyl-3,4,S-triazarricycfo(5.2.1.0’b)-4- 
decene-2.6endodicarboxylic anhydride (23). To 1.21 of the 
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