
TRIAZOLINE PHOTODECOMPOSITION 

THE PREPARATION OF AZIRIDINES 

P. SCHEINER 

Central Research Dtvwon Laboratory. Mob11 Rewarch and Dcvclopmcnr Corporarlon. 

Prlnccton. NW Jcrscy OR540 

Am-- Trwnlmc photodccomposltlon has been found swtahlc for the preparation ofarwldtina bcarlng 

a vartery of substltucnls. The nature and posmon af wbstlrucrw In rhc startmg trlazollnc does nor generally 

hinder the reactton. although dlfIiculrla were encountered when pholorcactwc groups wxc prenr. A 

quanrlrauvc study of the elkc~ of alkyl and cycloalkyl groups on the allrldmc yxld rcvcalcd a dependence 

on lrwollnc pcomclry The CITCCI. howcvcr. was not lrrpc 

PHO.IODE(‘OMP(KI~IO~ of A’-1.2.3-triazolines produces aziridines.’ While thermolysis 

pcncrally gives mwurcs of imincs and azirldincs. triarollnc photolysis has afforded 

dramatically higher yields of aziridines. relatively uncontaminated with isomcric 
products.’ ’ The mild conditions (inert solvents, low temps) associated with tria- 

zoline photodecomposition are advantageous, and contrast with those employed in 

classical a7iridinc preparative methods.’ In view of recent extensions of the azidc- 

olefin reaction to include simple olelins and dienes,’ fluorinated olefins.6 phosphorous 

azidcs,’ enamines.” and enol ethers.’ and the consequent availability of variously 

substituted triazolines. the photolytic route to aziridines appears to have wide 
synthetic potential. The present paper deals with synthetic aspects of the reaction; 

the mechanism of triazoline photodecomposition is discussed elsewhere.” 

RFSULTS AKII) DISCI!SSION 

Spectra and sdoenr eflecrs. Triazolines irradiated in the region of their UV absorp- 

tion maxima (~24Omp) undergo decomposition. The UV absorption spectra of 

triazolines display a markcd sensitivity to the nature of substituents at the I-position. 
The data in Table 1 indicate the effect of such substituents on both the position and 

intensity of the maximum absorption. On the other hand, the triazoline chromophore 

is not significantly influenced by substituents at the carbon positions of the triazolinc 
nucleus; the UV spectra of several 4- and 5-substituted I-phenyl triazolines are 
essentially identical to the first example in Table 1. 

Provided the starting material or product is not attacked,* the course of reaction 
is indcpendcnt of the solvent. Photolysis of I in solvents n-hexane. cyclohexene, 
tctrahydrofuran. acetone. ethyl acetate, pdioxane and benzene all resulted in quanti- 
tative conversions to the aziridine. Similarly, the photodecomposition of II occurred 
smoothly in either anhydrous or 20”,;-aqueous dimethylformamide. 

Suhsriruenrs ar fhe I -position. The high reactivity or norbomene and organic azides 

l Trluolmtx arc rapidly decomposed by acids. Azwidma arc attacked by acids and strong nuclcophdcs 
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TABLF I IJV AB.U~PTH)N (H TRIA%OI.IWS 

j,. mbf r_. 1 mole ’ cm ’ 

-- _ _-- .- 
Ph 309 10.700 
CIPhbCH, 274 66m 
CH,Ph 270 4n60 

-SiMe, 257 3580 
CO,Er 244 3320 

l Accronwik and ErOH sobs. 

was utilized to prepare triazolines possessing various substituents at the l-position. 
Prior to this study, I-alkyl.‘* ’ ’ l-carbethoxy,’ and I-aryl** * triazolines had been 
successfully photolyzed. It was therefore not surprising that triazolines Illa-h 

afforded excellent yields ( > 90 “4) of the corresponding aziridines (Table 2). However, 
in contrast to IIla h. nitrogen was evolved slowly and incompletely from the I-p 

and I-m-nitrophcnyl triazolines (III’. j); the formation of highly coloured materials 
was observed. Although a low yield (18”4J of aziridine IVi was obtained. no character- 

iTable product was isolated from lllj. The failure of Illi. j to give satisfactory yields of 
aziridine is probably due to competing processes associated with the excited aromatic 

nitro group.” Other I-nitrophenyl triazolinesexhibited similar photolytic behaviour. 

(‘:H,O,CN <‘O>(‘>H, 

V VI 

3-Azatricyclo[3.2.1.0z**]octane (V) was conveniently obtained from IVa. The 

facile cleavage of Si-N bonds by alcohols” was employed, suggesting a general 

method for aziridines unsubstituted on nitrogen. his-Aziridine (VI) was also prepared 

by photodecomposition. 
Suhsriruenrs on c&on. In general, the course of the photolysis was not affected by 

the nature of substituents on the triazoline nucleus. Thus photodecomposition of 
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TABI F 2 hOlOLYSIS OF I-SI:BSTITI:Tl3 TRlA7ol INlS 

N-R 

shle, 

:’ C(Ph)=CH, 
C. CO,EI 
d C.H,-m-Me 
C C.H,-m-k 

I C,H, ..-p-Cl 

8- C,H,-p-OMc 
h. C,H,-m-OMc 
i -C,H, pNOl 
J -C,H. m-NO2 

triazolines bearing amide, nitrile and 2-pyridyl groups occurred smoothly and pro- 
duced the corresponding aziridines (V1la-c). The synthesis of a 2-alkoxyaziridine by 
this method has recently heen described.’ 

m H6tt,-p O(‘H, 

Carbocyclic ring-fused aziridines. e.g. VIII. were readily prepared by triazoline 
photolysis. Therefore, it was of interest to determine the effect of additional hetero- 
atoms incorporated into such structures. In part, we were prompted to apply the 

K 
%. 3, /h - - -- - 
N 

- H 

> 

~~C,tl,--p--Hr 

t,H,--p --Br 

IXa R -- 0 
X 

h R-KH 

photolytic method to compare it with the reported synthesis of related compounds by 
the Wenker procedure. ” Accordingly, triazolines IXa, b were prepared (~90%) by 
the addidion of pbromophenyl azide to ZSdihydrofuran and 3-pyrroline. Photo- 
lysis afforded a quantitative yield of Xa, while a somewhat lower yield (61%) of Xb 
was obtained. In the latter case, photo-induced side reactions appear to have occurred ; 
prolonged irradiation gave rise to a dark, tarry mixture. 

5-Vinyltriazolines, available by the addition of azide to 1,3dienes,’ photolyxed 
without difliculty. The method thus provides a simple route to 2-vinylaziridines, such 
as X1 and X11.16 Spiroaziridine XIII also conveniently prepared from the corre- 
sponding triazoline. 
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N-C,H.-p -Br 
<‘ti 

N--(‘,H,-P -Br > 
Srrucrutal eflecrs. Alder and Stein reported the pyrolysis of azide-cycloalkcnc 

adducts to cyclic imine derivatives.” Rut photolysis of a cyclopentene adduct 

ytt-\ 3: __ q.=\,\, (c’H,)“_, 
- y 

A 
K‘HJ,,_, 

(n = 5) gave the aziridinc and only traces of the imine. This observation. and interest 

in structural effects on the photodecomposition. led us to examine the influence of 

structure on the yield of aziridine. 
Under standardized conditions, a series of triazolines was photolyzcd in dilute 

benzene solution. In each cast, VPC analysis revealed only two products; aziridine 

and imine. For comparative purposes, the triazolines were thermally decomposed by 

injecting benzene solutions into the vapor phase chromatograph. The results of 

duplicate runs are summarized in Table 3. 
The imine products from both thermal and photodecompositions(except from XIX) 

arox by hydrogen rather than alkyl migration. Triazoline XVII. for example. gave 
a7iridine XVlla and 2-hcxylidenc-p-bromoanilinc (XVIlh). Methyl migration was 

n-Bu 

_ _,_ 

Ar 
XVII XVlla XVllb 

observed in the dL%ompositions of XIX, forming 3-methyl-2-butylidene-p-bromo- 

aniline (XIXb). as well as the aziridine. 

Y’ 
\lc( )i(‘Vc 

!I 
\ 4r 

XlXh 

From the preparative standpoint, the photolytic yields of aziridine were quite 
satisfactory, and in all instances better than the thermal reactions. Furthermore. the 
data in Table 3 sug~cst a correlation between triazolme structure and the photolytlc 
product distribution. Increased flexibility (rotational freedom) about the C, C, 
triazoline bond apparently results in substantially larger amounts of imine. Alkyl 
substitution at the 4position may also have a somewhat deleterious elTect on the yield 
of aziridine (cf. XVII, XVIII. XIX). 

Conclusions. Triazoline photodecomposition has been found excellent for the 
preparation of aziridines. The results indicate a wide scope for the reaction. Provided 
that the substituents themselves were not photorcactive. high yields were obtained. 
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TAIL) 3. PMOTO AND THERUAL DF03YPOWlON OF I-~-cIRouOPHFWL TRIAZOLINU 

Photodecomposition’ Tbennrl daompositioo* 

Triwlinc’ Aziridine. ‘/.‘(a) Imine. x‘(b) Aziridinc. ‘/,(I) Imioe. ‘/. (b) 
--- - __.---. ._- _ -. - _. 

IX1 

xv 

XVI 

XVII 

XVIII 

Ar 

Ar 

I 
Ar 

Ar 

4r 

I.1 . 

J? ITI h’ 
( (rrans) 

4r 

% 

94 6 21 79 

<I 

4 47 

89 II 54 

88 I2 55 

88 I2 64 

ggl.0 I6 

. . 

53 

46 

45 

36 

XIX I7 69 31 

l Benzene solutionr 0025 DOMM. * 315 f 5‘. Injection chamber of vapor phrv chromrtograph. 

‘ Ar - pC,H,Br. ’ Area under recorded pakr * 2%. ’ Additional products present. ’ Analysis by 
mfrared rahmquc. ’ Stereochemistry not determined 
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With various alkyl- and cycloalkyl substituents, the yield of aziridine appears to be a 

function of triazoline geometry, and perhaps the degree and position of substitution. 
But these structural effects were not great. Since triazolines are available by azide- 

olefin addition (as well as other methods”‘) the two-step sequence outlined below 
offers a convenient and general route to aziridines. 

# 
. RN, - 

c 

N-U 

EXPERIMENTAL 

NMR spectra were detcrmtnal in CDCI, with a Vatian A-60 instrument. usmg TMS as an internal 

standard. Mpa uncorrected were obtained with a Fisher Johns m.p. apparatus IR spectra were deter- 

mined for CHCl, sohts with a Perkin-Elmer Model 237 instrument. UV spectra were recorded with a 

Grey Maki I4 instrument. VPC was arriad out with an Fb M Model 810. using He as the arrier m 
and a thermal conductivity detector. 

General phorolysis poct&ue. Solns d the triuolina in cyhndrical tubes were lmwned in a water bath 

(25’ f I’). approximately IO cm from the 11gh1 source. A Hanovia 450 w medium press Hg arc. immersed 

tn the water Bach in a large quartz test rubc. provtded the light. Evolved N, was musured by means of a 

thermostatted gas buret. connected to the top of rbe reaction tube Reactions were termmated after the 
theoretical volume had been evolved. 

3-Trimcchylri/yl-3,4,5-fr~r~~~l~5.2. I.0s~6Jdec4 CN (Illr). Norbomenc. 7.5 g WI8 mole), ttimethyl- 

silyl azide. I* 9.3 g (008 mok). and 30 ml cyclohcxane were refluxed for 8 days Removal of Abe volatile 

mrtcriob (10 mm. 50”) gave 13.3 8 (79*(,) olr light orange oil This material lllla) showed a strong St-Me, 

ahcorptton’” a~ 12%) cm ' and i _,. 257 m)r. r - !Sltu rn acctonltrllc Treatment with drlutc aqueous 

acid caused the vtgorous cvolutton of N, chorrcterrsttc of A’-1.2.3.trtazolines Attempts IO pudy thts 

material by distillation caused extenstve decomposition. 

3-Tiinulhyln’lyl-3-4ronicyc~[3.2.1 .@~‘]ucroru (IVa). A soln of 6.6 g (0032 mok) of lllr in I50 ml THF 

was irradiated in a quartz rube for 20 br 90% of the tbeoretial N, was evolved. Removal d the solvent 

gave 55 g olprk yellow oil, b.p. 42 (2.5 mm). The IR spectrum showed a strong peak 11 1250 cm- *. but no 

rbsorptton tn the C=N region, l69t% 1640 cm !*I The analytical sample wu collected by VPC from a 

l&R column (20”. silicone rubber SE-30 on Dirtoport S) at 170’ (Found: C. 6639; H. 1049; N. 762. 

Glc for C,,H,,NSI: C. 66.23; H. 10%; N. 7.73%) 

3-AroRicyc&[3.2I.O]ocrane (V). A sample of IVa (10 g) wu dissolved tn 3 ml MeOH and OK soln 

remained overnight a room temp. Analysts by VPC tI(lft silicone rubber column. IW) showed that the 

startut material had been completely translonned IO V and more volatik materials An analytical sampk 

or V. m.p. 81-84’ with sublimation. was colkcred by VPC. Tbe IR spectrum showed II IO be a sazondary 

amtne and the NMR spectrum accorded with that reported for V*r (Found: C. 76.89; H. IOOO; N. 12-74. 

Glc ror C,H,,N: C. 7701; H. 1016; N. 12-83’;). 

A sampk of V treated with excess pbenylisothiocyanatc at room temp alTorded the pbenylthtouru 

derivative m.p I I9 120’ after rarystalluatton from n-hexrne benzene (5: I). The same compound was 

obtained from rhe hydrolysis product of IVc.’ tFound: C. 6910; H. 6.57; N. I I 21. Glc ror C,,H,,N,S: 

C. 68.81; H. 660; N. I 1-47°Q. 

3~-Sryryl-3.4.5-rrior~rrLycl~5.2I.O’~’]de~4er tlllb). A soln d 4.7 g (005 mole) norbomene. 7.3 8 

(005 mok) z-azidostyrcnes’and 30 ml of a-hcxme was refluxed for I6 hr. Evaporation ofrhe solvenr under 

reduced press gave 94 g(78 ‘/,)ofan orange oil. Chromatography on I50 g alumina (petrokum erbcr dlethyl 

ether eluent) gave 8.2 g of Illb. Treatment with dilute acid rcsul~cd in vigorous gas evolution. The IR 

spectrum showed no azrde absorption. but a medtum tntcnsity peak a~ 1620 cm- ’ (renninal methylene). 

and the UV spectrum showed &, 274 rnlr. c = 6.670 tn ratonitrik. In addition IO rbe usual norbomene- 

tide adduct spectrum.’ the NMR showa! singlets (IH each) a~ r 5.42 and 5.57 (terminal methykne). 

The compound deteriorated on standmg 

~u-S~~~~/-~-~~U~~~CYCIOEJ.~.I O*~‘]ocronr (IVb). A soln d 40 g (0017 mole) d lllb tn I20 ml THF was 
irradiated in a quartz tuhe for 7 hr. The solvent was removed and rhe raidue distilled at l2R 138’ (l-5 
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20 mm). gtvmg 2.7 g of IVb. Rcdutillation. 128- 130‘ (I.5 mm) gave the analytcul sampk. (Found: C. 85G6)6; 

H.8~29;N.6~51.Calc.forC,,H,,N:C.85~26;H.8~ll;N.6-63’/,). 

IR peaks at 1686 cm-’ (enamine) and 1620 cm-’ (renninal mcthyknc) were obscrvcd Tbc NMR 

spectrum showed two singlets (I H each) at r S-l 7 and 560 (terminal mcthyknc). tivc aromatK: H’s and the 

typical 3-ru1ricycl0[3.2.1.0*~‘]octanc pattern” (IO H). 

A%dtrvr IV& Thcsc compounds were preprcd by photolyus of the corresponding ttiolrncs” 

ac prcvlously dcscnbai for 3-pbromophcnyl-3-wtncyclo[3.2.1 .O’~‘]octanc.’ 

Azlndmc IV m p. or b p. (mm) 

Rccrysl 

sol\cnt’ <’ 

Anal. data 

Calcd. Found 

H N 

d 96 105) 

C 

f 

8 

93 94 

39 40 

h I08 (02) 

I21 122 

A 

B 

A 

84 37 x-60 743 

8412 U-70 6.82 

59 IO 

59-31 

7106 

1093 

5.34 
531 

6.42 

6-66 

78. IO 7-w 6.51 

78.31 8.20 651 

5.30 

5.56 

6.3U 

6-36 

78 IO 7-96 6-51 

77.91 8 II 6.64 

67.8 I 6.13 12.17 
67.65 6.05 12.11 

l Rccrysr solbcnls A. melhanol. B. pcntanc 

3.7-Dlcorhrrho.~~-3.7-diorcquodrirrrloI3 3.1.0*~‘.0’~‘] N)MN (VI). A soln of 4.6g (005 mole) norbor- 

nadicnc 13.2 g (012 mok) ethyl azidofonnatc and IO ml n-hcxanc was allowal to stand at room ~cmp for 

3 days. Tbc sohd product. I34 8 (83 ‘4). mcltcd from 131-l 36”. and it rcactcd vi8orowly with dilute aqueous 

acid. In a quartz tube. I ,6 8 (50 mmolc) of thu makrial m 60 ml bcnzenc wax irradiated for I9 hr. Removal 

ofthe wlvm~ gave I.4 gdv&cous yellow oil which crystallizal slowly on standing The IR spectrum showal 

a smglc CO puk (172Ocrn ‘) and no absorption m the iminc rcgon. The four equivalent en&ring H’s 

appeared as a w@. r 7-12. Two mrystallizar~ons from n-hcpranc gave VI. m.p. 99 100 (Found 

C. 58.43; H.6.82Cak.forC,,H,,N,O;C. 58.63; H.6-8l’J 

CCu&ox~lidt I-pfwnyl-A*-1.2.3~rrtiroliru (II). Acrylamidc. 7.1 g (@IO mok), phcnyl wide. I I.9 8 

(0 IO mok). and 80 ml acclonc were rcfluxcd for 20 hr. The resulting suspcnrlon wa.~ filtered and 6.8 g (36%) 
of product was collated. I55 I w dcc Two rccrystalliutions from acztonc gave II. 157’ dcc With 1hc 

exception of the l mido hydrogcnr the NMR was similar IO that of related compounds.” (Found : C. 5682; 

H. 5 35; N. 2669. Calc for C,H,,N,O: C. 56.83; H. 5.30; N. 2946’;). 

2-c‘arbo~mido 1 -pknylo:vdtne (Vlla). A surpcnrlon of 2.4 8 (0013 mole) 4-carboramdo-I -phcnyl- 

A’-l.2.3-truuohnc m IOOml acetone was rrradlatal m a Pyrex rubc for I6 hr. Removal of the solvent 

gave 1~98ofsolid.m.p. 137-139’. RccrystalluarionfromknzrncgavcVllrm.p. 14Sl46 .TbcIRspcctrum 

showal no absorpuon In the C-N region. and the NMR spectrum was s,rn,lar IO Ihat of Vllb.” (Found : 
C. 66.41; H. 593; N. 17.5. Calc for CPH,,N,O: C. 6664; H. 6.21; N. 17.28%). 

t -pBromoplun~l-Y2-p)~y~A*-l.2.3-rrlo20. After 17daysat room ~cmp.a nuxturc of9.9 g(C)05 mok) 
pbromophcnyl llzldc and 5.3 g (005 mole) 2-vinylpyridinc afforded 13.4 g (88 ‘4) of crude product. m.p. 

95 100. Two rccrystalhutionr from n-hcxaneEtOAc (2:l) yvc the analytical ompk. m.p. 147. 148’ 

dcc (Found: t. 51.38; H. 3.73; N. 18.55. Cak for C,,H,,BrN,: C. 51.500; H. 366. N. 1848”;). 

I -P-BlnmophrnyI-2(2-pyndylbritidinc (Vllc). A soln of I.9 g (63 mole) I -pbromophcnyl-X2-pytidyl)- 

A’-trrazolinc In 5Oml THF was Irradiatal in a Pyrex tube for I8 hr. Evaporation of the solvcn~ under 

rcductd press gave I 8g of product. m.p. lOGlo4”. Thru razrystallizations from McOH gave Vllc. m.p. 

I 13.5-l 14.5 Tbc IR spectrum showed no iminc absorption. and rhc NMR spectrum displayed, m addlllon 
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to the 8 aromattc H’s. two multlpkts crntcrcd at r 7 50 (2H) and 6 75 (1 H) (Found’ (‘. 5664: H. 403. 

N. 1008 Cak. for C,,H,,BrN> C. 5674. H.403. N. l@18°~0). 

7.8-&ruo-2-nurh4xyphmyl-2.3.~rr1uzu6~yrfo[3 3 O]trtu-3.7~d~rnr After 6 weeks PI room temp. a 

tmxture of I ,5 g (001 mole) pmcthoxyphenyl azlde and I 2 g (001 mole) mdcnc gave I 0 8 (38 “,) of adduct. 

m p 118- 122 Three recryrtalhrations from n.hcxane EtOAc (3 I) gave matcrlal. m p I33 dcc The 

struclurc was asslgncd m agreement ulth those of other rryl arldc-lndcnc adduct\ .” tfound C. 72 30. 

H.5.66.N. 15X Calc forC,.H,,N,O C.7243iH.5.70:N. 1584”,) 

2.3-&n.-o-6nvrhor~phm~l-6-u.-uhlc-~‘.lo[3 I.O]ucr-2-cw (VIII) Photolysrs of 7.8.bcnzo-2-ptncthoxy- 

phcnyl-2.3.4trlunbxyclo[3 3 O]octa-3.7.dlcnc f EtOAc solvent. Pyrex tube) gabe VIII (loO”..~. mp 

147-148’. III ” m.p. 147 I48 

2-p-Bromophm~l-7-u~u-2.3.4frru.-uhrc)r /0[3 3 O]ocr-.I-cnc (IXa). A soln of 7 9 g (O&I molt) p-hromo- 

phenyl az& m 25 ml 2.5dlhydrofuran was rcfluxcd for 22 hr Removal of the solvent gave I I 6 g (quanrita- 

ttve) of product. m p I35 I40 da: Four crystallt?attons from n-hcrane-EtOAc (2’ I) gave pure IXa. m.p 

151-152 dec (Found~C.4479.H.382;N.l57 Calc.forC,,H,,Brh’,O C.4479.~~.376.N.l5~67”,) 

6-pBromuphm~l-6u~u-3-urcrh~c~rlo[3 I O]hrruru (Xa) A soln of 3Og (II 2 mmok) of IXa In 50 ml 

benzene and 100 ml acetone was trradtated for I9 hr In a Pyrex tube Crude product. 2.6 g m p I?5 I29 . 
was obtamcd Three rccrystalhrattons from n-hexane gave Xa. m p I35 I36 The IR spectrum showed no 

mune absorption. and the KMR spectrum showed 4 aromalic H’s and peaks centered at r 6 X7. 6 17 and 

5.83 (2H each). (Found. C. 5034; H. 4-37: N. 5-9 Calc for C,,,H,,BrNO. C. 5002. H. 4 20. N. 5X3”,) 

?-p-Eromr~phm~l-2.3.4.7-rrrrclo._uhtr/o[3 3.0]ocf-3-cne (IXb). After 2 weeks at room temp. a mtxture of 

pbromophenyl wide. 5.9 g (CM3 mole) and 3-p)rrohnc. 2 I g (003 mole) had completely sohdGd. The 

crude product. 7-2g 190”“). melted from 97 IO1 Four cry<talltzattons from n-hexane I:tOAc (2.1) 

gave IXb. m.p II2 II3 (Found. <‘.45 16. H.428; K. 3)8 Calc for C,,H,,BrN,. (‘. 44%. tl. 4 IS. 

N. 2&97 “/J 

6-p-Bromophm~l-3.6-dlo~uhl~)rlc,I3 I Ojhrrunr (Xb) lrradlallon of I I g (4 1 mmok) of IXb m 60 ml 

THF (quart1 tube) for 6 hr produced an orange soln The solvent ua\ rcmotcd under reduced press and 

the resulting \ITOU\ ml cr!,talllzcd on ctandlng Recryctallllatlon from n-hcxanc pabc 06 p 161 “.,I of Xb. 

m p I I5 I I6 The NMR spectrum showed peaks centered at r 7 27. 7 17. 6 77 l?ti each) and a sInglet a~ 

r 8.4OflH. NH).as well as4aromatlc H’s (Found. C. 5017. H. 470: N. II 62 <.alc for C,,H,,HrN, 

C. 5022: H. 464; N. 1 l-72 “..) 

7-p-Bramophmyl-7-urab~~cIu[4. I.O]hppf-2-tnc (XI). A soln of I.4 g (5 0 mmok) 9-pbromophcnyl- 

7.8.9-triazabicyclo[4.3.0]nonr-r7_dicnc In 55 ml THF was irradiated tn a Pyrex tube for I7 hr Removal 

of tbc solvcn~ gave a yellow solid. l-3 g. m p. 76 80.. The IR spectrum showed a weaL absorption at 

1635 cm I. Three rccrystalliutions from pcntanc ( - 78’). followed by subltmatcon (70’. 05 mm) gave the 

analytical sample. m.p. 9M4’. The IR spectrum of this matcnal showed no absorption m the lmine rcgton; 

four aromatic H’r 2 vinyl H’s (multtpkt centered at r 3.75) and 6 ahphatic H’s fmulr~pletr r 7 1.90) 

comprisal the NMR spectrum. (Found: C. 57.62. H. 4.85. N. 5.54 Calc. for C,lH, ,BrN: C. 57.61: 

H 4-84 N 5-60”) . . . ” 
I-gBromophny/-I-urrupiro[2.5]octu~ IXIII). lrradialion of 2 I8 (7 2 mmole) I-p-bromophcnyl- 

I.2.3-tnazasplro[4 S]dec-2-ene’ m 45 ml THF In a Pyrex tube for I3 hr gabc ?tt p of solid. in p 64 66 
Three rarystalluar~ons from pcntanc followed by subhmatlon 160 . O-6 mm) gabe XIII. m p 6U 69 

The IR spectrum showed no absorptton from 164&1690 cm ’ ; the KMR spectrum \howcd 4 aromatic 

H.5. IO allphatlc H.5. and a smglct at r SK’ 12 H. arlrldlnc rmp, rkound C. 5X 89. tI. 6 12. N;. 5 \o (‘rlc 

for C,,H,,BrN C. 5865. H. 606; N. 526”,). 

Pw cduw Freshly crys~allt~cd trlalolmc\ wcrc dlr\olvcd cn 25 ml anhjd bcnrcnc. to glvc 0025 tkU3UM 

solns. Several runs at conCentrattons up to 006M showed that the results were not affectal by conccntra- 

tlon in thts range The solns wcrc trrachatcd in a quartz cell. and cvolvcd gas was measured wtth a gas 

buret at 27’. The modcnt hght was tiltercd through two 3-mm plates of Pyrex glass and a Pyrex cxll through 

which cold water was circulated In operation. the temp of the reaction ccl1 dtd not exceed 30 . controls 

showed no thermal decomposmon under these condittons. After ~hc thcoretlcal quantity of N, had been 

observed (ca. 2 hr). the solns were Irradiated for one addl~lonal hr. then analyzed by VPC using 3-R columns 

packed with IO”, Carbowax MM on Chromosorb W (190 2.30’) 
Overlap of the azJrldmc and tmtnc peaks made chromatographlc analysts unsuitable for XVIII A 

prcvlously derrlbcd IR tahmque. uvng the trnlnc ahsorptlon at 605 )r. was employed 
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Compounds Triazolinu XV and XVI were prepared in 53% and 49% yield. rapcctinly. by allowing 

mixtures of cycloheptcne and cyclooctcne (005 mok each). and pbromophenyl azidc (005 mok) to stand 

for 2 we& at room temp. They were recrysullized from MeOH. The other triazolioa have been previously 

reported.‘.’ 

I~p-Braophcnyl-8,9.l~rr~z~ic~~~S.3.0]drc8-~ (XV). Mp. 12>126’ dcc (Found: C. 53.16; 

H. 5.35; N. 14.35. Cak for C,,H,sBrN,: C. 5307; H. 548; N. 14.28%). 

I I-p-Eromophenyl-9.10.1 I-rrlo106Lyc/oC6.3.0]u~ee-~~ (XVI). Mp. 131-l 32” dcc. (Found: C. 54.49; 

H. 584; N. 1369. C&d. for C,,H,,BrN,: C. S45S; H. 5.89; N. 1363%). 

The aziridmc products (isolated from larger runs) were cbaractcriLtd by their spectra. In each else. the 

IR spectrum showed no C=N absorption (169&1640cm~‘)” and the NMR spectrum displayed the 

requisite number of aromatic and alipharic hydrogen& The solid compounds were rccrysrallixd from 

n-penrant ( - 78”); analytical samplea of the liquids were obtained by VPC. using Carbowu columns. 

8-pRromophmyl-8-orabic~~S.I.O]ocronr (XVa). M.p. 58,>59G’. (Found: C. 58.70; H. 616; N. 5.27. 

Calc. for C,,H,,BrN: C. 5865; H. 606; N. 5.26%). 

9-p-Bromophmyl-9-ar~~yc/~6.1.0]~~~ (XVIa). M.p. 88.5-890’. (Found: C. 6005; H. 644; N. J-95. 

Cak. for C,,H,,BrN C. 6000; H. 6.47; N. 500%). 

I-p-Bromopkrn~l-2-burylasiridinr (XVlla). (Found. C. S6.74; H. 6.39; N. 5.53. Calc. for C,,H,,BrN: 

C. 5670; H. 6-35; N. S-51 7;). 

I -p-Bromophcn)l-L3dicrhyloriidinr (XVllla). (Found : C. 56.63. H. 6.39; N. 554. Calc. lor C, zH ,,,BrN 

C. 56.70; H. 6.35; N. 5.51 ‘4). 

I-p-Blomophmyf-T23-rrinurhyloriridinr(XIXa) (Found :C.S493.H.6+9;N.5~88.Cak. lor C, ,H,,BrN : 

C. 5501, H. S.88; N. 5.83 “/.L 

For comparison with the daomposltion products. authentic samples of the imincs were pttpartd by 

rcfluxing DOS molar quantities of pbromophcnyl az& and the appropriate urbonyl compound with 

05 ml cone HCI In 125 ml roluenc. A Dean Stark trap removed water during the reaction. After I s23 hr. 

the solvent was removed and the residue was dlstllled. The lmma dcter~oratcd rapldly on exposure IO air; 

analylical samples were scaled in glass tubes aflcr bcmg collared from 3-n Carbowu columns 

C~clohcpc~l~dcru-p-hromcmrul~~ (XVb). B p I29 130’ (06 mm), &’ I.5836 (Found: C. 5841; H. 5.92; 

N5. S-24. Calc. for C,,H,6BrN. C. 58.65; H. 606; N. 5.26%). 

C~clocKr~lrdcnc-p-hrumoonilirv (XVlb). B.p. 148-l 53’ (IO mm). no ” 1.5839. (Found: C. 6014. H. 6.52; 

N.4.87. Cak for C,,H,sBrN: C. 6000; H. 6.47; N. Save). 

2-Hcx~lldrru-p-hromoMilirv (XVllb). B.p. 9&100” (04 mm) n p l,S522 (Found: C. 5682. H. 6.59; 

N. 5.53. Calc for C,lH,,BrN: C. %.70; H.6 35; N. S-51 %). 

3-Hexylldmr-p-hromi/i~ (XVlllb). B.p. lO&lO2” (07 mm). (Found: C. %,SOo; H. 6.35; N. 5.52. 

Calc. for C,lH,,BrN: C. 56.70; H. 6.35; N. 5.52%). 

3-Mtfh~l-2-buf~lldcru-phromtMniliru (XIXbl Bp 72 75. (04mm). $ I-S544 (Found’ C. 5486; 

H. 5 74; N. 586. Calc. for C, ,H,,BrN : C. 55.01; H. 5.18; N. 583%) 

The lmmc from IXa proved IOO unstabk for ekmenrary analysts. Its structure rests on its IR spectra 
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