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Abstr2LCt - lW, 4p, 5S, 5’S~-5’-Anihwl’-(4+it 114’ .5’-dim 
spi~bicyclo[2.2.l]hspt-2+n$5.4*]-1~ 
obtained both by [4 + 2]cycloadditicm of cyclopentadime to 5-aniW 
methylem+l-(+nitrcphmyl)-4,frdih@m-v-tria7.oles 1 ad by [3 + 2J- 
cycloadditicn of 4-hittqihehylazide to 5_animnethy1~~2+m~menes 4. 
The canfiguration has been fully established by X-ray crystallographic 
analysis. The murse of the cycloadditim and the thmnsl behavior of 2 = 
are discussed. 

cruel-aryl~thyl~.Mi~v-triazoles hwe been extensively tested as reactive substra- 

tes in qcloadditim reacticns of 1,3+lipoles to their emcyclic double bond. 

In sme instances they afforded stable cyclodduts. vhweas in other cases the primary addition 

products rearraz~& quickly zcordirq to various pattways. l-3 

Ue were also interested in testing the reactivity of swh substrates in[4 + 2]-cyclo&ditim 

reactions both as an access to nm heterwcyclic system and as a part of our general research pm- 

gran m the restivity of methylens azoles. 

In this paper ye report our results cm the pnsparatim and ctmmistry of sore derivatives of the 

spiro~icyclo[2.2.l]hept-2-ene~.4*]-1~.2’.3~-triazole] ring. 

RESULTS 

The triazolihes 12, k4 u?m m&mad with pure cyclopentadiene 

of about W%. mr textian times did hot ihmaase appreciably 

4025 

at ODC for 70 h with a conversim 

the )neld. partly wing to the 
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&.F!PrlZd:~OC Cf qCk$X2ntadie Md pL?t!y am5 :a deccqmsitim of the substrate tiich is unstable 

in sclutim. The crude reacti= mixtws *&re ar&yzed both by XC and ‘H-h?? and strxed the foma- 

tion of d sqle cycloaddwt. The pure products 22, 9 yelp isolated by chrcmatography and mcrystal- 

llzaticx. 

b 

xy:ene, 

ref:ux 

tit L 

la,b 

- & H 
. 

CH3 
!iNP 
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RR2 

4a-c 

I 2 
NR 

a morphollno 

b dimethylamlno 

c pyrrolidino 

Ar = C6H,-NOI-4 

The sfruxure of the cycloadducts g, k was inferred fmn their spectroscopical data. In the MS 

the mlecular icm is lacking and the largest frmt (m/r = M-281 comesponds to the typical loss -- 

of N2 fawn the triazoline z-mg. 5 The ‘H-M? spectzvn 1s characterized by d sharp singlet at 6 4.3% 

4.37 (H-5’ ) and by tw multiplets at 6 6.1M.20 and 6.W.67 (XW3i-1. T?E ‘&MI spectnm uas 

taken for conparnd 2,” and stmed the folkwing significant signals: 6 80.09 (C-5’ 1 which is in good 

agreement uith the shielding of C-5 in 5-aninwv-triamlim la; 
4.6 

b go.28 (spirahic carbml; 

b 48.38 (C-6); 6 32.85 (C-71 (for the Other SigMls see experimental). Clearly. the above data, 

though sufficient to establish the structure of cuqmmds 2,“. k did hot allw to assign the ccnfig- 

Llraticn of the single diastereoisarer obtaxml. In fact. stncctum 2 is characterized by fwr asym- 

metric carbcx awns. Taking into acmuht the restraint inposed by the methylene bridge in the nor- 

bomene moiety. four diastereaxric pairs are possible. To assign ~mequivocaIIy the cmfiguratmi 

to 2 an X-ray crystallographic study was mkrtaken. allwing to assess the ccnfiguratim of 25, k - 
as lR’, 4R.. SS, 5’s. 

The derived rmlecular model, and hence the position of the mrpholino group relative to the rm- 
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tmnew system. is illustrated in Figwp 1, tiich shcus also the aton nunbering scherp adopted for 

the X-ray analysis. 

Figure 1. f+xspctive view of the rrolecule of 2,“, with atan nukering 
sctme. ‘lk non-labelled H atm were nurbered according to 

the car&m atan to which they are bonded 

Table 1. Final positional parrmeters for the nab-H atom of 22, vith estimated standard deviatxns 
in parentheses 

Aton X 

C( 1 1 
cc 2 1 

C( 3 ) 

C(4 i 

C( 5 : 

Ci6) 

Ci 7 1 

C( 8 1 
C( 9) 
CLlC) 
cc11 1 
C(12) 

ci 13 ) 
C(‘4) 

c:(15: 

C(:61 

C(l7) 

C(l8) 

N(1) 

N( 2 ) 

N( 3; 

tit 4 ) 
KC 5 1 
O( 1 ) 
0: 2 : 
0: 3) 

0.5423( 3) 

0.4875(4) 

0.49’:(5) 

0.7082( 5) 

0.7531(4) 

0.569014 I 
0.3989(5) 

C.7230( 3) 

0.9407( 3) 

1 .3268(4) 

0.7264(4) 

0.6284( 3: 

0.7521(3) 

O-9568( 3 1 

1 .0659( 3) 

0.9725( 3 1 
0.7686( 3: 

0.6583( 3) 

0.6447( 2 1 
O-4367( 3 1 
0.3704! 3 1 
0.?838(2) 

i .0935( 3) 

1 .2701( 2 ) 
1.3147(3) 

0.8742f 2: 

Y 

-0.0716( 1 ) 
-0.0816( 2) 

-0.1784(2) 

-0.2053( 2) 

-0.1991(2) 

-0.?671(2: 

-0.2079(2) 

-0.0164( 1 ) 
0.0423(2) 

0.1265(2) 

0.1956( 1) 
0.1143(l) 

0.0500( 1 : 
0.0685( 1 1 
0.1014( 7 1 
0.1147(’ ) 

0.0981( 1) 

0.0661:l) 

G.0120( 1 1 
0.0044( 1 1 

- 0.0374( 1 1 

0.0559( 1 1 

0.‘441( 1) 

0.1659( i ) 

0.1439( 1 1 

c.l814( 1 ) 

2 - 

0.6982( 1 1 
0.6067( 1 1 

0.5940( 1 ) 

0.6082( 2 ) 
0.6865( 2 1 
O-7254( 1 I 
0.6728( 2 1 
0.7264( 1 ; 
0.6227( 1 1 

0.5995( 1 ) 

0.6255( 1 : 
0.6500( 1 1 
0.8677( 1 1 

O-8621( 1 ) 
C.9274( 1 : 

0.9990( 1 1 

1.0357( 1 1 

c.9402t; ) 

0.8034( 1 ! 
0.8032( 1 1 
0.7432( 1 ) 
0.68OC( 1 I 
1.0693(l) 

1 .063?(: ) 

1.1353c1: 

3. $668( - 1 
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Table 2. Selected portlor. of the rr~lecular gecamztry of 22, vlth estimred standard deviations in 

parentheses 

a) Bond lengths (;I 

C( 1 1-U 2) 1.546( 3) 
C( 1 I-c( 6 1 1.582(3) 
C( 1 )-CC 8 1 1.533(3) 
C( 1 )-NC 3 1 1.485(3) 
C( 2 I-C( 3 ) 1 .546(4) 
C( 3 I-C( 4 1 1.501(5) 
C( 3 I-C( 7 ) 1.535(4) 
C( 4 I-C( 5 1 1 .320(4) 

b) Bond angles (deg 1 

c( 2 )-cl 1 )-cc 6 1 lC1 .5(2) 
C( 2 )-CC 1 )-CC 8 : 120.0(2) 
C( 2 I-C( 1 )-N( 3) 1’2.1(2) 

C( 6 I-C( 1 I-C( 8 1 *12.5(2) 
C( 6 )-Cl ’ )-NC 3 ) 106.4(2) 
C( 8 )-C( 1 )-N( 3 ) 103.8(2) 
C( ! I-C( 2 I-C( 3 1 103.3(2) 
C(2)-C(3)-C(4) 106.2(31 
C( 2 )-CC 3 )-C( 7 1 100.2( 3) 
C(4)-C(3)-C(7) lCl.l(3) 
C( 3 I-C( 4 I-C( 5 ) 107.6(3) 
C( 4 )-C( 5 )-c( 6 ) 107.3( 3) 

c 1 Torsion angles (deg ) 

C( 2 I-C( 1 )-Cc 8 )-NC 4 1 29.9(2) 
C( 6 I-C( 1 :-C( 8 )-NC 4) 149.1(2) 
N(3bC(l bC(8)-N(l) 22.8(2) 
C( 8 I-c( 1 ?-C( 2 I-c{ 3 1 124.3(2) 
N( 3 )-C( 1 )-C( 2 )-C( 3 1 -1 ‘3.5( 2 1 
C( 5 )-C( 6 )-C( 1 I-C1 8 ) -61 .7( 3) 
C(5)-C(6)-C(l )-N(3) -174.8(3) 
C( 14 I-C( i 3 )-NC 1 1-U 8 1 3.0(2) 

d) Short intramolecular contacts (;) 

C( 2 1. 1 . cc 12 1 3.302(4) 
C(2)...H(12A) 2.76(2) 
H(2A)...C(9) 2.87(2) 

H( 2A ) . . . H(12A) 2.36(3) 

C( 5 I-C( 6 1 ;.487(41 
C( 6 )-Cc 7 ) 1.531(4) 
C( 8 )-NC 1 ) 1 .465(2) 
C( 8 I-N( 4 1 1 .442(2) 
N( 1 )-NC 2 ) 1 .376( 2 ) 

N( 1 I-CC 13 1 1 .388(2) 

N( 2 I-N( 3 ) 1.255(2) 

C( 5 )-Cc 6 I-C( 1 ) 106.5(2) 
C( 5 I-C( 6 )-Cc 7 1 101 .6( 3) 

C( 1 )-C( 6 )-C( 7 ) 99.9(2 1 

C(3)-C(7)-C(6) 92.7( 3) 

C( 1 I-C( 8 )-NC l ) 98.1(2) 

C(l I-C(8)-N(4) 12!.3(2) 
N(1 I-C(B)-N(4) 109.7(2) 
C( 8 I-NC 1 )-Cc 13 1 127.7(2) 
C( 8 I-N( 1 I-N( 2 1 111.1(Z) 

C( 13 )-N( 1 )-NC 2 ) 120.9(2) 

N( l I-N( 2 )-N( 3 I 111.1(2) 

NC 2 )-N( 3 )-C( 1 I 110.0(2) 

C( 14 )-C( 13 I-N( l I-N( 2 ) -170.5( 2 1 
C( 18 )-Cc 13 I-N( 1 )-Cc 8 ) -173.9( 2 ) 

(X18)-C(l3)-N(l )-N(2) 12.7(2) 

C( 1 )-C( 8 I-N{ 1 I-N{ 2 ) -21.1(2) 

C( 8 )-NC 1 I-N( 2 I-N( 3 ) 10.9(2) 

N( l )-NC 2 I-N( 3 I-C( 1 1 6.0(2) 

C( 8 )-c( 1 )-N( 3 )-N( 2 1 -l9.3(2) 

H(2AI.. .H(9B) 2.25(3) 

H( 8 1 . ..H(9A) 2.17(2) 

H( 8 1. . . C( 5 I 2.56(2) 

As described belcw, the results of the X-ray investigation indicate that 22 qualifies as a 

highly strained molecule, W -try displays num?rous severe distortions. Since a c1cs.e inspec- 

tion of the intemlecular ccmtaCts revealed that the crystal packing is rather loose, the gecmtri- 

cal and cmformtimal features skm by the molecule in the solid state can be assumsd as mainly. 

if not totally, dictated by intrmolecular energy effects. 

Steric hindrance betuxn the mrpholino ring and the methy&ne group at C(2) is substantially re- 

lieved by several ahgular defomtions; mmg them, of particular note is the relevant ml-t - 

- vith respect to the tetrahedral value - of the kmd angles C(2W 1 )-C(8) c12O.a 2)0] & C( 1 )_ 

C(8)-N(4) [121.3(2P]. & a result, only fev intrmlecular cantacts mvolvihg atms of the methyl- 

ene gnxlp at C!2: arxz less than the sun of van der Waals radii, and then only slightly (see Table 2). 

m the other hand, s.uCh defomticm bring stun H( 9A) Into close cmtact with aton H(8), their dis- 

tare bei% 0.23 1 shorter than a noormal H . ..H ccntdct. The sz#ne dean H(8) is imlved in the 

strwqesr ncn-M interaction occurrirg in the molecule. mly H(B)...C(S), 2.56(2) A. Such a 
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antact is pmt.& fmn being even mre mre by the significant lengthening, to 1.!582(31 it. of the 

bad distance C( 1 l<(6), 0.042 ; lcmger than the average value of the other four C(sp3kC:(sp31 bends 

of the norbomme miety.(In this fragmant of molecule, ho other tmusual values Kre fomd for inter- 

atanic distances Md bond angles). 

0md &sLsmes ad anples of th2 m@mlim grcup are in agremm t with the values found in other 

strained lmlecules, ’ vhelp relief fnm overcmzxding is achieved, smog other factors, by a substdJ’.t:al 

flattening at ths N atan. as in the present case. 

In the triazolim ring, a torsion angle of 6O am& the formally darble bmd N(2kN( 31 is ObserV- 

ed. and individual atam are displaced by up to 0.14 i fmn the least-sgmres plme of the heteI’WZy- 

cle. Its cmfomatim can be &fined8 by a puckering mplitude q2 of 0.24 A arxl a pMSe angle e2 of 

-1 310, close to the value (120) appropriate to one of the T form with tvist axis through atan N(2). 

I&&. atam C( 1 1 md C(8) lie cm opposite sides of the plane defihed by atms NC1 1, N(2). and N( 31. 

vith displacemen ts of -0.15 and 0.26 K. respectively. By contrast. a pure envelope cmfcxmticm is 

shym’ by 1 .~ixethyl-~thyl-~l@roxy-A2-1 .2,3triazoline. where the torsion mgle atcurd the H( 2 l- 

N(3) bond is O”. Clearly, ths cmfomatim of the fi Brad ring is stnmgly depefxknt on the pas- 

sible interactims of its side groups: for the highly symmetrically substituted triazolioe moiety of 
10 

syn-sesquinorbo~ phenyl azide. a planar mnfombatim within experimn talumrtaintyuas fatnd 

m tw) cxystallographically indepmkn t mm!cules. The large difference betueenthetwoanglesat 

NC1 1 external to the ring, 120.9(21° for N(2l-N(l 1<:(131 vs. 127.7(21* for C(8)_N(l l-C(l31, is part- - 

ly dictated by ttre heed of easirq the interaction bet%mn atam C(8 1 and H( 141, that am 2.66(2) i 

apart. Virtually identical values for tkse tw angles bma farnd” in the above mentioned molecules 

of syh-sesqu.inorbo~ phenyl axi&. where the sane interacticm betu?en a pknyl systen and a tri- 

amline ring occur. 

Sirrze caqmnds of stmcture 2 should 

phenylaride to the endnines &rikd fmn 

be also amessible by 1 ,Mipolar cycloadditicm of 4-nitro- 

by tWF? ad proved to be substantially a single ismer to which the _-figuration &is tentatively as- 

signed. mainly resting on the results of the cycloaddition reaction. 

The enanims 4a-c reacted smothly with 4-nitrophenylazide and afforded the cycloadducts E which 
= 

wre in all resets identical with the Diels-Alder adducts obtained fmn 1 and cyclopentadiene. ‘7?uz 

yields were gcod (8G90%1. A trace ararnt of another cycloadduct vith a &ffen?nt canfiguration at the 

chiral centers uas detected both by TLC and ‘H-MR in the cmde reaction mixtures. Houever. this mi- 

r)or pmiuct cculd mot be isolated in a pure cmditicm. wing to its instability to chrmatcgraphic 

separatims. As expected, corporrnds 2, 5 m-e also obtained by direct xeacticn of the aldehyde 2 with 

climthylanine or pyrmlidine. respectively, and 4-hitmphenylazide.12 coaposmd 2 was readily decay 

posed by heating in boiling xylene for about 30 minutes into the comqmdiq midine 2 consisting 

of a mixture of the exo and eodo iscmn. Their separaticm vas not attempted sod their identity was - - 

carfinned by acidic hydrolysis to ttx? comespading anilides ,6 which ore obtained independently fmn 

cxYmwr1a.l 7. 
= 

DISCUSSIOh 

Cyclopmtadiene adds at a m&rate rate to the exccyclic double bcmd of $d, p. The reaction is slw 

and less reactive dimes (butadiene and 2.3-dim?thylbutadimel were fomd mraztive. This is in ac- 

cord vith the electric situatim of the substrates ! in vhich the darble Lxnd shxlld be described as 

dn alkene bearing a mxkrately elect- vitklraving substitumt vith small conjugative effectP AC- 
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cordinply, this cycloadditian shared be cldssifwd ds a nonrdl Diels-Alder reaction 

uuadl_-Lua ~wlarophilexcxmm2d). 

The main feature of the additim reaction of cyclopentddiene to substrdtes ! is its hgh stereo- 

selectivity. This is confirs& by the fonnaticn of d single cyclo&dtkct with the 1P, 4P. 5s’. 5’9 

canfiguraticrr. This may be partially rationalized by considering d transition state as naoresented 

in Figure 2 in which the diene a~grozhes the dienophile fmn the less hindered face, thus affording 

d product in tich the Gino group lies c> to the cH2d group of the norboxnene ring. 

Pdnsition state for the reactian of 1 vith cyclopentadiene 

Mt.. 

Figure 2 

7he rel,dtiwly high bulkiness of the rhino grcup probably makes this effect quite important. 0-1 the 

othaer hand ue dra not able to offer d satisfactory explaPlatiu7 of the experimentdl fact that only 

the transition state leading to the product in tich the azo bridge is exo is operating. - 

Interestingly, the main product deriving frwn the cycloadditicm of Q-nitrqhenyldzide to the ena- 

mines s_ has the sane configuration as the prcduct of the diene abdition. Also in this case sterlc 

fzu2m5 are probably detennirwt. k nbantiawd before, the eMnines 4, ccnsist of aw geanetricdl 

isonar, vith little. if not any, of the other iwrer. Arrording to mleculdr models, the E-isaner ap 

pears to be favarred by d 1-r steric hindrdwe dnd its predoninance seerrs to be support& by the 

cwrse of the 1 .Ltdipoldr cycloa&iition which is k?w&n 13 to be sterpospecific. Also, the syn-anti be- 

haviour of this cycloaddi tion is quite logical since the preference for the exe side by the reactdnts - 

tich attack the double buid of an dlkylidene-norborndne or -norbot%ene structure has been well es- 

tdblished.14 

The kwrm therwdl instability of the v-triazoline ring is maintdinsd in the spiranic structure 2, 

vhich w&goes &canpositicn to the rmidine derivatives 2 on heating. It should be noted that this 

reaction is -ied by d partial ccnfigurdtim1 invcnion dt the spiranic carbon in good agree- 

ment vith the accepted mechanisms. 15 

-Al. 

Melting points dre uncorrected ti were taken vith d Tottoli instrwent. 
1 
H-M spectra ware re- 

cor&d on a Vanan 360 A ad XL-200 spectmneters at 60 Wz and 200 Xtz, respactivaly (k&$1 as in- 

ternal standdrdl; 13C-N?4R spectra e re obtained at 50.3 I& cn a Varian XL-200 instmmnt. chmical 
shifts king given in pfan fmn Ns4Si. Ready-t- silica gel plates uze employed for TLC. 

5'-t41rphol1no-l ‘-~~n~t~~l)-4’,5’~ihydro-spi~bicycl~2.2,l~pt-2~5.4’)1 ‘.2’.3’- 
triaz0leJ 2_a. - a) I?w norpholimv-triazoline 2 (4.62 g. - 16 mrrol ) uas dissolved in anhyd IW 
(110 ml I. 16 ttw solution freshly distilled cyclopentadiene (25 ml 1 was added. l?w reeaction mJxtu.re 
was kept dt G5O for 72 hr. 7he solution was then evaporated under reduced pressure leawq d yellcw 
pasty residue (4.9 gl which was vast& several timss with cold diiscpropyl ether. After drying the 
CNde prxx%Xt WdS ChroMtqrwhed m d Silk3 gel COlm (mt : c&. 3 : 2) fiehiiq d main frdc- 
ticm cmtaining pura 22 (TLC) which on evaporation yielded the prcdurt (1.65 g, 25% yield). An drd- 
lyrically pure smple uas obtained by washing ths crystals with diisopropyl ether or by recrystdl- 
lizdticn fmn MC?@pentdne. m.p. 128-13P. dec. (Famd: C, 61.05; H, 6.05; N, 19.55. C,eH21N5C3 

requires C. 60.85; H. 5.95; N. 19.7%). KS: $5 327 (MN2); 'H-W (60 Miz, cDc13): 6 1.44-2.68 anC 

3.263.70 (2m. 14H, CH.CH2 dnd rrorpholirm; 4.34 :s, 1H, H-5'); 6.00-6.31 md 6.45-6.69 :h. 2H. 
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-CH=CH-1; 7.27-7.60 and a.m.34 (2mn. 4H, arun. I; 13C-M? (CDcl I, 6 : 32.85 (C-7); 43.46 iC-‘1; 
48.00 !very broad, Cl$N, rrorpholino); 48.38 (C-6); 53.44 (C-4); L .63 (CH20. noq~&linol; 20.09 
(C-5’); 90.28 (C-5(4’)); 115.56 (C2”. C-6”); 125.42 (C-3”. C-5”); 132.09 (C-3); 142.26 (C-1,‘); 
143.62 (C-2); 146.38 (c4”). 

bl The eMnine 4a7 (2.0 g. 10.4 mrol) was dissolved in w C6h6 (16 ml) and +nitrophenyldZlde 
(1.71 g. 10.4 mron dissolved in C6s (15 ml 1 u3s added cimfwise at man ten9. The reacticm mixture 
has stirred at_rcan terp. A yellw precipitate began to separate after 30 min. The mixture vas fur- 
ther stirred for 3 hr, then the precipitate was filtered and uashed tvice with diisoprooylerher. 
fielding pure 2 (2.77 g, 75% yield). m.p. 12E129”, dec. A further crop (0.4 g, 10% yield) was ob 
tained by elaborating the mother liquor. 

5’-Dirrethyl~zni~l ‘-(4-nit.rvphenyl)4’.5’-dihydr+spi~bicycl~2.2.l~pt-2~5.4’~-1 ‘.2’.3’- - 
triazolel 2b. - a) The triazoline lb (1.1 Q. 4.4 mnol) vas dissolved in anhyd ‘IW (15 ml) and .reacted 
vith& Glopentahiene (5 ml ). ?Se reacrion mixture was kept at 5O for 100 hr and evaprated .under 
reduced pressure. The residue (1.5 gl vas chmwtcgraphed cn silica gel (AZZEt : C&, : : 41. Yhe 
main fracticn yielded on evqatim a yellow solid tich Ms recrystallized fmn CgH6/“-mtane, af- 
fording pure 2_b (0.56 g. 26% yield). m.p. 127-129”. dec. (FQJ&: C, 61.1; H, 6.3; ti, 22.0. C,6h,gr;502 
mres C. 6c4; H, 6.1; N, 22;353). lH-NMR (200 IMz. UC131; 6 : 1.61-2.20 and 3.18 (rd. 5+lH. 

rtxtnrnene ring); 2.39 and 2.18 (2s, 6H. N(CH3)2); 4.37 (s, lH, H-5’); 6.186.22 and 6.564.6C (a.., 
2H. -CH=Cii); 7.46 and 8.21 (h, 4H. amn); ‘3C-tWR (CtK13). 6 : 32.86 (C-71; 39.8 (very he’d, 
N(CH3j2; 43.42 (C-1 ); 48.37 (C-6); 53.30 (C4); 80.31 (C-5’); 90.10 (C-5(4’)); 115.32 :C-2”. C-6”:; 
125.37 (C-3”. C-5”); 132.38 (C-3); 142.19 (C-1”); 143.32 (C-2); 146.5C (C-4”). 

b) The enanine 4b (1.49 g, 10 mnl) was n?&Xed vith an equirrplecular dllMglt of 4-nitr@benyldZlde 
as described for g A small of precipitate was fonred during the reaction. Ihis vas separated im.p. 
166O) and identifm (Feud: C, 55.0; H, 5.0; N, 25.95. C22H23N904 rpqulres C, 55.35; ii. 4.85; 

N, 26.4%) as an addition product of tw lroles of 4-nitrophenylazide both to the endnine double bow! 
and to the alkene dxlble bond. ‘Ihe filtrate uas evaporated and the yellw residue was recrystallized 
fmn C6H6/c-Ix?nta?w yielding pure $& (1.78 g. 57% yield). m.p. 126129O. dec. 

c) 5-Norbomme- 2-carboxaldehyde 1 (2.0 g. 16.3 mwl) and 4-nitxophenylazid-e (2.7 g. 16.3 -1: 
U?N? dissolved in anhyd C6H6. A solution of dimthylarine (0.75 g, 16.5 ~1 l in C6h6 (5 ml 1 was 
a!&d &vpise at 1O0. The reaction mixture was stirred at roan temperature for 4 hr, then dried 
(Na2S041 and evaporated. Ihe residue vas purified as described under b). yielding 2.19 g (70% r,eld: 
of pure 2&. m.p. 128-129O, dec. 

5’-Pyrmlidi~l’-(4-~trophenyl)4’,5’di~spi~bi~l~2.2.l~pt-2~5~)1’.2’.3’- 
al The cycloadditicm of 4-nitrcphznylazid g,1 mnol 1 to chs enamine s7 

(2.0 g, ll?twl) vas perfonred as described for 2_b (method b). The reaction mixture was work&!! u> af- 
ter 60 min and ths product g was obtained by d&t addition of c-pentane. The precipitate uas re- 
crystallized frwn C6H6&-pentane yielding pure & (1.0 g, 26% yield), m.p. 163-164O. dec. (Fourd: C, 
63.9; H. 6.05; N, 20.3. Cl&,NS02 requires C, 63.7; H. 6.25; N. 20.65%). ‘H-WR (60 wz, a1 I; : 
1.2G3.30 cm. 14H. norbomene ring and pyrrolidino; 4.67 (s, 1H. H-5’ 1; 6.11-6.32 and 6.45-6. 6J fan, 
2H. -CH=Ch-I; 7.3F7.55 and 8.10-8.35 (2m. 4H. aran). 

b) Wrbornene- 2-carboxaldehyde 2 (1.27 g. 10.4 tm~L1. pyrrolidine (0.74 g. 10.4 -1) and 4-ni- 
trqhenylazide (1 .7 g, 10.4 nrrol) yelp ?eacced lr. C6i+j (25 ml 1 as described for 2,5 yieiding 2-r 
(1.87 g. 53% yield). m.p. 162-l&lo, dec. 

5-Mrpholino+ethyleru+2-fwrbo~ 4a. - Ihis canpand was prepared as described.7 Its ’ 3C-HZ? 
spect- yds as foiiovs: 31.68 (C-7); 4Z49 (C-6); 49.45 (C-1 1; 50.07 (C4); 51.22 (CKyy, msrpholino)~ 
66.59 (CH20. ,morpholino); 118.85 (G5); 129.72 (C-o); 1M.41 (C-2); 134.72 (C-3). 

5-Durreth&?m.inunathylene-2-nor&rwne 4b. - ‘rtWbomere-2+~‘&xalc!&yde 3 (6 g, 49 mrol ) yas 
dissolved in anhyd Et20 (200 ml 1 containi; K2C03 (13.5 g. 98 mrpl l. Under &ous stirring d solu- 
ticn of e2JJH (6.6 g. 147 into1 1 in Et20 (50 ml) was added dropvise at -5’. lhe reacticn mixture vas 
stirred for 2 hr and filtered. The filtrate was evaporated and the oily residue distilled (N2) waler 
reduced pressure, using a Vigreux co1.m. The enanine 4b was obtained as a pale yellcw liquid 
(2.25 g. 31% )neldl, b.p. 6C-62O/O.2 torr. ‘H-PM? (60 &, CTZC131, 6 : 1.2-3.3 (m, 6H, nor&~ 
riq:; 2.45 and 2.61 (2~. 63. N(CH312); 5.70-6.30 (c. 3H. a=). 

N-l 4-Nitrophenyl l-N’ ,N’-( 3-owpentanethylene )-5--nOrbor?WrW Z-carboxanidine 5a. - The triazoline 
2a (1 .O g, 2.8 ~1) vas dissolved in xylene (50 !rd ) ard refluxed for 30 min. %e SOlvent was evapo- 
zted and the residue was recrystalliz& tvice frcn Etch ylel&ng pure s (0.5 g. 58% field). m.p. 
137-1390. (Fated: C. 66.3; H, 6.55; N. 12.85. ClgH21N303 requires C. KD5; H. 6.45; N. 12.85%). 
‘H-FMR (60 WHZ. CCCi3). 6 : 1.20-3.08 (. n. 7H. norbornene ring); 3.05-3.35 and 3.36-3.70 (2mn. 8H, m)r- 
pho1:r.o); 6.04-6.10 (m. 2H. -cX=CH-); 6.5CM.20 (m. 4H. amn). 

N-i 4-Ni trophenyl :-norbomenc+2-carM*anide 6. - a) The tidine 2 (0.5 g, 1.5 ~1) was dissolved 
in &Oh (10 ml; and diluted vith “20 (5 ml l. C&C MC1 (0.3 ml) Vds added and the IUXtllIP Vas PC 

flux& for X, rmn. then evaporated under reduced pressure. The aqueous residue was then extracted 
vith CwZl 
silica ge ? 

. The organic layer was evaporated and the residue purified by colum chmnatcgraphy cn 
:cyc:ohcxaswP&Et. 

a.85; H. 5.35; N. 
3 : 2). yielding pure 2 (0.41 g, 79% yield), m.p. 153-155O. (Fcund. C. 

‘0.65. C,4H14N203 rquires C. 65.1; H. 5.45; N, 10.85%). ‘It-M (60 MHz, CDC13 . 
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lxso, 1 : 11, d : 1.2G3.50 (m. 7H, norbometw ring); 5.82-6.39 (m, W.-CkCH-); 7.6S8.32 6 (m, 4H, 

amn); 9.15 tbs. lH, exdwngeable, NH); IR :CIC13), an-‘: 3430 (hHI; 1700 (CC). 
b) 4Gitroaniline (0.44 g, 3.2 mnoll was dissolved in pyridine (7 ml). 7he solution was heated dt 

1000 and 5-nortwfnene- P-carbuiyl chloride 7, (0.5 g, 3.2 mroll was added droprise. ‘Iha solution vas 
refluxed for 15 rmn and poured into K20, made acidic (pH = 21 vith tC1 and extracted with cHc13. 

After evaporation the residue was purified as described under a), yielding 2, (0.6 g, 73% yield). 
m.p. 149-152O. 

T?w products cbtaned under a1 and bl are slightly different in their ratio of exe and en& iso- 
llprs in the mixture and this accamts for t.he differences found in their melting Gts. 

X-Ray analysis of 2a. - 
of a 7HF solution, of Z. 

Crystals in form of yellowish prisms vere obtained by slw evaporation 

Crystal Data. For C,&lN503: k&o1 vt 355.4. monoclinic, a= 6.590(2);;. b = 15.805(3& 
5 = 16.541(3) X, 6 = 92.53(l)“, U = 1721(l) A , 2 = 4, pobs = 1.37 g cnm3 *I 

l$tQ14 solutim), 0~~ = 1.371 g ane3, & 
flotation in a dilute 

F(KOl = 752; space group I%!l/c ($,, No. 14); FbKa radiation 
(graphite mawrhmnator. 1 = 0.7107 XI, u(CbKo) = 0.9 an-'; roan s (293 ? 2K). 

Data collectim and reduction. A crystal of approximate dimensions 0.27 x 0.17 x 0.10 mn was .wzu- 
rately centred a? an fnraf-Ncnius CAD-4 diffractawter. Ilxz orientation matrix for data collection 
and the wit cell paraneters reported above were obtained frwn a least-squares treaWmznt of the auf+ 
matically determined setting angles of 25 reflections with 2s values in the range 15<20<25~. The 

space group FQ1& was indicated by the absences of reflectims Ox vith & odd ahd 9 with 1 odd. 
The intensities of all accessible reflections with 2WX0 ware masured by the variable fate I)- 

scan tectmique. The periodic mitering of three standard reflectiars shoced 110 appreciable trend. 
tit of 3oog independent reflectims mastmad, 618 having I<0 were given zem weight; all other re- 
flectims yere assigned variances 02( I) based cm camtiq statistics plus the additional term 
( 0.03S12, vhere S is the scan cant. Diffraction data were corrected for Lorentz and polarization 
factors. but not for absorption. 

Ihe strvcture uas solved by direct methods using the progrm WLTAN 
16 

ad refined by least-squares 
techniques. The 21 H atom were located in diffelwre rrraps during the ccuwa of the nzfinenent, which 
was by minimization of the gt&antityzv (bF12, vith beeights v = 4F’$02(el for the 2391 reflections 
classified as observed. In the final cycles 320 parameters u&e simul tanewsly adjusted: coordinates 
ad anisotqic temperature coefficients for 26 non-H atom, coordinates and isotropic teqerature 
factors for 21 H dtm, a scale factcr, ahd a secu&uy extinctiOn coefficient p. The final results are 
R - 0.063 and FM = 0.041 for the 2391 reflecticns inclw&d in the refinerent [R = 0.040 and Ru=O.O39 

for the 1789 &lectims with F2>20(F21]. The gc&hess+f-fit, defined as [XtiaF?/(~~,ly’? where 
m is the nunbcr of observations Md 2 the n-r of parmeters, is 1.17. At&c scattering factors 
bet-e fmn ref17. Final atanic parmeters are given in Table 1;. the final value of the extinction 
parmeter p is 8.03(51 x 10-6. A portion of the mlecular gecmetry is reportA in Table 2; a draving 
of the molecule is show in Figure 1. 
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