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Abstract -Reixticnof+nitmphenylazidewithtbemanines5,6of 7+xc+I, 
4,5,~-tetraghenylbiclo[2.2.lpept-Ferr-2-carboxaldehyde $ i=wh.ich my 
beisolatedorprepared in situ fmnthe aldehyde and the amropriatemine. 
~esultedinthefonnatic~1ofanrixtureoftfireeprochrts,Mmely~diaste- 
reoismaric cycloaddwts vith the spim [bicyc1~2.2.l)hept-2-m-7-one 

triazole struztme (2). 

Prwiousworkfrunthislaborat~ dedltwiththereactionsofsubstitutedcyclopentadi~s 

vithi-aryl-~~l~v-triazolineswfiichaffordedcycloadditi~p~~sc~ltainingthe 

spi~bicycl~2.2.1$ept-2~7~5.4~~l',2~,3°-triazole ring. 'Ihe cycloadditicm reaction 

showed ahigh specificity yielding onlyoneisolableproduct. The cycloaddwts spcmtxmeous ly ret 

Emged to the corres~ 5-aHrin~l-aryl-eCcyclopent-_~l-2-yl~thyl-v-triazoles. This 

easyrearrangfmentpatbwayis pmbablycmrelatedbothto the relief of strain in the bridged 

rmi~e~toafavourablegeanetryofthebadsimrolvedin~rearrangenent. 

To~eveabetterunderstandingaftheserroLldedandstrainedv-triazolinederi~tiveswe 

havestudiedthecycloadditionof~nitmpherrylazi~etothe~ of 1,4,5,6-tetrapbenyl-7-o- 

bicycl~2.2.l)ept+-en-2-carboxaldehyde. In principle this reaction should produce tke sane 

spiranicadductsvfiichareformedthroughDiels-Alderadditi~ofcyclopentadi~stomethyl~ 

v-triamlines, possiblywithadifferentccmfiguration at the aqnnnetric centers. 
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The hitherto m aldehydes 3 = 
diencme l with excess acrolein 2 in = 

RESULTS 

and f wzre readily produced by reacting tetraphenylcyclopent 

boiling benzene solution. A mixture of both stereoisarws 1 

andtwas formed in an approkmate exo+ndo ratio of 95:5. The less abundant product (4) was -- 
obtained in smll mnmtthrough the elaboration ofthemther liquors of 2. The'H-NMR spectra 

of 1 skws the aldehyde hydrogen as a doublet at 6 9.83 (J = 5.0 Hz 1 and H-2 as a mltiplet cen- 

tered at 6 3.95. In the spectrun of f the cormspxding signals are found at 6 9.42 (.J = 4.5 Hz) 
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and 6 3.30, respectively. The exo-stxu2u-e was assigned to tknme abundantismer sinceitis - 

knmmthatinthe Diels-Alder adducts derived fmntetrapknylcyclopentadienor~ tk exo cmfigur+ - 
tim is generally associated with Iwar field resonances of tk corresponding endo hydrcgen atan2. 
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Althwghinteres~ in itself, the steremhmical course of the cycloaddition of 1 to 2is of 

little relevance in the preparaticm of the carresponding emnines: obviously, the ccu&gur~tion 

at~centerhearing~dl~f~onislostduringtheenaminati~reartion.Amixture 

of~s~and6a,cwasobtainedby~~~and4,separatelyorasamixture,viththe 

cf2-w secolldaryanine mderclassical conditions. 
3 

Accordingtothe'H-NMRspectra,inthe enminenUturet&+oner(5a,c) StronglyPredcmi- 

nates. The assigmentis further supportedmainlybythe13C chmical shifts of C-6, which in z 

is strongly shifted upfield with respect to 62 by a steric canpression effect4 (E: C-6:6 29.57; 

g: C-6: 6 35.52).Not surprisingly5 ermines 5a,c and 6a6a wzre not separable and wzre reacted 

as an equilibrimmixtwe with4-nitmpkenylazide. The quickcycloadditim reaction resulted in 

amixture of prcducts 2, tand 2. The sane canpounds wex~ obtained alsobydirectreaction of 

aldehydes 3+=with 4-nitrophenylazide and the appropriate mine, thus amim the isolation of 

the intermediate enmines. 
6 

Afterwork-up of the reactionmixture containing 2, randomly 

the triazole derivative Ems obtained in a pure fom, while E and 2 could not be separated 

canpletely fmneachother and onlymixhmzs of varying canposition could be obtained. Instead, 

colum chrmatography ofmixtwes 72, 2, 2 and E, g, z resulted in a ccmplete separation 

of allcanponents. CZquunds 2, &and 2, 9&wzreidentifiedby cunparisonwith authentic 

sanples, since theywere alreadylmwn fmntheDiels-Alder addition of tetraphenylcyclopentadie- 

nme to the correspor&ing 5thylwv-triazolines.' Byanalcgy~and zcould be - 
identifiedalso. The struztu.re and stezwchmistryof ampounds 7a_cwas obtained fmnan x-rays 

structural analysis of7&.7 Mass spectraof~and~ arevery stilarto that of gvhichhas 

bsendecribedinapreviouspaper~ Mreoverno significant differences were found betwzen the 

mssspectraofdiastereoi sameric cmpomds Eand 8b. 
1 
H-Z3&'3GNMRdataWerei.TlaccardWith 

these structures: the close similarit of the NMRs~tral parameters between= and the coI‘- 

r=pcnding capounds 8a_c stxwgly suggests that struzture i is epimer of 2 at the C-5' chiral 

center. (e.g. 7k C5': 6 73.53; C-6: 6 32.78; H-5': 6 5.51; CH2-6: 6 3.03, 3.38 (J_ = 12.5 Hz); 

& c5': 6 74.20; C-6: 6 32.47, H-5' 6 4.89, CH2+i: 6 2.99, 3.50 (J = 12.5 Hz)). An altemative 

diastereoisam with an i.mzted configuration at C-4' (and possibly at C-5' as well) would be 

expected to exhibit very different chemical shifts for the M-5' group since in such a strwture 

the C-5' centerwmld be positioned in the shielding ccme of the nortmnen-7-a~ keto group. 

Both E and Erearranged spontaneously to caqxmds zwben kept in solution for a 
sufficient tim. lhe rearrangement rate was enhanced byheatino.Conpounds ~werefoundto 

rearrange at a higher rate (half-life of about two days) than their stereoisaTers 7~ (half- 

life of about a wzek) at roam temperature. 

DISCKJSSIW 

4-Nitmphenylazide&ds r&idlyto the enmine double tmdof mnpcmds ~and~.tiscyc10&- 

dition stms the highregiospecificitywhichis typical of emnine a 
-azidereacticms. Thepoten- 

tiallycunpetiti~~ addition to the alkenedouble bondwas mtappreciablyobsemed. This fact 

wweswiththekmbnsuperiorreactitityofazides.vith enaninesvhencaqwedvithunXtivated 

double bonds.' In~present~~the~teri~crcwiingontheC2-C-3bCpldshOUldal~oplaya 

significant role, since in the emmines derived frununsubstituted 5-norbo mene-2-carboxaldehyde 
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z, 6c (I.18 g, 28% yield), m.p. 166-169O, dec. lhis prvduct was quite unstable andno satisfactory 
&&&l analysis could be obtained. IR: an'l, 1775 (CO); 1650 (C=C); 'm, s+: 6, 2.74 (s, 
6H, N(CH3)2);3.m - 3.75 (m, W, CH2-6); 6.05 (broad s, IH, -CH=); 6.20 - 7.80 fi,m. amn).13C-WlR: 
6, 2, 29.57 (C-6); 43.56 (N(CH3)2); 109.34 (C5); xx).54 (C-7); g: 35.52 (C-6); 49.84 (N(CH3)2). 

~tianof5a,6_awith~~tropherrylazide.Theenamines s, @ (2.0 g, 3.8 ImDl) we& dissolved 
in anhyd CgHg (ma and 4-nitrophenylazide (0.6 g, 3.8 mmn i.?i-C6H6 (5 ml) was added. 'Ibe reacticm 
mucture was stirred for 48 hr and then the solvent evaporated. The residue was chrusatcgraphed cm 
a silica gel calm (CH$l2: ACOEt, 95:5) yielding three nmin fractia (i-iii). Since fracticms (i) 
8d (ii) contained different amounts of 7a and &, they ware added and evaporated; the residue was 
prrified by dissolving in CH$Zl2 and add& dii-pxopyl ether, affording Z_&f, m.p. 156-16201 (1.15 
g. 45% yield). (Found: C, 68.2; H, 4.9; N, 8.95. C42H35N504. CH2C12 rqui?&'C, 68.05. H, 4.9; N, 
9.25%). IR: csr1, 1780 (CO). Fraction (iii) was evaporated and the residue was dissolved in few ml 
of CH2C12 and precipitated with ~pentane affording pure 2 (0.51 g, 20% yield), m.p. 21G211°. 

Reaction of 3 with morpholine and 4-nitrophenylazide. The aldehyde 2 (1.0 g, 2.27 nn~11)was dis- 
solved in C6H6 rl0 ml). 4-Nitrophenylazide (0.36 g, 2.27 mnol) and nrxpholine (0.23 g, 2.27 nn~l) 
W.rethenadd&inthatsqlence and the reactionmixturewas stirred atroantemperature for 24hr. 
lhe solvent was evaporated and the residue worked up by chmnatcgraphy as described above affording 
Similar results. 

Reaction of 2withpyrrolidine and4-nitrophenylazide. The aldehyde 3 (2.Og, 5.54mnol)was dis- 
solved in CgHg rll ml) and 4-nitrophenylazide (0.72 g, 5.54 nnx11) in & (5 ml) was added. Pyrzoli- 
dine (0.36ml, 2.541mkol)was &deddropi&e ti tbexexti~mixturewas stirred atroomteq for 
24 hr. A precipitate of g formed slowly and was filtered, m.p. 156O (I.11 g, 30.5% yield). 'Ihe 
mother liquors were dri&(Na2S04) and evaporated. 'lhe residue was recrystallized twice by dissolving 
inC6H6 and addingfi-pentane affording iqxre Ewhichwas dissolved inCHC13 andprecipitatedby 
addingdiisoproWlether,m.p.16e'166°,dec., m.54 g, 15% yield). (Fcwnd: C, 76.9; H, 5.5: N, 10.35. 
C42H35N5O3 regui=s: C, 76.7; H, 5.35; N, 10.65%). IR: an-', 1775 (CO). 'ltNMR:43.03, 3.38 (dd, J = 
-12.5 Hz, 2H, CW2-6); 5.51 (s, IH, H-5'). ~~GNMR: 6. 25.10 (C-S-pyrrolidino); 32.78 (C-6); 73.57 
(CS'); 91.56 (C-4'); 196.78 (C7); MS: m/z 657 CM+., 0,2); 384 (27); 356 (23); 276 (IO); 178 (100); 
176 (17); 152 (14); 129 (6); 96 (6); 76 iio). In the mother liquors of the crystallization of 7b, 
cqxxmd~wasidentified byTLCccmpar& with an authentical smsple but it was not isolated? 

Reactian of 3 with dimethylimcine and 4-nitrophenylazide. The aldehyde 3 (1.0 g, 2.27 Mel) was 
dissolved in C&G (IO ml) and a benzene solutim (5 ml) of 4-nitrophenyl~ide (0.36 g, 2.27 -1) _ _ 
was added. 'Ibe-& m ccc&d at -2O and HN(CH3)2 (0.15 ml, 2.3 ~1) was added-The soluticm 
was stirred at O" for 3 hr and at roan temp for 30 hr. Euring this time a precipitate of E Sepa- 
rated. It was then filtered and recrystallized by dissolving in CgHg and adding ~pentane,m.p. 
167-169O, dec. (0.215 g, 15% yield). (Found: C, 76.3; H, 5.2; N, 10.9. C4#33N503 requixs: C, 
76.05; H, 5.25; N, 11.1%). IR: on-l, 1775 (CO). 'H-NMR: 6, 1.94, 2.74 (S. 6H, N(CH3)2); 3.22, 
3.34 (ckl, J = -12.5 Hz, 2H, CH2-6); 5.14 (s, IH, H-5'). MS: m/z 631 CM+., 0.2); 384 (70); 356 (52); 
278 (19); 576 09); 247 (II); 178 (103); 176 (38); 152 (24); 129 (48); 82 (65); 78 (66). Ihe 
filtrate was evaporated and chrxxsatographed cn a silica.gel calm (AcCEt: PhH I:991 yielding 
fracticxls (i) and (ii). Fraction (i) was evaporated and the solid residue was washed several times 
with diisopropylet&r affording pure g, m.p. 143-148O, dec. (0.29 g, 2O% yield). (Found: C, 75.95; 
H, 5.25: N, 10.8. C40H33N503 requires: C, 76.05; H, 5.25; N, 11.1%). IR: an-', 1775 (CO). 'H-NW: 
6, 1.93, 2.47 (s, 6H, N(Cli3)2); 3.03, 3.65 (dd, J = -12.5 Hz, W, CH2-6); 4.57 (s, IH, H-5'). 
Fraction (ii) was evaporated and ths residue was-crystallizedbydissolving in CH$l2 and adding 
_rr-pentane, affording pure E,m.p. 203-2070, dec. (0.26 g, 18% yield). Found: C, 72.1; H, 5.4: 
N, 10.0. C4&33N503. 0.5 MD2 xxquires: C, 72.15; H, 5.10; N, 10.4%). IR: on-' 1750 (CO). 
~H-NMR: 6, 2.18 (s, 6H, N(CH3)2); 3.15, 4.02 (dd, J = -15.0 Hz, W, CH2); 5.50 (5, lH, H-4). MS: 
m/z 631 (Me*, 151, 400 (7); 384 (14); 356 (9); 246-(7); 218 (IO); 178 (40); 172 (30); 171 (23); 
~O~ICOL 

Reaction of 5c, 6cwith4-nitrophenylazide. E&nnines 5c, g (1.0 g, 2.1 nnol)were dissolved, 
in && (15 ml)=and?&ct& with 4-nitrophenylazide (O.gg,T.l ml) in C& (2.5 ml). The 
reactiollwas run atrtxmtemperature for 24 hr and affarded results which were essentially the 
smneasobtainedabove. 

Rearrangenantof spiranic cycloadducts 7 and/or 8 to 9. a) The mixture of 7a and 8a obtained 
as described above (0.3 a. 0.45 ml) was ZGGiGTd=~&~ (IO ml). The reaZicn mZture was - _. 
left standing at roun tamp for-nine days: the progress of Ghe reaction was follcwed by TLC. 
&npound &was nearlycanpletelyrearranged after 3 days. At the endoftbe reactianthe solution 
was evapogtted and the residue recrystallized frun CH2C12/~pentane affording 2, m.p. 20+210° 
(0.18 g, 60% yield). 
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lxnnenestrwture ~ablyoccurasex~additicns.Anotherfea~~~rrmstbe~ticedis - 

thatproducts~zmnd8=arefoundins~lar~tsstartingfranan~mixhtreinwl?ich 

@xmeris themain cqcnent. Thismaybe~lainedbothbyccolsideringthatthe~eactim 

does notaffordquantitative yields and by assuming a rather rapid Fi2-equilibri~i.n the enti -- 

tie mixture. An equilibriwn between 7 and f through epimarization at C-5'. which is knaJn for 

soms simpler 5-amino-v-triazolines 
12= 

fiasbeenexcludedinthiscasesinceIand~werecienorr_ 

strated not to epimerize in solution. Instead, bothproducts rearranged W taneowytothe 

sums triazole derivative zt although with different rates. A base-catalyzed elimination meCh- 

dsnvhich involves the farbony bridge and would account for this transformation has been 

already suggested.’ Itwasposhilatedtherethatthe~~forcesof~transf~ti~are 

therelief Ofthe~~ableringstrainwhichcharacterizes~tnrtuFesZand~~andthe 

energygainassociatedwiththeamMtizationofthetriazolering. Sincethesefac~r%must 

benearlyquivalentinbothstereoisawrs, thshigherrearrarwmentrates~by~should 

be associated with the trans relationshipbetween the cI5')-H Eod ths C(lX(2) bard in 

M.ps arm notcxxre@M. ~~~~~~aT~~i~~~ IRspsctrawwereoxded 
witha197- ?W?killl?lllWSpectropho taneter (NujOl Neil). ‘H-t@%? Spectra uere obtained on Varian 
36QA~xGxx)Wtmnslters at~,rwpectively,wi~M8qsiasinternalstandant,in~3; 
~3C-wRspectrawererwxded at50.3W onavarian~200instrwnent. cl-mica3 shifts are 

giveninppnf~@IMS. Mass.spectrawererecordedcm abrian MAT-311-Aspecwq1~~terby1~singthe 
direct inbatt=hnQue (probe tenp. 1D160°, ion sourcetenperahn'e 2500, electxm energy 70 eV), 
Ready-t*use silica gel plates were emplcr& for TLC. 

ho- and endo-7-oxel,4,5,5-tetraphenylbi~lo[2~1~hept-~2~~~dehyde 3 and 4. 
Tetrapbenylcyclopentadienone (5.0 g, 13 mnol) was dissoiYved in anhyd C6H6 (150 ml).?GiA.n 
(3.0 g, 54 nnrol) vas added and the reaction mixntre was kept at reflex-for 5 hr. ?he solvent 
was evaporated under reduced pressure and the residuecrystallized fron diisopropylether 
yielding pure 2 (5.38 g. 94% yield), m.p. 176-177O (Found C, 87.2; H, 5.55. C32H24O2 requires: 
C, 87.25; H, 5.5). IR: cm-l, 1785 (CO ketone); 1725 (CO aldehyde). 'H-wR: 6, 2.2 - 2.9 (m, w, 
CH2); 3.95 (m, IH, CR); 6.35 - 7.74 (m, 2% axxn.); IO.70 (d, J = 5Hs, IH, CROl. The mother 
liquors of the crystallization of 2 were chmwtcgraphed on a szlica gel column (AcOEt: PM, 1:9g) 
yielding impure 4 (715 mg, 2%yielaA IR: aiq 1780 (CD ketone); 1725 (CO aldehyde). %-w, 6, 
2.4 - 3.0 (m, W. CR2f; 3.30 (m, IH, aI; 6.30 - 7.60 (m, 2Cxi, arcm); 9.42 (d, J, = 4.5 Hz, IH, 
CEO). 

R- and ~5Maphol~inanethylene-l,2.3,~tetrap~l-bi~l~2~l~pt-2~7~ 5a, 6s. 
?he adehyde 2 (4.0 g, 9.1 mW) was dissolved in c&% (40 ml) and m3l'pholine (0.87 z itj=mm) 

vas added and'sthe solutionwas refluxed for 2Ohr,~thccntinuous separaticn of the-reaction 
vater. '&mixture was evaporated and tha residue taken up with diisopx-q+ ether yielding 2, 
e, m.p. 180-181" (diisoprqyl etherj(3.3 g, 72% yield). (Farnd: C, 85.0; H. 5.95; N, 2.7. 
r$i31NO;, requires: C, S4.85; H, 6.15; N. 2.75). IR: cm-l 1785 (CO); 1675 (GC). 'H-N!@! (%a): 
6, 2.8 - 3.2 (m, 4H, RCH2): 3.2 - 3.4 (m, 2H. (X2-6); 

73GNMR: &, 6, 35.87 
3.5 - 3.8 (m. 4H, OCH2); 5.8 - 6.0 (m, IH, 

=CH-); 6.5 - 7.5 (m, 2(X, axan). (cd); 51.51 (C-N-morpholino); 66.76 
(C-Gnrorpholinof; 114.61 (C-5); 202.05 (-1. 

O" and Kg3 (1.25 g, 9.1 ml) and di??Whylmsine (0.6 ml., 9.1 ml) were added. Ihe r*tacticm 
mixture was stirred at O" for 6 hr and then at roan tenp. for 18 hr. The suqxnsion was filtered 
and evaporated. The residue was dissolved in QiQ arl pmkipitated by addirqn_pentane, yieldirq 
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7b (0.5 g, O.76mwl~vas dissolved in CXl3 (4Oml) and the soUticn vas kept at 
rweek.After evapxatimthe residuewaspurifiedbycol~chrunatcgrap~yielding 
207~210°1 (0.235 g, 4% yield). 
E (0.2 g, 0.31 nmrl) uas dissolved in cHc1, (6 ml) and kept at rcuntemp for ten 

days and WaIXGted. The residue vas crystallized frunCH$l2/_kpentaneyielding z (0.11 g, 55% 
yield). m.p. 204O. 
df The adduct 5 (0.1 9. 0.15 mnol) was rearranged by dissoI.ving in CXZ13 (5 ml) and keeping at 
nXmtempfar4days.The solutionvasevapcratedand theresidueaystallizedas aboveyieldhg 
2, m.p. 203-2C%" (350 HQ, 35% yield). 
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