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Abotmt. - Uoonturmtd msa brld@ cubocycla 1, 2. 6, 8, 12, I4 d 16 M wily be 

athylatod with I(aDW~ or IM. Dopeding a l truct urml md l twic mquimto aed the 

mioo. the qustemuy ult8 obtmizmd ue l tabls fl* , 2iW. k-?W, 1404W, lm 

with BFI-1, undergo [I*21 cyclorweroioa (&MD*, 12+*) or istrmoleculv [3*21 cy- 

clooddition l ftr intammdiate Qprotamtioa. uboraby tk ummuol bydr8zim1 briwtlvem, 

the cmge capawL 3-F. 4-F. 6-E md 11-P .m fad. Systa whlcb coatola the N=N sad 

c=c fuactlom ia I,+poitlaw vo loaewic with tholr 13.31 mu7uD~t productm, the 

bydruamo aode7, SoQlO, aodo-15 md emdwl7. H8tbyl8tioa of th latter prow&e tba 

l w cwuscutira rartlfxm u for tbelr uo lm. Tbae have baa titrmtsd to be the 

crwcinl lnterredimtea for the formntlon of -0 m (0.S. 67b4W l Sb-+W * 

6-SP). 1atwmolecuAu rthyl dgratioa of q&Msraltd ax0 capamb b8s bema wtmbli&ed, 

exploiniag the bi& yielb, of cage ~ wbicb can be pro&cod by tbs “b-Hria” aoly. 

-i 
Recently. w &mcrlbed l evcrd sxele~ of the ww rigid l mtm 6 tifch, becmma of I~ticyclic 1,s 

canjugatioa b&am tba puallol C=C md W=N bmda. exhibit mcm unwuml proprtla.* The boubIe 

bon& ia B are idemlly l itueted for trmmzmulu lstaractlm utd, oa l v. both the n--f.* 

d tba I_-T.@ trumitiau cw* ccmhbciu to an lntrmolwulu [2*21 pbDtocycloaddltlor4 (A).*eq***s 

In ddition. N-•lkylatlon - even with Me3DW - &forded cage cagocl#k of l tructura D retbor tbm 

the expect& solt C. This iatrmoleculu ring clomre ie belfevad to procxmd fro C by either am of 

two poooible mchmnlm: daprotomtla, to #lw I, follti by l concmrtod 1.3-dlpolw cycloedditim. 

or ismeris&loa to tba hydruonlu ion I mad cyclomdditioo.4f 

N’ a 
A 

claifcstred to Prufesmr ?bd Taylor cm the amsla~ of hls 65th birtMny. 
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1. xFrmum_ [3+2] CVCUM@~~ WITH #I)I)uI #r I.H Dim -ITIOII) 

Tlbe raulte ratiaaed Aove Au tb8 quticm 88 to &other 8 eimilu [&21 cyclordditioo will 

occv if a~i&bau4 uo brie@ md C=C aoioty M oat orimtd perollsi to rch other. ‘IbaM 

Bodel8, torl*tber uitb type 8, M eaily muible by Dielo-llder rue&tan bet- tbo wropriate 
cyclic ulna end dima.. 

A. Byerr rithout I,6-reletd T-bm& 

The first mm&l, in dicb l f the uo bridge ie put of I five rdurd riag, b) the C=C baad io held 

in 0 p8cmll.1, but l tructurelly md coaforntimeily retbmr diet-t paitim, which a*cludr 8 1,5- 

rel8ticm behMn the s8yetw. 8nd c) tbe orbftdo of both T-symta M not l liw with one 

mother. io reputed by cwpomde 1‘” md 2.‘b Dotb 1 mad 2 *srs quaotit8tiv8ly N-imthyl8ted by 

trimtkylmroim tetr8fluorcborata (WaOBk) lo cblorofom. Thee ult8 dmpoeited 8e olle ubich heve 

hem fully ehrrterired. 

1 

2 

n*l 
nt2 

After meet4 eeverel d8ya witb excao of the weaker olkyl8t4 8#eat mtbyl iodide, 1 md 2 egein 

formed orgeetc l 8lte. 7beee 8ra imric to l** end 2** end poeou the 8tructura of cego 

cxqmln& 3-r aad 4-F. obviouely, ~loedditton oha &am with iocrowin# dlatencs between tba 
tW0 W8tUiWtOd 8)Wta (Irt8 1 ) ret8 2). 10 tb, DCJtbtyl8td cogouad 2, o&y th, Mf8VoUl-8ble boat 

lxoforutim uill rrct to give 4-r; the bigher yield of tblo product cagrrrd to 3-F w be due 

to tb8 hrg8r dihedml en& of the ov8rlqrPi~ *-8ptW. 

B. ilye- u1l.b I.brolated r-boo& 

In 811 other d18 trted 8Bd is II, the *-8yetar 8re VMged mcb tbmt they M prose to u&ergo 

8 (3.31 cop rewreoguat. fhi8 nSpUirCr fWthW ~h,8tiO,,. kr bu beem pofated gut recently, 

[*+2] cychmdditlcw bat- tvo 1,3-disar hold l 8peci81 pooitioo io the reels of Die18-Ab.br 

reactiotm.@~7 Ap9lh.l to tbo mystar io queetioo, tba follahg rarction e&am mmt be cowldared. 

in which equilibration i8 8trongly proton at8ly8ed 8d tbs po8itioo of tbe equilibria my be 8 

functioo of the mt of 8cid preeent. 

G N I K Wdoi 
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It hu boon ebam tbt in ml1 Cain 1~ ubicb the equilibmtim I $ I could be rhiewd, cycloravsr- 

l ioo I + 0 l ll (0 * B 4 I: Diela-Alder raoctioa with the imvorae l loctra, 11) prwendod mcb 

more l lowly.‘ Althou& the paoitia of tb8 ut*ly8iog protm at am8 of tbo two nttzmgai eta ia 0. 

I UKI It bw mot been e&ablWmd.* N-mtbyletiaa of either I or X &nald aitalyma eqtilibrmtioo of 

tbe two ieasrr mad pouibly influmce tlm eguillbria. With tbim in DiDd, tba fOllowi~ mdalo bmm 

l electad for mthylotim remctiocm. for rmasona of brevity. the l ystm at-a cotyorieod by the l ise 

of the two riom. arm of 

double bond (0.8. C’, ‘2’). 

tbm bri&ed by w uo pow (e.g. 1c, WI. the other 000 csrryiog the 

On reaction of P* with CbroBy~ ooly 000 of tb two ioaeric quatemuy l alts, nmoly &-+W could 

be oboarved to#rtbar with mnll mount. of the betsrocyclic Cyo eaqamd 6-E’. The htter mm the 

caly product obtained o l lkylmtion with aethyl iodide. Tbio diffsrwca in bebeviouf due to the 

nature of the l lkylatiog reagent hu mcbanistic ~liccrtiotm (vi& infn). Ioterartingly. these 

differencea dimmered when the ieaaric pyruolirw amdo-7’ m metbyleted. Both reyemts l fforbrd 

the cue compound 6-F. It i* notamrthy tbmt are-f yielded mly uochmrmcterioed Qcagaitioa 

product8 uoder the am caditioim. 

sndo-7 0x0.r 

To obtain inforrtion &out the effect of bridgehead l bstittuots, mow a uu mvemtigatedd. ahicb 

diffeerr, from 5 by oae mdditiooal methyl group. Ilsthylatioo of 8 with HmOBya lollwed l vlotely 

different courme: cyclorwenion too& plwe and the l ingle product uu the isopyruoliu ult ~-NV, 

ubicb nma imkmtified dmpite l m iquriticr. It* l tructum um cluci&ted fro tha ‘R-m l igcmle 

of the 3-wtbyl mod W-atbyl $roupa ft= 2.30 sod 4.00, rapectively (CDSN)] which am l irilor to 

thwe of the ieopymzolium l elt 13+&.*@ Cyclomwtrrio to IHC’ uu a100 obmerved if ado-W wms 

athylated uader the am coaditlam. In the came of undo-10, l lkylmtion at the l~cll bvic bri&c 

hoad position ia observed, u -ted; baawet, l plmmibla explwtim for the preferential 

atbyletion of 8 to &+W is not Miately apparent. Iotsratlo~ly. ractim of 8 with mtbyl 

iodide follamd the ore path Y !i l 6-P by fonrtion of the crls 11-P. Wbereu. after the 

rethyletioo of aado- with mthyl iodide l mixture of the cage product 11-P and the cyclorwerwion 

product 9-+W (8ik31) - obtained. 
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r.t fad (Ondo ylr)lUf tt-H*.S-W&69 31)) 

In viu of the grater tmdaocy to mdew#o cyclorevcfuioo 00 *lkylotioo of 8 

12r@ 4th wthyl p~upa et eocb brldgabsd arbon, l bould be wm mom prom 

12 um rpidly equilibrated with its -to 13-w and cyclopmtdliene.‘~ 

d 

Ir 
b) 1 FSOaM. 

COCl$r.t.lUh 

caovad to 6. - 

to cyclorewert. Indeed, 

CP 

Tmd.umt uitb fluo~lfmic acid atbyl rter mfforded 1M60* qumtitetively. la 13-W’ the lRW)IR 

l iquilm of two -thy1 gre foamd rt t= 2.30 md 2.83 VI) attributed to pooftlom 3-Eb sod S*, 

respectiwt1y, boawe of tba l tron#er dambieldia~ effect of the imlaiu group at pooitioo 5. l’ba N- 

mtbyl palp in 13-a* mmoaw_~ at t= 3.96 fcDclr). 

b) Tbo rt-c2 Ilymtam rd it. [3,31 Iurv 

lo-1 anlugsmmt ot tba olefinic ring ia S lamdm to apta 14. * In l ‘E-MI expmiwnt with wtbyl 

iodide io &utamchlofoforr, 14 u roglstely c0M&, but DO l igmlo of Qfioitt pmducto could 

bemum. 
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In ccntrut, mcClon of 14 vitb l&z&w. yiel&d the tuo axpected atiow 1Mls’ md 1M’ 

qumt Itetivcly. Tbe retio 64:16 of tba two iemus cumot be interpreted. eiaa, kinetially 006 

trolled reoctioo ccmditione l tw not fully geratld (cf. endo-17). The f3.3) ieaer of 14, em&-15,’ 

u athyleted by both methyl iodide end MmO61~ to give endo-164W ee l l in#le product. 

If the n&r of carboa atar in the carbocyciic rings of 14 uo enclnn&, one cbtaiom l yeta 

16.*C It reectod with wtbyl iodide to give uttton productr, but with WaO61~ to afford the 

two expected rslto l6m4W end l&-#W in ths ntio 62:36. The eelectivity of thle athylatim ie 

significantly leso than that of 1&-4b* aad 14tr#W. but tbt N-alar 

10 ettll preferentially attecked. 

1.1 Mel I CDCQ 

/ 

- 
fllld 

PJ 
N d559 

16 

0X-r t./ td fSW.,52 ,381 

further fror the olefinic bo6d 

endo-17) - Woo 

7% (3.31 ieaer of 16, syota aM)orl?. yw aleo athyl8ted soothly by MmoSt+. xlwteed of the 

expected l elte endo-17tSb* end ends-17HW, the products of a (3,3] dIue-=Cope reurmgaeat wrc 

obeemed. -17 16e-@W emd I-. Tbeee m produced in the tmtio of 32:66, a revwm1 of that 
dove. The more brie bridgebeed nitra(a eta in 17 uw rsthy4atal slower than ite wlghbow, 

prcbebly beceuee of ateric himdrmca. -in, mthylatioa of 17 by methyl iodide id to carplate 

Nit ion. 

The reeulto discweed ttum for art l aadut purling 4 pow several mcbmietic quwthn. 
a1 Cm the methyl grap in thae rtbyl*tioo product0 o&lit frcm 8300 aitrogan 8tai to maotbar md if 

so, do tbey move Inter or iat-leculul*? 

An enawer to thie qua&ion ww mu&t rlth the l id of HI mqmrlmctts. 

I) Metbylotion of eedo-17 with nbOB1~ u followed by ‘R-NW4 l pectroecopy over a period of two 

homu. Ae ae be l een fro Fig. 1. cumrqtiao of &I9 Ied mly to 1s ad 1-0. 
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?i#. 1: Wtioo of 0.121 mol of -17 with 0.121 rol IlsJOCW4 la 0.50 ml CDClr at (PC mooltored 

by the ‘B-H (400 e%) l l5mlm of &17 (0) (proton 9-W, 19o+v (o) end 1-0 (- ) (ray1 

Pow.). l l ftu ooe day et roa tqereture. 
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nmrefolwJ, after mtbyletioe of eado-17 . very Tut [3,31 rarrm~aeot ut occur. Fl#. 1 elm0 

daometretr tht ltB*’ im fomal web inter thm 16m-tW, lqlyin5 tbet the N-eta 1 in endwl7 

ie mthyleted inter than the H-eta 9. After l loager ractlon tia. (e.g. after one day at rocm 

tqermtum wban the eado-17 hm beeo combed). equilibration bee occured and l 1: 1 mixture of 

1-0 uxl l&+W reoulte. l’bim equilibrrtloo pleye no important role if cue cagamdm m-e formed 

io l coooecutive racticm. It met be born in ml& however, tht only leaarm 5b+W end 8b(b’ 

(uoobacrved) M pmcureorr to tbe ca#ee &P and 11-P. Sioce thae cuw are produced in 0 hi5h 

yield (t%P, 9(t). equilibratim of the uwquetemery l elte io pruuqui~ltc. 

2) l’hio equilibration and cycllutiaa wme achieved with tbe ml1 mounte of axe cclpamd premnt 

becaume of the elcu (aad mereible?) l lkyletioe by met.lyl iodide. But it occurred elm0 when tbeoc 

uo cogoua& were added to tk fluorcborate l elte, u wu daonetreted for u-10 with 5a-Me’ and 

omll rounte of uo cagouod 5; after tm day8 et ma teqereture. the cue &P w famed 

wtltetively. 

5WMO%FP ’ 15’ ’ cnc’L 5-H”BF,e (*95x) (*0.16 5) 
r.1 I lOd 

9ero. 6 cmo act me l bmme and/or Y l nucleopblle. Eopetitioo of the experimat with 1.5 equivelento 

of 12 iaatemd of 5 revealed that ioto~loculmr mtbyl trumfer to tk uo group IO poomible. 

s 
1.5 -A- (12) 

c 
CDCI,I r.1 I5d 



After 10 mimrtr si@o corrupaadi~ to mu products vbra eppuat, emd l tt*r five dmye bt*r had 

bean putidly trautommd into cm#o br md partially daethyleted to th uo w 5. lo- 

tioo of Xi** iadicnta tbnt the rthyl gr* of uee’ b beak trrrimrsd to 12, dich thul 

cycloreverts into 13+W (vi& l rpra) and cyclopatdiem (polymerisal). kcrure of it0 hi& protic 

l eoeitivity.*b l a 13 is oleo pro&cad trot 12. 7bae* expettwots do oot aclu& an introoleculu 

1.2-•hitt of the rthyl group, l iocs 12 could also ut w l b. Rwrsfore, the tolfariag resction 

sequence ry ocw: deprotonation ot th uo-qusternuy l 8lt (ct. c o I), torrtion of UI iatarre- 

diste disziridine. ring openin(l mrd reprotonetioo of the i-c dipole. 

bt Doee met&l mtfletioo occur with tbs qumtunised b.ydru-? 
Thm tu no sign of ouch l mimtim has becm had; either the metbyletsd hydruooe (for &‘I. 

aodo-10, endwl7f camwt be isolated or the quaternired pyruolims is st&le f&l&-Mo*). 

c) k revcroibility of the [4+21 cycloulditim siulsto atbyl migration? 

If 6&W, for caqle. would cyclorevert, readditim tould afford the ioasr W-Me*. 7he SY hol& 

true for tbe bydruone deriwtivee. e.g. 17e• mnd 17MsI’. 7his possibility k not baa aprcludal 

so ter. In ths cue of the protoo catslyzed interconversion of $8asric uo caqwnbd h* 

s-, cyclorewrsion use detioitely ruled out .e Cyclorevarrion-addition cuurot be operstivc for 

and*7 and exe-7 because only en&7 stereospecific~l1y yielded the cege rogouaf 6-P. 

d) Why do ooly m of the qutrmlred btuoeyclaa t-rise? 

Trio qpmrm to be l question of hi&u tbemic ethiltty within l giw pair ot iocmeric 

heterocyclea. lorcc tield colcuiotione mveeld tbe follaiag eoquence: 6 l *7 (+3.0 kal/mol); 

14 l eodo-16 (-2.4 kcel/mol); 16 l oodo-17 (* 6.6 kcrl/mlf. kmxdiag to tbeoe ml&iv l t&ilittee. 

endo-7-W’ and endo-17-W’ remrrmnge wry rapidly ubereas endol6+te+ is perfectly stable. 

ef Do the cue capounds originate both fra the mthyl~tul uo caqoulab snd pyruolti? 

In principle pyrazolines ntbyletd at the I-positia, (m&-M* end endo-1-j could outfer an 

intrarolsculsr 1,3-dipolu ddition l tter dmprotooetim. tbemby producia(l tbo em cqo caporwl Y 

tra the N-methylsted uo isasr (S-W*, W* 1. With tbs pyrmxolines, knower, molaculsr mode10 

definitely show lsrger diotaoca between the intsractIa(: groups than uith the ccmpu&le uo cw 

pounds. BWida, the acidity of tbe rtbyi group should be knur it l ttsched to Sl et tJm pyru~ 

liaar. In additioo. endo- resrranaes on resction with methyl iodide after sae l inuta into 5 (&I#- 

HfR ccatrol). which trsnsfoorr ioto ca#e 6-B within sm day.. 7hio bobviour excludes direct 

torntiar of 6-P fro sck7Mb’. 

f) Wr do not sll the rtbylated uo brtw raoct uith tba lntrroleculv do&lo bond prasrat? 

7ba tact tht W clsllaly torr csge 6-p, ubercwu the simllu systw 14HW wl I_ sre 

ioert, io prob&ly &n to l teric trtore, i.e. th differat rin( sira of tbame retber rigid 

l ystw. IO cmtraet, 1-W. smd 2-W’ us tlalble ewugb to l dent tbe bat confoxmtion and hence 

bring the rmoctiag moietir clocrer. e 1 cbmnstmta sll tb possible rwctiom rlricb msy occur 

o slbylation. orglitied by ths ir 6sadaAo-7. After atbylotial of 5 Nld &7, the most 

iqortent stop is the iotrcarvsrsion of bsc’ spd a~&-7-W. by (3.31 - -t UKI isteP (ard 

Iotrs?-1 ~leculu mimtioo ot the rthyl pwp, vhich pr&&ly oceursbotmse+e+adsMc’ 

ooly. 7be co rrucutiva forntim of aye 6-P start0 fro SMt- ad mot ado-w. 
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?&$ l 2J 
end0 - 7 

for l peclel caguieooe the follorinc u-thy1 qwtennry ulto 18 - 21 4m cboea~. They wem 

qwtitetively prepued fra the correopondl~ uo w (18,‘b 19,’ 20,” 21“ 1 end ccI?oBI* . 

Due to the &eencn of l double bood. l t&le l elto l re fad, l l~llu to tboee of diue-bicyclo- 

beptene eBd -ochQe.‘O 

ElMQ. b8d NMR 
eroMl0 (or le @pll) 

Secwe of the queternired Weta, the cbaial rhifte of the ‘B- e0d “C-m l imle of the atar 
l t tba bri&&omd poeitioa cheer to the poeitive chrge em found at lower field thn the othere. 

Due to the do&lo bwd end tbe queternimd Wmta lo lW (ea 16 mod 2l+W), the diffemooee 

~8 of the bri&ebnd l igomlo (‘8. ~W-l@WI) em decrewed for the tlmau la cagulooa to the b- 

leaar. Ueing tbe - l rwte, the l imlo of the i-m IN bwe bra uelgned. Ae 

previouely motl&, mthyletlon of 5 to M’ lo r-led by tbe forrtioa of -11 mounta of 

cue 6-F. Sha oly ooe l et of l imlo for MC* io to be eeeo, it cu, be ~4 tht they bolw 

to ioorr W which cannot fom age 6-r dlmctly. k discue4 ebove, only endo-15 yielde u 

ieoleble methyl qwtornery ult fra the wriav bydruona qloyod. to whlcb l tructum ado-1Mc’ 

ten be uoigned tluo@ en nOr uperLrat. Irmdtetioo of the Patby m aben- the l ignelo 

of the protone 2e (8s) ud 7 (10%) ad ane protoo of tbe ethos bri&e (8L). drma the imioo 

proton I0 only l li&tly Inflwnced (2%). 
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fro the protocmtd cue coqraeKL 3-t. 4-F. 6-F and 11-F (type L-P ). potruim arboate 

libwmtr the rather umtdle base 1. This imt&ility pmbably orllirwtr tra tb vuy ~011 

dibedml qlo botm tin loa, p;lm in this by&rula derlvmtive camad by tb rigid cagm atme- 

ture. flexible dkyl hydrulor prefer l low aergy caaforrtlaa in dlcb tba two 1~ pairs l ttala 

a dihedral angle of bout 900 .I 1 In l (99ort of the propad 8tnwturr. la both tbr callam Eld the 

bvlr oo do&lo hoed could k drtoctd by l pactmocapfc rtbo&. AB ia to be oxpactd, ‘II- ad “C- 

#i-lo a-d in L and L-r are tba moat c&rutrirtic for the propand cqe l tructurr and cD svily 

be idantitiad. 7ha oburwd galaal coupllnS of J = 6-13 Ex. io both L sod W to(lotber with t= 

2.7-3.3 ill and S= 2.5-3.5 (L-E’), rapactively, b to be l ttrlbutod to the 8 ata* of the CIh- 

POW (paltim df. Becaum of tbe ~11 differwxmo of tbu cbaial ohif- which u1 alao found in 

the *W-H (L: &- 52-54. tP: 4= 5365). protocatloa abvlowly ocaro et 01~ nltrweo only, 

pmtsrring the structure outllnod in L-P. 

Signale of poeitioru l uxl c are to be expected to rbar t.ho l traagest IOU field abitt. C an be 

ibntifled by ito coupling pttom (wltlplet) IO tba cue of 3-W mnd 4-C and VW the 

hi&host cbaicnl shift; awigmnnto for &P sod 11-1’ have barn doae uxordi~ly. Within PVC 

proton 8b io uoignad the l rllwt ctwrlcal l hlft. 1JC signala of mitiooa a-c em found 8t 1+ 60- 

8OinfrB. but wsimta c8nnot be &tlnit*ly ot&li&ad. Oo daprotooatloo, tk 8ign818 are 

*hitted to bigher field. 

With athyl iodldo the buic cege 6 sully forr l quutomuy ult MC’. lkicb l bam ‘I@- 4 *JC- 

mR l ignala very l irilu to &P. nm rthyl group ia tbeawtoNl mousd to occupy the mm paition 

u the proton in tbo sawal structure L-P. 

CURT=1- 

A. ocpected. cwbocyclcr with uo bridga M k qwtemital by CcaOlW~ or rthyl iodide. If tbau 

w ioclubs urwturatd double bada in appropriate pooitloar, (l-k’, 2-(c*, f!WW. BMC’), 

pmtoo &traction (ct. C l B) or proton l hitt (cf. C l I) ~111 produce l 4fvtr clhicb undugoa 

an intrnolwulu [4*21 cycloaddltioo with tba do&a10 bani. thwwby torrill# 0 Mu typo of a#0 

c-c=, 4-P. &Y, 11-r ). In rigid eyatm the dfsteace b&men the two fuacti~l grow&w 

i8 rotbu critical, uc8nbaoeantral4b-W &l&-t&*, which rstwe to u&or* cycliutiak. 

Forrtiom of cagw 3-R sod 4-F trcr 1iW aad 2-W+. hamvtr, indicatea that the l tulc ratric- 

tioam are lao oewm than anticl~ted fra the c.a#s forrtion C 0 D reportd oulier.*r Systa ia 

which uo group ad double babd am l mn#al in l 1,5-paitloa to ooo another, occupy l special 

jaooition. Y t&y l e in principal capable of [4+2) cyclorwva~~ion (I 6 0 + H) and [3,33 raurrmge- 

mant fx*rt. Tbo tkydfmxone ioasrs can 81ao be wthylatd. Dapandlog 00 ths l puFl*l l tructur* of 

theme bydruooo, tbooe qustomuy *alto ue otti (aw%~LMc’) or they my sitber c+o-rt 

(endwlo+w l 9) or reurmngo to the qwtomlred uo-Ioaem (ad0-17Wb-WV l 16Ub-MV). low- 

tionotcu.cagacDb oo athylatim of hydruopr (endo- l bP )I procse& via (3.31 muran#c 

mt. In all oyu, two lomom can be formod by rtkylatior, of both tha uo aad the bydruone 

cwpo~~&. The uo quwtemuy molto hvc bran shwca to ilrtsrcoovart by iotemleculu atby1 rigrr 

tion (0.g. w, 1-j without acludi~ intrwoleculu plttnmyw. but l voldiw (4421 cyclorb 

varrion. 7hi8 i~rh~tloo axplaim um high yiehb of cya blr and ii-r, ubid cu) only uias 
fra one of the two Ioaric uo qutomuy ralto (M*, MO). 



bltiD# golot tmwe detenriad Uing a Iofhr ilrt_t ud arw corrected. IP: Perklo-llrr I&. 
uv: Porkin-ILur 330, ‘P od “c-m: Bnbkor rc#w) 200 ti (‘in/M) WL (“C) or Bruker woo w 
WIx (18)/loO l6x (‘W Standud: TNb Ul.00). C0Cla (7.26/77.0), CITY (1.9611.2, 117.8) or [b)-#K, 
fZ.MWO.6). KS: Quiu, HAT Clf7. Ilmtal amly~r, mere performed by the exmiytial ldoretory, 
Institute ot Iaor~c ChlNistry. Ihirwoity of MLrrburg. 

iIYFx?- 
for the methylatful uitb t*rsoat*: The ftembly pmpered (ecid free) trlrtbyloxo- 

uwe&rmte m &ded to u ice cooled rolutico of tba aso or mcswubd.Ibs 
multia e-pension YY etirwd for the period (iveo, while the ice bath WED l llamd to - to 

ZEcA~’ 
Tbe lwultia# clu l olutioa w filtemd, mod ttbx l olveot Yy ewmporated UQder 

. 

afel prm for tbm rthylattos uitb net41 iodib: &ehyl iodide VRm dropped to 0 8olutiar 
oi tbworltydmzumenpw#i*t romt~atwa. The rrctia - follwod by ‘8-Hl epectrw- 
l copy. kcee~ methyl iodide cod l olveat uwe eropormted at reduced preeeurw. 

fIr,Cr.4u.l~)-l,4.4e,5,8,&-BQc~&~2,S~~tr~t~l-l.4at~cyclobewe[d~~ridufDitr tstra- 
fluoroborete (l_Wp~): 80.0 m6 (0.454 rol) 1. 10 mL ClU&. 67.0 r(: (0.464 rol) )laJ06t~, 6 h: 121 
m6 [9Ql l-w&l4 Y 0 colourlue oil. III (tilm): 9 = 3040 a-‘ (C-B), 2970, 29t0, 28%. 2%O (C-B), 
164O (C=c), 1466, 1450, 13% (C(cBJ)1). 1286, 1266, 1225, 1200-%O (W*- ), 8%. 645, 756. 8%. - ‘R- 
)+(I (200 1%. ClhCN): t = 0.81 ud 1.21 (two l ; 6LT. -C&1. 2.06-2.4l ID: 4R. 5.6-H). 3.30-3.69 (8: 

4.47. (,; 36, we), 6.10(e; lH, ll81, s:&XLslr (8; &I; 4,~aj, s:rJsa*7a CD; iR; 
- “c-rm (50 1%. CD&It): t = 18.09 ti 19.33 (two q; -C&1. 22.62 cad 22.83 (two t; C-5.6). 

36.25 mad 38.74 (tuo d; C-+,8x), 63.50 (q; CX:&), 63.90 io; C-S), 34.29 end 96.22 (two d; C-1.0. 
124.6 unl 128.8 (two d; C-6,71. - m: n/L (51 = 1% (25, W-W*), 175 000, w--PP*c&), 109 (351, 
94 (561, 79 (87). 55 (301, 49 (50). 41 (57). - Anal. Colcd. for C~zH~ol)f~k (278.1): C, 51.83; R, 
6.89; N. 10.M. Pouod : C, 51.89; 8, 6.66; N, 9.S4. 

Il~.G.4r.10w~-1.4.4e.5.6.9.10.IO~t~vdro-2.ll.ll-tr~tbrl-l.4mtho~cYcloocte~dlmrldu~- 
ii& t&r*iluorAorete i2idai. )I 100 u iO.48S‘kl) 2, 10 mi. 

_ ___ 
CB&. 72.0 m-(O.46S ~1) tksO6I1. 

5 h: 146 m6 [Sn] 2-)ld)r4 es m colourlro oil. IS (film): v = 3O2O cs’ (=C-S), 2940, 28Bb (C-61, 
1640. 1625 (@Cl, 1466. 1460, 143O. l400. 13% (C(Clb)I). L2ea, l256, 1240, 1206, 12oo_9[w (It*-f. - 
‘8-M (200 #I*, CO~CN): C = O.&L mod 1.18 (two l ; ea. X-Ha). 1.16-1.56 (m; 3JU uxl 2.05-2.34 (B; 
58. 5,6.S.lO-6). 3.0w3.26 (m; TB. 4e.lDr%). 4.61 (0; 36, W-C&). 5.17 (br.s.; 11. 4-U). 5.55 
(br.8.: 
kt,. 

18. 1-R). 5.72-5.77 (a: 28. 7.8-R). - “C-MR (50 IQI. CD&II): t 2 18.50 rod 19.35 (two e; 
25138, -is.68 cad 27:ti (t&k t;- C-5.6.9,10); 42.88.(d; C-&j, 44.41 (d; C-108). j3.%-(0; 

n.ca,). 63.30 (8; C-11). 8.00 (d; C-41. 96.47 (d: C--l). 132.11 cod 132.45 (two d; C-7.8). - KS: 
m/z (t) = 216 (1. W-Wh). 203 (1. K-RBh-CR,), 177 (1, W-BF~CWI-NI*I), 109 (14. C&a’), gl 
(100). 67 (22). 54 (17). 49 (691, 41 (24). - &ml. Colcd. for Clr&zBFllh iM6.2): C. W.93; 8, 
7.57; N, 9.15. Taund: C. S4.46: A, 7.82; N. 8.61. 

ll.ll-Di~thyl-l-u~i~~~~t~cld7.3.0.~~7.~~~~.~~~*J dadecum iodide OHIf: 76.0 86 
(0.431 mol) 1, 0.50 BL CDcll. 164 m6 11.29 roll HOI. 8 d: 60.0 m6 [87%] S-KX Y li6bt yellow 
cryetelo, m.p. 20W2O3 OC. IR (KBr): V = 29%) art, 2870 (C-R), 2700. 2620, 2530 (N*-II,. 1464, 13%. 
1375 (C(CL)z), 1355. 1325, 1300, 1275, 1220, 1180, 1150, 1096, 1070. 1050. 92% 9Qs. WO, 860. 630, 

Eli, 
740. - ‘8-m (400 #e. CDcl~f: 4 = i.2O-1.44 (tuo l ; 68, -c&1. 1.67-1.70 fd; J = 16 6~. 1% 

1.78-1.82 (d; 1% 6”-il), 1.90-1.94 (dd; J = 13 Hz, J ; S Kr. 1H. 3’-R), 2.07-2.10 (d; 18, 
3Wlj, 2.72-2.75 (&; J = 9 it. 18, 8’-ii), 2.84 (br.e; 18, 7-H), 2.9)-3.00 (d; lR, a”%, 3.07 (a; 
1H. S-8). 3.32 (0: 2B. 4.10-R). 3.77 cm: Ht. 12-R). 4.61 (br.s: 18. 2-R). 11.70 (bf.a: 1s. W-8). - 
I&m ii00 wrt; cDcl;):~o= 19:13 rad l9.73.1two hI il*&1. 2$.46-d ii.53 (two t; C-3.6). 34.57, 
37.03 and 39.48 (three d; c-4,5.7) 48.21 (8; C-11). 6616.03 (t; C-8). 68.94. 69.17 =d 77.53 (three d; 
C-2,10,12). - (t1 = 1% (28, W-HI), 176 (MO. W-H!-C&). 126 (37). 127 (18). 93 (22). 63 
(If), 55 (6). MS; m:f . - -1. Calcd. for C~a&bltWI (318.2): C. a.30; 8. 6.02; N. 8.80. lo&A: C, 
45.10: R, 6.21; N, 9.15. C21.Om6 (0.0755~1) l-BWJ?r , 2.75 m (0.0151 rol) 1 (0.2 eqf, 0.50 .I‘ 
CWZN; l fter 21 d ‘If-m epectru ti only tbe protoo simela of 3-Il)ya end 1 (0.2 ~~11. 

13.13-Dimthvl-1-uoaibll-ruwPtmcldS.3.0.~* l .O@+‘*.Vu’*l tetreducwe iodide (4-HI): 41.0 u 
co:201 Dal)-2, 0.50 BL cDc11; 62.6 m-to.442 -01) 161. 21 d: 63.0 y [sit] 4-m u 1i&it YelIar 
cryetelo, l .p. 261-284 W. IR (K&j: Y = 2%O ~1, 2930, 2%0, 2880. 2860 (C-E), nm. 2610, 2610 
fN’-I?), 1475. 1460, 1405, 13% (C(c&)a). 1310. 1210, IO%. IOlO, 966. - ‘S-m (400 I%, c=l*): 4= 
1.19 urd 1.54 (two l ; 6R. c&j. 1.78-2.13 fm; 88, 3,4.7.8-R), 2.63-2.68 fm; lR, S-81, 2.74-2.83 
(m; 1, 6-S). 2.=-2.67 (dd; J = 13 Rx. 3 = 6 6x, l.6, 5-R). 2.% (0; 18, 12-R). 3.30-3.34 (d; J = 
13 6x. 16. 10’~6). 
11.29.(br.;; 

3.44-3.49 (dd: J = 6 Es. 
iFI, .&-?I). - ~w-mii (1% Nix- 

lx. lo**-a). 3.59 (e; 18. 14-w. 4.39 (8; li3, 2-a), 
cm%): t= i&.43. 17.09, ti.77 a&d 23.98 (four t; c- 

3.4.7.6). 21.85 (q; 13+Ib), 29.65, 36.21 ud 42.76 (three d; C-5,6.9), 50.34 (0; C-13). 52.89 (t; 
C-10), 60.47, 66.25 end 74.15 (three d; C-2.12.14). - Cs: B/L (t) = 216 (66. K-RI). 203 (100, CT- 
81X!&), 138 (11). 128 (41)‘ 127 (21). 121 (101, % (22). 63 (32). 67 (19), 65 (161, 41’(19). - 
AMl. CelCd. for ClrI#~sX)(l (346.3): C. 48.S6; H, 6.70; N. 8.09. Fd: C. 49.03; it, 6.92; N, 8.16. 
(1eS r[ (0.614 molf 2+i&lr. 2so 86 (0.122 ral) 2 (0.2 eq), 0.50 mL CDJCN; after 64 d lR!UR 
l pectrur &No only the proton l igml8 of 4-EDye uxi 2 (0.2 eqil. 

(lr,(k,4~.7w)_(,4a,S,7~T~tr~~~3~8,8-tri~tbyl-l,4~thno-l~cyclopent~~dlpyridufoi~ tam- 
fluoroborste (IMYII): 6O.O ~6 (0.X8 -1) 3. 25 mL CBZla, 456 m6 13.06 roll @h~ol?*. VC, 2 h: 
80.0 m6 (SS@] of l mixture of 5e-&W~ end 6-RIa (SO:lO) Y l colwlee8 oil. IP (film): V = 3100- 
3000 u-8 (=c-H), 3OOO-28% (C-H), 1475. 1460. 1460, 1440. 1430 W=N), MOO. 1390 (C(Clbh), 1290. 
12OO-80O (By*- ). - 18-JUt (Qmribn l@l 390. 90 reS, CDCla): C= 1.00 UK! 1.30 (two a; 6% -C&j. 2.2D- 
2.50 (m; 26. 7-U). 3.SO-3.90 md 4.10-4.40 (two I; 28. h.7~R). 4.48 (a; I-Cib). S.S0-5.70 (d; 
IR, H-CR). S.70-6.00 (m; 3lE, =C8, YcR1. - &ml. Celcd. for CtrihvBF*k (264.1): C. 50.03; ii. 6.49; 
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N. 10.61. lewd: C. 45.32; 8. 6.l6; I, 11.04. 

10.l0-Dimthvl-l-uooit~~~l~6.3.0.~~~.~~”.~~’] undecaa Lodib (6-n): 446 u (2.74 

dl, 6, 4 AL Cmx,, 1.17 6- (9.16- -1) eCI, 5 d: 760 u [SlSl bm Y yalla mtmlo. &&al- 
tioo aftor 6PC; furtbat pvifiatim uam’t l wxxooful. [241 m (1.63 d) ?&ale. 526 w (3.26 

-oil 5. 3 mL CEIla. 2 d: dta raroval of arcooo 5 269 a (ml bEk YNI obtalmd / 100 u 
(0.379 ml) bdyI4. 10 m (0.080 ~1) 6 (0.16 oqP). 1 mL CDCL: aftor 10 d il?-IWI l pctnm don 
only tin protoo l ignalm of e-k md 6 (0.16 epl / 40.0 u (O.MO -11 -14, 0.40 rL CDcla, 
40.0 m6 (0.210 Doll 12: after S d . lirturo of 12. bF. 6. 13u. 13 4 c*cl~ta&mo polywr 
w ob8Orv.d. utiliairy ‘8-m [ chuactarimtic l i6aalo (utbyl *oup): 12: 0.36. 0.75 mod 1.55. 13- 
Ibe: 1.35. 2.20. 3.50 sod 3.m. 13: 1.15 aad 2.20. gr: l.D5 rd 1.301. -4: II (filB1: u = 3660 
a-‘. 3360 (RR). 3000-2900 (C-R). 26&l-2500 (R.-R). 1460. 1390. 1360~1350. 1330. 12&5. 1255. 1245. 
1200&O CBi.- ). -~m8e(ioOi&. cm,):~ C: i:lS sod 1.34.(tuo ;; 6R;-Clb,; 1.93:1.96 id; J 1 
12.5 Rz, 1H. 3’-R). 2.00-2.04 (dd; J = 2.5 Rz, lR, 3”-Hl. 2,77-2.81 (m; 18, 5-R), 2.93-2.m (d; J = 

6 Rz. 1H. 7’-H). 2.96 (a: 1R. 6-R). 3.11-3.13 (d; 1R. 7” -RI. 3.18-3.20 (d: J = 8 %. 1R. 4-H). 3.21 
(a; -1H: 411). 3.74 (.f 1s. 11:ii,. 4.23 (0; .lR. 2Gl). 11:u (br.m; 1s. n*-II,. - i;c-ti (loo ml. 
CDCla): b= 20.61 and 21.13 (two q; -CIb. 29.32 (t; C-31, 42.71 (a; C-101, 41.09. 43.81 ad 30.00 
(three d; C-4,5.6). 55.31 (t; C-7). 74.73, 79.28 and 92.69 (Uurs d; C-2.9.11). - m: D/X (tl = 176 
(29, K-RI&). 161 (58, K-RD?~CIb). 83 (1001. - Anal. Calcd. for Cir&rIl?eRa (264.1): C. 50.03; R. 
6.49: N. 10.61. louad: C. 50.69; 8, 6.70; N. 10.79. 

Methylation of endo- with Me~0Ily~: 50.0 a (0.309 roll eado-7, 7 mL CRCl>, 45.5 l 6 (0.308 loll 
tka(YP*, 5 d: 59.0 w [73f) m?e Y a dark bram oil. 

tkthylation of to&~7 with &I: 104 r( (0.641 Doll &7. 0.50 BL Cm%, 14a u (1.04 roll IbI. 
iH-M6t l poctrua after 6 d l hamd only tbo protoo s16aalo of 6R’. 

Ibthylation of am-7 wltb Mea06F1: 97.0 u (0.536 -1) auo-7, 10 mL CRxr, 79.0 a# (0.536 -1) 
waoD?*, 1 d. Only dec~itloo yu oboemod in ‘R-m. 

Methylatioo of excr7 witb MeI: loo Dg (0.616 DoI) 0x0-7. 2 mL CDClr. 262 a6 (1.85 -1) WeI. 10 d. 
Only decwition IY obmervod io ‘R-m. 

Wsthylatioo of 8 with t4aaO6F1: 
PC; 

loo u (0.567 ml) 8. 10 mL CRClr. 64.0 u (0.567 ~11 NmO6F~. 
2 h: 80.0 a6 Mya aa colourl&a crymtala, which coatmio ml1 mow& of 8 aad ipuritias; 

‘6-M (200 mz. CDClS): t- 1.49 (m; 68, -Cue). 2.30 (0; 3R. cm). 4.00 (m; 3R, c&l. 9.03-9.05 
(m; 1R). 

Methylatioo of cndo-10 with MmO6ye: 100 u (0.567 lrol) mdo-10, 10 aL CDClJ. 94.0 u (0.567 Doll 
nblO6Fa. OOC, 2 h: 103 m6 (9s\l Ml4 Y colourleoo crymtala. 

9.l0,l0-trimthyl-l-uonit~ua~t~cld6.3.0.~~a.~~”.OI~~l uadocme iodide (11-M): 217 ~6 
(1.23 ml) 8. 5 aL CR%. 524 m6 (3.69 roll M.1. 20 d: 504 u 11-RI u dark bran, oil; furtbar 
purification wn’t successful. - ‘H-m (200 1Qlt, CDCla): 6.. 1.05, 1.08 and 1.23 (three .; 98, 

*IL ) * 1.85-1.90 (d; J = 11 Rs. 1R. 3*-P), 2.07-2.14 (D; 2R, 3” ,5-E), 2.46-2.63 (a; J = 6 %, III. 
T.-H), 2.91 (br.a; 1H. 4.H:. 3.10 (0; 1R. 6-H). 3.16-3.19 (d; 111. 7”-II), 3.74 (a; 18. 11-R). 4.u) 
(s; 1H. 2-H). 10.66 (br.e; lR, R-R). - “c-Mt (50 mz, CDCls): t- 11.92 (q; 4cL). 19.07 aad 
20.42 (two q; lOC:a), 29.66 (t; C-31, 42.41, 46.78 mod 46.93 (thma d; C-4,5.6), 44.64 (m; C-10). 
52.94 (t; C-71. 71.83 and 79.29 (two d; C-2.111, 61.21 (a; C-91. 

Metbylation of undo-10 with MeI: 30.0 u (0.170 mol) ondwl0. 72.0 D# (0.510 mol) MeI. 0.50 l L 
CDCl>, 4 d: 57.0 u of a mixture of 11-RI aad -1 (69:31). 

Cyclorovermioo of 12 ritb trifluoracotic acid yielded 13-R ad cyclopatadiaoe: 114 u (1.00 ml) 
trifluoracetic acid mere dropped to m ice cold l olutiai of 181 mg (1.00 -11 12 io 0.50 mL CDcla; 
within 2 h aa oquilibriu betwa 12 aad 13-P. cyclopaatadiae 40:66 w l ttaimd, ubicb l boned no 
change after e period of 65 h wcordin6 to ifI-Mt. 

Raactico of 12 with fluormulfonic acid atbylrter to 13w d cyclopcmtadimm: to an ia cold 
solution of 225 u (1.21 loll 12 in 0.40 mL CDCla won dropped 160 u (1.80 roll fluoroulfmic 
acid wtbylater. After 14 h at roa tqsrature, cagleto cyclorovar8iai of 12 ham acbiewd yiel- 
ding 13w and cyclopentadiene polymer. - ‘R-mm (200 m. CDClr): (= 1.48 (a; 6R). 2.30 (a; 
3A). 2.63 (D; 3R). 3.95 (a; 3Rl. 

Metbylation of 14 with &I: 27.0 u (0.153 mol) 14. 0.50 mL CDCl,. 66.0 u (0.459 roll NOI. aily 
decmition warn oboervad in ‘8-M within 20 d. 

(lo.Qr.4r.Br~-1.4.4a.7.8.~-Rew~b.o-2.9.4trirthyl-l.4~-rtha~phthluiniu tatrafluoroborrte 
(lwlel mad (lr.4r.4w.8r~-1.4.~,7.8,~-Hot~r~3,9.4trirtbyl-l.4mt~t~l~iniu 
tetrafluofobormte (lSl*): 61.0 m6 (0.469 -11 14. 10 mL CDCls. 68.0 u (0.469 mol) bolF4. 3 
h: I27 u (-1 14-(Y?e am a yellor oil (a:b = 8):16). *R-IUI (200 NIs. CDaCR): a: C= 0.87 ad 
1.22 (two .; QI. X&j. 1.36-1.58 (D; 2R, 6-61. 1.76-1.93 (m; 98. 7-81, 3.44-3.51 (m; 2R. 6,7a-Rl. 
4.42 (m; 3R. PCIb). 5.30 sod 5.64 (two br.a; 2R. 1,4-9). s.m-5.86 ad 6.03-6.11 (two a; 2R, 
5.6-H). - b: 6 = 4.55 (s; 3H. N*CH,l. - “‘3-m (50 NIX. CDaCR): a: CL 18.80 ad 19.29 (two q; 
*:b 1. 21.86 (t; C-8). 23.59 (1; C-71, 38.50 and 39.93 (two d; C-4a,fta). 53.79 (d; N.-C&). 62.74 
(a; C-9). 93.31 and 94.36 (two d: C-1.4). 123.7 and 134.8 (two d; C-5.6). b: 6 = 92.80 (d; C-l). 
96.19 (d; C-4). 124.3 aad 132.0 (two d; C-5.6). 
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~3,~.4.7-7ot~~3,3.Btrirthyl-4,7-et~opyruoldl,6-~)p~idtniu iodide (&16-&I): 
438 w (2.60 -1) a&Fll. 2.0 BL C8xa. 604 u (4.26 -1) WSI. 1 d. Tba vellcv reside uu ulmd 
4th axtam ad dried for 4 b (l@lzDC) l t rdvcd prwour; (0.01 lk&) to give 530 w [64%1 
~l&@h@h ~~mc&urlu crymtalo. =.p. la-1-C. IR (Dr): v= 3060 a-‘, 3040. 3030 (=C-El. 3000, 

1636 (C=ll). 14aO. 1470. 
1170: 435, !lu3. k%, 7%, 770, 740. 

1466,1440,13%, 1366,1315.1305. 1276.12%, 122.5. 
- 19-m (400 mta. [L)-rn): 4 = 1.21 ab 1.38 (two l ; 6?l. 

+=b). 1.30-1.38 md 1.46-1.53 (tno =; 26, 
(br.e.; II, 4-R). 

9-8), 1.%-l.% mod 2.41-2.52 (two r; a. lo-B), 3.08 
3.56 (0; 36. Pa), 3.92 (a; 11. 3m-6). 4.7H.a (br.m.; 16, 7-8). 6.19-6.23 

ad 6.60-s* (bra t; a, 6.6-w. - ~w-mm (100 m. [&I-mmo): c= 18.05 (q; -a$), 19.07 md 
19.20 (two t; C-9.10). 27.01 (q; a), 31.18 (d; C-4), 62.40 (9; )cXl!s). 54.% (m; C-2), 64.43 (d; 
0-h). 80.13 (d; C-7). la8.8 (d; C-6.6), 134.6 (d; C-5.6). 173.3 (d; C-2). - W: ~/a (t) = 191 (0.1. 
P-1). 
51 (18). 

176 (1. ct-I-C&). 142 (90). 127 (34), 109 (61). % (41. CshNa’). 79 (100, Glh’), 66 (18). 
42 (22). 39 (27). - Anal. Calcd. for ClzkoIlb (318.2): C. 45.30; N. 6.02; N. 8.80. ?d: 

C. 45.14; 8, 5.89; N. 8.87. 

~3.3~.4,7~etr~r~3,3,~tr~t~l~,7-0~ 
&lMYh): 96.0 r (0.546 Dal) aMkFl6, 

oldl,5alpyridiaiu tetraflwrckwmte (a- 
10 mL CDcla. 80.6 w (0.545 ml) WslOb?a, 1 d: 134 w 

[SW] adwlMy?a as colourlro cxystmlo. n .p. 187-189pC. 

Hatbyl~tion of 16 uitb MeI: 20.0 u (0.135 ml) 16, 0.50 mL CDCl,. 21.0 u (0.148 lol) MeI. 
Caglete witleo w observed in lll-M6l miter 1 d. 

(lr,~.4r.7u)-4.~,7,7~Tetr~ydr~2-utbyl-l.4-etbur~l8-cyclopanta~d]~i~lniu tetraflwmzbo- 
rmte (18t*dFe) sod (lr.~.~,7r)~,~,7.7~-Tetrrbydr~3-rst~l-l,4-et~l~~clot~dlp)li- 
duiniu tetrafluotabor8to (l-I*): lo0 w (0.675 ~01) 16, 10 n L CEla. 100 w (0.675 ml) 
meoo6r~. 1 d: 187 u [9cRl lM(dla ” liabt yellor rxntmlm Im:b = 62:36). ..o. lS12!PC. .. TR 
(Dr) : Y z mo a-l-(&Rj, 

_-_ _-- _. 
2940, 2910 cc-II,: 1640 (CC). 15%. 1500. 1460. r;k (C(Clla)I), 136G, 

1300. 1280. 1266. 1200-960 (B?*-). - ‘I)-- (490 =z. CDsCN): a: 4 = 1.43-1.50 1.81-1.87 (D; 16). 
(=; 16) =d 2.08-2.34 (B; 36. 7,8.48). 2.S2.66 (B; 18. 7-8). 3.11-3.17 (m; ln. 7-l). 3.62-3.66 
(=c; 1R. &R), 4.34 (m; 38, CXlb). 5.4G5.47 (B; 18. 4-E). 5.61-5.64 (m: ill) mod 5.77-5.80 (DZ: 
16. 5*&E), 5.93-6.94 (br.m.; 16. 1-R). - b: 6 = 1.52-1.59 (w; lR), I.&-l.ti (DC; 111) md 2:0& 
2.34 (w 38, 7,8.+H), 2.67-2.74 (m; 18. 7-R). 3.11-3.17 (m; 16, 78-R). 3.62-3.66 (Dc; 1R. 4bA). 
4.55 (a; 36. )rce,), 5.40-5.41 (m; 1H. 1-E). 5.54-6.57 (B; 16, 6R), 5.61-5.M (m; Ill. 5-R). 6.12- 
6.14 (m, 16, 4-M). - “C-m (100 Nlz. CD’CN): l : C= 23.14 mod 23.60 (two t; C-8.9). 39.01 (1; C-7). 
40.54 (d; C-7m). 53.72 (d; C-b), 68.61 (q, N’clb). 74.83 (d; C-1.4), 127.9 axl I%.5 (two d; 
C-5.6). - b: C = 23.09 mod 24.76 (tw t; C-8.9). 38.94 (t; C-7), 41.13 (d; C-7a). 52.16 (d; C-4a). 
59.25 (q; PC&), 73.33 (d; C-l), 76.97 (d; C-4). 130.0 sod 134.0 (two d; C-5,6). - #I : m/x (t) ; 
162 (31, P-IQVa)), 150 (47 M’-B?.-C&*R). 97 (48). 91 (35). 83 (%), 80 (58, GRIC’). 66 (48, 
Crib’). 57 (100). 49 (60). 41 (59). - AMY. Calcd. for CIUEISW~NI (260.0): C. 46.04; 6. 6.06; N, 
11.20. louod: C. 47.96; 6, 6.41; N. 10.9). 

Nmtbylat ion of axlo- vi tb ))aOWe : 48.0 w t0.m -1) axkFl7. 6 rL cxll. 48.0 a (0.3u Dal) 
k~%l~. 1 d: 73.0 a [s(nl lg*JIa Y l light yellow pvte (a:b = 32:68). 

kaylatloll of mndo-17 witll k1: 52.0 ly (0.361 Dal) 617. 0.50 rl CDClI. 56.0 w (0.386 Dal) 
)(sI. -itleo - obmorved witbin 4 d in 16-H. 

~1~.~.~.7r)-4.~,5.6.7.7tBax~2.8,8tr~t4lwt~l~cycl~t~d]pyriduioiu tetrt 
flwroborute (l-la): 32.0 (0.1% rol) y 18. 5 IL CBClr. 29.0 (0.1% rol) w Ib06la. DC. 1 
b: 48.0 u [93X1 1MuIa am l colourlau oil. - Ill 
1460 (N=N); 1406. 1360 (C(Cib)r), 1290. 

(fllr): V- 3000-2800 a-1 (C-RI. 1480. 
1260. 1260. 1206-600 (BL-). 

1460. 
- ‘R-tWl ivariia D4 i90. ti 

m, COCla): t= 0.90 and 1.25 (two .; 66. C&). 1.36-2.00 (m; 66. 5.6.7-E), 3.n-3.73 (m; 26, 
&*7*6) 0 4.68 (B; 38. N’clb), 5.46 (d; J = 3 6x. 18. 4-E), 5.59 (d; J = 2 6~. 18, 1-E). - “C-M 
(100 NIX, CDClr): 4= 18.46 aA 19.40 (two q; XRa), 8.78 aad 27.10 (two t; C-6,6,7), 27.07 (q; )c- 
CB,). 46.91 (d; C-4a), 46.21 (d; C-7a). 53.34 (m; C-8). 91.66 (d; C-4). 93.23 (d; C-l). - B: m/t 
(8) = 178 (5, FP-IElk)), 183 (10. K-llBlaUb). 107 (100). - Anal. Calcd. for CIIEI~B~~NZ (266.9): C, 
49.68; 8. 7.20; N. 10.53. loud: C, 47.73; 8. 7.05; N, 9.70. 

mtbaoo-lRcyclopaet~d]pyriduini~ tetraflwroborate (lBsy?a): lj0 u (0.729 -1) 19,. lS rL 
CllClr , 1% u (0.729 al) )Isoow~, 4.5 h: 1% u [9681 l-I4 Y li&t yellow cwtala (8:b = 
80:20). ..p. 144-1-c. - IE (KBR): v = 2960 CT’, 2870 (C-R). 1440. 13%. 1380. 1336. 1300, 1w%O 
(Bra- ). - ‘E-ma (200 ws. CDaCN): a: 4 = 0.77 (a; 38. a), 1.01-1.25 (m; 28. Ml). 1.13 CD; 36. 

~)i.;‘;~:::~;: 5.27-5:29 28. 5 7-E). (d; 1.81 J = 3 (a. k, 36 iR I-C&), 4-A) 3.22-3.33 - b: 8 = 0.73. and 3.41-3.56 1.13 mod 1.72 (two B; (three 29, 4a,7rR), l ; %, 
Clb). 4.47 (e; )rclb). 5.63-5.64 (d; J = j.5 ilz. lil; l-ll).- ‘JC-wa (50 mx, CDJCN): .: 4 = 11.12. 
17.17 sod 18.45 (tbra a: Clb). 25.M. 26.76 sod 27.66 (three t: C-5.8.7). 47.28 and 62.16 (two d: 

(d; -C-4). 
. . 

C-4a.7a). 53.81 (q; w-&b), -68.70 (;; C-8). 94.81 97.54 (a; 
. . 
C-l). - b: 4 = 9.61. I+. ii 

ubd 19.10 (three q; C5). 25.41. 26.53 mod 27.38 (three 1; Cd.6.7). 4T.19 md 51.33 (tuo d; O- 
4a,7m). 51.16 (q; lPX&). 68,lE (0; C-8). 91.10 (d; C-4). 100.3 (m; C-l). - )15: m/z (8) = 192 (0.4. 
IV-%?*). 180 (4. rca?a-aia+R). 163 (2. K-Bra-Xlb), 148 (2. Ic-BIa-3cR,), 136 (9). 123 (8). 111 
(16). 97 (14, Ca&)(r*). 87 (100. Cslh’) 53 (39), 41 (37). - AMY. Cmlcd. for CIZR.IBF~)(I (280.1): 
C. 61.46; 6, 7.55; N. 10.00. PowA: C. 61.22; 8, 7.30; N. 9.73. 
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(Ir.4r.4r.7r)-4.~,5.6.7,7o-Hac~~~l,2.4,8,8-~t~thylat~l~looat~dl~tduiaiu 
totrafluorobomte (WI4 ): 32.6 a (0.220 -1) 20. 0.40 rL CDClr, 33.0 m (0.226 rol) nbah, 
24 h: 63.0 m [gn] Wa m li6bt pllo, crystal., B.P. 132-133W. II (EBr): V = 2960 61, 2860 
(C-H), 1460. 1456 (R=N). lm. 1360 (C(Ck)r). 11~1000 a (BFa-). -‘ll-l#(krla#sgo,9oIlr. 
CD&): 4= 0.61 (#; 3Ii, +I&). 1.06 (0; 38, X&j, 1.241.90 (B; 6a. -1, 1.72 (a; I,*), 1.78 

(0; 38. WCs). 3.m3.30 (m; P, 4a. %-El. 4.46 (a; 38, WC&). - *al. Calcd. for CI s5rBF*Nz 
(294.1). c. 53.08; H. 7.88; N. 9.62. ?ouad: C. 53.06; 8. 8.16; N, 9.11. 

(l~.4r.4er.7eo)-4.4a,5,6,7,7a-~x~~2~thyl-l,4-et~l~~cl~t~dl~l~t~i~ totrmflw 
roboratc (21*?*): 57.0 I* (0.379 roll 21, 10 rL Cecl~. 56.0 D# (0.379 101) kO6Fa. 1 d: 94.0 
u (98%) 21-a u light yslloc crymtah. l .P. lOSllsOC. IR (Dr): V = 2980 es*, ?870 (C-H), 
1440. 1396. 1315. 1300, 1285. luo. 1200-960 (Bra-). - ‘R-W (200 le. C&ao): 4 = 1.43-1.54, 1.68 
1.80. 1.92.2.09. 2.11-2.33 (four m; loll, 5.6.7.8.4-E). 3.07-3.12 (B; 211, 4a.7~01, 4.64 (a; 311. W- 
C&J, 5.66 5.68 (d; 1H. 4-R). 6.19 (br.0.; 1H. 1-W. - ‘JC-m (50 c%, ChOD): C = 23.60. 24.75 aad 
26.15 (three t; C.5.6.7). 31.54 and 32.17 (tro t; C-8.9). 45.63 (d; C-W, 46.14 (d; C-7a). 58.87 
(q; N’-CRY), 74.68 (d; C-4). 76.10 (d; C-l). - I*s: D/Z (t) = 166 (24. M’-BFa), 152 (41). 150 (3. W- 
BF.-Ck). 122 (10. H’-BFI+X-NZ), 93 (32), 83 (MO), 67 (45. Csb’). 56 (62). 41 (45). - -1. 
Calcd. for C~OHITBFINZ (252.1): C. 47.65; R. 6.80; N. 11.11. Formd: C. 47.86; 8. 7.01; W. 10.76. 

&nar81 pradum for the bprotmttoa of L-B : 
L-8’ in CHCl> baa l bakcn with an v aolut10m of hCOl. ‘The or6aaic lmyu mm dried war tech 
and the l olvmt w evaporated. 

ll.ll-Diwthyl-l.9dirapcnt~yclo~7.3.0.~~’.~~~’.~~~oldodmne (3): loo m6 (0.314 -1) 3-m; 
13.0 y [ml 3 u colourlam cryatalm. rH-BNl (200 eRr. CDCl>): t = 1.10 aad 1.36 (two .; 81. 
.Cb), 1.36.1.41 (d; 1H:. 1.56-1.61 (m; 2R) ami 1.78-1.84 (d; J 2 12 %. 18. 3.6-R). 2.31-2.37 (m; 
2H. 5.7 H). 2.55-2.59 (d; IH. 4.-H). 2.59 (0; 1H. 10.-H), 2.85 (0; IS, 12-R). 2.%-2.96 (d; 12 Rz. 1R. 
R.-H). 3.O4..3.10 (br.d; 1H. R” .+I). 3.66-3.71 (DC; 1H. 2-R). 

l3.13-Dirthyl-l,ll-diazupent0cyclo[9.3.O.~~ ~.W~~*.~~~~]tetradecana (4): 50.0 D# (0.144 -1) 4- 
RI; 20.0 m4 4 u li6ht yella oil. ‘R.I+Q) (ZOO mlz. CDCIJ): & = 1.09 and 1.46 (two .; 6R. <lb). 
1.62 2.10 (m: 8H. 3,4,7.&R). 2.43-2.58 (m; 3R. 5,6.+-A), 2.60-2.61 (d; J - 2.5 Rr, lR, 12-R). 2.93 
(s. 1H. 14-H). 3.Oe3.12 (d; J = 13 Hz, 1R. IO’-H), 3.21-3.32 (ddd; J = 6.5 Rx. J = 1.5 Rz. 1R. 
lo”-H). 3.71-3.77 (DC; 1H. 2-H). 

l0.lO~Dimethyl-l,8-dia;apcmtacyclo[6.3.0.W* ~.O’~“.O’*‘]tmdwane (6): 289 y (1.09 ~01) 6RI; 121 
u [42tJ 6 am colourlew crystals. m.p. 40.4lOC. IR (CDCl1): u = 2980 a-‘, 2960. 2940 (C-W, 146O, 
1450. 13%. 1370 (C(Clb)3). 1300. 1240, 1200. - ‘H-WW (400 MIS. CDcla): C= 1.06 and 1.36 (two 0; 
6R. -Ck 1, 1.53-1.56 (d; J = 11 AZ. 1R. 3.-R). 1.641.70 (dd; J : 2 Hz. 1 H. 3”-R). 2.192.22 (m; 

1H. 5-H). 2.5S2.63 (B; 2R, 4,6-H), 2.69.2.70 (d; J : 6 Ht. 111. 7.-H). 2.71 (0; 1H. +R). 2.81-2.83 
(d; lH, ?“H), 2.fl4 (s; lR, 11-R). 3.29 (0; 1H. 2-R). - ‘>C-m (loo NIX. cDCl>): 6 : 21.59 a0d 
22.13 (tyo q; -C:b ), 29.83 (t. C-3). 43.45 (a; C-10). 41.51, 44.BR and 50.% (three d; C-4,5,6). 
54.44 :t; C-7). 68.26, 77.30 and 80.03 (three d; C-2.9.11). - MS: m/z (t) = 176 (35, W). 161 (66. 
W CR.,). .. Anal. Calcd. for C11H1elh (176.3): C. 74.96; R. 9.15; N. 15.89. Found: C. 75.31; H. 9.40; 
N. 16.20. 

9.10.10-trimethyl-1.Bdluapentacyclo[6.3.0.0 ‘~‘.O’~~~.O’~~Jundecane (11): 504 ~4 (1.58 rol) 11-81; 
300 u [lo\] 11 u yellon oil. ‘H Mm (200 Wk. CDCII): 6 = O.%, 0.96 and 1.18 (three l ; 3H. -Cb). 
1.55-1.62 :d; J : 11 Rz. 1H. 3’-H). 1.6Sl.76 (dd; J = 2 Hz. 1R. 3”-H). 1.8Sl.94 (m: J = 6 Rr. IR. 
4-R), 1.94 (m; lR, 6-k). 2.56-2.j9 (d; 1H. 5-H); 2.68-2.71 (a; J : k.Rr, 1R. 7’-Ii); 2.77-2.8i (d: 
1R. 7”.H). 2.91 (0; lH, 11-H). 3.45 (a; 18. 2-H). - “C-Ml (50 Wlz. CDCl>): 6 . 12.73 (q; WIta). 
19.81 and 21.53 (two q; 10-C&)), 30.31 (t; C-3). 43.%. 46.22 and 50.28 (three d; C-4.5,6). 45.26 
(a; c-10). 52.04 (1; C-7). 67.66 and 76.40 (two d; C-2.11). 80.40 (0; C-9). 

1.10.10 Tr~wthyl-l.8-dlar~pentacyclo[6.3.0.~~~.~~~~.~~*luodsc~iu iodide: 100 m (0.567 ~01) 
6. 0.40 l L cDC11, •YCC~~ of *I. 30 min: 171 mg [%%I of yella* cmtalo, aitioo after WC. 
IR (CDClx): V = 3000-2800 ~1 (C-R), 1455. 1440. 1396, 1370 (C(CRa)I), 1310. 1280, 1260. 125O, 
1240. 1150. 1030. - lH.IUR (400 e(Rr. CDCla): 6 = 1.17 atxl 1.48 (two a; 6H. <lb). 2.04-2.0 (dd; J = 
3 Hr. 1H. 3.-H). 2.55-2.58 (d; J = 12 Hz. 1H. 3”-R). 2.88-2.91 (B; lH, 5-R), 3.01-3.04 (D; 2R, 
7*.6-HI. 3.25-3.28 (m; 2H. 4.9-H). 3.44 (e; 3R. CCb). 3.70-3.73 (d: J - 12 6x. 18. 7”-H). 4.13 
and 4.58 (two a. ZH, 2,11-R): - iV-l#l (100 ret, CDCl;,: 6 = 21.4j &I 21.71 (iw, 9; ClI~);~28.83 
(t; C-3:. 43.82 (m; C-10). 49.86 (q; CC&). 40.%. 44.94 and 51.07 (three d; C-4.5.6). 54.98 (1; 
C-71, 79.83, 85.34 and 90.58 (three d; C-2.9.11). Anal. Calcd. for C~zR~rIlh (318.2): C. 45.30; R. 
6.02; N. 8.80. Found: C, 45.39; H. 6.20; N. 8.67. 
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