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Abstract. - Unesturated aso bridged carbocycles 1}, 2, 8, 8, 12, 14 and 16 can essily be
methylated with MeaOBFs or Mel. Depending o structural and steric requiremsents and the
anion, the quaternary salts obtained are stable (l-¥Me*, 2-3s*, SaiGs*, l4a/D-Me’, 168a/D¥e’
with BF¢"), undergo [4+2]) cycloreversion (8a—ile*, 12-Me*) or intramolecular (342] cy-
cloaddition after intermsdiate deprotopstion, whereby the unusual hydrazine derivatives,
the cage compounds 3-E*, 4-8B°, 6B and 11-B* are formed. Systems which contsin the N=N and
C:=C function in 1,5-positions are isomeric with their (3,3] rearrsangement products, the
hydrazones sodo-7, endo-10, endo-18 and endo-17. Methylstioo of the letter provokes the
samwe consecutive reections as for their azo isomers. These have been demcostrsted to be the
crucial intermediates for the formmtion of cage compound (e.g. endco-To—¥e* & Sd-Me* ¢
6-8*). Intermolecular methyl migratioo of quaternized azo compounds bas been established,
expleining the high yields of cage compounds which can be produced by the “b-series™ ooly.

GEDERAL REMARXS

Recently, we descridbed several exemples of the pew rigid system B which, beceuse of laticyclic 1,5~
conjugetion between the parallel C:C and N=N bands, exhidbit same unusual properties.* The double
bonds in B are ideslly situated for transanbular interaction and, as s coosequence, both the n_-V.*
and the ¥_-¥.* transitions are conducive to an intrmmolecular [2+2) photocycloaddition (A).48.4e¢.8
In sddition, N-alkylation - even with Me;OBFs - afforded cage campounds of structure D retbher than
the expected salt C. This intrasolecular ring closure is believed to proceed from C by either ove of
two possible mechanisms: deprotopetion to give B, followed by a concerted 1,3-dipolar cycloaddition,
or iscmerisatioo to the hydrazonium ion ¥ and cyclosddition.¢f
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Dedicated to Professor Ted Taylor on the occasion of his 65th birthday,
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RESULTS AMD DISCUSSION

» INTRAMOLECULAR (3+2) CYCLOADDITIONS WITH DOUBLE BONDS IN DIFFERENT POSTTIONS
The results mentioned sbove reise the quastion as to wbetbher & similar (3023 cyclosddition will
occur if peighbouring azo bridge mnd C=C moiety are ot oriented parallel to eech other. These
models, together with type B, are emsily accessible by Diele-Alder resctiocns between the appropriate
cyclic azines and dienes.¢

A. Systams without 1,5-relsted V-bonds

The first model, in which a) the azo bridge is part of a five membered ring, b) the C=C bood is held
in s parallel, but structurelly and cooformstionally ratber distant position, which excludes a 1,5
relation betwsen the T-systems, and c) the orbitals of both Y-systems are not aligoed with one
soother, is represented by compounds 1¢® and 2.4* Both 1 and 2 were quantitativaly N-sethylated by
trimethyloxonium tetrsfluorcborate (MeaOBF¢) in chloroform. These salts deposited as oils which have
been fully charscterized.
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After reacting seversl days with excees of the weaker slkylating agent methyl iodide, 1 and 2 agein
formed organic salts. These are isomeric to l1-Me* and 2-Me* and possess the setructures of cage
compounds 3-B° and 4-B*. Obviously, crycloaddition slows dowm with incressing distance between the
two unssturated systems (rate 1 > rate 2). Ibn the methylated compound 2, only the unfevourable boat
conformetion will react to give 4-N'; the higher yield of this product compared to 3-B* may be due
to the larger dibedral angle of the overlapping ¥-systems.

3. Systems with 1,5-related ¥-donds

In all other wodels tested and in B, the Y-systems are arranged such that they are prone to undergo
s {3,3) Cope rearrangement. This requires further explanstion. As has been pointed ocut recently,
{4+42] cycloadditions betwesd two 1,3-dienes hold a special position in the realm of Diels-Alder
reactions.®:? Applied to the systems in question, the following reaction scheme must be coosidered,
in which equilibration is strongly proton catslysed spd the position of the equilibria may be =
function of the amount of ecid presant.
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It has been shown that in all cases in which the equilibrution I ;=2 K could be achieved, cyclorever-
sion 1 QG + B (Q+Ho I: Diels-Alder reactioo with the inverse electron desand) proceeded wmuch
wore slowly.® Although the positiom of the cetalysing protoo at ome of the two pitrogen etoms in G,
I and X bas not been established,’ N-methylstion of either I or K should catalyse equilibration of
the two isomers and poasibly influence the equilibria. With this in mind, the following models were
selected for methylstion reections. For reascbs of brevity, the systems sre cetegorised by the size
of the two rings, ooe of them dridged by an axo group (e.g. N*, N*), the other one carrying the
double bond (e.g. C%, C®}.

a) N-C* Systems apnd their {3,3] Isomers

On reaction of 54% with MesOBFs ooly one of the two isomeric quaterpery salts, namely Se-Me* could
be observed together with emal]l smounts of the heterocyclic cage compound 6-H*. The latter was the
only product obtained oo slkylation with methyl iodide. Thie difference in bdehaviour due to the
nature of the slkylatiog reagent has mechanistic implications {vide infrs). Interestingly, these
differences disappeared when the isameric pyrszoline sndo-7" was methylated. Both resgents afforded
the cage compound 6~B*. It is noteworthy that exo-7? yjelded only uncharscterised decompositioo
products under the smme cooditions.
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To cbtain information about the effect of bridgebead substituents, model 5 was 1nvestigated, which
differs from 5 by one sdditional methyl group. Methylation of 8 with MeaOBY¢ followed s completely
different course: cycloreversion took place and the single product was the ilovyn:ol'ui salt S¥e*,
which was indentified despite some impurities. Its structure was elucidated fram the H-MMR signals
of the 3-msthyl and N-methyl groups {§= 2.30 and 4.00, respectively (CDaCN)] which are similar to
those of the isopyrazolium salt 13-Me*.¢® Cycloreversiop to 9-Me' was also odbserved if endo-10* was
methylated under the same cooditiocns. In the case of endo-10, alkylation at the more basic dridge-
head position is observed, as expected; however, e plsusible explanstiom for the preferentisl
methylation of 8 to SwMe® is not immedistely spperent. Interestincgly, reection of 8 with methyl
iodide followed the same path es 5 & 6~I* by formmtion of the cage 11-B°. Whereas, after the
wethylatioo of endo-10 with methy] iodide a mixture of the cage product 11-B* and the cycloreversion
product O-Me* (60:3]1) was cbtained.
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In view of the greater tendency to underge cycloreversion on alkylation of 8 compered to 56, compound
12¢° with methyl groups st ewch bridgehead carbon, should be even wore prone to cyclorevert. Indeed,
12 wes rapidly equilibrated with its compopents 13-#* el cyclopentadiene.¢®

Treatment with fluorsulfonic acid methyl sster sfforded 13-¥e* quantitatively.

a) 1 CFyCOgM
coCiy70Cs2n ?(I .
b) 1 FSOgMe N-N®
COCiy/r.t./7140 SR
2 AeH 13-H®(80%)

R« Mo 13- Me® 1>00%)

In 13-Me’ the 'H-MMR

signals of two methyl groups found at §= 2.30 and 2.63 are attributed to positions 3-Me and 5-Me,
respectively, becmuse of the stronger deshielding effect of the iminium group at position 5. The N-
sethyl group in 13-%e°* resonstes st &= 3.96 (CDCla).

b) The W-C* System and its {3,3] Isomer
Yormal enlargement of the olefinic ring in 5 leeds to system 14.% In o 1H-NMR experiment with methyl

iodide in deuterochloroform, 14 wes completely coosumed,

be soen.
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but no signals of definite products could
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In contrast, resction of 14 with MesORP: yielded the two axpected cations l4e-¥e* and 140’
quantitatively. The ratio 84:16 of the two iscmars canpot be interpreted, since kibeticelly com-
trolled resction conditions are not fully geranteed (cf. endo-17). The {3,3] isower of 14, endo-15,*
was methylsted by both methyl iodide and MexOBF to give endo-16-Me* as a single product.

¢) The System W -C% and its (3,3] Jeomer

If the number of carbon stoms in the cardbocyclic rings of 14 are exchanged, one obtaios system
16.4¢ It reacted with methyl iodide to give decomposition products, but with MesOBF¢ to afford the
two expected salts 16e-¥Me* and 160-Me* in the ratio 62:38. The sslectivity of this methylation is
significantly less than that of lde-ie* and 14D-¥e*, but the N-atom further from the clefinic bond
is still preferantially attacked.
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The (3,3] isomer of 16, system endo-17.® was also wmethylated smoothly by MesOBFs. Insteed of the
expected salts endo-17w¥e* and endo-1Td—Me*, the products of a (3,3) diazeCope rearrangement were
cbserved, namely 18a—s* and 160—#Me’. Thees were produced in the ratio of 32:88, a reversal of that
above. The more besic bridgebesd nitroges atom in 17 was methylsted slower than its bneighbour,
probably beceuse of steric hindrance. Again, methylation of 17 by methyl iodide led to complete
decomposition.

II. NBCRANISTIC CONSINEMAYIONS.

The results discussed thus far are somewhat purrling and pose severs! mechanistic questions.

a) Can the methyl group in these methylation products shift from one nitrogen atom to another and if
80, do they move inter- or iptramolecularly?

An anawer to this question wes sought with the aid of same experiments.

1) Methyletion of endo-17 with MeaOBF« was followed by !R-MMR epectroscopy over a period of two
hours. As can be seean from Fig. 1, copsumption of endo-17 led only to 18a—is" and 16D—Me*.
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Pig. 1: Reaction of 0.12] mmol of endo-17 with 0.12] mmo]l MesOBFe in 0.50 =l CDCl; at 0°C monitored
by the 'B-MMR (400 MHz) sigpals of endo-17 (o) (proton 8-H), 16a#e’ (®) and 160Me* (a ) (methyl
groups). * after ooe day at room temperature.
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Therefore, after wmethylation of endo-17 a very fest (3,3) rearrangement must occur. Fig. 1 also
demonstrates that 16b—Me* is formed much faster than l16e—Me', implying that the N-atom 1 in endo-17
is methylated faster than the N-atom 9. After a longer reection time, (e.g. after one day at room
temporature when the endo-17 has been consumed), equilibration has occured and s 1:1 mixture of
16a—e* and 16b—Me° results. This equilidration plays an important role if cage campounds are formed
ip a consecutive reaction. It must be born in mind, however, that only isomers Sd—Me* and Bb—Me°
(unobaerved) are precursors to the cages 6-B* and 11-B*. Since these cages are produced in & high
yield (6-B*, 94X), equilibration of the azo-quaternary selts is prerequisite.
2) This equilibration and cyclisation wes achieved with the smsll amounts of azo compound present
because of the slow (and reversible?) alkylation by met.yl iodide. But it occurred also when these
azo compounds were added to the fluorcborate salts, as was demonstreted for example with Se—Me* and
smell smounts of azo campound 5; after ten days at room temperature, the cage 6-B* wes formwed
quantitetively.

sa-Me®BFE °'°r’|'/§;°' 6-H®BF2 (-95%) (016 8)

Bere, 5 can act ss a base and/or es a nucleophile. Repetition of the experimemt with 1.5 equivalents
of 12 instead of 5 revealed that intermolecular methyl transfer to the ago group is possible.

4
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After 10 minutes signals corresponding to pew products wers appersnt, and after five days Se—#e* had
been partially traneforwed into cege 6-B* and partially demethylated to the azo campound 5. Forme—
tion of 13-¥e* indicates that the methyl grouwp of Ses’ has been tramsfered to 12, which theo
cycloreverts into 13-¥e* (vide suprs) and cyclopentadiepe (polymertised). Because of its high protic
sensitivity,*® some 13 is aleo produced fram 12. These experiments do pot exclude an intramsolecular
1,2-shift of the methyl group, since 12 could also act as 8 base. Therefore, the following reactios
sequence may occur: deprotonation of the azo-quaternary salt (cf. C # E), formetioo of ap interme—
diste diaziridine, ring opening and reprotonation of the isomeric dipole.

CHy, BCH, CHy
| i N 6CH, Qs
e AT o W e ¥

b} Does methyl migration occur with the quaternized hydraroves?
Thus far no sign of such a migratioo has been found; either the methylated hydrazooe (for endo-7,
endo—10, endo-17) cannot be isolated or the quaternized pyrazoline is stadle {endo-15-Me*).

c) Does reversidbility of the {4+2] cycloaddition simulate methyl migration?

If Sa¥e*, for example, would cyclorevert, resddition could afford the isomer Sb-de*. The same holds
true for the hydrazone derivatives, e.g. 17a-¥Me* and 170-Ne‘*. This possidility bms pot been excluded
80 far. In the csse of the protov catalyzed interconversion of isameric azo compounds snd hydre-
zones, cycloreversion was definitely ruled out.® Cycloreversion-sddition cannot be operative for
endo-7 and exo-7 because only endo-7 sterecepecificslly yielded the cuge compound 6-8°.

d) Why do only some of the quatsrnized heterocycles iscmerize?

This appears to be a question of higher thermodypsmic stebility within a given pair of isomeric
heterocycles. Force field calculations revealed® the following sequance: 8 » endo-7 (+3.0 kcal/mol);
14 » endo-18 (-2.4 kcal/mol); 16 » endo-17 (¢ 6.8 kcal/mol). According to these relativ stsbilities,
endo-7-Me* and endo-17-Ne* resrrange very rapidly whereas endo-15Me* is perfectly stable.

e) Do the cege compounds originate both from the methyleted azo compounds and pyraszolines?

In principle pyrazolines methylated at the l-position (endo-To—¥e* and endo-10b-Me* ) could suffer an
intramolecular 1,3-dipolar addition after deprotomation, thereby producing the same cage compound as
from the N-methylated azo isamer {50-Me", Sb—Me*)}. With the pyrazolines, however, molecular models
definitely show larger distances between the interecting groups than with the comparsble azo com-
pounds. Besides, the scidity of the methyl group should be lower if attached to N-1 st the pyrazo-
lives. In addition, endo-7 reerranges on reactioo with methyl iodide after some minutes into 5 (3H-
NR cootrol), which transforms into cege 6~B* within some days. This bebaviour excludes direct
formation of 6-* from endo-Tb-Me*.

f} Why do not all the methylated azo bridges react with the intramolecular double bond present?

The fact that 5db—Me' cleanly forms cage 6-°, whereas the similar systems 14b-Me* and 180-Me* are
ipert, is probably due to steric factors, i.s. the different ring sites of these rather rigid
systems. Io cootrast, l-Me* sand 2-Me' are flexible spough to adopt the boat conformation and hence
bring the rescting moisties closer. Scheme ] demonstrates sll the possible reactions which may occur
oo alkylstion, exemplified by the isomers 8 and endo-7. After methylstios of 5 and endo~7, the most
important step is the intercouversion of 5-Ne* apd endo-7-#s* by [3,3] reerrangement and inter— (and
iotra?-) wmolecular migration of the methyl group, which proedebly occurs between Se—e* and So-MNe*
only. The consecutive formstion of cage 6~ starte fram 5Sbh-e* and pot endo-To—Me* .
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III. STRUCTURE DETEEMINATIONS

For epeciasl comparisons the following azo-methyl quaternary salts 18 - 21 were chosen. They were
quantitatively prepared from the corresponding azo compounds (18,4° 19,3 20,¢% 21¢c) and MesOBY..
Due to the absence of a double bond, eteble salts are formed, similar to those of diasa-bicyclo-
beptens and -octene.!©

S oep T geo

'l" PR R {“
// 18-M . 'H(gs%) (619)
NS 5350) 192 - Me®R'=Me R2aH

93 23 and 190 - Me® R'=i R¥=Me 76.0
2 91.65 (86%.8 b= 80:20) H 74.68
s 46)\/ 20 -Me®R' R?= Me (07°%) (s5.67)
21-Me® (980

Bridge head NMR
signals for 18 (ppm)

Because of the quaternized N-atom, the chemical shifts of the 'B- and !3C-NMR signals of the atoms
et the bridgehead positioco closer to the positive charge ere found at lower field than the others.
Due to the double bond and the quaternized N-atom in 18a/b>¥e* (see 18 and 21-Me’)., the differences

48 of the bridgehead signale (}H, !3C-MMR) are decreased for the s—isomer in comparison to the b~
isomer. Using the same arguments, the signals of the isomers l4a/b—e° have besn aessigned. As
previously mentioned, methylation of 5 to Se¥e° is eccompanied by the formation of small asounts of
cage 6~K°. Since only one set of signals for 5¥e* is to be seen, it can be sssumed that they beloag
to isomer Seis’ which cannot form cege 6-E° directly. As discussed above, only endo-16 yields en
isclable methyl quaternary salt from the various hydrezones employed, to which structure endo-15-¥e*
can be assigned through an NOT experiment. Irradiatioco of the N*-methyl group enhances the signals
of the protons 3a (8X) end 7 (10X) and one protop of the ethanc bridge (8%), wherees the imino
proton is only slightly influenced (2%).



Azo bridged carbocycies and cyclic hydrazones 3303

fros the protonsted cage compounds 3-F*, 4B, 68 and 11-B (type L-I'), potsssium carbooste
liberates the rather unstable bases L. This inetability probably originates from the very emsll
dibedral angle between the looe pairs in this hydrazive derivetive ceused by the rigid cege struc-
ture. Flexible slkyl hydrazines prefer a low energy conformation in which the two lome pairs sttain
@ dibedral angle of sbout 90°.:: In support of the proposed structures, in both the cations snd the
bases Do double bond could be detected by epectroscopic methods. As is to de expected, 'H- and !3C-
signals e-d in L and L-B* are the wost charecteristic for the proposed cage structure and can easily
be identified. The observed geminal coupling of J = 613 Hx, in both L and L-#* together with &:
2.7-3.3 (L) and 8= 2.5-3.5 {1-§*), respectively, has to be attridbuted to the 8 atoms of the Chu-
group {position d). Because of the small differances of the chemical shifts which are also found in
the 13C-MMR (L: §: 52-54, 1-N*: &= 533-865), protonation cbviously occurs at one nitrogen only,
preferring the structure outlined in L-B*.

25-3.5(8-13H2) - -13H
W W 2773361310

10.5-12.0 ——e — 4248 A -—33-38
29-33
26-30
Ha H
36-38
L-H® L

Signals of positions s and ¢ sare to be expected to show the strougest low field shift. ¥ can be
identified by its coupling pattern (multiplet) ip the case of 3% and 4B and possesees the
highest chemical shift; assignments for 6-E* and 11-H° bave been done eccordingly. Within B¢
proton B is assigned the emallest chemicel shift. '7C signale of poeitiocas s-c are found at 8= 60-
80 in L-B*, but assipgments cannot be definitely estadblished. Oo deprotonstion, these signals are
shifted to bigher field.

With methyl iodide the basic cage 8 easily forms e quarternary salt 6-de°, which shows ‘{H- apnd 33C-
NMR signals very aimilar to 6-E°. The methyl group is therefore sssused to occupy the same position
as the proton in the gemeral structure L-B°.

CONCLUSTONS

As expected, carbocycles with 830 bridges can be quaternized dy MmOBFs or methyl iodide. If these
compounds include unsaturated double boods in eppropriate positions (l-¥Me*, 2-Me*, Sd¥e°, Bbik*),
proton sbstraction (¢f. C » R) or proton shift (cf. C & F) will produce a 4T-systes which undergoes
an intrsmolecular ([4+42) cycloaddition with the double bond, thereby forming & new type of cage
compound (3-8, 4B, 6-F, 11-8°). In rigid systems the distance between the two functional groups
is rather critical, as can be seen from 14b—¥e* and 18b-¥e', which refuse to undergo cyclisation.
Formation of cages 38" and 4B from 1-¥e° and 2-Me*, bowever, indicetes that the steric restric-
tions are less severs than anticipeted from the cage formation C # D reported earlier.*f Systems in
which azo group and double bond are erranged in a 1,5-position to one anotber, occupy a speciel
position, as they sre in principal capuble of [4+2]) cycloreversion (I # G + B) and {3,3) rearrsnge-
ment (I # £}). The hydrasone isomers can also be methylated. Depending oc the specisl structure of
these hydrazones, these quaternary salts are stadble (endo-13¥e*) or they may either cyclorevert
(endo-10Me* & §) or reerrange to the quaternized aso-isomers (endo—-17a/b-¥e* ¢ 16a/D¥e°). Forma-
tion of cage compounds oo methyletion of hydrazonee (endo-7 & 6&R*), proceeds via (3,3] rearrange-
ment. In all cases, two isomers can be formed by methylation of both the azo and the hydrazone
compounds. The azc quaternary salte bave been shown to intercoavert by intermclecular methyl migre-
tion (e.g. Se¥e', 168a/DMe') without excluding intramolecular patiwmys, but aveoiding (4+42] cyclore-
version. This isomerisation explaios the high yields of cages 8-B° and 11-R*, which cas only arise
from one of the two jsameric azo quaternary eelts (5b-¥e*, 8d-e').
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EXPERDEENTAL

Melting points were determined using @ Kofler instrument and are corrected. IR: Perkio-Blmer 1420,
UV: Perkio-Blmer 330, !B and }7C-IMR: Bruker W200 200 Mz (‘H)/50 Mis (13C) or Bruker WNAS0 400
MBz (1H)/100 MBx (}3C) Stendard: T™MB (0.00), CDCla (7.26/77.0), CDaCN (1.95/1.2, 117.8) or {de)-DMBO
(2.50/40.6), MS: Varian MAT CH7. Rlemental anslyses were performed by the suslytical lsboratory,
Institute of Inorgenic Chemistry, Univereity of Wirzbury.

Gepersl procedure for the methylation with MeaOB¥s: The freshly prepared (acid free) trimethyloxo-
nium tetrafluorcborste wes added to an ice cooled solutiop of the azo or hydrazone compound. The
resulting suspension was stirred for the period given, while the ice bath was allowed to warm to
room tempersture. The resulting clear solution was filtered, and the sclvent was evaporated under
reduced pressure.

Gaperal procedure for the methylation with wethyl fodide: Methyl iodide was dropped to & solution
of the aso or hydrazone compound at room tempersture. The resaction wes followed by ! H0R spectro-
scopy. Excess methyl iodide and solvent were evaporated at reduced pressure.

{la,4a,400,108e)-1,4,42,5,8,8a-Bexahydro-2,9,9-trimethyl-1,4-methano-cyclohexa{ dJpyridazinium tetra-
fluoroborate (1-MeBPe): B80.0 mg (0.454 mwol) 1, 10 ml CBCls, 67.0 mg (0.454 mmol) MeaOBF¢, & h: 121
ng (96X] 1MeBVs as 8 colourless oil. IR (film): v = 3040 cw! (C-H), 2970, 2940, 2890, 2860 (C-H),
1640 (C=C), 1465, 1450, 1385 (C(CHy)a), 1285, 1268, 1225, 1200950 (BF.- ), 8950, 845, 785, 690. - ‘H-
NR (200 MEz, CDaCN): & = 0.81 and 1.2]1 (two »; 6H, -CHy), 2.06-2.41 (m; 4R, 5,8-B), 3.30-3.59 (m;
28, 4a,8¢-R), 4.47 {(e; 39, W CHs), 5.10 {»; 1H, 1-B), 5.56-5.84 (»; 2B, 4,6-8), 5.89-6.78 (»; 1R,
7-H). -~ 13C-NMR (50 MEx, CDaCNM): 8 = 18.09 and 19.33 (two q; ~CB3), 22.62 and 22.89 (two t; C-5.8),
36.25 and 38.74 (two d; C-4a,Ba), 53.50 (q; W —CHi), 63.90 (s; C-9), 94.29 and 95.22 (two d; C-1,4),
124.6 and 128.8 (two d; C-6,7). - MS: m/z (%) = 190 (25, M*-BF.), 175 (100, M*-HBF¢-CHs), 109 (35),
94 (55), 79 (B7), 55 (30), 49 (50), 41 (57). - Anal. Calcd. for Ci:H;eBFeN2 (278.1): C, 51.83; #,
6.89; N, 10.07. Found : C, 51.89; H, 6.656; N, S.94.

(le,40,400,1000)-1,4,40,5,6,9,10,108-Octadydro-2,11,11-trimethyl-1,4-methano-cycloocta( dJpyridazi-
nium tetrafluoroborate (2-MeBFe): 100 mg (0.489 amol) 2, 10 ml CBCly, 72.0 mg {0.489 mmol) MesOBY.,
5 h: 146 mg (97X) 2-MaBF¢ as 8 colourless oil. IR (film): v = 3020 cwr? (=C-B), 2940, 2880 (C-N),
1640, 1625 (C=C), 1465, 1450, 1430, 1400, 1386 (C{CHs)2), 1286, 1255, 1240, 1205, 1200-908 (BPe~). -
1R-NMR (200 MRz, CDaCN): 4 = 0.82 end 1.18 (two s; 6H, CHy), 1.18-1.56 (m; 3H) and 2.05-2.34 (m;
58, 5,6,9,10-B), 3.00-3.26 (m; 2B, 4a,10e-8), 4.51 (s; 38, N°Ch), 5.17 (br.s.; 1N, 4-N), 5.55
(br.s.; 1B, }-R), 5.72-5.77 (m; 28, 7,8-H). ~ 13C-NWMR (50 MHs, CD2:CN): § = 18.50 and 19.35 (two q.
-CRy), 25.38, 25.68 and 27.50 (three t; C-5,6,9,10), 42.88 (d; C-4e), 44.41 (d: C-10a), 53.85 {(q:
N -CHi), 63.30 (s; C-11), 96.00 (d; C-4), 96.47 (d: C-1), 132.11 and 132.45 (two d4; C-7,8). - M8:
®/z (%) = 218 (1, M -HBF.), 203 (1, M -HBP¢-CHy), 177 (1, M*-BF4-CH3-Nz+l), 109 {14, CeHis*), 83
(100), 67 (22), 54 (17), 49 (69), 41 (24). - Anal. Calcd. for Ci<H23BF«N2 (306.2): C, 54.93; B,
7.857, N, 9.15, Yound: C, 54.48; H, 7.82; N, 8.61.

11,11-Dimethyl-l-azonie-9-azepentecyclof 7.3.0.0%.7 04,12 ,05.10] dodecape iodide (3-HI): 756.0 =g
(0.431 mmol) 1, 0.50 mlL CDCl3, 184 mg (1.29 mmol) MeI, 8 d: 90.0 ng [67X] 3-HI as light yellow
crystals, m.p. 200-203 °C. IR (KBr): v = 2930 cw ', 2870 (C-H), 2700, 2620, 2530 (N*-H), 1468, 1395,
1375 (C(CHa)2), 1355, 1325, 1300, 1275, 1220, 1180, 1150, 1096, 1070, 1050, 925, 905, 870, 860, 830,
770, 740. - JB-NMR (400 MHZ, CDCls): & = 1.20-1.44 (two s; 68, CRy), 1.67-1.70 {(d: J = 18 8z, 1R,
6'-H), 1.78-1.82 (d; 1K, 8''-H), 1.90-1.94 (dd; J = 13 Hz, J = 5 Hz, 1N, 3'-H), 2.07-2.10 (d; 14,
3''-R), 2.72-2.75 (dm; J = 9 Hz, 1H, 8'-R), 2.84 (br.s; )H, 7-H), 2.97-3.00 (d; 1R, 8''-H), 3.07 (e;
IH, 5-H), 3.32 (»; 28, 4,10-B), 3.77 (s; 1H, 12-B), 4.6]1 (br.s; 1H, 2-R), 11.70 (dr.s; 1H, N -H). -
IC-NMR (100 MEx, CDCly): 8= 18.13 and 19.73 (two q; 11-CEa), 23.45 and 24.53 (two t; C-3,8), 34.57,
37.03 and 39.48 (three d4; C-4,5,7) 48.2]1 (s; C-11), 56.03 (t; C-8), 68.94, 69.17 and 77.53 (three d;
€-2,10,12). - MS: w=/z (%) = 190 (28, M*-H1), 178 (100, M*-HI-CRs), 128 (37), 127 {18), 838 (22). 83
(17), 55 (6), 41 (12). -~ Apal. Calcd. for CizBielNa (318.2): C, 45.30; B, 6.02; N, 8,80. Found: C,
45.10: B, 6.21: N, 9.15. {21.0 mg (0.0755 mmwol) 1-MeBF: , 2.75 mg (0.015]1 mmol) 1 (0.2 eq), 0.50 nL
CDaCN; after 2] d ‘H-MMR spectrum shows only the proton signals of 3-HRFP: and 1 (0.2 eq)].

13,13-Dimethyl-1-azonie-1l-azapentecyclo{ 9.3.0.02.9 (8. 16 08.12] tetradecane iodide (4-HI): 41.0 mg
(0.201 mmol) 2, 0.50 mL CDCla, 62.0 mg (0.442 mwol) Mel, 21 d: 63.0 mg [91%) 4-HT as light yellow
crystals, m.p. 261-264 °C. IR (KBr): v = 29580 cw!, 2930, 2900, 2880, 2860 (C-H), 2790, 2640, 2610
(N*-R), 1475, 1460, 1405, 1390 (C(CHs)a), 1310, 1210, 1090, 1010, 966. - *E-NMR (400 MEz, CDCla): &=
1.19 and 1.54 (two s; GH, —CHy), 1.78-2.13 (m; 8H, 3,4,7,8-H), 2.63-2.68 (m; 1R, 9-B), 2.74-2.90
(m; 1H, 6-H), 2.82-2.87 (dd; J = 13 Rz, J = 6 Hz, 18, 5-H), 2.96 (s; 1B, 12-H), 3.30-3.34 (d; J =
13 He, 1R, 10'-H), 3.44-3.49 (dd; J = 6 Hx, 1H, 10°’-H), 3.59 (s; 1H, 14-H), 4.39 (s; 1B, 2-R),
11.29 (br.s; 1H, N*-B). - 13C-NMR (100 MHz, CDCla): 8= 15.43, 17.09, 20.77 and 23.98 (four t; C-
3.4,7.8), 21.85 {q; 13-CHs), 29.65, 36.2]1 and 42.76 (three 4; C-5,6,9), 50.34 (s; C-13), 52.89 (t:
c-10), 60.47, 68.25 and 74.15 (three d: C-2,12,14). ~ M8: m/z (%) = 218 (66, M*-HI), 203 (100, M-
HI-CHy), 138 (11), 128 (41), 127 (21), 121 (10), 93 (22), 83 (32), 67 (19), 55 (16), 41 (19). ~
Anal. Calcd. for CicHasINa (346.3): C, 48.56; H, 6.70; N, 8.09. Found: C, 49.03; R, 6.92; N, 8.186.
{188 =g (0.614 mmol) 2MoBFe, 250 mg (0.122 mmol) 2 (0.2 oq), 0.50 nl CDICN; after 64 d H-NMR
spectrum showe only the proton signals of 4-EBFs and 2 (0.2 eq)].

(la,4a,400,78a)-4,42,5, Ta-Tetrahydro-3,8,8-trimethyl-1,4-methano-1B-cyclopenta{dlpyridazinium tetra-
flucroborate (SaeBF¢): 50.0 mg (0.308 mmol) 5, 25 al CBCly, 456 mg (3.08 mmol) MeaOBFe, 0*C, 2 h:
80.0 mg {99%] of & mixture of Sa-MeBFs and 6-HBF¢ (90:10) as s colourlees oil. IR (film): v = 3100~
3000 o ! (=C-H), 3000-2800 (C-B), 1475, 1450, 1450, 1440, 1430 (N:=N), 1400, 1390 (C(CHs)a), 1290,
1200-800 (BF¢-). - 'B-MMR (Veriap EM 390, 90 MHz, CDCl3): $= 1.00 and 1.30 (two »; 68, CHy), 2.20-
2.5 (m; 2B, 7-H), 3.50-3.90 and 4.10-4.40 (two m; 2H, 4a,7a-R), 4.48 (s; N*-CHa), 5.50-5.70 (d:
1R, M-CH), 5.70-6.00 (m; 38, =CH, N°CH). - Anal. Calcd. for CiiHi7BFeN; (264.1): C, 50.03; H, 6.49;
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N, 10.61. Found: C, 45.32; H, 6.15; N, 11.04.

10,10-Dimethy)-]1-asonis-8-azapentacyclo{6.3.0.02:¢ 0¢.1} 08.9]) undecene iodide (6-HI): 445 =g (2.74
mol) 5, 4 alL CBCla, 1.17 g (8.18 mmol) Mel, 5 d: 760 mg (91%] 6-KI as yellow crystals, decampesi-
tioo after 80°C; further purificstion wasn't successful. [24] sg (1.63 mmocl) MesOBFe, 528 ng (3.25
mmol) 5, 3 wl CECls, 2 4. after removal of excees 5 289 ag {67x] 6-EBP¢ were ovdtained / 100 ng
(0.379 mmol) Sa—¥eBl¢, 10 mg (0.060 mmol) 8 (0.16 eq), 1 =L CDCly: after 10 d 'H-JR spectrus shows
only the proton signals of 6-EBR« end 8 (0.16 eq) / 40.0 mg (0.150 mmol) Sa¥edlfs, 0.40 mlL CDCla,
40.0 mg (0.210 mmol) 12: after 6 d & mixture of 12, 6B, 5, 13, 13 and cyclopentediene polymer
was observed, utilising 'H-MMR [charecteristic signale (methyl group): 12: 0.35, 0.75 and 1.55, 13-
Me': 1.35, 2.20, 3.50 and 3.85, 13: 1.15 and 2.20, 6-I": 1.05 end 1.30). 6~EBF:: IR (film): v - 3580
cwr}, 3360 (N-R), 3000-2900 (C-B), 26800-2500 (N°-B), 1480, 1390, 1380, 1350, 1330, 1285, 1255, 1248,
1200-950 (BF¢-). - ‘B-MMR (400 MHz, CDCly): 8= 1.15 and 1.34 (two s; 6B, Ch), 1.93-1.96 (d; J -
12.5 Bz, )H, 3'-R), 2.00-2.04 (dd; J = 2.5 Hz, 1H, 3''-H), 2,77-2.8] (w; 1H, 5-B), 2.93-2.98 (d4; J =
6 Rz, 1H, 7'-H), 2.96 (s; 1R, 6-H), 3.11-3.13 (d4; 1R, 7"'-H), 3.18-3.20 (d; J - 8 Hz, 1R, 4-H), 3.21
(s; 1H, 9-H), 3.74 (s; 18, 11-B), 4.23 (s; 1H, 2-H), 11.24 (br.s; 1H, N*-H). - I3C-NR (100 Mz,
CDCla): &: 20.61 and 21.13 (two q; Chb, 20.32 (t; C-3), 43.71 (s: C-10), 41.09, 43.82 and 30.00
(three d; C-4,5,6), 55.31 (t; C-7), 74.73, 79.28 and 82.69 (three d; C-2,9,11). - MS: m/z (%) = 176
(29, M*-HBP.), 161 (58, M*'-HBF¢CHy), 83 (100). - Anal. Calcd. for Ci11B11BP¢N2 (264.1): C, 50.03; AR,
6.49; N, 10.6]1. Pound: C, 50.69; H, 6.70; N, 10.79.

Methylation of endo-7 with MesOBPy: 50.0 mg (0.308 mmol) endo-7, 7 ml CACly, 45.5 mg (0.308 mmol)
MeaOBFe, 5 d: 59.0 mg (73x]) G-HBFs a8 a dark dDrowm oil.

Mcthylation of endo-7 with Mel: 104 mg (0.64]1 mmol) endo-7, 0.50 mlL CDCla, 148 mg (1.04 mmol) Mel.
{H-NMR spectrum after 6 d showed only tbhe proton signals of 6-R°*.

Methylation of exc-7 with Me3O0BF«: 87.0 mg (0.536 mmol) exo-7, 10 mlL CRCl;, 79.0 mg (0.536 mmol)
MeaOBPe, | d. Only decamposition was observed in ! H-NMR.

Methylation of exo-7 with Mel: 100 mg (0.616 mwo)) exo-7, 2 mL CDCly, 262 mg (1.86 mmol) Mel, 10 d.
Only decomposition was observed in !R-NR.

Methylation of B with MeaOBPe: 100 mg (0.567 mmol) 8, 10 mL CECl3, 84.0 mg (0.567 mmol) MeaOBFe,
00C, 2 h: 80.0 mg 9MedF¢ as colourless crystals, which contein small emounts of 8 and impurities.
TH-NMR (200 MHz, CDCla): 8= 1.49 (s; 6B, Chy), 2.30 (o; M, Chs), 4.00 (s; 3H, CHy), 9.03-9.05
(m; 1R).

Methylation of endo-10 with MeaOBPe: 100 mg (0.567 mwol) endo-10, 10 ml CDCls, B4.0 mg (0.567 mmol)
Me3OBFs, 0°C, 2 h: 103 mg [99%] 9MeBF¢ as colourless crystals.

9,10,10-Trimethyl-1-azonis—B-asepentecyclo{6.3.0.02:¢ 0¢.11 08.°] undecape iodide (11-BI): 217 =g
(1.23 mmol) 8, 5 sl CACly, 524 mg (3.69 mmol) Mel, 20 d: 504 mg 11-HI as derk brown oil; further
purificetion wasn't successful. - 'H-NMR (200 MAz, CDCly;): §&- 1.05, 1.08 and 1.23 (three s; 9H,
<H), 1.85-1.90 (d; J = 11 He, 1R, 3°-H), 2.07-2.14 (m; 2R, 3'',5-B), 2.48-2.53 (»; J = 6 Bz, 1B,
7°-H), 2.91 (br.s; 1IH, 4-H}), 3.10 (s; 1R, 6-H), 3.16~-3.19 (d; 18, 7''-H), 3.74 (s; 1B, 11-H), 4.20
(s; 1H, 2-H), 10.65 (br.e; 1R, N°-R). - 13C-NMR (50 MBz, CDCly): 6= 11.82 (q; 9CHs), 19.07 and
20.42 (two q; 10CH)), 29.68 (t; C-3), 42.41, 45.78 and 48.83 (three d4; C-4,5,6), 44.84 (s; C-10),
52.84 (t; C-7), 71.83 and 79.29 (two d; €-2,11), 81.2]1 (s; C-9).

Methylation of endo-10 with Mel: 30.0 mg (0.170 mmol) endo-10, 72.0 mg (0.510 mwol) Mel, 0.50 =L
CDCla, 4 d: 57.0 mg of a mixture of 11-HI and 9Mel (69:31).

Cycloreversion of 12 with trifluoracetic acid yielded 13-B* and cyclopentadiene: 114 mg (1.00 mmol)
trifluoracetic ecid were dropped to sp ice cold solution of 181 mg (1.00 mmol) 12 ip 0.50 al CDCl,;
within 2 b an equilibrium between 12 and 13-8*, cyclopentediene 40:60 was attaiped, which showed no
change after a period of 65 h eccording to ‘R-NMR.

Reaction of 12 with fluorsulfonic acid methylester to 13-MeP803 and cyclopentadiene: To an ice cold
solution of 225 mg (1.2] mmol) 12 in 0.40 ml CDCl; were dropped 180 mg (1.80 mmol) fluorsulfomic
acid methylester. After 14 h at room temperature, complete cycloreversion of 12 was achieved yiel-
ding 13-4aF80s and cyclopentadiene polymer. ~ 'A-NMR (200 MRz, CDCla): &= 1.48 (e; 6H), 2.30 (e;
3H), 2.63 (m; 3A), 3.95 (w; 3H).

Methylation of 14 with Mel: 27.0 mg (0.153 mmol) 14, 0.50 mlL CDCls, 65.0 mg (0.459 mmol) Mel. Ounly
decamposition was observed in !B-NMR within 20 d.

(la,4¢«,40¢,80e)-1,4,40,7,8,8a-Rexahydro-2,9,9-trimethyl-1,4 -methano-phthalazinius tetrafluoroborate
(l14aMeBfe) and (le,4¢,400.80e)-1,4,40,7,8,8a-Hexahydro-3,9,9-trisethyl-1,4-methano—phthalazinium
tetrafluorocborete (14b—MeBP.): 81.0 mg (0.459 mwol) 14, 10 al CDCla, 68.0 mg (0.455 mmol) MeaOBF¢, 3
h: 127 =g (98K] 14MeBF¢ as & yollow o0il (a:b = 84:16). 'B-MMR (200 MAz, CDICN): a: 8- 0.87 and
1.22 (two »; 6H, Ch), 1.38-1.58 (=; 28, 8-#), 1.76-1.93 (m; 2H, 7-B), 3.44-3.51 (»; 2H, 4a,7e-R),
4.42 (s; 3R, N CH)), 5.30 and 5.64 (two br.s; 2R, 1,4-H), 5.80-5.86 and 6.03-6.1]1 (two m; 2H,
5,6-H). - b: 8 = 4.55 (s; 3H, N°CHa). - 13C-NMR (50 MHAz, CD>CN): a: §:- 18.80 and 19.29 (two q;
—CHa), 21.86 (t; C-8), 23.59 (t; C-7), 38.50 and 39.93 (two d; C-4a,8a), 53.79 (d; N*-CRy), 62.74
(s; C-9), 93.3]1 and 94.36 (two d; C-1,4), 123.7 and 134.8 (two d; C-5,6). b: § - 92.80 (d; C-1),
95.19 (d; C-4), 124.3 and 132.0 (two d; C-5,8).
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Endo-3,3a,4,7-Tetrahydro-3,3,8-trimethy) -4, 7-ethanopyrasolo{ 1,5-slpyridinium jodide (endo-15-Mel):
438 ng (2.60 mmol) endo-15, 2.0 al CHCla, 604 mg (4.26 smol) MeI, 1 d. The yellow residus was washed
with acetane and dried for 4 h (100-120°C) at reduced pressure (0.0] Torr) to give 530 ng {[64%)
endo~16-¥el as colourless cryetals, m.p. 183-185°C. IR (KBr): v= 3080 cw ', 3040, 3030 (=C-H), 3000,
2985, 2880 (C-E), 1635 (C=N), 1480, 1470, 1485, 1440, 1380, 1365, 1315, 1305, 1278, 1260, 1225,
1170, 935, 906, 886, 796, 770, 740. - H-NMR (400 MEs, (de}-DMS0): § - 1.2) and 1.38 (two s; 68,
~CH), 1.30-1.38 and 1.46-1.83 (two »; 2B, 9-B), 1.88-1.96 und 2.41-2.52 (two mc; 2H, 10-B), 3.08
(br.s.; 1B, 4-H), 3.58 (s; 38, W—CHs), 3.92 (s; 1H, 3e—H), 4.78-4.80 (br.s.; 1A, 7-8), 6.19-6.23
and 6.60-6.64 (two t; 2H, 6,6-R). - 13C-NMR (100 MHz, [de)-DMBO): &= 18.05 (q; -Chs), 19.07 wnd
19.20 (two t; C-9,10), 27.01 (q; —CHs), 31.18 (d; C-4), 62.40 (q; N°Chy), 54.35 (s; C-3), 84.43 (d:
C-3a), 80.13 (d; C-7), 128.8 (d4; C-6,6), 134.6 (d; C-5,6), 173.3 (d; C-2). - MS: m/z (%) = 191 (0.1,
M -1), 176 (1, M*-1-CHs), 142 (90), 127 (34), 109 (61), 96 (41, CahMa*), 79 (100, CeMr°), 66 (18),
81 (18), 42 (22), 39 (27). - Anel. Cslcd. for CizRieINa (318.2): C, 45.30; N, 6.02; N, 8.80. Poumnd:
C, 45.14; B, 5.89; N, 8.87.

Endo-3,3a,4,7-Tetrehydro-3,3,8-trimethyl-4,7-etbanopyrazolo{ 1,5-alpyridinium tetrefluorocborate (eo
do-16-MeBFe): 96.0 mg (0.545 mmol) endo-13, 10 =L CDCls, 80.5 mg (0.545 mmol) MesOBFs, | d: 134 ng
[88X%] endo-18-MeBFs as colourless crystale, ».p. 187-189°C.

Methylation of 16 with Mel: 20.0 mg (0.135 mmol) 16, 0.50 =L CDCls, 21.0 mg (0.148 mmol) Mel.
Complete decomposition was observed io ‘R-NMR after 1 d.

(la,4e,400,780)-4,42,7, 78 Tetrahydro-2-methyl-1,4-ethano-18-cyclopental{ dJpyridasinium tetrafluorobo—
rate (16a—MeBF¢) and (le,4e,40¢,70n)-4,4a,7,7a-Totrahydro-3-methyl-1,4-ethano-1B-cyclopental dlpyri-
dazinium tetrafluoroborste (16b—%eBF¢): 100 mg (0.675 mmwol) 16, 10 =L CBCl;, 100 mg (0.675 mmol)
Me3OBFe, 1 d: 187 mg (99%] 16-MeBF¢ an light yellow crystals (a:b = 62:38), wm.p. 120-125°C. - IR
(KBr): Vv = 3060 c@"! (=C-R), 2940, 2910 (C-R), 1640 (C=C), 1590, 1500, 1460, 1390 (C(CH,)z), 1360,
1300, 1280, 1285, 1200-960 (BP¢-). - F-MMR (400 MHz, CD2CN): a: & = 1.43-1.50 (m; 1H), 1.81-1.87
(m; 1H) and 2.08-2.34 (a; 38, 7,8,9-8H), 2.56-2.65 (m; 1B, 7-B), 3.11-3.17 (=; 1H, 7eR), 3.62-3.65
(mc; 1H, 4a-H), 4.34 (s; 3B, ®*Chy), 5.46-5.47 (m; 1B, 4-B), 5.61-5.64 (m; 1H) and 5.77-5.80 (mc;
18, 5,6-H), 8.93-6.94 (br.s.; 1R, 1-H). - b: & = 1.52-1.59 (mc; 1A), 1.68-1.80 (mc; 1¥) and 2.08-
2.34 (»; 236, 7,8,9-H), 2.67-2.74 (m; 1H, 7-H), 3.11-3.17 (m; 1H, 7e-R), 3.62-3.65 (wc; 1R, 4a-H),
4.55 (s; 3IH, *Ch), 5.40-5.4] (m; 1H, 1-H), 5.54-5.57 (m»; 1A, 6-R), 5.61-5.64 (m; 1R, 5-H), 6.12-
6.14 (m, 1H, 4-H). - '3C-MMR (100 MAz, CD3CN): a: 8= 23.14 and 23.60 (two t; C-8,9), 39.01 (t; C-7),
40.54 (d; C-7a), 63.72 (d; C-4a), 58.61 (q, N*CHs), 74.93 (d; C-1,4), 127.9 and 138.5 (two d;
C-5,6). - b: 8 =23.09 and 24.76 (two t; C-8,9), 38.04 (t; C-7), 41.13 (d; C-Ta), 52.18 (d; C-4a),
59.25 (q; N°CH»), 73.33 (d; C-1), 76.97 (d; C-4), 130.0 and 134.0 (two d; C-5,6). - M8 : =m/z (%) =
162 (31, M -HBF.), 150 (47 M°-BF«<CHa+H), 97 (48), 91 (35), 83 (98), 80 (58, CeReMe*), 66 (48,
Cele*), 57 (100), 49 (60), 41 (59). - Anal. Calcd. for CioHisBPM2 (250.0): C, 48.04; H, 6.03; N,
11.20. Found: C, 47.96; H, 6.41; N, 10.94.

Methylation of endo~17 with MasOBPe: 48.0 mg (0.324 mmol) endo-17, 6 al CECla, 48.0 mg (0.324 mmol)
Mes0BPe, 1 d: 73.0 mg [90%] 16-MeBVs a8 a light yellow paste (a:b = 32:68).

Methylatioo of endo-17 with MeI: 52.0 mg (0.35]1 mmol) endo-17, 0.50 ml CDCl;, 55.0 mg (0.386 mmol)
Mel. Decomposition was obeerved within 4 d in B-NMR.

(la,4a,402,700)-4,4a,5,6,7, Te-Bexahydro-2,8,8-trimethyl -wethano- 18-cyclopenta{ d Jpyridazinium tetre
fluorcborate (10—%ells): 32.0 mg (0.196 mmol) 18, 5 ml CACls. 29.0 mg (0.196 mmol) MeaOBFs, 0°C, 1
h: 48.0 ng [93Xx) 18-¥%edl¢ a8 & colourless oil. - IR (film): V= 3000-2800 cm! (C-R), 1480, 1460,
1450 (N=N), 1400, 1380 (C(CBs)a2), 1290, 1280, 1250, 1200-800 (BF.-). - 'H-M@R (Verian EM 390, 90
MHz, CDCl3): 8= 0.90 and 1.25 (two s; 6H, —CHB), 1.35-2.00 (m; 6H, 5,6,7-8), 3.37-3.73 (m; 28,
4a,7a-H), 4.68 (s; 3H, N°Ch), 5.46 (d; J - 3 Bz, 1H, 4-H), 5.59 (d; J = 2 Hz, 1H, 1-B). - 13C-NR
(100 MBz, CDCla): 8- 18.45 and 19.40 (two q; —CRs), 25.78 and 27.10 (two t; C-5,6,7), 27.07 (q; M-
Ch), 45.91 (d; C-4a), 46.2]1 (d; C-7a), 53.34 (»; C-8), 91.685 (d; C-4), 93.23 (d; C-1). - MS: w/2
(%) = 178 (5, M*-HBPs), 163 (10, M -HBP¢—CRs), 107 (100). - Apal. Calcd. for CiiHieBFeNz (265.9): C,
49.68; H, 7.20; N, 10.53. Found: C, 47.73; H, 7.05; N, 8.70.

(la,4¢,400,700)-4,42,5,6,7, Ta-Bexahydro-1,2,8,8-tetramethyl-1,4-methano-1B-cyclopenta[dlpyridazinium
tetrafluorcborate (18w¥eBle) and (la,4a,48s,70a)-4,42,5,6,7,7TaHexnahydro-1,3,8,8-tetramethyl-1,4-
methano-1#-cyclopente{d)pyridasinium tetrafluoroborste (19MeBPe): 130 mg (0.729 mmol) 19, 15 ml
CRCla, 108 mg (0.729 mwol) MeoOBFs, 4.5 h: 196 mg [96%] 19-MeBF¢ as light yellow crystals (a:db =
80:20), ».p. 144-146°C. - IR (KBR): V = 2960 cwr}, 2870 (C-H), 1440, 1396, 1380, 1335, 1300, 1250-960
(BPe-). - 'H-NMR (200 MH=z, CD3CN): a: 8 = 0.77 (s; 3H, <CHy), 1.01-1.25 (m; 2B, 6-H), 1.13 (s; 34,
—~CBs), 1.46-1.89 (m; 28, 5,7-R), 1.8] 38, 1-CBy), 3.22-3.33 and 3.41-3.56 (two »; 2H, 4a,7e-H),
4.56 (s, 3R, N*CRs), 5.27-5.29 (d; J = , JAR, 4-RA). - b: 8 = 0.73, 1.13 and 1.72 (three »; 98,
~CRs), 4.47 (s; W Cha), 5.63-5.64 (d; 3.5 Hz, 1R, 1-H).- '3C-MMR (50 MAz, CD2CN): a: § = 11.12,
17.17 and 18.45 (three q; —Ch), 25.05, 75 and 27.65 (three t; C-5,6,7), 47.28 and 62.16 (two d;
C-4a,72), 53.81 (q; W -Chh), 68.70 (s; C-8), 94.87 (d. C4), 97.54 (s; C-1). - b: 8§ = 9.61, 17.17
and 19.10 (three q; -CRa), 25.4], 26.853 and 27.38 (three t; C-5,6,7), 47.19 and 51.33 (two d; C-
4a,7s), 51.16 (q;. N°Chs), 68,18 (s; C-8), 81.10 (d; C-4), 100.3 (s; C-1). - M8: m/z (%) = 192 (0.4,
N -FBYs), 180 (4, M -B3PCHy*R), 163 (2, M*-BF¢-2CHa), 148 (2, M*-BF¢-3CHy), 135 (9), 123 (8), 111
(16), 97 (14, CaBeMz*), 67 (100, CeBr*) 53 (39), 41 (37). - Apal. Calcd. for CiaR2iBFeNs (280.1):
C, 51.46; H, 7.55; N, 10.00. Found: C, 61.22; B, 7.30; N, 9.73.

(s;
3 He
J =
26
c
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(la,4a,40s,7a0)-4,40,5,6,7, Te-Hexahydro-1,2,4,8,8-pentamethy l -met hano- 1#—cyclopental d Jpyridazinium
tetrafluorcborate (20-MalF¢): $32.6 mg (0.220 mmol) 20, 0.40 mL CDCly, 33.0 mg (0.220 mmol) Me3OBFs,
24 h: 63.0 ng [(97%) 20%ad¥¢ as light yellow crystals, m.p. 132-133°C. IR (EBr): vV - 2950 awri®, 2860
(C-8), 1460, 14586 (®=N), 1396, 1380 (C(Cha)a), 1150-1000 cm@ (BFe-). - 'H-NR (Varisn EM 390, 90 MEe,
CDCl3): &- 0.61 (s; 3H, Cku), 1.00 (o; 38, Cib), 1.29-1.90 (m;: 68, ICHa), 1.72 (s; MW, <Ch), 1.78
(s; 3H, N Ch), 3.00-3.30 (m; 20, 4, 7a-H), 4.45 (s; 3, **CH3). - Abal. Calcd. for Ci3Bs3DFeN2
(294.1). C, 53.08; H, 7.88; N, 9.52. Pound: C, 53.05; H, 8.16; N, 9.11.

(la,4e,48a,780)-4,40,5,6,7,Ta-Bexabydro-2-methyl-1,4-ethano-1R-cyclopental{d]pyridazinium tetrafluo-
roborete (21-MeBP¢): 57.0 mg (0.379 mwol) 21, 10 ml CBCly, 56.0 mg (0.379 mmol) MesOBFe, 1 d: 94.0
ng (S8%] 21-Mell¢ as laght yellow crystals, ».p. 109-115°C. IR (KBr): Vv = 2980 aw!, 2870 (C-H),
1440, 1396, 1315, 1300, 1285, 1240, 1200-960 (BF¢-). - ‘H-NMR (200 Wiz, CBoOD): 8 = 1.43-1.54, 1.68-
1.80, 1.92-2.09, 2.11-2.33 (four »; 108, 5,6,7,8,9-H), 3.07-3.12 (m; 2H, 4a,7a-8), 4.84 (s; 3W, N°-
CHa), 5.66 5.68 (d; 1H, 4-R), 6.19 (br.s.; 1H, 1-H). - 1IC-NMR (50 MBz, CD2OD): § = 23.60, 24.75 and
26.15 (three t; C-5,6,7), 31.54 and 32.17 (two t; C-8,9), 45.63 (d; C—4a), 46,14 (d; C-7a), 58.87
(Q: N*-CH3), 74.68 (d, C-4), 76.10 (d;, C-1). - MS: m/z (%) - 165 (24, M*-BPe), 152 (41), 150 (3, M-
BFe-CH3), 122 (10, M*-BF¢—CHa-N2), 93 (32), 83 (100), 67 (45, CsF*), 56 (62), 41 (45). - Abal.
Calcd. for CioHi7BFeNz (252.1): C, 47.65; H, 6.80. N, 11.11. Pound: C, 47.85; H, 7.01; N, 10.76.

General procedure for the deprotooation of L-B*:
L-B* in CHCl) was shaken with an aqueous solution of K2C0s. The organic layer wes dried over K3CO3
and the solvent was evaporated.

11,11-Dimethyl-1,9-dizepenteacyclo(7.3.0.02.-7 . 0432 0%.10]dodecane (3): 100 mg (0.314 mmol) 3-HI;
13.0 mg (22%) 3 as colourless crystals. ‘H-NMR (200 MRz, CDClz): § = 1.10 and 1.36 (two »; G6H,
‘CHa), 1.36-1.41 (d. 1H), 1.56-1.61 (m; 2H) and 1.78-1.84 (d; J - 12 Hz, 1B, 3,6-4), 2.31-2.37 (m;
2H, 5,7 H), 2.55-2.59 (d; 1H, 4-H), 2.59 (e; 1H, 10-H), 2.85 (s, 1B, 12-H), 2.90-2.96 (d; 12 Hz, 1R,
8'-H), 3.04--3.10 (br.d; 1H, 8''H), 3.66-3.71 (mc; 1H, 2-R).

13,13-Dimethyl-1,11-diazupentacyclo(9.3.0.02:9.0%-1¢ 0%.17 Jtetradecane (4): 50.0 mg (0.144 mmol) 4-
HI; 20.0 mg 4 as light yellow o0i)l. 'R NMR (200 MHz, CDCly): & = 1.09 and 1.46 (two s, 6H, Ch),
1.62-2.10 (m; B4, 3,4,7,8-H), 2.43-2.58 (m; 3K, 5,6,9-R), 2.60-2.61 (d; J - 2.5 Hz, 1R, 12-H), 2.93
(s; R, 14-H), 3.06-3.12 (d; J = 13 Hz, 1R, 10'-H), 3.21-3.32 (ddd; J - 6.5 Rz, J = 1.5 Rz, 1R,
10°'-H), 3.71-3.77 (mc; 1H, 2-H).

10.10 -Dimethyl-1,8-diazapentacyclo[6.3.0.02:¢ .04.3! 0% 9 Jundecane (6): 289 mg (1.09 mmol) 6-BI; 121
ng (42%) 6 as colourless crystals, m.p. 40-41°C. IR (CDCl3): v - 2980 cw !, 2960, 2940 (C-H), 1460,
1450, 1390, 1370 (C(CHe)a2), 1300, 1240, 1200. - 'H--NMR (400 MHz, CDCly): - 1.06 and 1.36 (two s;
6H, -CHa), 1.53-1.56 (d:. J = 11 Rz, IR, 3'-H), 1.69-1.70 (dd; J = 2 Hz, 1 H, 3''-R), 2.19-2.22 (m;
1H, 5-H), 2.59-2.63 (m; 2R, 4,6-H), 2.69-2.70 (d; J - 6 He, lH, 7°-H), 2.7) (s; 1H, 9-H), 2.81-2.83
(d, 1H, 7'°H), 2.84 (s: 1R, 11-H), 3.29 (s; 1H, 2-R). - '3C-NMR (100 MHz, CDCly): & : 21.59 and
22.13 (two q; —CHa), 29.83 (t, C-3), 43.45 (s; C-10), 41.5]1, 44.88 and 50.95 (three d4; 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 (%) = 176 (35, M*), 161 (65,
M* CH,). - Anal. Calcd. for Ci:1HieNz (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-1,8-diazapentacyclo(6.3.0.02-¢ 0¢.11 0% ° Jundecane (11): 504 mg (1.58 mmol) 11-HI;
300 mg (10%) 11 us yellow oil. 'H NMR (200 MHz, CDCl3): § = 0.95, 0.96 and 1.18 (three s; 3H, -CHy),
1.55-1.62 (d; J - 11 Rz, 1H, 3'-H), 1.69-1.76 (dd; J = 2 Hz, 1R, 3''-H), 1.89-1.94 (m; J = 6 Rz, IR,
4-H), 1.94 (s; 1H, 6-H), 2.56-2.59 (d; 1H, 5-H), 2.68-2.71 (dm; J - 6 Az, 1B, 7'-R), 2.77-2.81 (d;
IH, 7'°-H), 2.91 (e; 1H, 11-H), 3.45 (s; 1B, 2-H). - }IC-NMR (50 MHz, CDCly): & - 12.73 (q; 9<CHy),
19.8] and 21.53 (two q; 10-CHy), 30.31 (t; C-3), 43.96, 46.22 and 50.28 (three d; C-4,5,6), 45.26
(s; C-10), 52.04 (t; C-7), 67.86 and 76.40 (two d; C-2,11), 80.40 (s; C-9).

1,10,10 Trimethyl-1,8-diazspentacyclo[{6.3.0.02-¢.0¢-13 0% * Jundecanium iodide: 100 mg (0.567 mmol)
6, 0.40 al CDCla, excess of Mel, 30 min: 171 mg {96%) of yellow crystals, decamposition after B0°C.
IR (CDCl3): v := 3000-2800 cw ' (C-H), 1455, 1440, 1395, 1370 (C(CRs)a2), 1310, 1280, 1260, 1250,
1240, 1150, 1030. - 'H NMR (400 MHz, CDCls): & = 1.17 and 1.48 (two »; 6H, CH), 2.04-2.08 (dd; J =
3 Hz, lH, 3'-H), 2.55-2.58 (d, J - 12 Hz, 1H, 3''-H), 2.88-2.9]1 (m; 1H, 5-H), 3.01-3.04 (m; 2H,
7',6-H), 3.25-3.28 (m; 2H, 4,9-K), 3.44 (s; 3R, N <CHy), 3.70-3.73 (d; J = 12 Hs, 1B, 7'°'-H), 4.13
and 4.58 (two s, 2H, 2,11-R). - '3C-NMR (100 MHz, CDCl3): & = 2).43 and 21.7]1 (two q; CHy), 28.83
(t; C-3), 43.82 (s; C-10), 49.88 (q;, N° CHy), 40.85, 44.94 and 51.07 (three d; C4,5,6), 54.98 (t;
C-7), 79.83, 85.34 and 90.58 (three d; C-2,9,11). Anal. Calcd. for Ci2MieIN2 (318.2): C, 45.30; R,
6.02; N, 8.80. Found: C, 45.39; H, 6.20: N, B.67.
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