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Abstnzct l?te bndgmg nrtrones 7, 8 mcorporated WI a homoadamantane nng system were obtarned by ondahon of 
4-asahomoadamantane 5, 6 wtih SeO2/H2ot l&e I,3-dtpolar cycloaddrtwn reactwn of these nttrones wtih the 
electron-deficznt alkynes proceeded regwspesificallly at 0 ‘C-r t. to gwe I-sabstltatcd ~poxarohnes The reactum 
wzth phenylacetylene reqatred forced wndttwns, where 5-sabshtuted LFo*(uome 9d was obtorned from 7 asmg the 
dqlarophde as a solvent, and rearranged pyrrole 12d was formed threctly from 8 at a higher reachon temperature. 
Ihe resulted cycloadducts from ketomtrone 8 were farther converted to homoaokmantane-fused pyrroles In thrs 
case, I-substuuted and 3-substztated pyrroles 12~ and I2e were obtarned respechvely porn the same startmg 
materml wa the d@rent mechamsm llte former arose vm an acylanruhne route by thermolysm and the hatter wa 
an enamme route mprollc solvents 

The 1,3-&polar cycloadchtton reactlons are useful tools for constructing a variety of five-membered 
heterocycles It IS attractive to apply thrs type of reactlon for synthesis of adamantane-heterocycles since such 
compounds have drawn much attention for then potenhal pharmacological activihes.’ For the thorough survey 
m this field, we have developed 4-azahomoadamantene (eg 3, 4) as a key compound to access 
homoadamantane-fused heterocycles, and covered various related denvatlves uhlizing the cychzatlon methods 
mvolvmg cycloaddition reactlons 2* 5 Along this be, the bndgmg mtrone m this rmg system seems to be a 
prormsmg intermediate, because nitrone-cycloadducts are documented to be widely apphcable m synthesis 3 
In the pre~ous commumcation, we reported the first synthesis of 4-azahomoadamant-4-ene N-oxIdes (4- 
azatncyclo[4 3 1 13S]undec-4-ene N-oxldes) 7, 8, for which 1, 3-&polar cycloaddltion reactivity was 
examined and remarkable high regioselectivity due to a stenc effect was observed 4 Herem are described full 
details of these results mvolvmg novel rearrangement of the cycloadduct to a homoadamantane-fused pyrrole 
under rmld conditions in protlc solvents 

RESULTS AND DISCUSSION 

Synthesis of 4-Azahomoadamant-4-ene N-Oxides. 
The synthesis of mtrones 7,8 starts from inserting a nitrogen atom mto the adamantane nng system Thus 

could be done by the ring expansron of 2-adamantanols 1,2 Wtth sodmm azideS The NaBH$N reductlo# of 
the obtamed nnmes 3,4 afforded the correspondmg ammes 5,6 in excellent yields For unsubstltuted amme 5, 
the rmg expansion of 1-adamantanol with so&urn azlde followed by LiAlH4 reduction7 gave much better 
overall yield based on adamantane (Scheme 1) 
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Scheme 1 

The oxidation of ammes 5, 6 to aldo- and ketomtrones 7 and 8 was performed according to the method 
developed recently by Murahashr usmg combmatrons of SeOz and HzOz * In tins case, the oxrdatton must be 
undertaken with care, the reactton of 5, when followed farthfully by the reported condrtions, caused serious 
decomposrtron of the product Rather, the oxidatron of 5 proceeded satrsfactorrly at -5 - OC, and the reaction 
penod longer than 30 minutes extremely reduced the yteld For the synthesis of ketomtrone 8, the amme 6 was 
treated with the oxidants at 0°C for 1 h whrle white precrpttates appeared, and rt was allowed to react at 
ambient temperature for further 3 h during which the precipitates disappeared The reaction should have been 
quenched before the solutton colored pale brown, otherwrse the yield was lowered by side reactrons The 
reaction mtxture was simply worked-up by extractron with drchloromethane and separatron by thin layer or 
column chromatography (alumma) to give the mtrones in good yields Generally, aliphatrc n&ones are known 
to be more or less unstable and tend to dnnerrze, therefore they must be used zn srtu after preparatron In 
contrast, both mtrones 7 and 8 are stable and storable at room temperature, because they mtrmstcally have a 
ngtd and bulky structure However they are htghly hygroscoprc compounds whtch turn to 011s after exposure 
to au, dehydratron of oily samples over phosphorus pentoxide m a vacuum ovemrght regamed the amorphous 
solid state The mfrared spectra of these aldonitrone 7 and ketonitrone 8 showed the N + 0 stretchmg 
frequency at 1155 and 1148 cm-t, and C=N stretchmg frequency at 1605 and 1615 cm-t, respectmely, the C=N 
frequency of parent tmmes appears at 1660 and 1670 cm-t The ‘H NMR spectrum of aldomtrone 7 showed 
C3-H at 4 16 ppm as a multiplet peak, 0-H at 7 35 ppm as a quartet peak wtth vrcmal (J = 8 0) and long range 
couplmg constants (J = 2 0 Hz), and Ca-H at 2 53 ppm as a multiplet peak That of ketomtrone 8 showed the 
chemrcal shaft of Cs-H at 4 29 ppm and C&H at 2.64 ppm each as a multrplet peak together wtth a methyl 
proton at 2 16 ppm as a smglet peak The mass spectral data of both aldo- and ketonitrones showed a fragment 
peak (M-16) resulted from loss of oxygen m addthon to the expected molecular ion peak, this is a peak of 
dtagnosttc value for N-oxides p The peak (M-30) also appeared m then fragmentatton, whtch lmplles the NO 
ebmmation from mtrones Thts fragmentatron pattern was not found m the literatures on hand 

The 1,3-Dipolar Cycloaddition Reaction with Akynes. 
It IS well documented that mtrones react efftaently wtth alkynes to form 4-rsoxazolmes3 In the case of 

homoadamantane-Incorporated mtrones 7 and 8, the 1,3-dtpolar cycloaddttion reactions proceeded smoothly 
at or below room temperature with electron-deticrent acetylenes such as methyl propiolate, cyanoacetylene and 
drmethyl acetylenedmarboxylate to give polycychc 4-rsoxazolmes 9a-c and lOa-c in satrsfactory yields 
(Scheme 2) Wtth unsymmetrical acetylenes the cycloaddrtton was found to be regtospectfrc, thus, the mtrone 
7 reacted with methyl proprolate and cyanoacetylene to form solely 4-subsntuted tsoxazolmes 9a and 9b, 
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respectrvely, whtch were isolated by thin layer chromatography (here the reaction with methyl propiolate 
occurred cleanly when the temperature was lowered to 0 T , and furthermore, the cycloadducts 9 should be 
separated qmckly m order to prevent parttal decomposition on srltca gel). The ketonitrone 8 reacted smularly 
to give relatrvely stable cycloadducts lOa,b also in the same rcgi~~pecific manner. They underwent thermal 
rearrangement to homoadamantane-fused pyrroles as was discussed m the next section The observed 
regtospecrficrty in homoadamantane-mcorporated nitrones IS m contrast with the reported non-regioselectivity 
m a stermally unhmdered IV-(r-butyl)nitrone where the cycloaddmon wrth these alkynes can not be regio- 
controlled only by orbital mteractions.‘* 

Scheme 2 

The structures of the cycloadducts obtamed above were confirmed by the spectral mspectrons 
Particularly, there are two possible directrons m cycloadditron leadmg to 4- and 5-substituted rsoxaxoline, 
whrch were undoubtedly distinguished by the ‘H NMR spectra The cycloadduct 9a 1s representattve, the mass 
spectrum mdicated a 11 cycloadduct from the expected molecular Ion peak (m/e 249) and the mfrared 
spectrum showed the presence of an ester group (1695 cm-l) and a double bond (1610 cm-l) The 1H NMR 
spectrum revealed an olefimc proton at 7 39 ppm as a doublet peak (.I = 1.6 Hz), consistent with the 4- 
methoxycarbonyl substituted rsoxazolme, Houk reported that the S-substituted isomer m cycloadditron reactron 
of a N-(t-butyl)mtrone with ethyl proprolate had the chemrcal shift at 7 11 ppm wrth a couplmg constant 
.I = 2 0 Hz lo Such compansons allowed the other products to be assigned as 4-substttuted isoxaxolmes 

The cycloaddrtton reactron with phenylacetylene was so sluggish under the above conditrons that rt was 
performed only by using the drpolarophrle as a solvent Thus the aldomtrone 7 reacted at room temperature for 
2 days to give the desired cycloadduct 9d in 45% yield In thus case, however, the regrochemrstry determmed 
was opposite to that found m electron-deficrent alkynes; the ‘H NMR signal at 5 00 ppm was attrrbuted to 
G-H of an rsoxazolme rmg This product was thermo- and actd-labile”, and underwent facile ring opening 
even durmg NMR measurement m CDC13 (used as recerved) to the vmylogous amide 11, whrch was identified 
by the appearance of absorptions due to NH and CO groups m the mfrared spectrum The structure was also 
supported by the signals due to the corresponding vmylogous amide moiety together with a C, symmetrical 
azahomoadamantane rmg in the 13C NMR spectrum. 

PhC = CH 

Scheme 3 
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There was observed no reaction between ketonitrone 8 and phenylacetylene under the above conditions 
When the temperature was raised to f4OC, two products were imtially formed after 24 h (TLC), one of which 1s 
regarded as the rearranged pyrrole W (wrde @a), and the other might be a pnmary cycloadduct such as lOd, 
but the amount was too small to isolate. Prolonged reaction time caused increase of the pyrrole, and finally the 
reaction at 17OC gave only the pyrrole as a separable product (see Scheme 4). 

Nitrone cycloadditions are beliived to be a process wrth the smnlarity of LUMO and HOMO energies m 
dipole and dipolarophtle As such, both HOMO(drpole)-LUMO(dipolarophile) and LUMO(drpole)- 
HOMO(dlpolarophrle) mteractrons may be important in determming reactivity and regiochemrstry 10~12 For 
r&ones 7, 8 and cyanoacetylene as well as phenylacetylene, the FMOs of these molecules by our own AM1 
calculatton are shown m Table 1.13 As a result, both interacttons seems to be mvolved, or otherwise the former 
mteractton mrght be relatively a httle important in whrch carbon and oxygen sites of the mtrone dipole have 
almost the same coefficrents (Le, equal “size”). In any event, these informations predicted a competmve 
formatron of 4- and S-substituted rsoxaxolines However, as a matter of fact, 4-substrtuted product, I e lob 
was formed regrospecifically We believe this is attributed to a steric factor, even If any mteractton participates 
m the cycloadditlon reaction to certam degrees, concerted but nonsynchronous pathway drsfavom the approach 
of a dtpolarophtle to the carbon center of mtrone because of mtrinsic blockmg due to axial rmg protons It 
could cause the preferential development of bond formation between g-carbon of cyanoacetylene (larger 

Table 1 FM0 Calculatton results for mtrones 7,8 and alkynes by AM1 

EH OMO ev 
co HOMO 

%JJMO ev 
CO WMO 

CC WMO 

0 654 I 0628 

Ca 
WMO 

‘!JMO 

HC= C-CN HC= C-Ph 

0606 0 405 

coefficient) and oxygen of the mtrone (free from steric restnctions) In the case of phenylacetylene, relattvely 
bulky phenyl group no longer allows to react m this way as suggested by model study, and supposedly, cz- 
carbon (attached to a phenyl group) mteracts with more free oxygen center of the mtrone leading to the 5- 
substituted product However, more detailed calculation for the transition state must be awaited 

Rearrangement to Homoadamantane-Fused Pyrroles . 
ntermolysls of 3 -methyl -A’-uoxawlmes 

3-Methyl-A4-lsoxaxolmes are known to rearrange to pyrroles through rmg-opening and subsequent 
cyclodehydratton I18 l4 In the case of the isoxaxolmes 10 denved from C-methyl ketomtrone 8, the same 
rearrangement occurred by heating m toluene to give homoadamantane-fused pyrroles 12 (Scheme 4) 
Compared with the reported non-fused isoxaxolmes which rearrange at 130°C wrthm a few hours,t4 lOa-c 
required higher temperature and prolonged reactron hme, cyano-substituted lob accomplished the nng 
transformatron at 150 “c for 8 h, and m turn methoxycarbonyl-substttuted 10a at 170 r for 20 h 
Blsmethoxycarbonyl substltutton made the rearrangement more drfftcult, and hence, only 33% of 1Oc was 
converted to the corresponding pyrrole under the same condmons even after 48 h, and further heatmg resulted 
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m decomposition of both isoxaxolinc and pyrrole. Thus, a substttuent has different stabtlrxmg effect to the 
isoxaxolme rmg The rearranged structures were determined as a 2-substituted pyrrole by spectml hrspections 
or comparison with an authentic sample” For l2b, the mass measurem ent rndicated M+ ion peak as a 
cyclodehydrated product, and the ‘H NMR spectrum showed a cyan0 group substrtuted at 2-poWion, two 

doublet peaks at 6 59 ppm and 5 83 ppm wrth a couplmg constant J = 3 8 Hz were asstgnable to G-H and 
G-H of the pyrrole rmg. Consequently, tandem cycloaddition reactron of ketomtrone 8 with electron- 
deficient alkynes and thermolysis of the cycloadduct gave rise to 2-substituted pyrroles fused wrth a 
homoadamantane ring 

8 - 
n - . 

% 
I31 \ I 

Fe 
12 

R’ R2 

COOMe H 
CN H 
COOMe COOMe 
H Ph 

Scheme 4 

As mennoned earlier, phenylacetylene did not react wrth ketonitrone 8 at room temperature, yet the 
reaction took place at 170°C to give pyrrole 12d directly In thus case a phenyl group was located at 3-positron 
of the pyrrole nng. The contrastmg result can be rationalized by the regiochemrstry in the first step of 
cycloaddrtron, on the analogy of mtrone 7 (vrde supru), the cycloadduct 1Od (S-phenyl substituted rsoxaxolme) 
formed mmally and it rearranged to 12d (3-phenyl substrtuted pyrrole) exactly vra the same pathway as above 
Wmterfeldt studied the mechanrsm of the thermal rearrangement of 3-methyl-A4-rsoxaxolures and suggested 
two pathways involving an acylaxmdine (path A) and an enamine (path B) 14b For the present homoadamantane 
system, the path A 1s the most plausible because the shrft of positron of the substrtuent from A4-rsoxazolme to 
pyrrole 1s m good agreement with the acylaxmdme pathway (Scheme 5) According to this mechamsm, 4- 
substrtuted 3-methyhsoxazolme lOa,b was transformed to 2-subsututed pyrroles 12a,b, whereas the 3- 
substituted pyrrole 12d was formed from the reaction of ketomtrone 8 wrth phenylacetylene through the S- 
substituted rsoxaxohne 10d under such condrtrons 

Scheme 5 
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The reacfton of ketonttrone 8 ~8th methylproprolate m prottc solvents 
Durmg the course of examination for the solvent effect, unexpected mtercstmg reaction was &covered 

The reaction of 8 with methyl propiolate was attempted first by changing the solvent from toluene to 
acetonitrile, although it was decelerated shghtly, the product obtamed was a normal cycloadduct lOa. When 
this was carried out in methanol, there was obtamed an unusual product m addition to 1Oa m a ratio of 25/75 
The structure of the product was characterized as 3-subsbtuted pynole l2e (a positional isomer of 12a) by 
comparison of an authentic sample zb The product ratio of 12e/lOa was maxhmzed to 54/46 m a 12 mixed 
solvent of methanol and water, but acid (AcOH, HCl) and base (NaOH) did not improve the ratio. The 
products m acetomtnle-water were slmllar to that m methanol-water These results are summarized m Table 2 

Table 2 Protic solvent effect to cycloaddltion reaction 

No Solvent Temp Time ProdUctSa Yleldb 
(“c) (h) 1Oa 12e @) 

1 Toluene 
MeCN 
MeOH 
MeOH + Hz0 (3 1) 
MeOH + Hz0 (1.2) 
MeOH t AcOH (10 1) 
MeOH t HCl (cat.) 
MeOH t NaOH 
MeCN t Hz0 (12) 

rt 
r t 
r t 
rt 
rt 
r t 
r t 
rt 
r t 

2 100 
4 100 

12 75 
12 58 
12 46 
12 69 
8 - 

12 - 
12 55 

0 73 
0 86 

25 94 
42 79 
54 * 

31 * 
0 
0 

45 * 

a The product ratlo lOa/12e was calculated from the Isolated yield (No l-4) or estimated from 'H 
NMR data (No $6 and 9) 

b Isolated yield, l corresponds to not Isolated case 

The present novel one-step conversion of a mtrone to a pyrrole seems to be catalyzed by moderately 
acidic proton from a solvent 

Q 
, N-0 

% 
8 

Consldermg the substitution pattern obtained (1 e ,3-substituted pyrrole), an 

HCXCO,CH, 

MeOH G$+ q 

2 3 CO,CH, 

10a 12e 

t 

Scheme6 
kO,CH, 
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enamine pathway may be mvolved as shown in Scheme 5. Therefore, It 1s assumed that an enamine, whch 
may ongmate from protonation to 8 and subsequent addihon of a resulted hydroxyenami& to methyl 
propiolate, IS responsible for the formation of the final product 1% though hetero-Cope rearrangement and 
cyclodehydration (Scheme 6). Such a mechanism is closely related to the addition reaction of oximes with 
alkynes to form a pyrrole ring l6 Apart from the detailed mechanism, it 1s concluded m these sections that 
positional isomers, homoadamantane-fused 2- and 3-substituted pyrroles, can be prepared from the same 
n&one depending on reaction conditions 

EXPERIMENTAL 

Meltmg porn& were measured on a Yanagimoto micro melting point apparatus and are uncorrected. 
Infrared spectra were recorded on a JASCO FT/IR 5300 spectrometer ‘H and 13C NMR spectra were obtamed 
with a GEMINI 200 spectrometer at 200 MHz for *H NMR and at 50 MHz for “C NMR in CDCl3 as a solvent 
Chemical shifts are reported m part per million @pm) relative to (CH3)4S1 as an internal standard and couplmg 
constants m Hz, and only charactenstlc ‘H NMR peaks are reported Elemental analyses were performed on a 
PERKIN-ELMER 2400 CHN Elemental Analyzer Mass spectra were obtamed using an ESCO EMD-05B 
mass spectrometer at 70 eV 

Reduction of 4-azahomoadamant-4-ene (3). 
The reduction was camed out according to the literature method 6 To a solution of 3 (1.03 g, 6 81 mmol) 

and a trace of bromocresol green m methanol (5 ml) was added NaBH3CN (428 mg, 6.81 mmol), while the 
solution immediately turned deep blue Then 2N HCl-methanol was added to this solution unhl the color 
became yellow The stmmg was continued and 2N HCl was added occasionally to keep the yellow color After 
the yellow color no more changed, the solution was stmed for additional 1 h The solvent was evaporated off 
and the residue was baslfied with 10% NaOH (50 ml) The product was extracted with chloroform (10 ml x 5), 
and dned over K2C03 After evaporation of the solvent, the residue was subhmed (15OW5 mmgH) to give the 
pure amme 5 (0.95 g, 91%), m p 171-173 “c (la m p 374-378’C as HCl salt) l7 

Reduction of 5-methyl-4-azahomoadamant-4-ene (4). 
The reduction of 4 in the same manner as above gave the pure amme 6 as a gummy oil (98 %) 

IR(KBr)v(cm-1) 3302,2957, 2903,2847,1441,1373,1335,1267,1175,1123,1078; 1H NMR (CDC13) 6 3 30 
(m, lH), 3 18 (q, J = 6 6 Hz, lH), 108 (d, J = 6 6 Hz, H-I) (ht m. p 295-298C(dec) as HCl salt) sh b 

Synthesis of 4-azahomoadamant-4-ene N-oxide (7). 
To a mixture of 5 (153 mg, 100 mmol) and SeOz (5 mg, 0 05 mmol) in acetone (2 ml) was added 

aqueous 30% H202 (0 22 ml, 2 2 mmol) dropw1se at -5 - 0°C under an atmosphere of mtrogen, and stu-rmg 
was contmued at this temperature for 30 mm Then the acetone was removed under reduced pressure The 
product was extracted with chchloromethane (2 ml X 4) and dned over KZCG3 After evaporation of the 
solvent, the residue was subJected to thick layer chromatography (alumina, &chloromethane/methanol 30 1) 
The eluted product m chchloromethane was dned over anhydrous &CO3 and removal of the solvent under 
reduced pressure gave the m&one 7 as an amorphous solid (113 mg, 65 %) m p 250-253 C (sub), 
IR(KBr)v(cm-l) 2920, 2853, 1610, 1445, 1362,1244, 1155, 1049, 914, 806, 768, ‘H NMR (CDCb) 6 7 35 
(dd, J = 8 0, J = 2 0, H-I), 4 16 (m, H-I), 2 53 (m, WI), MS m/e (%) 165 (M+, 16), 149 (4), 135 (22), 79 (96), 
67 (lOO), Anal Calcd for CloI-IlsNO (165 24) C, 72 69, H, 9 15, N, 8 48 Found C, 72 76, H, 9 10, N, 8 45 

Synthesis of 5-methyl-4-azahomoadamant-4-ene N-oxide (8). 
To a mixture of 6 (165 mg, 100 mmol) and Se02 (5 mg, 0 05 mmol) m acetone (2 ml) was added 

aqueous 30% Hz02 (0 22 ml, 2.2 mmol) dropwse at O”z: under an atmosphere of nitrogen After stu-rmg at 
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OC for 1 h, the mmtnre was allowed to warm to ambient temperature and stirring was contmucd for 3 h The 
same work-up and separation as above gave the mtrone 8 as an amorphous solid (151 mg, 84 96): m. p 98 5- 
1025’C; IR(K13r)v(cm-1) 2919,2853, 1610,1445,1372,1240,1150,1094, 880, 745; lH NMR (CDClr) 6 
4.29 (m, H-I), 2 64 (m, H-I), 2.16 (s, 3H), MS m/e (%) 179 (I@, 27), 163 (14), 149 (lo), 79 (lOO), 67 (70), 
Anal. CaIcd for Ct1H1rNO (179.26): C, 73.70; H, 9 56, N, 7 81 Found C, 73 63; H, 9.68, N, 7 75 

Methyl 3-oxa-2-azatetracyclo~.3.1.1 ““.O?tetradec-4-ene-5-carboxylate (9a). 
A solution of 7 (33 mg, 0.20 mmol) and methyl prop1olate (34 mg, 0 40 mmol) m toluene (0.5 ml) was 

stirred at OC for 2 h, wUe the reacbon was monitored by TLC (alumina, d1chioromethane/methanol 40 1) 
After removal of the solvent under a reduced pressure, separation of the residue with preparative TLC (sdica 
gel, hexane/ethyl acetate 3.1) gave the oily product 9a, which solidified after standmg at room temperature 
overmght (39 mg, 78 %). m p 42.5-45.5S:, IR(KBr)v(cm-l) 2915,2850,1695, 1610,1440, 1335, 1310, 
1240,1120,1080, ‘H NMR (CDCi3) 6 739 (d, J = 1.6, HI), 493 (m, HI), 3.81 (m, H-I), 3 70 (s, 3H), 256 
(m, H-I), MS m/e (%) 249 (I@, 8), 84 (100); Anal Calcd for C14H19NO3 (249 31) C, 67 44; H, 7 68, N, 5 62 
Found C, 67.37, H, 7 71; N, 5 66. 

Methyl 6-methyl-3-oxa-2-azatetracyclop.3.1.1 ““.O*“%etradec-4-ene-5-carboxylate (1Oa). 
A solution of 8 (50 mg, 0 28 mmol) and methyl propiolate (50 mg, 0 59 mmol) m toluene (0 5 ml) was 

stnred at room temperature for 2 h. The same work-up and separation as above gave the oily product 1Oa (54 
mg, 73 %) IR(neat)v(cml) 2920,2850,1710,1625, 1440,1340,1150, ‘H NMR (CDCI3) 67 42 (s, HI), 3 70 
(stm, 3+1H), 2.64 (m, HI), 155 (s, 3H); MS m/e (%) 263 (Mf 74), 79 (100); 13C NMR (CDCl3) 6 164 7, 
153 8, 113 9, 74.7, 60.4, 51 1, 36 1 (2), 34.4 (2), 314, 30 8, 30 2, 26.6, 26 3; Anal. C&d for C1sHr1NOr 
(263 34) C, 68 41, H, 8 04; N, 5.32 Found. C, 68 53, H, 7.91, N, 5.33 

5-Cyano-3-oxa-2-azatetracyclo~3.1.1 ‘*“.mtetradec-4-eae (9b). 
A solution of 7 (33 mg, 0.20 mmol) and cyanoacetylene (10 mg, 0 40 mmol) m toluene (0.5 ml) was 

stnred at room temperature for 5 min ‘Ihe same work-up and separation as above gave the oily product 9b 
(34 mg, 79 %) IR(neat)v(cm-l) 2920, 2850, 2215, 1630, 1445, 1150, ‘H NMR (CDClr) 6 7 21 (d, J = 18, 
H-I), 4 92 (m, Hi), 3.80 (m, H-I), MS m/e (%) 216 (I@, 74), 78 (100), AnaI Calcd for C13HtaNzO (216 28) 
C, 72 19, H, 7 46; 12 95. Found C, 72 34, H, 7 43; N, 12.81 

6-Methyl-5-cyauo-3-oxa-2-azatetracycloC7.1.1~””.0~tetradec-4-ene (lob). 
A solution of 8 (20 mg, 0 11 mmol) and cyanoacetylene (22 mg, 0 44 mmol) in toluene (0 5 ml) was 

stirred at room temperature for 30 mm The same work-up and separation as above gave the solid product lob 
(24 mg, 93 %) m p. 98 5-100 5oC; IR(IU3r)v(cm-1) 2920,2853,2209,1626,1443,1381,1265,1238,1154, 
1105,905,727,693, ‘H NMR (CDCls) 6 7.21 (s, H-I), 3 70 (m, lH), 155 (s, 3H), MS m/e (%) 230 (Mf lo), 
215 (58), 79 (lOO), AnaI Calcd for C14H1sNzO (230 31) C, 73 01, H, 7 88, N, 12 17 Found C, 73 16, H, 
7 75, N, 12 15 

Dimethyl 3-oxa-2-azatetracyclo[7.3.1.1 ““.Oytetradec-4-ene-4,5-dicarboxylate (SC). 
A solution of 7 (33 mg, 0 20 mmol) and dimethyl acetylenedicarboxylate (50 mg, 0 35 mmol) m toluene 

(0 5 ml) was stirred at room temperature for 1 h The same work-up and separation as above gave the solid 
product 9c (43 mg, 70 %). m p 83.5-86.5”1:, IR(RBr)v(cm-1) 2915,2850, 1760, 1705, 1655, 1440, 1310, 
1130,1065,785, ‘H NMR (CDCb) S 5 07 (d, J = 2 6 I-Ix, HI), 3 89 (s, 3H), 3 82(m, HI), 3.72 (s, 3H), 2 50 
(m, H-I), MS m/e (%) 307 (M+, 18) 248 (lOO), Anal C&d for C16H~1N0s (307 35) C, 62 52, H, 6 88, N, 
4 56 Found. C, 62 75, H, 6 91, N, 4 29 

Dimethyl 6-methyl-3-oxa-2-azatetracyclo[73.1.1 ““.d’%etradec-4-ene-4,5-dicarboxylate (1Oc). 



Homoadamantane-incorporated mtrones 831 

‘Ihe same treatment of 8 wtth dtmethyl acetylenedicarboxyiate as above gave a sobd product 1Oc (63 %) 
m p. 89 O-91 0 C , IR(KBr)v(cm-1) 2982, 2928, 2853, 1755, 1713, 1649, 1437, 1342, 1310, 1240, 1199, 
1090,1067,1003,837,780, ‘H NMR (CDC13) 6 3 89 (s, 3H), 3.72 (s+m, 3tlH), 2.56 (m, H-i), 1.60 (s, 3I9, 
MS m/e (%) 321 (Mt, 6), 306 (lOO), 262 (W), AnaI C&d for Ct7HuNOs (32137) C, 63 53, H, 7 21, N, 
4 36 Found C, 63 63, H, 7 23; N, 4 36 

4-Phenyl-3-oxa-Z-iuatetracyclo[7.3.1.1 ‘*“.mtetradec-4-ene (9d) and 5-Pheoacylidene-4-ahomo- 
adamantane (11). 

A solutton of 7 (50 mg, 0 30 mmol) m phenylacetylene (0 5 ml) was stmed at room temperature for 24 h 
After removal of the excess phenylacetylene m vucuo, the restdue was subjected to TLC separation (srhca gel, 
hexane/ethyl acetate 3 1) to give products 9d (36 mg 45 %) as the first fraction and 11 (16 mg, 20 %) as the 
second fractton 9d m p 98-106C; IR(KBr)v(cm-1) 2909, 2843, 1657, 1493, 1447, 1277, 1151, 1057, 
1024,949,918,754,704,691, ‘H NMR (CDCls) 6 7 54 (m, 2H), 7 34 (m, 3H), 5 00 (stm, 2I-Q 3 82 (m, H-I), 
MS m/e (%) 267 (Mt, 2) 251 (47), 225 (lOO), 13C NMR (CDCl3) 6 152.3, 128 9, 128 7 (2), 125.7 (3), 97 8, 
75 9,59 5, 37 3,36 6,35 7,33 9,32 0,317,26 8,26 1, Anal Calcd for CtsI&NO (267 37) C, 80 86, H, 7 92, 
N, 5 24, Found C, 80.79, H, 7 95, N, 5 27 11 m p 97-102T; IR(KBr)v(cm-l) 3055, 2907, 2851, 1597, 
1553, 1526, 1375, 1354, 1327,1302, 1263, 1204,1117, 1053,1028,955,743,696, 654; ‘H NMR (CDCl3) 6 
119 (brs, HI), 7 87 (m, 2H), 7 34 (m, 3H), 5 64 (s, H-I), 3 69 ( m, HI), 258 (m, HI), MS m/e (%) 267 @It, 
85), 266 (RIO), 250 (lo), 189 (23), 13C NMR (CDCi3) 6 188 8, 175 6, 1412, 130 7, 128 5 (2), 127 2 (2), 90 2, 
49 2, 40 6, 36 0 (2), 35 0, 33 0 (2), 27 1 (2), Anal Calcd for CtsHsrNO (267 37) C, 80 86; H, 7 92, N, 5 24, 
Found C, 80 69, H, 8 01, N, 5 30 

Methyl 2-axatetracyclo[7.3.1.1 7~11.02~tetwdeca-3,5-diene-3-carboxylate (12a). 
A solution of 10a (10 mg, 0 038 mmol) 111 dry toluene (0 5 ml) was heated m a sealed tube at 1709= for 

20 h under an atmosphere of nitrogen After evaporation of the solvent, the product was separated on 
preparattve TLC (s~hca gel, hexane/ethyl acetate 3 1) to gave the product 12a as a crystal (7 mg, 75 %), whtch 
was identical with an authentic sample m all spectral data zs 

3-Cyano-2-azatetracyclo[7~.l.l7~11.Oz~]tet~de~-3~-~ene (12h). 
In the same way as above except for heatmg the solution of lob (8 mg, 0.038 mmol) m dry toluene (1 

ml) at 150°C for 8 h, 12b was obtamed as a crystal (5 mg, 78 %) m. p 112-114 5T; IR(KBr)v(cm-1) 2903, 
2847,2203,1480,1449,1404,1354,1292,1190,1152, 1030,785,777,710, ‘H NMR (CDC13) 6 6 59 (d, J = 
38,1I-I),583(d,J=38,1H),457( m, H-I), 3 14 (m, Hi), MS m/e (%) 212 @I+, lOO), Anal Calcd for 
Ct4HraNz (212 29) C, 79 21, H, 7 60, N, 13 20 Found C, 79 28, H, 7.64, N, 12 94 

Dimethyl 2-azate~cyclo[73.1.17~11.02~tetradec (l2c) 
A solution of 1Oc (5 mg, 0 016 mmol) was heated m toluene at 170 “c for 48 h, only 33% of the 

tsoxaxoline was converted to the pytrole 12c, whtch was Identical with an authentic sample m all spectral 
data ti Further heating decomposed both the product and starting matenal 

4-Phenyl-2-azatetracyclo[7~.l.l7~11.O~tet~d~-3~-diene (12d). 
A solutton of 8 (35 mg, 0 20 mmol) and phenylacetylene (41 mg, 0 40 mmol) m toluene (0 5 ml) was 

heated m a sealed tube at 1705= for 8 h under an atmosphere of nitrogen After removing the solvent, the 
restdue was separated on preparative TLC [sthca gel, hexane/ethyl acetate (4/l)] to give the solid product 12d 
(32 mg, 72%), which was identical with an authentic sample m all spectral data zb 

Methyl 2-azatetracyclo[773.1.17~“.0~tetradec (12e). 
A solution of 8 (50 mg, 0 28 mmol) and methyl proplolate (50 mg, 0 59 mmol) m methanol (2 ml) was 
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stnred at room temperature for 1 day. After re-movai of the solvent under reduced pmssure, separation of the 
residue with preparattve TLC (stiica gel, hexane/ethyl acetate 3.1) gave two products 1Oa (38 mg, 72%) as the 
second tractron and 12e (12 mg, 24%) as the first fraction, whtch was identtcai with an authentic sample m all 
spectral data 2b 
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