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In order to examine the possible preference for anti or syn attack 
in bicyclic cyclobutenes, a series of heterocyclic bicyclo- 
[2.2.O]hcxcncs, 3 - 8, has bccn subjcctcd to thc reaction towards 
1.3-dipolcs, particularly diazoalkanes. All dipolar cycloadditions 
exclusively lead to unri-configurated tricyclic products with vary- 
ing regiochemistry in the cases of 4-8. Similarly, the Pd-catalyzed 
methylene transfer reactions only yield unri products. These re- 
sults are in remarkable contrast to the known cycloaddition of, 
e. g., dichlorocyclobutene (1) or the carbonate 24. 

The syn addition of 1,3-dipoles to cis-3,4-disubstituted cyclobu- 
tenes (e.g. 1 to 2) represents a remarkable phenomenon because of 
the contra-sterical cffects coming into force in this reaction". 

1 2 

3 4 5 , R = i - C 3 9  8 

6, R = C H 3  
7, R = H  

As possible explanations for that effcct intramolccular interac- 
tions in the cyclobutene, pyramidalization at the olefinic C atoms 
and intermolecular LUMO(dipo1e)-n(cyc1obutene) interactions 
have been postulated. In order to investigate the influence of hetero 
substituents in 3,4-poition in a clearly defined sterical arrangement 
the reactivity of the bicycles 3-B3'  with diazoalkanes 9a-e has 
been studied. 

In addition to that the bridging of the substituents in 3,4-position 
facilitates structural assignments to the tricyclic adducts, since in 
these adducts the central four-membered ring should be nearly 
planar. Thus, it should be. possible to differentiate syn and anti 
adducts with the help of the dependence of the vicinal coupling on 
dihedral angles. Extraordinarily large trans couplings, as can be 
observed in bicyclic adducts of 3,edichloro- or 3,4-dibromocyclo- 
butenes, are therefore not to be expected. Part of the work (re- 
garding compound 3) has been published in preliminary form4). 

The reaction of diazomethane with 3 yields 50% of the 
tricyclic pyrazoline 10a. 

Dipolare Cycloadditionen rnit heterocyclischen Bicyclo- 
[2.2.O]hexenen. - Ein Beitrag zur synlanti-Selektivitat cis-3,4di- 
substituierter Cyclobutene '' 
Um die Tendenz zum bevorzugten anti- oder syn-Angriff in bi- 
cyclischen Cyclobutenen zu untersuchen, wurde eine Reihe hete- 
rocyclischer Bicyclo[2.2.0]hexene, 3- 8, mit 1,3-Dipolen, insbe- 
sondere Diazoalkanen, umgesetzt. Alle dipolaren Cycloadditi- 
onen fuhren ausschliefllich zu anti-konfigurierten Produkten mit 
unterschiedlicher Regiochemie in den Fallen 4 -8. Ebenso werden 
bei Pd-katalysierten Methylentransfer-Reaktionen nur anti-Pro- 
dukte erhalten. Diese Ergebnisse stehen in bemerkenswertem Ge- 
gensatz zu den bekannten Cycloadditionen von beispielsweise 
Dichlorcyclobuten (I)  oder dem Carbonat 24. 

Apart from 55% of a photoproduct, on which we will 
report separately, photolysis of the pyrazoline 10a yields 
45% of the housane l l a .  Both, NMR spectroscopical data 
of 10a and l l a ,  prove the anti structure and therefore the 
anti cycloaddition. 

3 9 10a-e 

l la -e  e, R' R% = Fluore ry l idene  

In the 'H-NMR spectrum of 10a a doublet (3J2.H,5.H = 
4 Hz) appears at 6 = 4.30. Since in a syn structure each 
proton of the four-membered ring should show two large 
cis couplings (dihedral angle ca. 00) the single doublet split 
proves the anti structure. This doublet can be assigned to 
2-H by means of I3C-NMR spectroscopy. Thus, in the 'H- 
coupled "C-NMR spectrum the C-2 signal shows a more 
complex fine structure than that of C-5 and can be correlated 
with the doublet proton resonance at 6 = 4.30 by means of 
selective 'H decoupling. The proton 5-H, vicinal to the azo 
group, absorbs at lower field (6 = 4.75). 

In the case of the housane l l a  the anti geometry can be 
proved by the missing W coupling. The signal of the ex0 
proton 3-H, (Rz = H) appears as a distinct quartet caused 
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by similar coupling of '5 = 6 Hz with 3-H, (R' = H), and 
'J = 6 Hz with 2-H/4-H. The 4J-coupling with l-H/S-H 
(typical of housanes with W-H,H structural element')), is not 
present in l l a .  

Diazopropane 9b adds faster than diazomethane 9a, 
which indicates that the reaction is HOMO-(dipole-)con- 
trolled. The 'H-NMR spectrum of the adduct 10b reflects 
the anri structure in the shape of four partly broadened 
doublets: each cyclobutane proton shows merely one larger 
coupling. 

In the 'H-coupled ',C-NMR spectrum of the pyrazoline 
10b it is remarkable that the methyl carbon signal at higher 
field (6 = 20.6) shows only quartet fine structure ('J = 
4.5 Hz) whereas that at 6 = 26.6 appears as a quintet (,J = 
4.5 Hz). Thus, the latter can be assigned to the exo methyl 
group R2 = CH,, since only that group has 1-H as a fa- 
vourable 'J coupling partner apart from the endo methyl 
neighbouring group. Furthermore, it is interesting that C-6 
shows a 'J diagonal coupling constant of 5 Hz with 2-H; 
'J(C-2/6-H) and 3J(C-5/1-H) are traceable as well. 

Photolysis of 10b yields 42% of the tricyclic housane 11 b 
and, analogous to 10a, another photoproduct on which we 
will report separately. Simulation experiments of the 
AA'XX' spectrum of the cyclobutane protons of the sym- 
metrical housane 11 b indicate the existence of a negative 
diagonal coupling (4J < 0 Hz) which leads to the pseudo 
doublets observed for 1-H/5-H and 2-H/4-H, respectively. 
The negative sign of the diagonal coupling, which obviously 
is particularly large for such housanes (compare the follow- 
ing asymmetric housanes) supports the assumed anti 
structure ". 

The methyl C-atoms of 11 b can clearly be differentiated 
in the "C-NMR spectrum (6 = 14.6 and 23.6). The endo 
methyl C-atom (R1 = CH,), which is exposed to the y-effect 
of the CH groups in the positions 1 and 5, absorbs at higher 
field. Furthermore, the exo methyl C-atom (R2 = CH3) 
shows sextet line structure because of its cis coupling with 
2-H/4-H and also with the endo methyl group. On the other 
hand, the endo methyl group displays a pure quartet fine 
structure. 

Methylphenyldiazomethane 9c adds considerably slower 
than 9a or 9b and leads to two stereoisomeric pyrazolines 
1Oc (7%) and 1Oc' (1%). Due to the small amount of 1Oc' 
that side-product has only been characterized 'H-NMR 
spectroscopically. The doublet 'H-resonances show that 
both isomers have anti configuration. The main product 
1Oc bears the phenyl group in endo position (R' = C6H5). 
That should be due to kinetic reasons: during the approach 
of the linear dipole the transition state with the flat phenyl 
group in endo position possesses lower repulsion. 

The proof for the exo position of the methyl group again 
results from the 13C-NMR spectrum. The methyl C-atom 
shows a doublet h e  structure which is caused by the vicinal 
coupling with 1-H in cis position. 

Photolysis of 1Oc yields the tricyclic housane l l c  in a 
highly stereoselective way. The endo arrangement of the 
phenyl group clearly follows from the triplet line structure 

= 3 Hz) of the methyl C-atom at 6 = 25.2 caused by 
the two vicinal cis protons 2-H/4-H. 

Diphenyldiazomethane 9d and diazofluorene 9e add 
within some days and yield 53 and 49% of the two pyra- 
zolines 10d and 10e, respectively. The diagonal coupling 'J 
(C-2/6-H) of 10 Hz for 10d can be proved in the following 
way. Decoupling of 2-H (6 = 4.07) only leaves a reduced 'J 
coupling constant, 'Jd (C-2/6-H) = 2.2 Hz for C-2 (Fig. 1). 
The result for C-6 is 'J: 'Jd = 162: 37 = 4.4. Consequently, 
the original diagonal coupling amounts to 'J(C-2/6-H) = 
2.2 x 4.4 Hz = 9.7 Hz (measured 10 Hz). The relatively 
large value of the 'J(C-2/6-H) coupling can probably be 
explained by the double coupling pathway. 

Figure 1 .  Proof of the diagonal coupling 'J(C-2/6-H) = 10 Hz in 
10d by decoupling the proton 2-H (6 = 4.07) and observation of 

the reduced coupling constant 3Jmd = ' J ( ' J 4 ' 4  

Both by thermolysis (80- 110°C in toluene) and by pho- 
tolysis, the housanes 11 d and 11 e can be obtained, which, 
corresponding to the housanes 11 a - c cause pseudo doub- 
lets in the 'H-NMR spectra. 

In order to check whether the observed anti selectivity is 
only restricted to cycloadditions of diazoalkanes or whether 
it is generally valid, 3 was treated with benzonitrile oxide 
12f and diphenylnitrile imine 12g. In both cases again only 
the anti tricycles 13f and 13g could be isolated. 

~ Y c o o C H , e H p N t  - &---JCOOC H3 

'COOCH3 'COOCH3 

3 12f, x = 0 13f,X=O 

12g, x = N-GHs 139, X = N-Q-k, 

The urethane 4 adds to diazopropane (9b), diphenyldi- 
azomethane (9d), and diazofluorene (9e) to yield regioiso- 
meric anti cycloadducts 14 and 15. 

The isomers are formed in similar proportions with slight 
preference of 15. Separation of the isomers is accomplished 
by fractional crystallization or HPLC. At ambient temper- 
ature the 'H- and "C-NMR spectra of 14 and 15 show 
exchange broadening due to restricted N -C rotation of the 
carbamate group. Since besides the resonances of C-1, (2-2, 
C-4,2-H, and OCH3 that of 1-H is affected in all compounds, 
the chemical shift of this broadened resonance provides a 
simple means to distinguish between the isomers. The ana- 
lysis of the splitting patterns of the 'H resonances assisted 
by decoupling experiments confirms the structural assign- 
ments. Thus, a relatively large trans coupling 3 ~ 5 s  = 
2.1 -2.4 Hz is observed for the compounds 15. The corre- 
sponding coupling on the other side of the ring 'JI2 is too 
small to be detected. In the isomers 14 the trans coupling 
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'J5.6 and the cross-ring coupling 4Jz6 are of similar magnitude 

Both regioisomers are photolyzed or thermolyzed to yield 
the same anti housane 16. Exchange broadening of the res- 
onance of 4-H together with decouplig experiments dem- 
onstrate the presence of large cross-ring couplings: 4J1,4 = 

(1 -2 Hz). 

2.5-3 Hz, 4J3 = 3.5 Hz. 

+ 9b.d.e - 
%OOCH, R 

4 14hde 

Among the lactams 5 has been treated with the diazoal- 
kanes 9b, 9d, and 9e (9a turned out to be insufficiently 
reactive hitherto). 7 reacted with 9a and 9d, however, 20a 
could not be obtained in pure state so far. 

5, R: 

7,R=H 20d, R = H  21d, R - H  

17b,d,e R= i -C3H7 isb,d,e, R- i - C3H7 

Again, only anti addition is observed. Compared with the 
urethane 4 the lactams 5 and 7 give rise to higher regiose- 
lectivity in the formation of the two possible anti cycload- 
ducts 17,18,20, and 21. Thus, in the reactions of 5 with 9b 
and 9d only the pyrazolines 17b and 17d, respectively, have 
been isolated in high yield. Both isomers 17e and 18e are 
formed in the reaction of diazofluorene (9e) with 5 in a ratio 
of 3: 1 as determined by "C NMR of the crude product. In 
contrast to the lactam 5 the cycloaddition of the parent 
lactam 7 with diphenyldiazomethane (9d) proceeds less re- 
gioselectively yielding a 2:l mixture of 20d and 21d. As- 
signment of the regioisomers has been achieved by the use 
of the one-sided trans coupling 3J5,a as described above for 
the isomeric urethanes 14 and 15. Photolysis or thermolysis 
of the pyrazolines 17,18,2O, and 21 afford the housanes 19, 
22, and 23. The 'H-NMR spectra, recorded at 60 or 80 MHz 
in CDC13 as solvent, are not amenable to a first-order ana- 
lysis since the proton resonances of 2-H and 4-H are not 
resolved. 

Particularly instructive results were expected from the bi- 
cyclic lactone 8. The structure of 8 is extraordinarily similar 

to that of the carbonate 24. The fundamental differences 
between 8 and 24 should lie in the electronic structures of 
the carbonate or lactone skeleton, respectively. The carbon- 
ate 24 adds to diazomethane and other dipoles both in anti 
and in syn geometry with a small preference for the anti 
attack (2: 1Yb'. 

24 8 

9a,bld I= 
2 0  

27a.d.e 26a.b.d.e 25a.b.d.e 

Diazomethane adds to 8 to give two products in a ratio 
of 3: 1, which, however, do not prove to be synfanti isomers 
but instead are the regioisomers 25a and %a, respectively. 
Analogous behaviour is observed for the diazoalkanes 9 b 
and 9d. 

The structural assignment of the isomers is based on the 
'H-chemical shifts and coupling constants. Use of the ani- 
sotropy of N=N, established above for 10a, allows to dis- 
tinguish between the regioisomers via the chemical shifts of 
the protons 2-H and 5-H. 

The compounds 25 and 26 have the smallest vicinal cou- 
pling '.Iz5 (ca. 2 Hz) of all pyrazolines described in this work. 
This reduced cis coupling is explained easily by the high 
electronegativity of the oxygen in position 3. As a result, the 
cis coupling now has the same magnitude as the trans cou- 
pling 3J5,6 and the cross-ring coupling 4Jz6 in 25 and 26, 
respectively, leading to triplet patterns in both isomers. 

Photolysis OT thermolysis of isomer mixtures 25/26 afford 
only one housane in each case. The 'H-NMR spectra of the 
housanes 27 show similar patterns for the resonances of 1- 
H and 5-H. In the case of 27e the largest separation of the 
resonances of 2-H and 4-H is obtained which can further 
be enlarged by use of C6D6 as a solvent. Thus, first-order 
analysis reveals as large cross-ring couplings (4J2,5 = 3.7 Hz 
and 4J1,4 = 2.7 Hz) as have been verified for housanes 16. 
Interestingly, the cis coupling 3Jf,5 has a value of only 1 Hz 
in this compound. The housanes which can be derived from 
diazomethane but which cannot be prepared by dipolar cy- 
cloadditions with diazomethane, because of its too low or 
complex reactivity, are accessible by other methods. When 
treating the bicyclic cyclobutenes 3,4,5,6,7, and 8 with an 
etheric solution of diazomethane in the presence of Pd(I1) 
acetate, the tricycles l l a ,  16a, 19% 22a, 23a, and 27a can 
be isolated in good yields. Thus, these methylene additions 
also take a strictly anti-selective course. 
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Conclusions 
All dipolar cycloadditions carried out with the bicyclic 

cyclobutenes 3- 8 exclusively lead to anti-configurated t i -  
cyclic pyrazolines with varying regiochemistry in the cases 
of 4 - 8. Similarly, the Pd-catalyzed methylene transfer re- 
actions only yield anti products. In connection with the pho- 
toelectron spectra of these compounds we will report on the 
causes for this anti preference, which can be attributed both 
to destabilizing influences of the hetero atoms and to certain 
pyramidalizations of the olefinic C-atoms. 

This work has been supported by the Deutsche Forschungsye- 
meinschaft (project 540/11-1). by the Fonds der Chemischen Indus- 
trie, and by the BASF AG. 

Experimental 
Melting points: Buchi SMP-20 (uncorrected). - IR: lnfrared 

Spectrophotometer 297, Perkin Elmer. Ratio Recording Infrared 
Spectrophotomcter 1420, Perkin Elmer. - UV: Spectrometer M 4 
QIII ,  Carl Zeiss. - 'H NMR: WP 80, Bruker. EM 360-A Var- 
ian. - I3C NMR: XL 100, Varian. - MS: Varian-MAT CH 5. - 
Photolyses were carried out with a 150-W high-pressure mercury 
lamp (TQ 150, Hanau), Duran filter. 

Dimethyl (la.2~,5~.6a)-3.4.7.8-Tetrazatricyelo[4.3.O.Oz~s]non-7- 
ene-3,4-diearboxylate (1Oa): A solution of diazomethane (ca. 
33 mmol) in ether is addcd slowly to a cooled solution of 3 (2.30 g, 
11.6 mmol) in 20 ml of ether. Aftcr 12 h at 0°C the solvent is evap- 
orated to 10 ml, and thc solution is stored at -20°C for 24 h 
The crystals are filtered to the exclusion of air and givc analytically 
pure material; yield 1.39 g (%YO), m.p. 120°C. - IR (KBr): 1690- 
1760 cm-' (C=O), 1530 (N=N). - UV (Ethanol): Lax (Ig E )  = 
240 (2.98). 325 nm (2.50). - 'H NMR (80 MHz, CDCI,): 6 = 
3.0-3.25 (m; lH,  1-H), 3.80 (s; 3H, OCH,), 3.85 (s; 3H, OCH]), 
4.30 (d, J = 4 Hz; 1 H, 2-H), 4.75 (mc; 3H, 5-H, CHI), 5.8 (m; 1 H, 
6-H). - "C NMR (cDC13): 6 = 36.4 (d; C-l), 53.6, 53.7 (s; OCH]), 
66.2 (d C-5),68.1 (d; C-2), 81.8 (t; C-9), 92.3 (d; C-6). 159.1 (s; CO). - 
MS (70 eV): m/z (%) = 240 (10, M+), 212 (2. M - Nz), 167 (8, 

C9HI2N4O4 (240.2) Calcd. C 45.00 H 5.03 N 23.32 
Found C 45.10 H 5.04 N 23.53 

M - NCOzCHJ, 

Dimethyl (I  a,2fi,Sfi,6a) -9.9-Dimethyl-3,4.7,8-tetrazatricyclo- 
(4.3.0.0'~'/non-7-ene-3.4-dicarboxylate (lob): 2-Diazopropane is 
prepared from acetone hydrazone (3.00 g, 41.6 mmol), red mercury 
oxide (12 g), ether (20 ml), and potassium hydroxide in ethanol 
(3 M) according to the literature procedure'); it is collected with 
ether in a cold trap (-78°C). This red solution is added dropwise 
at 0°C to 3 (2.00 g, 10.1 mmol) in 10 ml ether. After 2 h the red 
solution is pipetted from the precipitate, evaporated to ca. 4 ml and 
kept at - 10°C for 24 h. The formed precipitate is filtered, com- 
bined with the first precipitate and washed with ether/pentane; yield 
1.64 g (61%), m.p. 135°C. - IR (KBr): 1740, 1720 cm-' (C=O), 
1540 (N=N). - UV (CHCI,): Lx (lg E )  = 328 nm (2.41). - 'H 
NMR (80 MHz, CDCI,): 6 = 1.25 (s; 3H, exo-CH,), 1.62 (s; 3H, 
endo-CH,), 2.85 (d, J = 5 Hz; l H ,  1-H), 3.88 (s; 3H, OCH,), 3.92 
(s; 3 H, OCHj), 4.60 (d, J = 4 HG 1 H, 2-H), 4.82 (d, J = 4 Hz; 1 H, 
5-H), 5.87 (d, J = 5 Hz; 1 H, 6-H). - "C NMR (CDC13): 6 = 20.7 
(4; endo-CH3), 26.7 (9; exo-CH3), 47.0 (d; C-1), 53.55, 53.59 (4; 

(s; CO). - MS (70 eV): m/z (YO) = 268 (2, M+), 240 (2, M - N2). 
OCH,), 64.0 (d; C-2), 64.4 (d; C-5), 92.7 (d; C-6), 91.6 (s; C-9), 158.9 

CllH16N4O.j (268.2) Cdcd. C 49.25 H 6.01 N 20.89 
Found C 49.02 H 6.03 N 20.77 

Dimethyl (Ia,2~,5fi,6a,9~)-9-Methyl-9-phenyl-3.4.7,8~tetrazatri- 
cyclo[4.3.0.02~']non-7-ene-3,4-dicarboxylate (1Oc): 1 -Phenyldiazo- 
ethane is prepared from acetophenone hydrazone (4.50 g, 33.0 
mmol), yellow mercury oxide (1 4.8 g), sodium sulfate (4 g), and po- 
tassium hydroxide in ethanol (1 d, l M). A solution of l-phenyl- 
diazoethane in ether (50 ml) is added dropwise to 3 (4.00 g, 20.2 
mmol) in 10 ml of ether. After 24 h at 0°C three quarters of the 
solvent are removed in vacuo. After 4 d the precipitate is filtered 
and washed with ether/pentane: 350 mg 1Oc. Further 100 mg of 
1Oc are isolated from the filtrate by chromatography using neutral 
alumina (250 g, ethyl acetate/chloroform = 1 :9). After that a very 
little amount of 10c' is eluted as colorless oil; yield 450 mg (7%) of 
1Oc and 50 mg (1%) of 10c'; m.p. (1Oc) 150°C. 

IOc: I R  (KBr): 1750cm-', 1725 (C=O), 1540 (N=N). - U V  
(CHCI,): (Ig E )  = 320 nm (2.21). - 'H NMR (80 MHz, CDCI,): 

perimposed on d; 1 H, 2-H), 3.87 (s; 3 H, OCH,), 3.94 (s; 3 H, OCH3). 

(m; 5H, aromatic H). - "C NMR (CDCL,): 6 = 29.2 (9; CHI), 47.2 

92.4 (d; C-6), 98.4 (s; C-9), 125.9, 127.5, 128.7, 139.7 (aromatic C), 
159.0, 159.2 (s; CO). - MS (70 eV): m/z (X) = 330 (1, M+), 302 
(2, M - Nz). 

6 = 1.48 (s; CHJ, 3.22 (d, J = 5 Hz; lH,  1-H), 3.87-3.90 (S SU- 

4.68 (d, J = 4 HK 1 H, 5-H), 5.92 (d, J = 5 Hz; 1 H, 6-H), 7.2-7.6 

(d; C-l), 53.6 (4; OCH,), 53.7 (4; OCHS), 64.0 (d; C-5), 64.8 (d; C-2), 

Ci6Ht~N40.j (330.3) Cakd. C 58.17 H 5.49 N 16.96 
Found C 58.23 H 5.72 N 16.81 

10~': 'H NMR (60 MHz, CDCI]): 6 = 1.90 (s; 3H, CHI), 3.20 (d, 
J = 5 Hz; lH,  1-H), 3.84 (s; 3H, OCH,), 3.90 (s; 3H, OCH,), 4.65 

5 Hz; 1 H, 6-H), 6.90-7.50 (m; 5H, aromatic H). 
(d, J = 4 Hz; 1 H, 2-H), 4.84 (d, J = 4 Hz; 1 H, 5-H), 5.80 (d, J = 

Dimethyl (Ir,2~.S~.6a)-9,9-DiphenyI-3.4.7.8-tetrazatri~yclo- 
/4.3.0.0z~1]non-7-ene-3,4-dicarboxyIate (10d): Diphenyldiazome- 
thane (1.95 g, 10.1 mmol) in 10 mi of ether is added to 3 (2.00 g, 
10.1 mmol) in 10 ml of ether. After 3 d at ambient temperature the 
precipitate is filtered and washed with little ether/pentane. After 
evaporating the filtrate to a smaller volume further pyrazoline pre- 
cipitates at -2OOC; yield 2.10 g (53%), m.p. 152°C. - IR (KBr): 
1740m-' ,  1710 (C=O), 1540 (N=N). - U V  (Methanol): Lax 
(Ig E )  = 335 nm (2.32), 240 (2.97). - 'H NMR (80 MHz, CDCI]): 
6 = 3.80 (d; 1 H, 1-H), 3.85 (s; 3H, OCH,), 3.90 (s; 3H, OCH,), 4.07 

4.5 Hz; lH ,  6-H), 7.00-7.75 (m; aromatic H). - "C NMR 
(CDCI]): 6 = 47.5 (d; C-l), 53.6 (4; OCH,), 53.7 (9; OCH,), 63.7 (d; 

127.9,128.6, 128.7, 138.6, 141.1 (aromatic C), 158.9, 159.1 (s; CO). - 
MS (70 eV): m/z (%) = 364 (30, M - N2), 305 [loo, M - (N, + 
C0zCHi)I. 

C21HmN404 (392.4) Calcd. C 64.28 H 5.14 N 14.28 
Found C 64.29 H 5.20 N 14.01 

(d, J = 4 Hz; 1 H, 2-H), 4.80 (d, J = 4 Hz; 1 H, 5-H), 6.05 (d, J = 

C-5), 65.3 (d; C-2), 94.4 (d; C-6), 104.4 (s; C-9), 125.8, 127.5, 127.7, 

Dimethyl (Ia,2~,5~,4a)-9-FIuorenyIidene-3,4,7.b-tetrazatricyclo- 
[4.3.0.02~5]non-7-ene-3,4-dicarboxylare (10e): Diazofluorene (1.94 g, 
10.1 mmol) in 10 ml of ether is added to 3 (2.00 g, 10.1 mmol) in 
10 ml of ether. After 1 week at 0°C the precipitate is filtered. The 
filtrate is evaporated to half the volume. After adding 2 ml of pen- 
tane at 0°C further product precipitates. Owing to the thermola- 
bility of the product all operations have to be carried out below 
ambient temperature; yield 1.93 g (@TO), m.p. 139°C. - IR (KBr): 
1765 cm-', 1730 (C=O), 1535 (N=N). - UV (Methanol): Lax 
(Ig E )  = 330 nm (2.53), 268 (4.08). - 'H NMR (80 MHz, 
[D6]acetone): 6 = 3.37 (d, J = 5 Hz; 1 H, 1-H), 3.63 (s; 3H, OCH,), 
3.92 (s; 3H, OCH]), 5.05 (d, J = 4.5 Hz; lH,  2-H), 5.22 (d, J = 
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4.5 Hz; 1 H, 5-H), 6.54 (d, J = 5 Hz; 1 H, GH), 7.10-8.20 (m; 8H, 
aromatic H). - MS (70 eV): m/z (YO) = 362 (30%, M - NJ. 

CZ1HI8N4O4 (390.4) Calcd. C 64.61 H 4.65 N 14.35 
Found C 64.50 H 4.68 N 14.24 

Dimethyl (la,2~,4~,5u)-6.7-Diaza~ricyclo[3.2.0.O2~']heptane-6,7- 
dicarboxylate (11 a). - a) A solution of diazomethane (from 21.4 g 
Diazald) in 180 ml of ether is added dropwise within 3 h to 3 (3.00 g, 
15.1 mmol) and palladium(I1) acetate (43 mg) in 80 ml of ether at 
- 10°C. After 24 h at ambient temperature the solution is filtered 
and the solvent is removed in vacuo. The oily residue is diluted 
with 2 ml of ether. Within hours most of the product crystallizes. 
Another crop of crystals can be obtained from the filtrate by chro- 
matography using deactivated alumina (5% H20, ethyl acetate/ 
chloroform = 1 : 19); yield 1.60 g (So%), m. p. 11 1 - 1 13 "C (from 
ether). 

b) 900 mg (3.75 mmol) of 1Oa is irradiated in 190 ml of aceto- 
nitrile for 17 h at ambient temperature (photoreactor of Grantzel, 
Karlsruhe, h z 320 nm). After evaporating the solvent in vacuo 
the remaining yellow oil is subjected to column chromatography 
using neutral alumina (70 g, ethyl acetate/chlorofonn = 1 : 19); 
yield 290 mg (45%), m.p. 112-113°C. - IR (KBr): 1740 cm-', 

6 Hz; J ~ c  = 1 Hz; I H, 3-endo-H), 1.02 (4, Jm = JVk = 6 Hz; 1 H, 
3-exo-H), 2.37 (m; 2H, 2-H, 4-H), 3.90 (s; 6H, OCHa), 4.48 (,,d"; 

20.2 (dm; C-2, C-4), 53.3 (q; OCH,), 66.6 (dm; C-1, C-5), 159.9 (s; 
CO). - MS (70ev): m/z ("0) = 212 (8, M+), 153 (14, M - 
CO~CHI), 

1710 (C=O). - 'H NMR (80 MHz, CDCl3): 6 = 0.50 (dt, JVm = 

2H, 1-H, 5-H). - I3C NMR (CDCl3): 6 = 8.2 (,,dd", ABX; C-3), 

GH12N204 (212.2) Calcd. C 50.94 H 5.70 N 13.20 
Found C 50.89 H 5.77 N 13.16 

Dimethyl (Ic(.2~,4fi,5r) -3,3-Dimethyl-6, 7-diazatricyclo[3.2.0.0Z~']- 
heptane-6.7-dicarboxylate (11 b): 10b (1.70 g, 6.34 mmol) is irradia- 
ted in 190 ml of acetonitrile for 18 h at ambient temperature as 
described for 11 a. After evaporating the solvent in vacuo the re- 
maining oil is subjected to column chromatography on neutral 
alumina (ethyl acetate/chloroform = 1:19). I l b  is obtained as a 
colorless oil; yield 530 mg (42%). - IR (film): 1760 cm-', 1715 
(C=O). - 'H NMR (60 MHz, CDCI,): 6 = 1.08 (s; 6H, exo- and 
endo-CH,), 2.14 (XX, 2H, 2-H, 4-H), 3.80 (s; 6H, OCH3), 4.46 (AA'; 
2H, I-H, 5-H). - "C NMR (CDCI,): 6 = 14.6 (q; endo-CH,), 21.4 
(b.s; C-3), 23.6 (qsext; exo-CH,), 32.1 (dm; C-2, C-4), 53.21 (q; OCH,), 
64.7 (dq; C-I, C-5), 160.1 (s; C=O). - MS (70 eV): m/z (%) = 240 
(8, M+), 181 (70, M - C02CH3). 

CllH16N204 (240.3) Calcd. C 54.99 H 6.71 N 11.66 
Found C 54.00 H 6.71 N 11.28 

Dimethyl (Iu,2~.3~,4B,5a) -3-Methyl-3-phenyl-6.7-diazatricyclo- 
[3.2.0.0Z~']heptane-6,7-dicarboxylate (11 c): 1Oc (410 mg, 1.24 
mmol) is irradiated in 190 ml of acetonitrile for 9.5 h at ambient 
temperature as described for l l a .  After evaporating the solvent in 
vacuo the residue is subjected to chromatography on neutral alu- 
mina (40 g, ethyl acetate/chloroform = 1 : 19); yield 130 mg (35%), 
m.p. 138°C. - IR (KBr): 1730 an-', 1700 (C=O). - 'H NMR 
(60 MHz, CDCl]): 6 = 1.35 (s; 3H, exo-CH3), 2.64 (XX'; 2H, 2-H, 

aromatic H). - "C NMR (CDCI,): 6 = 25.2 (qt; exo-CH,), 32.2 (s; 
C-3), 33.1 (dm; C-2, C-4), 53.3 (4; OCH,), 65.3 (ddt; C-1, C-5), 127.0, 
128.6, 128.8, 138.3 (aromatic C), 160.1 (s; C=O). - MS (70eV): 
m/z (%) = 302 (23, M'), 243 (15, M - C02CH3). 

C16H18N204 (302.3) Calcd. C 63.57 H 6.00 N 9.26 
Found C 63.37 H 6.11 N 8.99 

4-H), 3.82 (s; 3H, OCH,), 4.20 (AA'; 2H, 1-H, 5-H), 7.35 (b.S.; 5H, 

Dimethyl (Iu,2~,4B,5a) -3.3-Diphenyl-6,7-diazatricycl0[3.2.0.0~~~ J- 
heptane-6,7-dicarboxylate (lld): 1Od (1.00 g, 2.50 mmol) is refluxed 
for 2 h in 20 ml of dry toluene. After removing the solvent in vacuo 
the remaining oil is dissolved in a few ml of ether. After some hours 
l l d  crystallizes; yield 864 mg (95%), m.p. 203°C. - IR (KBr): 
1700-1760 CIII-' (C=O). - 'H NMR(60 MHz, CDCI,): 6 = 3.05 
(XX'; 2H, 2-H, 4-H), 3.80 (s; 3H, OCH,), 4.30 (AA'; 2H, I-H, 5-H), 
6.90-7.50 (m; IOH, aromatic H). - "C NMR (CDC13): 6 = 35.1 
(dm; C-2, C-4), 39.6 (s; C-3), 57.4 (9; OCH3), 65.3 (dm; C-1, C-5), 
126.5, 127.5, 128.3, 128.7, 130.2, 135.7, 141.8 (aromatic H), 159.9 
(s; CO). - MS (70 ev): m/z (YO) = 364 (20, M+), 305 (100, M - 
C02CH3). 

C21HmN204 (364.4) Calcd. C 69.22 H 5.53 N 7.69 
Found C 68.90 H 5.56 N 7.46 

Dimethyl (la,2~,4~,5a)-3-Fluorenylidene-6,7-diazarricyclo- 
[3.2.0.02~4]heptane-6,7-dicarboxylate (1 1 e): 10e (600 mg, 1.54 
mmol) in 50 ml of dry toluene is heated to 80°C for 2 h. After 
evaporation of the solvent the remaining yellow oil is dissolved in 
dry ether (1 ml). l l e  crystallizes after a while; yield 530 mg (SSY), 
m.p. 196°C. - IR (KBr): 1750cm-', 1715 (C=O). - 'H NMR 

OCH]), 5.28 (AA'; 2H, I-H, 5-H), 6.85-7.95 (m; 8H, aromatic 

53.6(q; OCH3),66.0(dm;C-l,C-5), 118.8,119.7, 120.5,123.8, 126.7, 
127.0, 127.1, 127.2, 138.7, 142.1, 142.5, 143.9 (aromatic C), 159.9 (s; 
C=O). - MS (70 ev): m/z (YO) = 362 (12, M+), 303 (100, M - 

C21H18N204 (362.4) Calcd. C 69.60 H 5.00 N 7.73 
Found C 69.44 H 4.99 N 7.71 

(100 MHz, CDCI,): 6 = 3.25 (XX'; 2H. 2-H, 4-H), 3.90 (s; 6H, 

H). - I3C NMR (CDCI]): 6 = 37.0 (dm, C-2, C-4), 37.3 (s; C-3), 

C02CHj). 

Dimethyl (lu.2~.5~,6a)-9-Phenyl-7-oxa-3,4.8-1riazatricyclo- 
[4.3.0.0z~5]non-8-ene-3,4-dicarboxylate (130: 3 (400 mg, 2.02 mmol) 
and dry triethylamine (224 mg, 2.22 mmol) are dissolved in 5 ml of 
ether. The mixture is stirred at 0°C and benzohydroximoyl chloride 
(313 mg, 2.02 mmol) in 10 ml of ether is added dropwise. A crys- 
talline precipitate forms immediately. The solid is filtered, washed 
with a little water, and dried. The product is recrystallized from 
ethanol; yield 390 mg (61%), m.p. 179°C. - IR (KBr): 1750 cm-', 

CDClJ: 6 = 3.88 (s; 3H, OCH,), 3.95 (s; 3H, OCH]), 4.80-4.96 
(m; 3H, 1-H, 2-H, 5-H), 5.48 (d; IH, 6-H), 7.40-7.70 (m; 5H, ar- 
omatic H). - MS (70 ev): m/z (YO) = 317 (8, M+), 145 (21, M - 
C J W W d .  

C17H1SN30s (317.3) Calcd. C 56.78 H 4.76 N 13.24 
Found C 56.90 H 4.85 N 12.95 

1720 (CO), 1600, 1550, 1490 (C=C). - 'H NMR (100MHg 

Dimethyl (la,2B,5~,6a)- 7.9- Diphenyl-3.4.7,d-tetrazatricyclo- 
[4.3.0.02J]non-8-ene-3,4-dicarboxylate (13g): To a solution of 3 
(400 mg, 2.02 mmol) and N-phenylbenzohydrazonoyl chloride 
(464 mg, 2.02 mmol) in 10 ml of dry benzene, triethylamine (222 mg, 
2.20 mmol) in 5 ml of benzene is added. After some minutes the 
solution becomes turbid. The mixture is kept at ambient temper- 
ature for 24 h and the solid is filtered. The filtrate is evaporated 
and the residue dissolved in 1 ml of ethanol. At 0°C greenish yellow 
crystals appear which display a green fluorescence in solution; yield 
520 mg (66%), m.p. 168°C. - IR (KBr): 1750 cm-', 1710 (CO). - 
UV (CHCW: k,,,= (Ig E) = 420 nm (3.57). - 'H NMR (60 M H s  
CDCI,): 6 = 3.90 (s; 6H, OCH,), 4.70-4.90 (m; 3H, I-H, 2-H, 5- 
H), 5.30 (d; 1 H, 6-H), 6.80-7.80 (m; 10H, aromatic H). - MS 
(70 eV): m/z (%) = 392 (3, M+), 299 (15), 220 (100, M - 
CdWJiO4). 

C21HmN404 (392.4) Calcd. C 64.28 H 5.14 N 14.28 
Found C 64.29 H 5.21 N 14.01 
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Methyl (Ia,2~.5~.6a)-9.9-Dimethyl-3,7,8-friazatricyc~o- 
/4.3.0.02~5~non-7-ene-3-carho.~,vlat~ (14b) and Methyl (Ia.2fl.5p.6~)- 
7,7- DimerhyI-J,X,Y - trif~iarrii~~cfo~4.3.0.0'~~]non-8-ene-3-carbox~- 
lute (15b): A solution of Z-diazopropane in ether (from 2.5 g of 
acetone hydrazone) is distilled into a cooled receiver (- 78 "C) con- 
taining 4 (800 mg, 5.80 mmol). The mixture is stirred and the tem- 
perature raised to 20°C. The solid is filtered and washed with a 
little ether. The colourless crystals of 15b have m.p. 132-133°C. 
The filtrate is concentrated and the remaining oil is distilled in a 
kugelrohr apparatus (90-100"C/0.02 Torc). 14b is obtained as a 
colourless oil; ratio 14b/15b x 1: 1; yield 700 mg (56%). 

1Sb: IR (KBr): 1535m- '  (N=N), 1700 (C=O). - UV 
(CHICN): (lg E )  = 329 nm (2.4). - 'H NMR (80 MHz, CDCIJ, 
60°C): 6 = 1.18 (s; 3H, endo-CH3), 1.56 (s; 3H, exo-CHI), 2.49 (dd, 
J = 4.8 Hz, J = 2.3 Hz; 1 H, 6-H), 2.67 (ddt, J = 6.8 Hz, J = 

(ddd, J = 9.0 Hz, J = 2.3 Hz, J = 1.2 Hz; lH ,  4-endo-H), 4.31 
(dd, J = 9.0 Hz, J = 6.8 Hz; IH, Cexo-H), 4.56 (b.d, J = 4.3 Hz; 

60'C): 6 = 20.7 (q; endo-CH]), 26.7 (9; exo-CHJ), 31.9 (d; C-5), 47.0 

(d; C-l), 155.8 (s; COzCH3). - MS (70 eV): m/z (%) = 181 (7, 

14b: 1R (KBr): 1540cm-' (N=N), 1700 (C=O). - UV 
(CH3CN): Lax (Ig E )  = 331 nm (2.46). - 'H NMR (CDCI]): 6 = 
1.20 (s; 3H, endo-CH,), 1.59 (s; 3H, exo-CHI), 2.57 (b.d, J = 5.0 Hq 
lH, 1-H), 2.9(m; IH, 5-H), 3.70(s; 3H, OCH3),4.05-4.45 (m; 3H, 

(CDCI], 60°C): 6 = 20.9 (9; endo-CHI), 27.1 (4; exo-CHI), 35.2 (d; 

(s; C-9), 92.9 (d; C-6), 155.6 (s; C02CH3). - MS (70 eV): m/z (%) = 

4.3 Hz, J = 2.3 Hz, J = 2.3 Hz; 1 H, 5-H), 3.76 (s; 3H, OCH]), 3.93 

lH, 2-H), 5.63 (d, J = 4.8 Hz; lH, I-H). - 'IC NMR (CDCI], 

(d; C-6). 52.1 (4; OCHp), 55.8 (ti C4), 63.5 (d; C-2), 90.8 (s; C-7), 94.8 

M - N3, 180(43, M - N? - H). 

CH2,2-H), 5.50(dt,J = 5.0 H g J  = 1.3 Hz; 1 H, 6-H). - "C NMR 

C-5). 48.6 (d; C-l), 52.1 (4; OCHI), 53.8 (ti C4), 63.1 (d; C-2), 90.8 

181 (36, M - N2), 180 (80, M - N2 - H). 
CIOHI5N3O2 (209.3) Calcd. C 57.40 H 7.23 N 20.08 

Found C 57.24 H 7.18 N 19.74 
Methyl (Ia,2fl.5fl,6a)-9,9-Diphenyl-3.7,8-triazatricyclo- 

/4.3.0.02-']non- 7-ene-3-carboxylate (14d) and Methyl (la.2fl.5fl.6~)- 
7.7- Diphen~~l-3.CI,9-friaz~tricyclo~4.3.0.O~~~]non-8-ene-3-carhoxy- 
lute (15d): 4 (0.8 g, 5.8 mmol) and diphenyldiazomethane (9d) 
(1.1 g, 5.8 mmol) are heated in 10 ml of toluene to 80°C for 11 h. 
After cooling the precipitate is filtered and washed with a little ether. 
The solid consists of 14d and 15d, ratio 2: 3; yield 1.5 g (79%). - 
Separation of the isomers is accomplished by HPLC (RP 8, metha- 
nol/water, 7.5: 2.5). 

15d m.p. 135°C. - IR(KBr): 1535 cm-'(N=N), 1700(C=O), 
1595 (C=C). - UV (acetonitrile): Lax (lg E) = 335 nm (2.39). - 
'H NMR (CDCI]): 6 = 2.15 (m; 1 H, 5-H), 3.52 (dd, J = 4.3 Hz, 

J = 2.2 Hz, J = 1.0 Hz; 1 H, Cendo-H), 4.20 (dd, J = 8.8 Hz, J = 
6.6 Hz; IH, 4-exo-H), 4.64 (b.d, J = 4.2 Hz; lH ,  2-H), 5.89 (b.d, 
J = 4.3 Hz; 1 H, I-H), 7.0-7.5 (m; 10H, aromatic H). - "C NMR 
(CDCI], 60"C, mixture of 14d and 15d): 6 = 33.7 (d; C-5), 47.2 (d; 

104.2(s;C-7), 126.0,126.2, 127.3,127.5, 127.6, 127.9,128.5(d;phenyl, 
0-. m-. pC), 140.3, 141.7 (s; phenyl, ipso-C), 155.7 (s; C=O). - MS 
(20 ev): m/z (%) = 305 (21, M - N2), 304 (79, M - N2 - H), 290 

14d m.p. 149-152°C (dec.). - 1R (KBr): 1540 m-' (N=N), 
1688 (C=O), 1595 (C=C). - UV (CHCI]): k,,,= (Ig E )  = 333 nm 

J = 2.4 HG 1 H, 6-H), 3.76 (s; 3H, OCHI), 3.99 (ddd, J = 8.8 Hz, 

C-6), 52.2 (4; CO~CHJ), 55.9 (I; CHz), 63.2 (d; C-2), 96.7 (d; C-l), 

(33, M - N2 - CHI), 180 (loo), 138 (35). 

(2.49). - 'H NMR (CDCII, 60°C): 6 = 2.96 (,,b.q.", J = 4.6 Hz; 
1 H, 5-H), 3.54 (d, J = 4.6 Hz; 1 H, 1-H), 3.69 (s; 3H, OCHp), 3.88 
(b.d, J = 4.6 HG 1 H, 2-H), 4.30 (,.d", J = 5.3 Hz; 2H, CH2), 5.68 
(dt. .I = 4.6 Hz. J = 1.2 Hz. .I = 1.2 Hz: I H. 6-H). 7.0-7.8 (m; 

10H, aromatic H). - "C NMR (CDClk 60°C mixture of 146 and 
15d): 6 = 34.2 (d; C-5), 48.8 (d; GI),  52.0 (9; C02CH,), 53.6 (ti CH3, 
64.6 (d; C-2), 94.2 (d; C-6), 103.9 (s; C-9), 126.0, 126.2, 127.2, 127.5, 
127.6, 127.9, 128.5 (d; phenyl, 0-. m-. p-C), 139.6, 142.3 (s; phenyl, 
ipso-C), 155.5 (s; C=O). - MS (20 eV): m/z (%) = 305 (27, 

(lOO), 138 (40). 
M - N2), 304 (85, M - Nz - H), 290 (44, M - N2 - CHI), 180 

CZOH19N302 (333.4) Calcd. C 72.05 H 5.74 N 12.60 
Found C 72.68 H 5.80 N 12.70 

Methyl (la,2fl,5~,6a)-9-FIuorenylidene-3.7.8-tr~zatricyclo- 
/4.3.0.0'-']non-7-ene-3-carboxylate (14e) and Methyl (Ia,2flSfl,6a I- 
7- Fli i trrc~rr~lidene-3,8,9-tr ia~afri~~~~~lt1/4.3.0.(~ ',.'Jnon-8-i.nc,-3-cirrh- 
oxylute (15e): 4 (800 mg, 5.8 mmol) and diazofluorene (9e) (1.1 g, 
5.8 mmol) are refluxed in 7 ml of ether for 24 h. After cooling the 
precipitate is filtered and washed with a little ether. The solid con- 
tains the isomers in the ratio 15e/14e = 2:l; yield 1.3 g (72%). 
Separation can be achieved by means of HPLC (RP8, eluent me- 
thanol/water, 8: 2). 

15e: m.p. 131 -132°C. - IR (KBr): 1530 cm-' (N=N), 1687 
(C=O). - UV (CHCI,): Lax (Ig E) = 346 nm (2.01) sh, 330 (2.34) 
sh. - 'H NMR (CDCI], 60°C): 6 = 2.99 (dd, J = 4.9 Hz, J = 
2.1 Hz; 1 H, 6-H), 3.14 (ddd, J = 7.1 Hz, J = 4.2 Hz, J = 2.4 Hz, 

J = 2.4 Hz, J = 1.1 Hz; 1 H, 4-endo-H), 4.26 (dd, J = 9.0 Hz, J = 
7.1 Hz, 1 H, 4-exo-H), 4.89 (b.d, J = 4.2 Hz; 1 H, 2-H), 6.09 (d, J = 
4.9 Hz; lH, 1-H), 6.8-7.9 (m; 8H, aromatic H). - "C NMR 
(CDCI], 65"C, mixture of 14e and 15e): 6 = 33.8 (d; C-5), 45.8 (d 

(s; C-7), 120.0, 120.6, 122.8, 126.1, 127.2, 128.1, 129.2 (d; phenyl, 
0-, m-, p-C), 139.5, 140.9, 142.5, 144.9 (s; phenyl, ipso-C), 155.6 (s; 
C=O). - MS (70 ev): m/z (%) = 303 (22, M+ - NJ. 

14e: m.p. 96-97°C. - IR (KBr): 1530cm-' (N=N), 1690 
(C=O). - UV (CHCI]): Lax (Ig E )  = 326 nm (2.20) sh. - 'H NMR 

J = 2.0 Hz; lH,  5-H), 3.79 (s; 3H, OCH,), 3.88 (ddd, J = 9.0 Hz, 

C-6), 52.3 (9; OCH]), 55.8 (ti C4), 63.7 (d; (2-2). 97.3 (d; C-l), 104.2 

(CDCIQ 6 = 3.10(d, J = 5.1 HG 1 H, 1-H), 3.26(dddd, J = 6.7 Hz, 
J 4.1 Hz, J = 2.5 H G J  = 1.4 HG 1 H, 5-H), 3.75(~; 3H, OCHj), 
4.25 (dd, J = 9.2 Hz, J = 2.5 Hz; lH,  Cendo-H), 4.39 (dd, J = 
9.2 Hz, J = 6.7 Hz; 1 H, 4-exo-H), 4.71 (b.d, J = 4.1 Hz; 1 H, 2- 
H), 6.00 (dt, J = 5.1 Hz, J = 1.4 Hz, J = 1.4 Hz; 1 H, 6-H), 
6.8-7.9 (m; 8H, aromatic H). - "C NMR (CDCI], 6 5 T ,  mixture 
of 14e and 15e): 6 = 36.3 (d; C-5). 44.6 (d C-1), 52.0 (q; OCH]), 

(d; phenyl, 0-, m-, pC), 139.9, 140.4 (s; phenyl, ipso-C), 155.2 (s; 
C=O). - MS (70 ev): m/z (%) = 303 (65, M - N2). 

CZOHI7N3O2 (331.4) Calcd. C 72.49 H 5.17 N 12.68 
Found C 72.38 H 5.34 N 12.68 

53.8 (ti C4), 65.1 (4 C-2), 95.6 (d; C-6), 104.1 (s; C-9), 123.0, 125.8 

Methyl (la,2&4B,5a) -6-Azatricycl0[3.2.0.O~~~]heptane-6-carbox- 
ylate (16a)'): The procedure is the same as described for 11 a, section 
a); from 1.40 g (10.0 mmol) of 4, purification by kugelrohr distil- 
lation (sO°C/0.04 Tom), colourless liquid, m.p. approx. - 20°C; 
yield 1.3 g (85%). - IR (film): 1705 cn-' (C=O). - 'H NMR 

3-endo-H), 0.87 (q, J = 5.4 Hz; 1H, 3-exo-H), 1.88 (m; lH,  2-H), 
(CDCI]): 6 = 0.45 (dt, J = 5.4 Hz, J = 1.5 Hz, J = 1.5 Hz; 1 H, 

2.15 (b.s; lH,  4-H), 2.58 (dq, J = 6.1 Hz, J = 3.0 Hz; lH ,  1-H), 
3.72(~; 3H, OCHj), 3.94(ddd, J = 8.8 Hz, J = 2.8 H c J  = 1.2 Hz; 

4.3 (5-H, superimposed by 7-H). - "C NMR (CDCl],60"C): 6 = 
20.6 (d, C4), 10.0 (,.dd", ABX; C-3), 18.6 (d; C-2), 35.8 (d; C-1), 51.8 
(9; OCH]), 52.9 (t; CHJ, 65.2 (d; C-5), 156.7 (s; C=O). - MS 

1 H, 7-endo-H), 4.20 (dd, J = 8.8 Hz, J = 6.1 Hz; 1 H, 7-exo-H), 

(70 eV): m/z (%) = 153 (25, M+), 138 (67, M - CHI), 94 (98, M - 

C8Hl1NO2 (153.2) Calcd. C 62.73 H 7.24 N 9.14 
Found C 62.21 H 7.66 N 9.10 

C02CHl). 
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Methyl (I a,Zfl,48,5a) -3,3-Dimethyl-6-azatricyc10/3.2.0.0 2,4]- 

heptane-6-carboxylate (16b): 14b or 1Jb (600 mg, 2.90 mmol) and 
benzophenone (60 mg) are dissolved in 500 ml of dry acetone and 
irradiated for 3 h at 0°C. The solvent is removed, and the remaining 
oil is subjected to column chromatography using silica gel and 
chloroform. 16b is eluted as a colourless oil which is purified by 
kugelrohr distillation (65"C/0.01 Torr); yield 395 mg (76%). - 1R 
(film): 1710 cm-' (C=O). - 'H NMR (CDCI,): 6 = 0.98 (s; 3H, 
endo-CHI), 1.04 (s, 3H, exo-CH,), 1.61 (t, J = 3.7 Hz; lH,  2-H), 

3.70(s; 3H, OCH,), 3.91 (ddd, J = 8.7 Hz, J = 2.5 Hz,J = 1.0 Hz; 
1 H, 7-endo-H), 4.14 (dd, J = 8.7 Hz, J = 6.5 Hz; 1 H, 7-exo-H), 
4.2 (rnc; 1 H, 5-H). - I3C NMR (CDCI,, 55°C): 6 = 14.5 (4; CH,), 

51.8 (9; OCH,), 52.4 (t; C-7), 62.9 (d; C-5), 156.8 (s; C=O). - MS 
(70eV): m/z (%) = 181 (68, M'), 180 (99, M - H), 166 (100, 

Methyl (I a,2&4&5a) -3,3- Diphenyl-6-azatricyc10/3.2.0.0~~~]- 
heptane-6-carboxylate (16d): a) 14d or 15d (400 mg, 1.20 mmol) is 
heated to 120°C in 10 ml of xylene for 2 h. After removing the 
solvent in vacuo the remaining oil crystallizes on addition of ether; 
yield 297 mg (81 YO). 

b) 14d or 15d (400 mg, 1.20 mmol) and benzophenone (40 mg) 
are irradiated in dry acetone (400 ml) for 4 h. The solvent is evap- 
orated, and the oily residue is filtered through silica gel (chloroform/ 
ethyl acetate, 19:l); yield 321 mg (88%), m.p. 102-103°C (from 
toluene). - IR(KBr):1700 cm-'(C=0),1599(C=C). - 'HNMR 

1.93 (b.s; 1 H, 4-H), 2.50 (dq, J = 6.5 Hz, J = 2.5 Hz; lH, 1-H), 

20.8 (s; C-3), 23.7 (4; CH3). 31.6 (d; C-2), 32.3 (d; C-l), 32.9 (d; C-4), 

M - CH3). 

(CDCI,, 60°C): 6 = 2.40 (dq, J = 5.8 Hz, J = 2.9 Hq  lH, 1-H), 
2.57 (t, J = 3.6 Hz; 1 H, 2-H), 2.86 (b.t, J = 3.6 Hz; 1 H, 4-H), 3.71 

H). - "C NMR (CDCI], 60°C): 6 = 34.0 (d; C-2), 35.1 (d; C-1), 
(s; 3H, OCH,), 4.05 (m; 3H, 5-H, CH3, 6.9-7.5 (m; 10H, aromatic 

36.6 (d; C-4), 39.6 (s; C-3), 52.0 (t; C-7), 52.0 (q, OCH3), 63.6 (d; C- 
5), 125.9, 126.4, 126.9, 128.1, 128.2, 128.4, 130.7 (d; phenyl, 0-, m-, 
pC), 137.0,143.3 (s; phenyl, ipso-C), 156.6 (s; C=O). - MS (70 eV): 
m/z (%) = 305 (48, M+), 304 (85, M - H), 290 (48, M - CH,). 

CmHI9NO2 (305.4) Calcd. C 78.66 H 6.27 N 4.59 
Found C 78.64 H 6.26 N 4.49 

Methyl ( la.2fl.4~,5a)-3-Fluorenyli~ne-6-azatricyclo[3.2.O.O2~*]- 
heptane-6-carboxylate (16e): 4 (800 mg, 5.8 mmol) and 9-diazo- 
fluorene (1.1 g, 5.8 rnmol) are heated to 80°C in 5 ml of dry toluene. 
After cooling the precipitate is filtered and washed with a little ether; 
yield 0.9 g (45%), m.p. 173-174°C (from toluene). - IR (KBr): 
1710 CU-' (C=O). - 'H NMR (CDCI,, 50°C): 6 = 2.72 (t, J = 
3.5 Hz; lH,  2-H), 3.08 (b.t, J = 2.5 Hz; lH,  4-H), 3.34 (dq, J = 
6.7 Hz, J = 2.5 Hz; lH,  1-H), 3.74 (s; 3H, OCH,), 4.11 (ddd, J = 
8.5 Hz, J = 2.3 Hz, J = 1.2 Hz; lH ,  7-endo-H), 4.26 (dd, J = 
8.5 Hz, J = 6.7 Hz; 1 H. 7-exo-H), 5.00 (b.s; 1 H, 5-H), 6.8-7.9 (m; 
8H, aromatic H). - MS (70 eV): m/z (%) = 303 (94, M+), 288 (38, 

CmH17N02 (303.4) Calcd. C 79.19 H 5.57 N 4.62 
Found C 79.41 H 5.75 N 4.60 

M - CH3), 244 (56, M - C02CH3). 

(Ia.2B.5fl.6a) -3- Isopropyl-7,7-dimethyl-3,8.9-triazatricyclo- 
[4.3.0.OZJ]non-8-en-4-one (17b): A solution of dimethyldiazome- 
thane in ether (from 5.0 g of acetone hydrazone) is distilled into a 
cooled receiver ( - 78 "C) containing 5 (1.22 g, 8.90 mmol). The mix- 
ture is stirred and the temperature raised to 20°C. The solution is 
evaporated to ca. 15 ml, and 15 rnl of n-hexane is added. 17b is 
obtained as colourless crystals; yield 1.3 g (70%), m.p. 
117-118°C. - IR(KBr):1530cm-'(N=N), 1720(C=O). - UV 
(EtOH): ?+,,., (lg E )  = 328 nrn (2.36). - 'H NMR (CDC13): 6 = 1.19 
(s; 3H, endo-CH,), 1.58 (s; 3H, exo-CH3), 1.35 [d, J = 6.8 Hz; 3H, 
CH(CH3)J, 1.38 [d, J = 6.8 Hz; 3H, CH(CH&], 2.59 (dd, J = 

4.6 Hz, J = 2.0 Hz; 1 H, GH), 3.27 (dd, J = 2.8 Hz, J = 2.0 Hz; 

2.8 HG lH, 2-H), 5.51 (d, J = 4.6 Hz; 1 H, 1-H). - "C NMR 
lH,  5-H), 3.97 [sept, J = 6.8 Hz; lH,  CH(CH,h], 3.99 (d, J = 

(CDCI,): 6 = 20.6 [q; CH(CH,)J, 20.7 [q; CH(CH&], 20.8 (4; endo- 
CH,), 26.7 (9; exo-CH,), 41.8 (d; C4), 44.8 [d; CH(CH3h], 50.0 (d; 

(70 ev): m/z (%) = 179 (2, M+ - N2), 164 (3, M - N2 - CHI). 
CllH17N30 (207.3) Calcd. C 63.74 H 8.27 N 20.27 

Found C 64.06 H 8.43 N 20.34 

C-5), 51.6 (d; C-2), 88.9 (s; C-7), 94.3 (d; C-1), 168.0 (s; C-4). - MS 

(I a,2b,5&6a) -3-Isopropyl-7,7-diphenyl-3,8,9-triazatricyclo- 
/4.3.0.0z~5]non-8-en-4-one (17d): The preparation of 17d is carried 
out analogous to the synthesis of 14d and 15d from 9d (1.0 g, 
7.3 rnmol) and 5 (1.4 g, 7.3 mmol); yield 2.2 g (89%), m.p. 
165-167°C (dec.). - IR (KBr): 15351x11-' (N=N), 1730 
(c=O). - UV (EtOH): k,,,= (lg E )  = 336 nm (2.47). - 'H NMR 
(CDCI,): 6 = 1.38 (d, J = 6.8 Hz; 3H, endo-CH,), 1.43 (d, J = 
6.8 Hz; 3H, exo-CHI), 2.83 (dd, J = 3.0 Hz, J = 2.5 Hz; 1 H, 5-H), 
3.59 (dd, J = 4.3 Hz, J = 2.5 Hz; 1 H, 6-H), 4.00 (d, J = 3.0 Hz; 
lH,  2-H), 4.02 [Xpt. J = 6.8 HG lH ,  CH(CH&], 5.70 (d, J = 
4.3 Hz; lH, 1-H), 7.0-7.5 (m; 10H, aromatic H). - I3C NMR 
(CDCI,): 6 = 20.6 [q; CH(CH3)J. 20.7 [q; CH(CH&], 42.0 (d; C- 
6)- 44.6 [d; CH(CH,h], 50.9 (d; C-2), 51.6 (d; C-5), 96.1 (d; C-I), 
101.9 (s; C-7), 126.2 (d; 0-C), 127.4 (d; p-C), 127.6 (d; 0-C), 127.7 (d; 
p-C), 128.5 (d; m-C), 128.6 (d; m-C), 139.6 (s; ipso-C), 141.3 (s; ipso- 
C), 167.5 (s; C-4). - MS (70 eV): m/z (%) = 303 (15, M - N2). 

C21H21N30 (331.4) Calcd. C 76.11 H 6.39 N 12.68 
Found C 76.13 H 6.43 N 12.65 

(la,2fl,5fl,6a) - 7- Fluorenylidene-3-isopropyl-3,8,9-triaza- 
tricyclo/4.3.0.0zJ]non-8-en-4-one (17e) and (la.2fl.5P.6a)-9-FIuor- 
enylidene-3-isopropyl-3.7.8-triazatricyclo[4.3.0.0 '.'Inon- 7-eti-4-oiie 
(18e): 5 (1.4 g, 10.0 mmol) and 9-diazofluorene (9e) (1.9 g, 10.0 
mmol) are refluxed in 15 rnl of dry ether for 18 h. After cooling thc 
colourless crystals are filtered (18e), yield 0.9 g (28%), m.p. 
103 - 105°C (dec.). The filtrate is evaporated and the residue dis- 
solved in 7 ml ofetherln-hexane (2: 1). At -25°C colourless crystals 
precipitate (17e); yield 1.7 g (St%), m.p. 128°C (dec.). 

17e: IR (KBr) 1540crn-' (N=N), 1740 (C=O), 1600, 1540 
(C=C). - UV (CHCI3): (lg E )  = 346 nm (1.78) sh, 330 (2.22) 
sh. - 'H NMR (CDCI,): 6 = 1.38 [d, J = 6.8 Hz; 3H, CH(CH3)2], 
1.42 [d, J = 6.8 Hz; 3H, CH(CHj)J, 3.07 (dd, J = 4.8 Hz, J = 
2.1 HG 1 H, 6-H), 3.77 (dd, J = 2.9 Hz, J = 2.1 Hz; lH ,  5-H), 4.02 
[Sept, J = 6.8 HZ 1 H, CH(CH,k], 4.35 (d, J = 2.9 Hz; 1 H, 2-H), 
5.95 (d,J = 4.8 Hz; lH ,  1-H), 6.7-8.1 (m; 8H, aromatic H). - "C 
NMR (CDCl,): 6 = 20.5 [q; CH(CH,)J, 20.7 [q; CH(CH&], 40.4 
(d; C-6), 44.9 [d; CH(CH,)J, 51.9 (d; C-2, C-5), 96.5 (d; C-1). 101.7 
(s; C-7), 120.0, 120.5, 122.5, 125.9, 127.2, 127.9, 129.2, 129.3 (d; 
phenyl, 0-, m-, pC), 139.6, 140.2, 142.3, 144.2 (s; phenyl, ipso-C), 
167.3 (s; C = 0). 

18e: 1R (KBr) 1540cm-' (N=N), 1735 (C=O), 1610, 1540 
(C-C). - UV (CHC13): Lax (Ig E )  = 326 nrn (2.28) sh. - 'H NMR 
(CDCI,): 6 = 0.99 [d, J = 6.5 Hz; 3H, CH(CH&], 1.15 [d, J = 
6.5 Hz; 3H, CH(CH>)J, 2.85 (dd, J = 5.0 Hz, J = 1.0 Hz; lH,  1- 
H), 3.65 [Wpt, J = 6.5 Hz; lH,  CH(CH])J, 3.91 (dd, J = 2.9 Hz, 
J = 1.0 Hz; 1 H, 5-H), 4.04 (b.d, J = 2.9 Hz; 1 H, 2-H), 6.00 (b.d, 
J = 5.0 Hz; 1 H, 6-H), 6.7-7.9 (m; 8H, aromatic H). - "C NMR 
(CDC13) 6 = 20.4 [q; CH(CH3)J, 20.6 [q; CH(CH3)J, 45.2 [d; 

101.8 (s; C-9), 122.8, 126.1, 128.2 (d; phenyl, 0-, m-. pC), 139.8, 144.4 
(s; phenyl, ipso-C), 164.9 (s; C-4). 

C21H19N~0 (329.4) Calcd. C 76.57 H 5.81 N 12.76 
Found C 76.93 H 5.85 N 12.15 

CH(CHJ)J, 46.3 (d; C-l), 52.2 (d; C-2), 53.4 (d; C-9, 91.2 (d; C4), 
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(Ia,2fl,SB,6a) -7,7-Diphenyl-3.8.9-triazatricyclo~4.3.O.Oz~s]non-8- 
en-4-one (20d) and (la.2~,5~.6a)-9,9-Diphenyl-3,7,8-triazatri- 
cycl0[4.3.0.0~~~]non-7-en-4-one (21 d): 7 (476 mg, 5.00 mmol) and 
diphenyldiazomethane (9d) (1.1 g, 5.7 mmol) are heated to 80°C in 
4 ml of dry toluene for 80°C. After cooling the precipitate is filtered 
and washed with ether. The resulting mixture of 2Od and 2ld (2: 1)  
could not be. separated; yield 1.3 g (90%), m.p. 157°C (dec.). - IR 
(KBr): 1545cm-' (N=N), 1735 (C=O). - UV (Ethanol): k,,,, 
(Ig E) = 333 nm (2.48). 

20d 'H NMR (CDCl3): 6 = 2.93 ("bq", J = 2.5 Hz; 5-H), 3.63 
(dd, J = 4.2 Hz, J = 2.0 Hz; 6-H), 4.01 (d, J = 3.0 HG 1 H, 2-H), 
5.70(d,J =4.2Hz;lH,l-H),6.55(b.s;lH,NH),7.0-7.6(m;lOH, 
aromatic H). - l3C NMR (CDC13): 6 = 41.2 ( d  C-6), 49.5 (d; C- 

127.6, 127.9, 128.6, 128.7 (d; phenyl, 0-. m-, p-C), 139.6, 141.1 (s; 
phenyl, ipso-C), 169.6 (s; C=O). Signals of aromatic C are super- 
imposed by those of the other isomer. 

2), 54.7 (d; C-5), 97.0 (d; C-l), 101.9 (s; C-7), 126.2, 126.3, 127.3, 

21d: 'H NMR (CDC13): 6 = 3.20 (b.d, J = 3.0 Hz; 1 H, 2-H), 
3.39 (d, J = 4.3 Hz; 1 H, 1-H), 3.75 (b.t, J 2.5 Hz; 1 H, 5-H), 5.80 
(dt, J = 4.3 Hz, J = 1.2 HG 1 H, 6-H), 6.55 (b.s; 1 H, NH), 7.0-7.6 
(m; 10H, aromatic H). - 13C NMR (CDCI,): 6 = 49.7 (d; C-l), 50.6 

128.6, 128.7 (d; phenyl, 0-. m-, pC), 139.6, 141.0 (s; phenyl, ipso-C), 
167.5 (s; C=O). Signals of aromatic C are superimposed by those 
of the other isomer. 

ClsH15N30 (289.3) Calcd. C 74.72 H 5.23 N 14.52 
Found C 74.70 H 5.13 N 14.24 

(d; C-2), 55.8 (d; C-5), 89.1 (d; C-6), 126.2, 126.3, 127.3, 127.6, 127.9, 

( la.2~,4~,5~)-6-Isopropyl-6-azatricyclo[3.2.O.Oz~4]hep~an-7-one 
(19a): From 5 (1.4 g, 10.0 mmol) as described for l l a ,  section a). 
Purification by kugelrohr distillation (7O0C/O.1 Torr), colourless 
liquid; yield 1.3 g (84%). - IR (film): 1730 cm-' (C=O). - 'H 
NMR (CDCI,): 6 = 0.81 (dt, J = 5.6 Hg J = 1.4 Hz; 1 H, 3-endo- 
H), 1.18 (q. J = 5.6 Hz; 1 H, 3-exo-H), 1.26 [d, J = 6.6 Hz; 3H, 
CH(CH3)2], 1.29 [d, J = 6.6 Hz; 3H, CH(CH3)2], 2.17 (m; 2H, 4- 

3.0 Hz, J = 1.8 Hz; lH,  5-H), 3.91 [sept, J = 6.6 Hz; lH, 
H, 2-H), 3.15 (dd, J = 2.5 Hz, J = 1.8 Hz; 1 H, 1-H), 3.66 (dd, J = 

CH(CH3)J. - "C NMR (cx1,):  6 = 16.4 (,,dd", ABX; C-3), 18.3 
(d; C-2), 21.1 [q; CH(CH&], 24.4 (d; C-4). 44.4 [d; CH(CH3)2], 53.2 
( d  C-5), 54.5 (d, C-l), 169.1 (s; C=O). - MS (70 eV): m/z (%) = 
151 (16, M+), 66 (100, M - iPr - NCO). 

GHl3NO (151.2) Calcd. C 71.49 H 8.67 N 9.26 
Found C 70.94 H 8.68 N 9.14 

( I a ~2~,4~.Sa)-6-lsopropyl-3,3-dimerhyl-6-azatricyclo[3.2,O.Oz~4]l- 
hepptan-7-one (19b): 17b (500 mg, 2.4 mmol) and benzophenone 
(60 mg) are irradiated in 500 ml of dry acetone at 0°C for 5 h. After 
evaporation of the solvent the residue is filtered through silica gel 
using chloroform. Purification by kugelrohr distillation yields 19b, 
365mg (84%). - IR (film): 1740cm-' (C=O). - 'H NMR 

6.8 H7: 6H. CH(CH&], 1.93 (m; 2H, 2-H, 4-H), 3.16 (m; lH ,  1-H), 
3.66 (m; IH. 5-H). 3.Y5 [sept, J = 6.8 Hz; IH, CH(CH,),]. - 

NMR (CDCI,): 6 = 14.6 (9; endo-CH3), 20.8 [q; 
CH(CH,),], 21.1 [q; CH(CH,)J, 24.1 (q; exo-CH,), 28.4 (s; C-3), 

(d; C-I), 169.0 (s; C=O). - MS (70 eV): m/z (%) = 179 (2, M+), 
164 (7, M - CH3), 122 (32), 94 (81, M - iPr - NCO). 

(la,2fl,4flSa) -6-lsoprop~l-3.3-cliphenyl-6-uzatricycl0/3.2.O.O~~~]- 
lieprun-7-onr (19d). - a) Thhcrmolysis of 17d 17d (500 mg, 1.50 
mmol) is thermolyzed at 130°C in 10 ml of xylene for 2 h. After 
evaporation of the solvent the remaining oil is dissolved in a little 
ether. The precipitate is filtered and recrystallized from ether/ 
ethanol (2:lk yield 362 mg (79%), m.p. 115-117°C. 

(CDC13): 6 = 1.01 (s; 3H, CH3), 1.15 (s; 3H, CH3), 1.26 [d, J = 

30.6 (d; C-2), 36.5 (d; C4),  44.3 [d; CH(CH,)J, 51.3 (d; C-5), 51.7 

b) Photolysis of 17d 17d (500 mg, 1.50 mmol) is photolyzed as 
described for 16d yield 340 mg (74%). - IR (KBr): 1715 cm-' 

CH(CH3k], 1.34 [d, J = 6.6 Hz; 3H, CH(CHJ2], 2.86 (m; 2H, 4- 
H, 2-H), 3.05 (m; 1 H, 1-H), 3.46(m; 1 H, 5-H), 3.97 [sept, J = 6.6 Hz; 
IH, CH(CH3)J, 6.8-7.6 (m; 10H, aromatic H). - l3C NMR 

(C=O). - 'H NMR (CDCI,): 6 = 1.25 [d, J = 6.6 Hz; 3H, 

(CDCIJ: 6 = 20.9 [q; CH(CHJJ, 21.2 [q; CH(CH,)J, 34.2 (d; C- 
4), 40.1 (d; C-2), 44.4 [d; CH(CH&], 46.4 (s; C-3), 51.8 ( 4  C-5), 53.1 
(d; C-1), 126.1, 126.2, 127.1, 128.2, 128.6, 130.4 (d; phenyl, 0-, rn-. p- 
C), 136.7, 142.8 (s; phenyl, ipso-C), 167.9 (s; C=O). - MS (70 eV): 
m/z (%) = 303 (9, M+), 260 (10, M - CjH,), 219 (loo), 77 (15, 
CsHd 

C21H21N0 (303.4) Calcd. C 83.13 H 6.98 N 4.62 
Found C 83.02 H 6.86 N 4.84 

(la.2fl.4B.Sa) -3- Fluorenylidene-6-isopropyl-6-aza1ricyclo- 
[3.2.0.O2.']heptan-7-one (19e): 5 (500 mg, 3.60 mmol) and 9-diazo- 
fluorene (9e) (730 mg, 3.80 mmol) are heated to 80°C in 8 ml of 
toluene for 11 h. After cooling the precipitate is filtered and washed 
with a little ether; yield 660 mg (60%), m.p. 153- 154°C (from 
toluene). - 1R (KBr): 173Ocm-' (C=O). - 'H NMR (CDCI,): 
6 = 1.35 [d, J = 6.6 Hz; 6H, CH(CH3)2], 3.04 (m; 2H, 4-H, 2-H), 
3.95 (m; 1 H, 1-H), 4.03 [sept, J = 6.6 Hz; 1 H, CH(CH3)J, 4.42 (m; 
1 H, 5-H), 6.7- 7.9 (m; 8 H, aromatic H). - "C NMR (CDCI,): 6 = 
20.9 [q; CH(CH&J, 21.1 [q; CH(CH&], 36.3 (d; C-2), 41.4 (d; C- 
4), 43.8 (s; C-3), 44.7 [d; CH(CH,k], 52.4 (d; C-5), 53.6 (d; C-1). 
118.7, 119.5, 120.3, 124.4, 126.4, 126.7, 126.8, 127.1 (d; aromatic C), 
138.1, 142.0, 143.6, 144.2 (s; aromatic C), 167.7 (s; C=O). - MS 
(70 ev): m/z (%) = 301 (6, M+), 216 (100, M - iPr - NCO). 

CZ1H19NO (301.4) Calcd. C 83.69 H 6.36 N 4.65 
Found C 83.42 H 6.45 N 4.89 

( l a , 2 ~ , 4 ~ , 5 a )  -6- Methyl-6-azatricyclo[ 3.2.0.02.']heptan-7-one 
(22a): From 6 (1.1 g, 10.0 mmol) as described for l l a ,  section a). 
Purification by kugelrohr distillation (40"C/0.02 Torr), colourless 
liquid yield 1.0 g (81%). - IR (film): 1730 cm-' (C=O). - 'H 
NMR (CDCI,): 6 = 0.86 (dt, J = 5.5 Hz, J = 1.4 Hz; 1 H, 3-endo- 
H), 1.24 (q; J = 5.5 Hz; 1 H, 3-exo-H), 2.07 (dtd, J = 5.5 Hz, J = 
3.5 H G J  = 3.5 H g J  = 1.4 Hz; lH,  2-H), 2.22(dddd,J = 5.5 Hz, 
J = 3.5 Hz, J = 2.8 Hz, J = 1.4 Hz; 1 H, 4-H), 2.91 (s; 3H, CH3), 
3.29 (dd, J = 2.8 Hz, J = 1.9 Hq 1 H, I-H), 3.67 (dd, J = 3.5 Hz, 
J = 1.9 Hz; 1 H, 5-H). - I3C NMR (CDCI3): 6 = 16.3 ("dd, ABX; 
C-3), 18.5 (d; C-2), 22.3 (d; C-4), 27.6 (4; NCH,), 56.4 (d; C-5, C-l), 
170.9 (s; C=O). - MS (70 eV): m/z (%) = 123 (27, M+), 94 (76, 

C7H9N0 (123.2) Calcd. C 68.27 H 7.37 N 11.37 
Found C 68.32 H 7.65 N 11.40 

M - CHO), 66 (100, M - CH3NCO). 

(la,2B,4BSa) -6- Azalricyclo[ 3.2.0.OZ.']heplan- 7-one (23 a): From 
7 (1.0 g, 10.0 mmol) as described for l l a ,  section a). Purification 
by sublimation (70"C/0.02 Torr); yield 0.6 g (51%), m.p. 66°C. - 
IR (KBr): 1740 cm-I (C=O). - 'H NMR (CDCI,): 6 = 0.85 (dt, 

3-exo-H), 2.11 (m; 2H, 4-H, 2-H), 3.35 (dd, J = 3.3 H g J  = 1.8 Hz; 

1 H, NH). - I3C NMR (CDCI,): 6 = 17.2 (dd; C-3), 17.9 (d; C-2), 

(70 ev): m/z (%) = 109 (23, M+), 80 (81, M +  - CHO), 66 (100, 

C6H7N0 (109.1) Calcd. C 66.04 H 6.47 N 12.83 
Found C 66.16 H 6.44 N 12.76 

J = 5.5 Hz, J = 1.3 Hz; 1 H, 3-endO-H), 1.23 (9, J = 5.5 HG 1 H, 

lH,  1-H), 3.69 (dd, J = 4.5 Hz, J = 1.8 Hz; 1 H, 5-H), 7.05 (b.s; 

25.0 (d; C-4), 51.7 (d; C-5), 57.5 (d; C-1). 172.0 (s; C=O). - MS 

M - HNCO), 53 (67, HNCO). 

(la,2fl,58,6a) -3-0xa-8.9-diaza1ricyclo[4.3.O.~~~~~]non-8-en-4-one 
(25a) and (la,2~,S~.6a)-3-0xa-7,8-di~za~ricyclo[4.3.0.0~"]non-7- 
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en-4-one (%a): A solution of diazomethane (ca. 47 mmol) in 100 ml 
of ether, dried over KOH, is added dropwise to  an ice-cooled so- 

MS (70 eV): m/z (%) = 290 (1, M +), 262 (4, M - N2, CO), 234 
(20, M - N2-CO). 

lution of 8 (550 mg, 7.13 mmol) in 50 ml of ether to the exclusion 
of air and light. After 2 d at  0°C the solvent is evaporated at 0°C 
in vacuo. The solid is washed with a little ether; yield 450 mg (50%), 
m.p. 77°C (mixture of 75% 25a and 25% %a). - IR (KBr): 

(lg E) = 322 nm (2.41). - 'H NMR (60 MHz, CDCI,, mixture of 
25a and 26a), 25a: 6 = 3.02 (m; 1 H, 6-H), 3.52 (m; 1 H, 5-H), 4.65 
(m; 2H, 7-H), 4.83 (d, J = 2 Hz; 1 H, 2-H), 5.62 (m; 1 H, 1-H). - 
Ma: 6 = 4.02 (b.d, J = 2 Hz; 1 H, 5-H), 4.51 (t, J = 2 Hz; 1 H, 2- 
H), further resonances superimposed by 25a. - I3C NMR (CDCI,, 
mixture of 25a and %a), 25a: 6 = 30.7 (d; C-6), 58.7 (d; C-5), 72.0 
(d; C-2), 81.9 (t; C-7), 94.5 (d; C-l), 167.8 (s; C-4). - %a: 6 = 38.9 

(s; C-4). - MS (70 eV): m/z (%) = 138 (2, M+), 110 (2, M - NZ, 

1800-1850~m-' (C=O), 1540 (N=N). - UV (CHCI,): Lax 

(d; C-l), 59.1 (d; C-5), 74.9 (d; C-2), 79.2 (t; (2-9). 86.3 (d; C-6), 166.8 

CO), 81 (16, M - N2 - COH), 66 (56, M - Nz - COZ). 

( la,2fiJfi,6~)-7. 7-Dimethyl-3-oxa-8,9-diazatricyclo[4.3.0.0z-' J -  
non-8-en-4-one (25 b) and (lu.2/3,5fi.6~)-9,9-Dimethyl-3-oxa-7,8-di- 
azatricycl0[4.3.0.0*~~ Jnon-7-end-one (Mb): A solution of 2-diazo- 
propane (ca. 30 mmol) in ether is added dropwise at 0°C to a 
solution of 8 (620 mg, 8.10 mmol) in 50 ml of ether. The mixture is 
kept at -10°C for about 12 h and then stirred at 20°C for 2 d. 
After evaporation of the solvent at 0°C the remaining solid is 
washed with ether; yield 550 mg (41 %), m.p. 83°C (mixture of 85% 
25b and 15% 26b). - IR (KBr): 1790-1860 m-' (C=O), 1520 
(N = N). - UV (CHCI,): La, (Ig E )  = 325 nm (2.42). - 'H NMR 
(60 MHz, CDC13, mixture of 25b and 26b), 25b 6 = 1.25 (s; 3H, 
exo-CH,), I .60 (s; 3 H, endo-CH,), 2.80 (dd, J = 5 Hz, J = 2 Hz; 

2-H), 5.67 (d, J = 5 Hz; lH,  1-H). - 26b 6 = 1.25 (s; 3H, exo- 
CH,), 1.60 (s; 3H, endo-CH,), 2.70 (d, J = 5 Hz; lH, 1-H), 4.08 
(b.d, J = 2 Hz; 1 H, 5-H), 4.77 (t, J = 2 Hz; 1 H, 2-H), 5.6 (super- 
imposed by 1-H signal of 25b). - ',C NMR (CDCI,, mixture of 
25b and 26b), 25b 6 = 20.8 (9; endo-CH,), 26.4 (9; exo-CH,), 41.3 

(s; C-4). - 26b S = 20.8 (4; endo-CH,), 27.0 (9; exo-CH,), 49.1 (d; 

C-4). - MS (70 eV): m/z (%) = 166 (2, M+), 138 (6, M - N2, CO), 

1 H, 6-H), 3.78 (t, J = 2 Hz; lH, 5-H), 4.93 (d, J = 2 Hz; 1 H, 

(d; C-6), 54.0 (d; C-5), 70.5 (d; C-2), 90.0 (s; C-7), 94.9 (d; C-l), 168.5 

C-l), 57.2 (d; C-5), 72.0 (d; C-2), 86.8 (d; C-6), 90.3 (s; C-9), 166.7 (s; 

110 (30, M - N2 - CO). 

CsHloN202 (166.2) Calcd. C 57.82 H 6.07 N 16.86 
Found C 57.80 H 6.01 N 16.88 

(Iu,Zfi,.5~,6a) -7,7-Diphenyl-3-oxa-8,9-dia~atricyclo[4.3.0.0~~~ J- 
non-8-en-4-one (25d) and (Iu.2fi,5fi.6a)-9,9-Diphenyl-3-oxa-7,8-dia- 
zatricyclo[4.3.0.OZS]non-7-en-4-one (26d): Diphenyldiazomethane 
(1.37 (1: 7.70 mind) is added at 0°C to a solution of 8 (590 mg, 7.70 
inmol) in 100 nil of ether. The mixture is stirred at  room tem- 
perature for 12 h. The white solid is filtered; yield 610 mg (30%0), 
m.p. 151°C (mixture of 85% 25d and 15% 26d). - 1R (KBr): 
1800-1850cm-' (C=O), 1540 (N=N). - UV (CHCI,): LK 
(Ig E) = 332 nm (2.41). - 'H NMR (60 MHz, CDCI,, mixture of 
25d and 26d), 25d 6 = 3.25 (t, J = 2 Hz; 1 H, 5-H), 3.82 (dd, J = 

J = 4 Hz; 1 H, 1-H), 6.90-7.50 (m; 10H, aromatic H). - 26d 6 = 
3.71 (d, J = 4 Hz; i H ,  1-H), 4.15 (m; 2H, 2-H, 5-H), 5.9 (6-H, 
superimposed by 1-H signal of 25d). aromatic H superimposed by 
25d. - "C NMR (CDCI,, mixture of 25d and 26d), 25d 6 = 41.9 

127.4, (d; phenyl, 0-C), 127.9, 128.2 (d; phenyl, p-C), 128.7, 128.9 (d; 
phenyl, m-C), 139.0, 140.0 (s; phenyl, ipso-C), 168.0 (s; C-4). - 26d: 

4 Hz, J = 2 HG 1 H, GH), 4.94 (d, J = 2 Hz; 1 H, 2-H), 5.95 (d, 

(d; C-6), 55.6 (d; C-5),69.8 (d; C-2), 96.6 (d; C-1), 103.0 (s; C-7), 126.2, 

ClSHl4N202 (290.3) Calcd. C 74.47 H 4.86 N 9.65 
Found C 74.45 H 4.85 N 9.73 

( 1 a.2fi,5fi8,6a)-7-F1uorenylide~-3-oxa-8,9-d~zatricyc1o[4.3.O.0 '3  J -  
non-8-en-4-one (25 e) and (la,2fi,5fi,6u) -9-Fluorenylidene-3-oxa-7.8- 
diazatricycl0[4.3.0.0'~~ Jnon-7-en-4-one (26e): Diazonuorene (1.24 g, 
6.46 mmol) in 10 ml of dry ether is added dropwise at 0°C to a 
solution of 8 (620 mg, 6.46 mmol) in 50 ml of ether. The mixture is 
kept at 0°C for 2 weeks. The solid is filtered; yield 930 mg (50%). 
m.p. 128°C (mixture of 70% 25e and 30% 26e). - IR (KBr): 

(lg E) = 328 nm (2.31) sh, 268 (4.21). - 'H NMR (60 MHz, mixture 
of 25e and 26e, CDCl,), 25e: 6 = 3.27 (d, J = 5 Hz; 1 H, 6-H), 4.23 

5 Hz; 1 H, 1-H), 6.50-7.80 (m; 8H, aromatic H). - 26e: 6 = 3.15 

2 Hz; 1 H, 2-H), 6.00 (d, J = 3 Hz; 1 H, 6-H), 6.50-7.80 (m; 8H, 
aromatic H). - "C NMR (CDC13, mixture of 25e and 26e), 25e: 

1800-1850~m-' (C=O), 1520 (N=N). - UV (CHCI,): k,,,,,, 

(t. J = 2 Hz; 1 H, 5-H), 5.17 (d, J = 2 Hz; 1 H, 2-H), 6.08 (d, J = 

( d , J =  3 H z ; l H . l - H ) , 4 . 4 2 ( d , J = 2 H ~ l H , 5 - H ) , 5 . 0 3 ( t . J =  

6 = 39.8 (dt; C-6), 56.1 (ddd; C-5), 70.6 (dddd; C-2), 91.1 (ddd; C- 
l), 102.3 (s; C-7), 120.2, 120.9, 122.6, 125.6, 127.5, 128.3, 129.6, 129.7 
(d; aromatic C), 139.3, 139.6, 142.4, 143.5 (s; aromatic C), 167.7 (s; 
C-4). - Me: 6 = 39.8 (d; C-l), 56.1 (ddd; C-5), 73.3 (dddd; C-2), 
89.4 (dt; C-6), 102.6 (s; C-9), 166.1 (s; C-4), aromatic C superimposed 
by signals of 2Se. - MS (70 eV): m/z (%) = 288 (1, M '), 260 (25, 
M - N2, CO), 232 (42, M - N2 - CO), 231 (100, M - Nz - 
COH), 216 (92, M - N2 - C03. 

Cl8Hl2N2O2 (288.3) Calcd. C 74.99 H 4.20 N 9.72 
Found C 74.59 H 4.20 N 9.78 

(Iu,2~,4fi,5a)-6-0xatricyclo[3.2.0.O2~*]heptan-7-one (27a): a) 
From 8 (500 mg, 6.48 mmol) in 50 ml ether as described for 11 a, 
section a). After evaporation of the solvent the oily residue is dis- 
tilled; yield 190 mg (30%), b.p. 36"C/0.01 Torr. 

b) From a mixture of 25a und 26a (100 mg, 0.72 mmol) as de- 
scribed for ll a, section b). After evaporation of the solvent a col- 
ourless oil is obtained; yield 70 mg (88%). - IR (film): 1800- 
1845 cm-' (C=O). - 'H NMR (60 MHz, CDCI,): 6 = 0.97 (td, 
J = I Hz, J = 5 Hz; 1 H, 3-endo-H), 1.35 (q, J = 5 Hz; 1 H, 3-exo- 
H), 2.38 (m; 2H, 2-H, 4H), 3.67 (b.p. J = 4 Hz; 1 H, 1-H), 4.17 (dd, 
J = 4 Hz, J = 1 Hz; lH,  5-H). - "C NMR (CDCI,): 6 = 16.3 
(dd; C-3), 18.1 (d; C-2), 23.4 (d; C-4). 57.9 (d; C-l), 73.6 (d; C-5), 
169.6 (s; C-7). - MS (70 eV): m/z (YO) = 66 (100, N - C02). 

( I  a.2fi.4fi.5~) -3.3- Dipheny1-6-oxatricycl0[3.2.0.0~~~]heptan- 7- 
one (27d): a) The mixture of 256 and 26d (500 mg, 1.80 mmol) is 
dissolved in 20 ml of dry toluene and renuxed under nitrogen for 
12 h. After evaporation of the solvent 1 ml of ether is added and 
the oily residue crystallizes; yield 310 mg (69%), m.p. 122°C. 

b) The mixture of 25d and 26d (100 mg, 0.34 mmol) is irradiated 
as described for l lr ,  section b). After evaporation of the solvent 
the oily residue crystallizes on addition of 1 ml of ether; yield 80 mg 
(90%), m.p. 122°C. - IR (KBr): 1780-1840 cm-' (C=O). - 'H 
NMR (60 MHz, CDCI,): 6 = 3.00 (m; 2H, 2-H, 4-H), 3.45 (m; 1 H, 
l-H),4.40(b.d,J = 3.5 Hz;lH,5-H),6.83-7.42(m;lOH,aromatic 

C-3), 56.6 (d; C-l), 72.1 (d; C-5), 126.7, 127.6 (d; phenyl, p-C), 128.4, 
128.9 (d; phenyl, m-C), 126.2, 130.1 (d; phenyl, 0-C), 135.8, 141.4 (s; 
phenyl, ipso-C), 168.9 (s; C-7). - MS (70 eV): m/z (Yo) = 262 (5, 

H). - NMR (CDCl3): 6 = 33.0 (d; C-2), 38.5 (d; C-4). 47.0 ($ 

M '), 234 (16, M - CO). 

6 = 49.1 (d; C-I), 56.8 (d; C-5). 73.1 (d; C-2), 88.2 (d; C-6), 103.9 (s; 
C-9), 168.0 (s; C-4), aromatic C superimposed by signals of 25d. - 

CI8H1402 (262.3) Calcd. C 82.42 H 5.38 
Found C 82.42 H 5.43 
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( lr ,2~.4~,Sa)-3-Fluor~n~li~ene-6-oxatricyclo~3.2.0.02~'/hepian- 
%one (27e): The mixture of 25e and 26e (400 mg, 1.38 mmol) is 
heated in 50 ml of dry toluene under nitrogen to 80°C for 3 h. After 
removal of the solvent in vacuo a red oil is obtained which crys- 
tallizes on addition of 1 ml ofether; yield 240 mg (66%), m.p. 225°C 
(dec.). - 1R (KBr): 1790-1860cm-' (C=O). - 'H NMR 
(60 MHz, CbH6): 6 = 2.37 (dd, J = 3.5 Hz, J = 3.5 Hz; 1 H, 2-H), 
2.53 (dd, J = 2.5 Hz, J = 1 Hz; 1 H, 4-H), 3.42 (dd; J = 2.5 Hz, 
J = 1 HG 1 H, 1-H), 4.43 (dd, J = 3.5 Hz, J = 1 H z  1 H, 5-H), 
6.00-7.63 (m; 8H, aromatic H). - "C NMR (CDCI]): 6 = 34.8 

(db.d; C-5). 118.7, 119.6, 120.5, 123.6, 126.7, 127.3 (d; aromatic C), 
138.3, 142.0, 142.3, 142.9 (s; aromatic C), 168.4 (s; C-7). - MS 
(70 eV): mlz (YO) = 260 (100, M+), 232 (35, M - CO), 231 (90, 

(d"dt"; C-2), 39.5 (dd"t"; C-4), 44.1 (s; C-3), 57.1 (ddd; C-1), 72.6 

M - COH). 
CISHI20? (260.3) Calcd. C 83.06 H 4.65 

Found C 82.94 H 4.61 
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