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AIawt A veoatik synthesis for 4.&mono-, di-, tri- and tctrasubstituted homotropilidenes 
(bicyclo(S. I .Ojocta - 2.5 - dkncs) is described. The C, unit of the homotropiMenc framework IS built up 
from cycloheptatrieae (C,) and diazoalkane (C,) subunits. Drazoalkane addition to Dicls-Alder’ adducts 
of cycbheptatriencs and I,2,4 - triazolim - 3.5 - diona. photochcmiral ring contraction of the 
A’-pyrazoliaa formed. and de&ado0 of the urazok unit gives the 83~1 compounds 8. The latter yxld 
homotropilidena in a smooth L& + ,2, + ,ZJcyclorwmion. The ability of the homotropMena to 
undergo a Cope mamnganmt depends on the pattern of substitution 

A variety of synthetic methodologies has bctn devel- 
opbd over the past twenty years for the construction 
of the homotropilidene (bicyclo(S.l.O]octa - 2.5 - 
diene, 1 e 1’) framework. Among them,’ the most 
straightfbmard way, namely direct cyclopropanation 
of the inner doubk bond of cyclohcptatrknes by 
carbcncs or carbcnoids. is of only minor importance. 
So far, only the parent compound’ and some spi- 
ro(homotropilidtnc - 8.5’ - cyclopcntadiencs]’ were 
obtained by this route. 
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In view of the ability of compounds with 820 or 
carbonyl bridges to undergo chclotropic fragmcn- 
tation.” it is not surprising that the tetracyclic com- 
pounds A-E have ban aimed for as immediate 
homotropilidcnc precursors. 

It is well established that an anri-relation between 

the leaving group and a cyclopropane ring, like in A, 
B and D. dramatically lowers the activation energy 
for Nr or CO extrusion, as compared to the .ryn- 
configurated isomers;>’ only in the former CBSC arc 
favorable steric conditions for a concerted 
L2, + J, + .2J cyclorevcrsion given?’ which under 
cyclopropane ring opening leads to homotropilidene. 
Indad. exo,enndo - tctracycl~3.3.2.0r~‘.~~‘kkcencs of 
type B suffer nitrogen loss at @60,.” whereas au) 
compounds of the exo,exo type C are usually stable 
up to 120 IS0 .‘I Similarly, D’ and some methyl- 
substituted derivatives’.“.” decarbonylate in the 
range of 10&170“, but E remains unchanged even at 
280“.’ However, both CO loss from E’ and nitrogen 
extrusion from substituted compounds of type C”,” 
can bc induced by UV Irradiation; tn this case. 
biradical intermediates arc produced. As A bears two 
cyclopropane rings in unri-position to the azo bridge, 
a parttcularly smooth thermal Nrtlimination to yield 
a homotropilidene would bc expected. However, 
compounds of this kind arc not yet known. Struc- 
turally rclatcd diazasnoutencs (both cyclopropane 
carbon atoms connected by a bond) have been used 
by Paquctte and coworkers as a convenient entry into 
the scmibullvakne systcm.lb 

E 
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Recently, we have described a synthetic access to 
azo compounds of type B which starts from the 
Dicls-Alder adducts of 4 - phcnyl - 1,2,4 - triazolinc 
- 2.5 - dionc to cyclohcptatriencs and which allowed 
us to prepare some Calkyl- or phenyl-substituted 
homotropilidencs 1 or their valence tautomcrs l’.” In 
order to gain insight into the influence of substituents 
on the valenoc tautomerism. we have now used this 
approach for the synthesis of a variety of 4(8)-mono-. 
di-. tri- and tctrasubstitutcd homotropilidcncs. 

Synrhesir of the homotropilidenes 
The synthetic scqucncc as outlined in Scheme I has 

already been described by us for homotropilidcncs 
9e!Y’r.b,c,g,‘” but as WC report here. it is neither 
restricted to alkyl- or phcnyl-substituted nor to 
4(8)-monosubstitutcd homotropilidcncs. Most of the 
Dick+-Alder adducts 3 from 7-substituted cy- 
clohcptatricncs and 4-phcnyl- (or methyl-) - 1.2.4 - 
triazolincdronc arc known, and so is their stcrco- 
chemistry at C-3: In case of monosubstitution, the 
substitucnt will occupy the exo-position at C-3 except 

for the cyano group in which case a smaller amount 
of the endo-isomer is also formed. For 31. the endo- 
orientation of the cyano group is derived from the 
chemical shift (6 6.4) of the olctinic protons H-8,9 in 
the ‘H-NMR spectrum; this shift compares well with 
6 6.33 for the olcfinic protons in 3h. The 
configurational assignment of the C-3 cpimcrs 3b and 
3g follows unambiguously from the ‘J rclopropanc 
coupling constants, as ‘J_, is larger than J,. Morc- 
over. the low-field shift of the olcfinic protons in 31 
compared to 3g (6 6.12) corresponds to the magnetic 
anisotropy of the cyano group which is comparable 
to that of a carbonerbon triple bond.” 

The D&+-Alder adducts 3 undergo a [3 + 2) cy- 
cloaddition with diazomcthanc, diazocthanc or 
2diazopropanc to form the A’-pyrazolincs 4. For the 
diazopropanc adducts +v. the exoe orientation of 
the pyraxolinc ring is clearly derived from the 
‘H-NMR spectra, in which no long-range coupling 
between H-2.6 and the cyclopropanc protons H-8, IO 
is observed; this excludes an M-type configurational 
relationship ktwan both pairs of nuclei. In all other 

4 
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R1 H He Met Ph POPhz CN CN H nC OMe 

R2 H H H H H H H CN Cti ti 

(R’) Ph Ph Ph Ph Ph Ph bk Me He Ph 

R1 Me Me2 Ph POPh2 C!l He H M CtiMe2 ph P3Ph2 Cl tt 

R’ H H H H H Ctt H H H h Ii H CN 

R3 H h H H titit4Me Ye’@ k#W 

R4 H h H ti H H H H ti H H H H 

(R5) Ph Ph Ph Ph Ph Me PC Ph Ph Ph Ph !icne 

R3 Me newwe Me!4 HeMewe 

RQ h H )c Ik Mew Mee#kz 

(R’) k Ph Ph Ph Ph Ph Ph He I@ 

‘1 only4 

cases, evidence for the exo-attack of the diazoalkane 
comes from the well-cstablishtd exe-configuration of 
the newly forrrnzd cyclopropane ring in S (sa below). 

Although the photochemical A’-pyrazoline+ 
cyclopropanc ring contraction is a standard pro- 
cedure. diflkultics are encountered for the trans- 
formation of some A’-pyrazolincs 4 to di- 
azatetracyclodccancs 5. Like 4a,b,c,g.‘” the 
diazomethane adducts 4& f and the diazocthane ad- 
ducts &o remain unaltered upon UV irradiation 
(j. = 254 and 280 nm) in benzene solution at room 
temperature; only in aatonitrik. very slow nitrogen 
extrusion takes place. Similar to other photo- 
chemically reluctant azoalkancs,’ the quantum yield 
of Nz elimination can be drastically enhanced by 
raising the temperature or by radical-stabilizing sub- 
stituents on the carbon atoms adjaant to the azo 
group. Thus, the transformation J-+5 can bc carried 
out conveniently by photolysis in boiling benzene or 
aatonitrik. The diazopropane adducts rt_v, on the 
other hand, react smoothly at room tcmpcratum. The 
olefins 6r.f.n were isolated as by-products in these 
reactions. 

Upon irradiation of the pyrazoline Q (R’ = H, 
R’ = CN), not only ring contraction but also com- 
plete cpimcrization at C-9 takes place, and the saau 
tctracyclodccane 51 (R’ = CN. R’ = H) is obtained as 
from photolysis of the pyrazolinc 41. even with vittu- 
ally the same yield. 

For all diazocthane adducts 4g+ the photo- 
chemical ring contraction kads exclusively to the C-7 
cpimer of sn_O in which the methyl group points 
away from the urazole ring (R’=Me). This structure 
TET Vd 43. So ? I 

is indicated by relatively small ‘J(H-6.8. H-7) cou- 
pling constants (co 3-4 HI see Tabk 2). as is usual 
for a cyclopropanc rfanrcoupling. The exo- 
configuration of the CKFCl-cyclopropane ring can 
be derived from ‘H-NMR spectra as well, keeping in 
mind the magnetic anisotropy of a cyclopropane 
ring WJ* In the err&. exoconfiguration of 5, H-6 and 
H-8’ get in the shielding region of the endo- 
cyclopropanc ring; indead, they are observed at 
higher field (6 051.1 ppm) than the cyclopropane 
protons H-2.3 (6 l-2 ppm) for which no such 
influence exists. 

Several methods have been developed for the de- 
gradation of an urazolc ring to an a20 com- 
pound.‘-.” For compounds 5. ring cleavage with 
potassium hydroxide in boiling isopropyl alcohol and 
oxidation with CuCII of the resulting scmi- 
carbazide,“3’ which was not isolated, emerged as the 
method of choia which furnished the stable cuprous 
chloride complexes 7. As we mentionad earlier,” the 
forcing conditions for saponilication of the urazole 
ring may hamper the synthesis of homotropilidcna 
with hydrolyzable substitucnts. But under carefully 
controlkd reaction conditions (sa Experimental), 
which include reaction termination before complete 
conversion, even cyano- or phosphoryl-substituted 
homotropilidencs can be prepared along this route. 

The free au> compunds 8 arc easily obtained from 
their CuCl complexes by action of ammonia. As 
expected from the presence of a cyclopropane ring 
onri to the azo bridge, they exhibit rather low thermal 
stability. Most of them slowly split otf nitrogen on 
storing at room temperature, some of them @I&o) 
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Table I. ‘H-NMR (90 Ml-h. in CDCI,. 6 in ppn. TMS as standard, coupling constants tn Hz) and IR 
data of pyraz~lincs 4 

- 

!ed 
4’ . . 

?!I 

41 . . 

?Sf 

?i 

Q! 

?f 

?? 

?? 

4ph) . . 

4qh*l . . 

!Ch) 

!fh) 

4t . . 

fybeh 

ixh) 

H-l n-7 H-5 n-2 M-6 H-8.16 H-9 
-- 

,.53m - 4.54-0.98 - - 2.03-2.5 - 

~631’~) 4.60-4.88~ 5.Cti -2.95 1.63-1.87 - 

'J.10.5 

i.48 t* 4.601’ 4.68-5.33 1.65m c _l.OC) - 

Others IR (1n KBr. u-l) 

7.43 (N-Ph) 2240 (CM). 1760.1705 (0 

1.42 (s&9+) 2230 (or), 

3.05 (N-n) 1780. 1715 (CO) 

1.03 (S.C9-me) 1770. 1710 (co) 

1.38 (d. 3J m 7.5. C5-&) 

7.23-7.55 (N-Ph) 

1.47 t’ 4.62 t’ 4.68-5.10 1.63m 1.43c) -Al.83d) 0.97 (M-isopropyl) 1765. 1710 (CO) 

1.50 (d. 3J. 7.5. CS-Me) 

7.27-7.58 (N-Ph) 

i.63t' 4.78t’ 4.88-5.17 -1.68-2.10 - 

:;ic) 

1.53 (d. 3J. 7.5. CS-MC) 1760. 1705 (CO) 

. 6.98-7.55 (N-Ph md C-Ph) 

i.53 I’ 4.681’ 4.78-5.05 ?.25m -2.0 1.81dt 1.45 (d. 3J. 7.5. C5-Me) 1770. 1705 (CO), 

3J. 4.5, 7.33-8.03 (15 ti-ana.) 1435 (P-Phtnyl). 

I 2 Jp,"I= 8 1165 (P.0) 

i.54 t’ -1.4’) 5.03dq -l.ac) 1.68m - 2.06-2.38 M 1.45 (d, 3J= 7.5, CS-l4e) 2240 (CN) 

3.07 (N-Me) 1768, 1710 (to) 

i.55 I’ - 4.61-5.05 - 1.8011 -1.90-2.33 N 1.43 (d. 3J. 7.5, CS-Me) 2240 (CN), 

3.05 (I. N-Me) 1763, 1702 (CO) 

e: 4.7lm 5.06n e) 2.42 -1.5-1.9C) - 1.42 (s. C9-He) 2226 (CN) 

dt ‘) 1.45 (d, 3J= 7.5, CS-M) 1765. 1712 (CO) 

3.03 (twe) 

i.5Ot’ 4.60 t’ 4.68-5.12 -1.65-1,93 - -3.32 g, 1.46 (d, 3J= 7.5. CS-He) 1765. 1708 (W) 

3.28 (I. Me) 

7.30-7.53 (I-Ph) 

5.60 4.59 
(4.2. 4.2, 9.0. 3.0. 71 

4.73 -1.47-1.86 - 0.70t (rn) 1.18. 1.78 (CS-Me) 1768. 1700 (Co) 

5.58 4.35 4.70 
(4.9, 4.9, 9.o.c2.5. 4.8! 

-1.73c) - 1.05-1.50 - 1.03 (C9-me) 1765, 1700 (CO) 

1.18. 1.73 (CS-He) 

7.23-7.76 (N-ph) 

5.62 
(3.6,‘i?, 9.0.1.1. 5till 

1.72’) 1.27-1.58 d) 0.98 (In-isopropyl) 1763. 1708 (Co) 

1.22. 1.78 (CS-Me) 

7.25-7.60 (N-Ph) 

5.72 4.70 
(4.2, 4.2, 9.0.?.0, 51i? 

1.97m 1.89m 2.23t 1.27. 1.80. (CS-Me) 1760, 1705 (co) 

3J.3 6.96-7.58 (C-Ph and I-pk) 

r.73J) k) - k) --2.2Q-2.48-. 1.58 dt 1.25. 1.78 (CS-h) 1770. 1705 (co) 

)J l 3.2 7.35-7.90 (15 H-w-a.) 1435 ( P-My1 ) 

12JP,” I. 7.5 ll80 (Pa) 

1.53 
(3.9.4i?, 9.0,1.3. 51iT4 

1.87 2.12m -2.4 ” 1.10. 1.53 (&Me) 2238 (CN) 

3.29 (N-he) 1760. 1700 (co) 

5.75 5.30 2.60 
(4.5,4iT, 9.0,2.8. 5.51 

-1.65’) - 1.26. 1.75 (CS-me) 2228 (CN) 

1.43 (C9-me) 1765. 1705 (Co) 

3.06 (N-Me) 

4) 1n Io610Kso.- b, t’ l Pseudotrlpltt. - ‘) Partly superposed by a ethyl slgnrl. - d) Superposed by fsopm~yl sl9M1. - e) H, 

brad H-7 appear bt 6 5.43-5.77 6s partly orerlrPptn9 UlttpletS.- ‘) 3J(H-6,H-2). 9, 3J(H-6,H-7) n 3.6. - ‘) Partly suPrpOSm 

by mthoxy sl9n41. - h, CIvm In brackets are the following coupling constants: 3J(H-1,H-2). 3J(H-l,H-10), 3J(H-2,H-6), %(I 

H-7). 3J(“-7,H-8). - ‘) 200 MQ sp.ctnm. - ‘) 3J(N-1,H-2). 3J(N-1,N-10) n 4.5. - k) u-7 and U-2 slum UD at b 4.63-4.90 &S WV 

ovcrl4pptng ultiplets. - ‘) AlUst hidden by solvent peak. 
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Table 2. ‘H-NMR data of 9.10 - diuatcmcydo(3.3.2.~‘.(r3d&poa 5 (9OMHr in CDCl,. TMS as 
studad. 6 in ppn. coupling conshnts J in Hz) 
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H-l .5 n-2.4 w-3 H-6.8 W-lmtt H-7ryn OtJWS 

x 
5! 

i? 

St’ 
I 

4.93m 

S.OSm 

4.87m 

4.689 

2’ = I 
4.07m 

I 

- 2.08-2.mw 1.l3m 

a) a) 

1.2Om 1.13m 0.92a 

1 .27.d) l.46dt d, 0.87m 

35 
6(e) 07 

l 3.3 

1.66m 1 .78m 2.86t 

s= 3.4 

+2.2- 2.3 - 

2.078 

1.58m 

1.63m 

2.27 t 

3J. 3.0 

0.93m 

O.E6m 

9) 

3.83 t 

3J= 1.5 

0.84m 

h) 0.67 ” 

1.53m 

2.61 t 

3J= 2.4 

1.98-2.17 

- 0.53-- 1.0 - 

0.88b) l.lOb) 

(7. 7.5, 4.51 

1.3a ‘) 

1.27m 

9) 

1.21m 

- 

1.06 

-1.22n 

1.27m 

- 

7.49 (M-Ph) 

1.47 (I, c3-(ls) 

3.05 (I, W-k) 

1.06 (C3-)(e and Cl-Me) 

1.01 (broad I, CHlk, and -2, 

1.04 (U-k) c, 

7.30-7.58 (H-Ph) 

1.10 (Cl-&) l ) 
6.66-7.63 (H-Ph) 

1.10 (C7-me) l ) 

1.05 (C7-k) e, 

3.10 (M-MC) 

1.10 (C7-He) c) 

1.47 (C3-h) 

3.05 (w4) 

1.00 (CI-t4) e, 

3.30 (O-MC) 

7.20-7.60 (N-F+) 

1.00 (CI-ml-He) 

1.x, (CI-sym-)(c) 

7.14-7.60 (Il-Ph) 

0.97 (d, 3J= 6.5. 

1.03 (CI-rntl-Me) 

1.43 (C7-syn-he) 

7.22-7.63 (N'h) 

C3-k) 

0.98 (IH-1ropropyl) 
1.05 (C7-ant{-Me) 
1.45 (Cl-syn-1C) 
7.30-7.68 (II-Ph) 

1.12 (CI-rntl-He) 
1.50 (C7-syn-He) 
6.98-7.67 (~+a.) 

1.07 CI-rntl-&.) 
I 1.47 CI-syn-k) 

7.30-7.88 (15 H-mm.) 

1.05 (C7-rntl-k) 
1.40 (c7-s 
3.08 (wbr~ 

-K) 

1.10 (CI-rntl-W) 
1.40. 1.45 (CI-syn-M8 and C3-he) 
3.07 (H-M) 

‘) H-2.4 end H-6.8 both r~perr at 6 1.55-1.80. - b, H-7anti, H-7sy-n. H-6 and H-8 form an AB 
we: I'J(H-7rntl,H-7syn)I. 3J(H-7rnti.H-6(8)), 'J(H-7syn,H-6(e)).- ') 200 I#Z spcct-.- 

system; given in brrckcts 

e, 3J(H-7rntt.Uj3)m6.- ') 'J(t+lsyn,tt6(8))= 3.5.- g) 
d+3J("-2(4)JMen&). 3.3.- 

6 0.52, 1~Jl.6.6. 3 
CA.6 1.2-1.4; superposed by methyl signal rt6 1.47.- h, 

J= 7.5; H-M: 6 1.1261. 3J. 3.0.- ‘) PswQtriplct.- ') 
H-3exo: 

') Partly superposed by -thy1 signal. 
Superposed by other rliphrtfc siqnals.- 
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suffer complete Nr loss even during preparation 
(20 0”). and the corresponding homotropilidenes are 
isolated. The methyl-substituted homotropilidcnes 
9aeYr. 9go=9’g and #$9’h were recently also 
prepared by decarbonylation of a type D precursor.” 
However, the high temperatures for this reaction 
cause partial isomerization of the systems with an 

en&-methyl group at C-8. 
The ‘H-NMR spectra of the at0 compounds 8 

(Table 3) confirm the exo,endocontiguration of both 
cyclopropane rings in the molecular framework, as 
discussed before for the urazoles 5. 

As the N=N double bond exhibits a similar mag- 
netic anisotropy as the C=C bond, nuclei above the 
plane containing the double bond system are ex- 
pected to be shielded. Indeed, the syn-protons at C-7 
in 8d.cJ.b o and the sfn-methyl groups at C-7 in 8p v 
show up at higher field than in the corresponding 
compounds 5; the difference amounts to co 
1.3-1.5 ppm in the former case and to co 0.5 ppm in 
the latter. 

Consrifurion and configuration 01 homotropilidenes 9 
Homotropilidenes, like other cirdivinyl- 

cyclopropane systems, are able to undergo a Cope 
rearrangement which yields valence-isomeric homo- 
tropilidenes’r’ As discussed in the introduction, the 
cyclopropane ring anti to the azo bridge in 8 will be 
opened up during the chelotropic L2, + ,f + .2J ni- 
trogen eJection. thus producing homotropilidene 9. 
Depending on the pattcm of substitution, which may 
influence both the activation barrier for valence 
tautomcrism and the ground-state energy difference 
between the two isomers, either 9 or 9’ may exist 
alone or a rapid interconversion 9~9’ may be ob- 
served in solution at a given temperature. All three 
cases arc met in the 403)~substituted homo- 
tropilidenes described in this paper: According to 
room tcmpcraturc ‘H-NMR spectra (200 MHz), 91r. 
pv and 9’e.f.l.n exist as individual isomers whereas 
9heYh. 9ie9’i, 9j~Yjcxhibit valence tautomcrism 
with 9b. 91, q as energetically favored isomers. The 
presence of Yd in the spectrum of 9d is not artain. 

Tabk 3 ‘H-NMR data of 9.10 - diazatetracyclo(3.3.2.0z.‘.0a3da: - 9 - ens 8 (90 MHz, 6 values. TMS 
as standard, coupling constants J tn Hz) 

H-l.5 H-2.4 H-3 H-6.8 H-?wlll H-lsyn others 
. I 

BQ a” 5.64n 1.73da 2.35di 

3J 
P H' l2 ' 

2 
. :JP,H;:;.' 

. 

0.98a 0.13 b' -0.43 b, 6.86-7.48 (H-w-a.) 

(6. 7.5, 31 

8p ( 5.68n 

E3!C’ 5.80a 

fp 5.7am . 

8°C) i 5.82m . . 

spc’ ’ 5.63m 
. . I 

?!” i 5.5’m 

Bra) 1 5.73m 

ai”’ 5.a2m 

et) 5.82m 

8uC’ S.66n 

BP 5.97 

1.73m 2.22t O.&lm 0.13 b, -0.45 b, - 
3J.3 166. 7.6, 3.51 

1.29m - -1.40 0.27b) -0.43 b' 1.35 (s.rce) 

(6. 7.5, 31 

1.74a 2.33t 

3J= 3.5 

d) 
- 

1.55 0.60e' 

-0.80 1.88qt 

16.5.3.21 

0.75m - 

d) - 

1.08 

-0.80 

-0.90 1.84m -0.90 

l.QOm 3.001 

3J. 3 

0 

1.676 

35 
P.H.12 

1.76m 

2.42dt 
2 
’ :JP.II;-~* 

. 

2.3at' 

3J. 3 

-0.90 

-0.80 

- 

1.45 1.27 - 

-0.23 II 0.85 (d. 'J . 6.5, He) 

-0.20 m 0.90 (d, 3J . 6, U-He) 

1.98 (5. c3-Me) 

0.60; 0.88 (Cl-Me) 

0.75; 0.60 (Cl-He) 

0.95 (d. 3J . 6.5. C3-Me) 

0.86; 0.98 (C7-ne) 

-0.98 (IMe2 and CtjMe2) 

0.90; 0.99 (CI-Me) 

6.88-7.33 (H-ara.) 

0.87; 0.95 (Cl-Me) 

7.40-7.9 (H-al-a.) 

0.83; 0.93 (Cl-Me) 

0.87; 0.93 (Cl-Me) 

1.36 (I. c3-*) 

H-6 and n-8 fom aMt$ systa ; g(vcn In brackets are I'J(H-lrntl, H-7=)1; _ 'J(H-lrntl 

In C12DC-CDC12.- d, H-2.4 rnd H-6,8 both ropcrr st 6 1.13-1.32.- ') Both H-3= and 

Superposed by methyl signrlr. 
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as 9d could not be obtained in a pure form, so that 
signals of impurities eventually obscure the signals 
from Cyd. 

While the influence of substituents on the valence 
isomcrization will he discussed in a separate paper,” 
only the arguments for the spectral assignment of 
homotropilidcncs 9 and 9’ are presented here. For the 
interpretation of ‘H-NMR spectra (Table 4). we 
profit by a detailed analysis of the parent compound’s 
spcctrum,z6 which at the same time established a 
chair-l&c ground-state conformation for homo- 
tropilidene itself. Recently, this conformation was 
found also in the solid state of 2,6diphenylhomo- 
tropilidene.?’ The close similarity of the ‘H-NMR 
spectra of our 4(R)-monosubstituted homotrop- 
ilidcncs 9. 9’ 10 that of the parent syfiem kzads us to 
assume a chair-like conformation 9C. 9’C for them. 
loo. 

The assignment of rxo/endo-substitution at C-8 
and quaslcquatorial:‘quasiaxial-substitution at C4 
for homotropilidencs which are singly substituted at 
C-X and;or C-4, rests upon the recognition of the 
positlon of the respective gcminal hydrogen. Exo- 
and undo-hydrogens a( C-8 can be distinguished by 
the vicinal coupling constants with cyclopropanc 
protons H-l ,7. for which ‘Jr,, is always larger than 

‘J,,,, (ca 9 Hz vs 4.s5.6 Hz). Furthermore. H-&ndo 
points into the region of diamagnctlc anisotropy of 
the double bonds CZ-C3 and CWZ6, and is therefore 
registered at appreciably higher field than H-bxo. 
Similarly, the quasiaxial hydrogen H4a is dcshicldcd 
by (YJ 0.3 0.6ppm compared to the quasiequatorial 
Ii& as it is reached by the magnetic anisotropy of 
the cyclopropane ring; b&da. H4a is characteri& 
by a complex splitting pattern which is caused by 
couplmg with ii-3.5, H-2.6 and H-1,7. whereas for 
II-4~. only a triplet is obscrvod bccausc of coupling 
with H-3.5 ” An addltional ?J(H4a. H-4e) coupling 
constant of 2&2l Hz is found in Ye, !Y’I and 9p. 

In the cyano, methyl-substituted homotropilidencs 
9’f and 9%. the exo-position of the cyano group may 
bc derived by comparison with the 8 - endo - cy- 
anohomotropilidcna ‘Ye and 97. Ry switching the 
cyano group from the endo 10 the exo-position at C-8 
cyclopropanc protons H-I ,7 should move downfield, 
and the olefinic protons H-2.6 and H-3.5 uptield 
because of the magnetic anisotropy of the cyano 
function. Indeed. small shifts (0. I5 -0. I7 ppm) in the 
expcctcd direction are observed. Finally, the consti- 
tution of the tctrasubstitutcd homotropilidene 9v is 
cstablishcd by the chemical shift of the protons H-1.7. 
This signal is close to the range observed for the other 
X.X-dimethylsubshtutcd homotropilidencs 9p I, 
whereas it is shifted by ca 0.6 0.8 ppm downfield m 
the 8 - cyano - substituted systems 9‘~. I. f and II. 

The configuration at C-4 and C-8 which is cstah 
lishcd by the prcseding arguments, confirms the 
praiictcd stereochemical course of the ring-opening 
fragmentation of 8. On the other hand, the valence 
tautomerism 9e9’ is accompanied by an exchange 
pattern which brings an en&-substitucnt at C-8 in 
the quasiequatorial position at C4. and an exo- 
substitucnt at C-8 in the quasiaxial position at C-4, 
and vice versu. This is readily explained by assuming 
a conformational change from chair 10 boat to 
precede the Cope rearrangement of homo- 
tropilidencs.2.M.” 

utPERIMF.NTAI. 

Melting and d-position points were taken in a heal 
block and am uncorrected. For Kugclrohr distillations. 
oven rcmpcratum arc given. Preparative column chro- 
matography was done on nlica gel (0.050.2mm) from 
Macharcy and Nagel. Photolyscs were carried OUI in Pyrex 
glass vessels with a high-pressure mercury lamp (phihps 
HPK 12SWj; the set-up was flushed mth dry nitrogen prior 
IO irradiation. 

‘H-NMR specira: Varian EM 390 (90 MHz). Brukcr WP 
200 (200 MHz). If not statal othtisc. spcc~ra werr Iakcn 
for CDCI, solutions; chanical shifts refer IO TMS and an 
on the d scale. IR spectra: Backman IR 20A and BaAman 
Aocu-Lab 3. EkmcnIal analyses Perkin-Elmer Micro- 
analyser Model 240. 

The followmg materials were prqaraJ by published 
procedures: dycloheptatriena -21. (v&b);” 2l;” 
Dids Akkr adducts Jr” 3k’O and 3&k” urazok s1;” 4 
- methyl - 1.2.4 - t&line - 3.5 - dio& (NMTD).” 

Duls-AI&r ~IJUUCIS Jy 
A solution of 2.26 g (20 mmol) NMTD in 30 mL acetone 

was addai dropwise IO 20 mmol El ( I 2g.b) in 20 mL ether. 
cookd I0 0 After stirring for another 30 mm. Ihc pp was 
filtered otT giving 55% anI - 3 - cyano - 6.7 - diaza - cxo 
- 1rkyclo(3.?2.#‘] non 9 me 6.7 dicarboxyltc acid - - I - 
methylim& (31). m.p. 2&208‘ dec. ‘H-NMR: 6 1.23 (I. 
‘J, = 3 HI_ 3-H). 2.30 (m. 2.4-H). 3.03 (s, N-Me). 5.20 (m, 
1.5-H). 6.12 @uudoIripkt. 8.9-H). IR (KBr): 307&2940 
ICil1. 2240 (CN): 1778. 1700 (CO): 14SOcm I. Found. C. 
i7.lfH. 4.4j; N:24.4. Cak fir 6,;H,,N,O,: C, 57.38; H. 
4.38; N. 24.34’& 

The filIraIa arc evaporated and Ihe miduc was rc- 
crysIallizd from aatone to PVC So/;, syn - 3 - cyano - 6.7 
- diaza - cxo - trkyclo(3.2.2.~‘J non - 8 - cm - 6.7 - 
dicarboxyhc acid mcthylimide (3). m.p. 16$1& dcc. 
‘H-NMR: 6 1.27 (‘J, 1 9 Hz, 3-H). 2.25 (m. 2.4-H). 3.03 
(s. N-Me), 5.30 (m. 1.5-H). 6.33 (pseudo-tripkr, 8.9-H). IR 
(KBr): u)90. 3008 (CH). 2238 (CN); 1763. 1700 (CO), 
146ocm-‘. Found: C. 57.1, H. 4.39: N. 24.5. Calc for 
C,,H,,N,O,: C. 57.38; H, 4.38: N, 24.34%. 

S,vn - 3 - cyan0 - anti - 3 - nurhyl - 6.7 - &i&-a - exe - 
rr1c.~clo[3.2.2.~.‘~~ - 8 - CIV - 6.7 - h’corhoxylic acid 
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Table 4. ‘H-NMR data of homotropiliduw 9, V (200MH~ d W~XS. TM a.~ St&. muPh 
cmst~~s J in Hz) 

laq. [I(1 H-l.7 H-2.6b’ II-3,5b) HA HA H-(kxo H-&n& othm 

C 

293 

e 
293 

e 
293 

C 

293 

C 

293 

C 

303 

C 

303 

A 

293 

A 

263 

e 

2% 

6 

298 

A 

233 

C 

290 

C 

290 

C 

298 

C 

2% 

C 

l.MD 6.126 5.5Om 4.326 - 1.08m 

3J 10.5 2 3’ 12Jp,Hl=21 

2.11d’ 5173 5.!M 3.086 Z.?ldt l.ped) 

(9.31 (10.5. 3.5, 2.81 12Jl=20.7 3J3,4e=7.0 [9.3j 

2.33’) 5.57 5.76 3.06C 2.70dt - 

(11.1. 3.0, 2.91 12Jl l 20 )J 3.4e-6.7 

1.24m 5.72 5.29 3.14m - - 

(11.2, 3.2, 2.81 

1.57. 5.46 5.64 - 2.78tq f) 

3J 3J3 2 * 3=11.2 . 4e.6.3 

1.28m 5.04 5.41 3.OOm - - 

l10.4. 3.4, 2.51 

1.536 -5.61 - - 2.04m 9) 

1.36m 

1.19m 

2.1ed) 

9.3 

2.33m 

1.33m 

1.41’) 

1.36” 

0.95’) 

1.47’) 

1.53’) 

5.88 5.52 4.36m - - 

(11.5. 3.7. 1.81 

6.09 5.37 4.12& - - 

3J2 3 . 10.5 I 2 ‘J, H , ‘J3 .iS 

Jp “1.24.5 

’ 4s.4.0 

5.62 5.90 - 2.96 tq 1.97d) 

3J2.3 n 10.5 (7.2, 7.21 [9.i] 

3J 3.4r.7.2 

5.46 5.03 - 2.84t.q - 

3J2 3 . 11.3 I6.9. 7.21 . 

35 j.le’6.9 

5.73 5.95 

(10.9. 5.5, 1.81 

5.71 5.54 

(12, 3.6, 3.21 

5.55 5.36 

(11.8, 3.2, 21 

5.32 5.10 

(11.2. 3.5, 2.51 

5.64 5.33 

(11.5. 3.2. 2.31 

5.85 5.98 

(11,3, 2.31 

4.69m - 

3.186 2.70dt - 

2J l 20.8 3J3 . 4,‘6.3 

3.3Om - - 

2.68m - - 

4.40m - - 

4.636 - 

I 2 Jp “1’17.5 . 

c’ 7.38-7.70. 

7.78-8.20 (H-mm.) 

1.16 (I. He) 

0.38Q 1.09 (d. J= 6.5, C&k) 

15.25. 6.51 0.98 (d. J. 7.7, Cl-h) 

0.84 (d. J=6.7. C&Ha) 

1.17 (d. Jm 7.0. Cl-Hr) 

0.43 cq 

(5.6. 6.01 

0.64 (d. J= 6.4, IZM-%~) 

1.10 (d, Jm 6.0. CB-h) 

ca. 1.5 (0-l k2) 

- 0.90 (d, J= 6.8, 0-2) 

1.18 (d. Jm 7.2, C4-MC) 

0.M 

(5, 6.91 

0.8Otq 

(4.5, 6.31 

1.16 (d. 6.9, Me) 

7.12-7.48 (thra.) 

1.07 (d. ‘J. 6.3, Me) 

7.39-7.61 rnd 7.76-7.91 

(H-mm.) 

1.23 (d, 3Jm 7.2, nC) 

1.16 (I. WC] 

1.21 (d. 3J. 7.2. C4-He) 

0.66-q. 1.14 (d, 3J. 6.0, CJ3-He) 

(4.5, 6.01 3.34 (I, 0-M) 

0.86 (CB-en&-Me) 

1.21 (Ca-cxo-He) 

0.88 (CB-cndo-l(c) 

1.08 (d. 3J n 7.6, C4-WI) 

1.15 (C8-exo-)C) 

0.43 (d. 3J= 7, cH52). 

0.48 (C8-endo-He). 

0.69 (Wexo-I+), 

1.23 (opr,] 

1.02 (CB-endo-He) 

1.18 (CB-exo-*) 

7.13-7.3s (H-m-a.) 

0.89 (CB-endo+) 

1.15 (Wexo-M) 

7.53-7.66 rnd 8.00-8.71 
(H-erom.) 
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Solvent a) 

Temp. [Kl H-l,? H-2,6b) H-3,!jb) H-4a H-4e H-8exo Hdendo Others 

g C 1.43i) - 5.68-5.89 - 4.67m - - 0.92 (CI-endo+) 

298 1.18 (CB-exo-Me) 

Or C 1.6ii) 5.79 5.48 - - - 0.92 (CB-endo-Me) 

298 3J2 3 = 10 1.19 (CB-exo-Me) 
. 

1.52 (C4-Me) 

a) A = CDCl 3; 8 = C12DC-C8C12; C F [D15nitrobentene.- b, H-2,6 and H-3.5 form a A8-type system with additional splitting; 

given in brackets are: 3J(H-2,H-3), 3J(H-3,H-4a) and 14J(H-2,H-4a)l.- ‘1 Contains impurities; H-Bend0 cannot be assigned 

with certainty.- d, H-1.7 and H-8 form an AB2 system; given in brackets Is 3J.- e, AA'XX' system with H-2.6.- f, Superposed 

by methyl signals.- g, Superposed by isopropyl doublet.- h, Most signals are broadened at 273 K.- i, Broadened singulet or 

very narrow quartet. 

methylimide (3i). A solution of 2.26 g (20 mmol) NMTD in 
30 mL acetone was added dropwise to 20 mm01 2i in 20 mL 
ether, cooled to 0”. After stirring for another 30min, the 
solvent was evaporated and the residue was recrystallixed 
from ether to give 94% 3i, m.p. 15!%161” dec. ‘HINMR: S 
1.45 (s. C-Mel. 1.90 (oseudo-t. 2.4-H). 3.05 (s. N-Me). 5.25 
(m, L&H),.4 (p&do-t, 8,9-H). ik (I&): 3Ij&%2920 
(CH), 2230 (CN); 1765, 1705 (CO); 1610, 146Ocm-‘. 
Found: C, 58.2; H, 5.03; N, 23.3. Calc for C,sH,,N,O; C, 
59.00; H, 4.95; N, 22.94%. 

A,-Pyrazolines 4” 
General procedure for diazomethane or diazoethane addi- 

tion. Excess diaxomethane (from 10 g 2 98 mm01 N - methyl 
N 

if 
- nitrosourea33) in 70 mL ether or excess diaxoethane 

rom 11.7 g = 100 mm01 N - ethyl - N - nitrosouma~) in 
80mL ether was added to 1Ommol of the respective 
Diels-Alder adduct 3 in 100 mL DMF. The mixture was set 
aside in the dark for 8-12 d (2-4 d for diaxoethane addi- 
tion). The ppt was filtered off-and washed well with ether. 
The filtrate was diluted with 600mL ether and cooled to 
- 20” for 2 h, whereupon more crystals were. obtained. If no 
ppt was obtained, the solvent was evaporated at 
80”/20 mmHg and the residue was treated with a little cold 
ethanol. The following A’-pyrazolines were obtained (NMR 
and IR data in Table 1): 

anti - 9 - Cyan0 - 3,4,11,12 - tetraza - exqendo - 
tetracvclo15.3.2.0’-6.08*“‘ldodec - 3 - ene - 11.12 - dicarboxvlic 
acid &eth$mide (4e). -From 3f and diakmethane. Yield 
70%; m:p. 265-272” dec. Found: C, 60.0; H, 4.30; N, 24.5. 
Calc for C,,H,,N,O$ C, 61.07; H, 4.22; N, 25.14%. 

syn - 9 - Cyan0 - anti - 9 - methyl - 3,4,11,12 - tetraza - 
exo,endo - tetracyclo[5.3.2.0t~6.0**‘0]dodec - 3 - ene - 11,12 - 
dicarboxylic acid ntethylimide (4f). From 3i and diaxo- 
methane. Yield 65x, m.p. 22&230” dec. Found: C, 54.6; H, 
5.02; N, 29.2. Calc for C,,H,,N,O,: C, 54.53; H, 4.93; N, 
29.36%. 

5 - anti - 9 - Dimethyl - 3,4,11,12 - tetraza - exo,endo - 
tetracyclo[5.3.2.@6.08~‘o]do&c - 3 - ene - 11,12 - dicarboxylic 
acidphenylimiak (4b). From 3b and diaxoethane. Yield 78%, 
m.p. 188-190” dcc. Found: C, 63.8; H, 5.66, N, 20.9. Calc 
for C,,H,,N,O,: C, 64.07; H, 5.68; N, 20.76%. 

anti - 9 - Isopropyl - 5 - methyl - 3,4,11,12 - tetraza - 
exo,endo - tetracyclo[5.3.2.02~6.08~‘0jdodec - 3 - ene - 11,12 - 
dicarboxylic acidphenylimide (4i). From 3e and diawethane. 
Yield 70x, m.p. 225-226” dec. Found: C, 65.5; H, 6.41; N, 
19.4. Calc for Cx,H,,N,O,: C, 65.73; H, 6.34; N, 19.70”/,. 

5 - Methyl - anti - 9 - phenyl- 3,4,11,12 - tetraza - exo,endo 
- tetracyclo[5.3.2.@6.08J~dodec - J - ene - 11,12 - a& 
carboxylic acid phenylimide (4j). From 3d and diaxoethane. 

Yield 82x, m.p. 220-223” dcc. Found: C, 68.9; H, 5.23; N, 
17.2. Calc for C,,H,,N,O,: C, 69.16; H, 5.30; N, 17.53%. 
anti - 9 - Diphenylphosphoryl- 5 - methyl - 3,4,11,12 - tetraza 
- exo,endo - tetracycfo[5.3.2.0Z6.0~‘0]do&c - 3 - ene - 11,12 
- dicarboxylic acid phenylimide (4k). From 3e and diaxo- 
ethane. Yield 850/,, m.p. 235-238” dec. The compound 
crystallixed with 0.5mol-equiv. DMF. Found: C, 64.9; H, 
5.35; N, 13.8. Caic for ~H,N,O,P~O.SDMF: C, 65.41; H, 
5.31-; N, 13.75%. 

anti- 9 - Cyano - 5 -methyl- 3,4,11,12 - tetraza- exo,endo 
- tetracyclo[5.3.2.@v6.04’0]do&c - 3 - ene - 11,12 - di- 
carboxylic acid methylimide (41). From 3g and diawethane. 
Yield 73%; slow dec. above 250”. Found: C, 54.1; H, 5.04, 
N, 29.1. Calc for C,,H,,N,O,: C, 54.54; H, 4.93; N, 29.36. ._ _ _ 

syn - 9 - Cyano - 5 - methyl - 3,4,11,12 - tetraza - exo,endo 
- tetracvclo15.3.2.02*6.08Jldodec - 3 - ene - 11.12 - di- 
cdoxyiic &id methylimide (4m). From 3h and dia&ethane. 
Yield 82%. m.p. 228-231” dec. Found: C, 54.4; H, 4.88; N, 
29.2. Calc for C,,H,,N,O,: C, 54.54; H, 4.93; N, 29.36%. 

syn - 9 - Cyarro - 5, anti - 9 - dimethyl - 3,4,11,12 - tetraza 
- exo,endo - tetracyclo[5.3.2.02~6.0~‘o]dodec - 3 - ene - 11,12 
- dicarboxylic acid methylimide (4n). From 3i and diaxo- 
ethane. Yield 64x, m.p. 219-221” dec. Found: C, 55.9; H, 
5.39; N, 28.5. Calc for C,,H,,N,O,: C, 55.99; H, 5.37; N, 
27.99%. 

anti - 9 - Methoxy - 5 - methyl - 3,4,11,12 - tetraza - 
exo,endo - tetracyclo[5.3.2.0~6.0*~‘Ojdodec - 3 - ene - 11,12 - 
dicarboxylic acidphenylimide (40). From 3j and diaxoethane. 
Yield 660/,, m.p. 158-160” dec. Found: C, 60.6; H, 5.45; N, 
19.8. Calc for C,,H,,N,O,: C, 61.19; H, 5.42; N, 19.82%. 

General procedure for 2-diazoproprme addition. To 5 mm01 
of the respective Diels-Alder adduct 3 in 40mL DMF, 
cooled to - 150, 60 mL of a ca 1.5 M solution of 
2diaxopropane in ether3’ were added, and the mixture was 
kept at - 15” in the dark for 10 h. Diaxopropane addition 
is repeated twice. The precipitated pyraroline was then 
filtered and washed well with ether. The following diaxo- 
propane adducts were obtained. _ 

5,5 - Dimethyl - 3,4,11,12 - tetraza - exo,endo - 
tetracvclo15.3.2.~~6.0*~‘@ldo&c - 3 - ene - 11.12 - dicarboxvlic 
acid dhen$imide (4~). From 3a. Column ‘chromatography 
over 60 g silica gel yields: (a) with 150 mL CHCl,-ether 
(3: 1) 62X unchanged 3n: (b) with 200 mL CHCl,-ethvl 
&&ate (i :l) 21% 4p, m.p.zd2’. Found: C, 63.1; H, 5161; N, 
20.8. Calc for C,.H,.N.O,: C. 64.08: H. 5.68: H. 20.76X 

.” ., A . 

5,5,anti - 9 - Trimethyl - 3,4,11,12’- t.&raza’ - eio,e&“- 
tetracyclo[5.3.2.~6.0L’O]dod - 3 - ene - 11,12 - akarboxylic 
acid phenylimide (4q). From 3b. Yield 420/,, m.p. 216-220” 
doz. Found: C, 64.8; H, 6.01; N, 20.2. Calc for C,,H,,N,O,: 
C, 64.96; H, 6.02; N, 19.43%. 
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5.5 - Dimerhyl - anti - 9 - icopropyl - 3.4. I I ,I2 - ictrazo - 
r.ro.rtldo - /Prroc,vclo(S.3 2.@~.ti’qdo&c - 3 - ene - I I.12 - 
&corboxylic acidphenylimi& (6). from 3c. Yield 48%. m.p. 
210-212‘ dcc. Found: C, 66.1; H. 6.57; N, 18.3. Cak for 
C,,HI,N,Oz: C. 66.47; H, 6.64; N. 18.46%. 

5.5 - Dimedvl - anti - 9 - Dhcnyl - 3.4.11.12 - rerrazo - 
rxo.en& - ferrac,v~lo(S.3.2.~*~~‘~~ - 3 - me - I I.12 - 
dicorboxylic acid phenylimuk (C). From 3d. Yield W/i, 
m.p. > I60 dcc. Found: C. 68.9; H. 6.31; N, 15.8. Calc for 
C:,H>,N,O:~ C. 69.71: H. 5.61; N, 16.94. 

anti - 9 - Dtphenylphosphoryl - 5.5 - dimcrhyl - 3.4.1 I.12 
. f41ro:o - exo.endo - rerrocyclo[5.3.2.0~*.~~‘~o&c - 3 - ene 
- I I.12 - dicorboxyltc arid phenylintide (4). from 3e. Yield 
WO, h.p 255” dec. The compound crystallizes with 
0 5 mol-qutv. DMF. Found: C, 64.9: H. 5.75; N. 13.8. Cak 
for C,jlH,N,0,P.0.5DMF: C. 65.90; H, 5.53; N. 13.420%. 

an11 - 9 - Cyunu - 5.5 - dinurhyl - 3.4,11,12 - retrazo - 
txo,mdo - rcrro~~c/o[5.3.2.01~.~.‘~c - 3 - enc - I I.12 - 
dkarboxylic uctd merhylinu& (4). from 3g. Yield 54%. m.p. 
233 235 dcc. Found: C. 55.7; H. 5.41; N. 27.9. Calc for 
<‘,,H,,N,O,: C. 55.99; H, 5.37; N. 27.99. 

.syn - 9 - Cyan0 - 5.5. anii - 9 - rrimerhyl - 3.4, I I. I2 - rerroro 
- exxo.r&o rerrocyc/o[5.3.2.0z~.~~‘~c - 3 - enc - I I.12 
- dtcorboxylic acid nwthylimidr (IV), from 3l. Y~ekl 55%. 
m.p. 231 dcc. Found: C. 56.9; H, 5.87; N. 27.0. Cak for 
C,,H,,N,O:: C. 57.31; H. 5.77; N. 26.749;. 

Phorolysrs o/ A’-pyrozolines 
‘H-NMR and IR daIa of the rcsul~mg tetracycloda~~~ 

5 are collectal in Tabk 2. 
Pholofysis 01 C. A suspension of I .OO g (3 mmol) Ic in 

40 mL boiling benurne was irradiated for 20 h. The solvent 
was rcmovcd and the rcvduc was chromatographal OVQ 40 g 
silica gel with 400 mL chlorofonn*hyl aaIate (I : I): (a) 
0.12g(16”~;)an1i-3-cyano-8-mcthyl-6,7-diaza-cxo 
- Incycl~3 2.2.ti’bon - 8 - me - 6.7 - dicarbonylic s&l 
pbcnylimidc (6~). m.p. 20>205’ (from CHCl,-cIhcr). 
‘H-NMR: I.17 (1, ‘J = 3 Hz, 3-H). I.90 (d. J = 1.8 Hz. Me). 
2.3 (m, 2.4-H). 4.97-5.3 (m. 1.5-H). 5.73 (m. 9-H). 7.37 (m. 
N-Ph) IR (KBr): -2850. 2240 (CN): 1763. 1710 (CO); 
149Ocm ‘_ Found: C. 66.3; H. 4.75; N. 17.8. Cak for 
C,A,,N,O>: C, 66.65; H. 4.61; N. l8.m;. (b)O.l3g(lV,;) 
of a mlxturc of Se and its C3cpimcr. (c) 0.3Og 
(41”;) anti - 3 - cyano - 9.10 - diaza : cndo,cxo - tctra: 
cyclo(3.2 2.d~‘.tit)dccanc - 9,lO - diurboxylic acid phenyl- 
imtde (Se): from aatontethcr pak-yellow nc.cdlc~ 
wiIh m.p. IRX l9r dec. Found: C, 66.1; H, 4.64; N. 18.4. 
Calc for C’,,H,,N,O,: C. 66.65; H. 4.61; N. l8.WA. (d) 
0.20 8 (20”,) unchanged 6. 

Phorolysts o/Q. A suspenston of I .20 g (4. I9 mmol) U in 
100 mL boorling accIoniIrile was irradiated for 40 h. After 
cvaporarion of the solvent. the residue was chro- 
maIograpbcd on I60 g silica gel with 200 mL CHCl,+Ihyl 
acetate (3:2): (a) 0 I5 g of a 45:45: IO mixlure of SI. syn - 
3 - cyano - anIi - 3.8 - dimcthyl - 6.7 - diaza - exo - 
Incycl~3.2.2.W’jnon - 8 - cm -6.7 - dicarboxylic acid 
mahyhmide (6!). and an unknown compound (‘H-NMR: d 
6.20. all other superposed by wgnals of Sfand 6f). ‘H-NMR 
of W d I.43 (s, C-Me), I.73 (m. 2.4-H). 1.93 (d. pJ( = 2 Hz, 
C C-Me). 3.00(s. N-Me), 5.05 (m. 5-H). 5.23 (m, I-H). 5.85 
(dm.9-‘1i).(h)O.IOn(l~/,.rcl.Io~~cd~syn-3-cyano 
- anli - 3 mfthyl _- 9.10 - diaza -_ cndo.c;o - 
ie~~~~cld3.3.2.0-‘-‘.~~*~dccanc - 9.10 - dicarboxylic add 
meIh{lim& (ST); fro-m ethanol colorless IX&& m.p. 
200 202 dec. Found: C. 59.5; H. 5.53; N, 21.4. Cak for 
C,,H,,N,O,: C. 60.45: H. 5.46: N. 21.64%. (c) 0.31 g (25’/) 
unreaclcd U. 

Crntral procrdwt for phorolysir ojatazoekue o&tlurs # 0 
The solution or suspension ol 4mmol Co in boding 

actlonllrileor boiling lnmzcnc was irradiated. The solvcnl was 
removed UI wzcuo and the rrstduc was punlied bv column 
chromarography over 6og silica gel wiIh 200mL 
C~lCl,-cIhyl acetale (I : I). The following Ictracyclodecancs 

were prepared (given are: the irradiated pyrazoline, solvent, 
irradiation time. isolated yield. melting point and solvm1 for 
rccrWalh7ation). 

a& - 3.7 -’ Dimerhyl - 9.10 - diazo - enab.exo - 
retrc~vclo13.3.2.~~‘,~‘~~ - 9.10 - akarboxvlic acid 

p&y;& (Sb). Frdm 1. be&~, I8 h. &,;. m.p. 
l9@ 193’ dcc. (ethanol). Found: C. 69.4; H. 6.16; N. 13.6. 
Cak for C,,H,,N,O$ C. 69.88; H, 6.19; N. 13.58%. 

mcli - 3 - Isopropyl - an11 - 7 - methyl - 9, IO - daze - 
cn&.rxo - lerrocyclo[3.3.2.0’~‘.Oydccmu - 9.10 - &- 
carhoxylic acidpknylimi& (9). From II. aatonitrile. I2 h. 
46:/,, m.p. 168’ dcc. (aatone-ctha). Found: C. 70.8; H. 
6.95; N. 12.6. Cak for C,H,,N,Oz: C, 71.19; H. 6.87; N, 
12.45:;. 

anti - 7 - Methyl - anti - 3 - phenyl - 9,lO - diazo - endo.txo 
- relracyclol3.3.2.~‘.~‘~cane - 9. IO - dicorboxylic ocid 
phenylimdr~ (Sj). Fr& 4j, benzene. 24 h. 64’$/.. m.p. 
I25 127’ doz. laaIonel. Found: C. 73.3: H. 5.71: N. 11.7. 
CaluJ for C$,,N,O,:‘C. 74.37; fi, 5.69; k. I l.tiAl 

anti - 3 - Diphenylphosphoryl - anti - 7 - methyl - 9. IO - 
d&o - endo.cxo - rerracyclo[3.3.2.@‘.~~cmw - 9.10 - 
dicarboxylic acid phenylumde (Sk). From 4k, aaIomIrik. 
7 h. 6p,b. m.p. 255’ dcc. (ethanol). Found: C. 69.3; H. 5.40: 
N, 9.6. Cak for C#,N,O,P: C, 70.29; H. 5.28; N. 8.48%. 

anri - 3 - Cyano - mri - 7 - nurhyl - 9.10 - diruo - tn&.rxo 
- retrocyclo[3.3.2.0’.W)&cuw - 9.10 - dicurboxylic acid 
nuthylim& (SI). From 4 (or C), aatoni~rile, 24 h. 68% 
(6P,;),m.p. 17Sl75’ dcc. (aaroncctha). Found: C, 59.8; 
H. 5.52; N. 21.8. Cak for C,,H,,N,O*: C. 60.45; H. 5.46; N. 
21.6y,;. 

mri - 3 - Methoxv - am - 7 - methyl - 9.10 - dioro - 
endo,exo - ferracyclo[3.3.2.@‘.W)&cane - 9.10 - di- 
carboxylic acid phenylimldc (So). From 40. benxcne, 24 h. 
23%. m.p. l5l-152. dcc. (ethanol). Found: C. 66.2; H. 5.95: 
N. 13.0. Calc for C,,H,,N,O,: C, 66.45; H. 5.89; N, 12.9l”/b. 

Phorolysti o/C. Ihc suspenwon of I.12 g (3.73 mmol) C 
in IO0 mL boihng aaxtonitrilc was irradiated for 24 h. The 
solvcnr was removed in tucuo and the &due was chro- 
maIographcd over I60 g silica gel with 400 mL CHCl, ethyl 
aatale (3: I): (a) 0.09 8 of a mixture of Sm and syn - 3 - cyano 
- 8 - dhyl - anIi - 3 - methyl - 6.7 - diatp - cndo.exo - 
Incyclo(3.3.2.0’“)non - 8 - me - 6.7 - dicarboayhc acid 
methyhmide (6). ‘H-NMR of (r: d I. I3 (I. 
(s, ~-MC). 1.85 (m, 2.4-H). 3.03 (s. N-Me), 3.4 
CH ai), 4.93-5.33 (m, I-H. 5-H). 5.81 (dm. 9-H). (b) 
O.ii!g (W/i). syn - 3 - Cyano - anti - 3,anIi - 7 - dimethyl 
- 9.10 - dicta - cdo.cxo - tetracyclo(3.3.2.~~‘.~s)d~ne - 
9.10 - dicarboxylic acid mcthylmidc (5). m.p. IM 186’ dec. 
leIhanol). Found: C. 62.3: H. 6.23; N. 20.1. Calc for 
C,,H,,N;O,: C. 61.75; H. 5192; N. 20.w~. 

General proceabre /or pho~olysis of diazopropaw &IS 

4.r 
The suspension of 3 mm01 of WV m 50 mL aatonitrik 

or benzene was irradiated a1 room temperature for 3-l h. The 
solvcn~ was removed and ~hc @due was ~llized. The 
following Ictracyclo&cancs were obtained (given are: the 
irradialcd pyrrvnline. solvent of photolysis, yield. m.p., sol- 
vent for rccrys1allizdtion): 

7.7 - Dimcthyl - 9.10 - diaza - cndo.cxo - 
tetracyclo(3,3,2.~.‘~~‘Jdaane - 9.10 - dicarboxylic acid 
ohcnylimidc (5~). From C. bcnzmc. 703:. m.p. 14Sl50 
&c. &ha). F&d: C. G.7; H. 6.26; G. l3.i. Calc for 
C,,H,,N,Oz: C. 69.88; H. 6.19; N, I3 W/e. 

m/l - 3.7.7 - Trtmerhyl - 9.10 - diaro - cnah.exo - 
fetrocyclo[3.3.2.0]-‘.V~cune - 9. IO - dicarboxylic orid 
phenylirnidc (59). From Ja acctonitnle, 950,;. m.p. 
195 .198‘dec. ieihanol). Four& C. 70.6; H. 5.52; h. 13.6. 
Calc for C,.H,,N.O,: C. 70.57: H. 6.55; N. 12.99?‘?. .~ . . , . 

anti - 3 - Isopropyl - 7.7 - dvkrhyl - 9. IO - &:a - &do.~xo 
terrocyclo[3.3.2.01’.@‘)&ctme - 9.10 - dicarboxylic acid 

~nylimdc (9). From C. ac&omtrik, ST/_ m.p. l80-182” 
dcc. (acetoneether). Found: C. 70.2; H. 6.95; N. I I 7. Calc 
for C,,Ii,,N,O,: C. 71.77; H. 7.17: N. 11.969,. 
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7.7 - Drmerhyl - an1i - 3 - phrnyi . 9. IO - diazo - endo,exo 
1c1racycl0[3.3.2.OL’.O4Jj&cane - 9.10 - dkarboxylic lacud 

&nylimi& (9). From 4~. benzene, 8Q. m.p. 199202” dcc. 
(ethanol). Pound: C. 74.4; H. 6.oP N, 11.0. Cak for 
C,&,N,O,: C, 74.78; H, 6.01; N. 10.900/ 

an11 . 3 - Diphenylphosphoryl - 7.7 - dbme1hyl- 9. IO - &so 
- cndo.exo - lrrracyclo[3.2.2.0s-‘.*caw - 9.10 - di- 
rarboxylu acidphenylimi& (54). From 4t. aatonitrik. WA, 
m.p. 280 dcc. (acttone). Found: C. 70.7; H. 5.63; N. 8.4. 
Calc for C,,HH,N,O,P: C. 70.72; H. 5.54; N, 8. IS%. 

am - 3 - Cyan0 - 7.7 - dimrrhyl - 9.10 - cikua - endo,exo 
- lerracyclo(3.3.2.0s~‘.~rj&cww - 9.10 - dkarboxylic acid 
methylimkk (S). Prom Jr aatonitrilc. 74:/,, m.p. 220‘ dcc. 
(ethario)). Found: C. 61.2; H. 5.83; N. 20.8. Cak for 
C,,H,,N,Oj: C. 61.72; H. 5.92 N, 20.58%. 

anri - 3 Cyarw - syn - 3.7.7 - rrmwhyl - 9.10 - diara - 
endo.rxo - 1~1rocyclo[3.3.2.~‘.O‘~unr - 9.10 - &- 
rurhoxyhc acrdn&yli&k (ST). From h. aatomtrile. 760/,, 
m.p. 230 dec. (ethanol). Found: C. 62.3; H. 6.33; N. 20. I. 
Calc for C,,iI,,N,O,: C, 62.92; H. 6.34; N. 19.57 

Cuprous chlorrde complexes 
General procedurr for urazolt ring degradorion o/ alkyl. 

phenyl. nwrhoxy and cyan0 substi1u1td 1e1racyclo&canes 5. 
Values m brackets r&r to the cyano-substituted systems. A 
mtnturc of 5.1 [I] mmol of the mspectivc tctracyclodccanc 
5 and 2.X6g (51 mmol) [0.28g (S.Ommol)] potassium hy- 
droxidc m 90 [IO] mL 2-propanol was mfluxcd under nitro- 
gen worth mag&c stirring ior 90 mm [15.3Omin. reaction 
control by TLCl. The solutmn was cooled to - 20“ I - 10’1. 
diluted with 20 mL water and acidified to pH z 3 w&h I !? 

HCl. 2.75 g (16. I mmol) [I .O g (5.87 mmol)] cupric chloride 
dihydratc in 20 mL [IO mLJ H,O were added. whereupon 
deposttton of the brick-red cuprous chloride complex be- 
gan The mixture was stirred for 2 hat room temperature and 
filtered wtth suctton. The solid was washed suazssively with 

small amounts of water, methanol and ether. The followmg 
cuprous chloride complexa were thus obtained: 7e (Se/,,/,, 
m.p. 113-I IS dcc.): ‘If (910,:): 7h (3rt/,. m.p. 98-104’. doz.); 
7i (459:); 9 (21’;): 71 (5%;. m.p. 112. 114‘ dcc.); 711 (930,;. 
I I3 I IS” doz.). 70 (2392); 7) (w;. m p. I IO I I I’.); 7q (95%) 
m.p. 105. dcc.). 7r (78”;. m.p. I20 122’ doz.); 7s (5206. m.p. 
225 227’ dcc ). 7n (56S;. m.p. I I&I20^ dcc.); 7r (91”~. m.p. 
1.30’ dec.). 

Grneral procedure /or wazok nng &ra&uron o/ 
phosphoryl-subsritukd re1racyclc&canes !U, k. t. The mix- 
ture of 0.5 mmol of Y. k or t. 0.02 g (3.6 mmol) potassium 
hydroxide and I5 mL 2-propanol was. rcfluxed under nitrogen 
for 70 min. The solution was then cooled to 0”. diluted with 
SOml. water and acidified wtth I N HCI to pH z 3. Upon 
addition of I.5 g (g.8 mmol) cupnc chlonrk dihydrate m 
30 mL water. slow separation of the brown cuprous chloride 
compkx began. After strrring at room temp. for I h. the 
complex was filtered off and washed successively with small 
volumes of water. methanol and ether. The following cup 
rous chloride complexes were obtamcd: 7d (867;. m.p. I IO’ 
da: ); 7k (%?A, m.p. 110” dec.): 7t (84;):. m.p. IOY dcc.). 

ffomorropili&ness 

General proredurc /or lhe liberarion o/ lht free a20 corn - 
pounds 8 /root rhcu cuprous &or& compkxcs 7.‘O The 
cuprous chlonde complex 7 was suspended in 30 mL c&r, 
and aqueous ammonia (IT<) wau added dropwir until 0~ 
brick-rat color of 7 was dischargal. The ether layer was 
rparated and the aqueous phase was extracted with cthrr 
(3 x 20 mL). The combined organic layers were washed with 
20 mL water and dried (CaCl$ After ~rcmoving the ether at 
0 <‘:&I mmHg. the au, compound 8 was obtained. 

tit - 4 - Diphmylphosph&ylhomoorropifidene (91). 0. I8 g 
(0.43 mmol) 76 were treated as described above. exapt that 
ether was replad by mcthykne chloride. The reaiduc whtch 
rcmamcd after evaporation of the solvent at o”/lS mmHg was 
trituratcd with ether: 0.04g (2R46) anri - 3 - diph- 

enylpfmsphoryl - 9.10 - cboza - mdo,rxo - 
1~1racyclo[3.3.2.@‘.@‘)&c - 9 - N (U). dm.p. 76. 

Aft& hating 0.03 g in O.SmL ~&nitrobenzetK in a 
NMR tube for I h at 60”. 91 was irkntitkd bv its ‘H-NMR 

spectrum. 91 was not pure, however. and the amount of 
impuritia incmasal at higher tcmpcratums (> 60’). 

mdo - 8 - Cyuwhomo1ropilkkme (9’~): From 0.15 g 
(0.58 mmol) 7~. 68 mg (74%) anti - 3 - cyano - 9.10 - diara 
- endo.cxo - tetracyclo(3.3.2.~‘.OUJdcc - 9 - cne (&) were 
obtained. dcc.p. 59 -6l*. Slow nitrogen loss was observed even 
at room temperature. 0.06 g (0.36 mmol) & was dtssolvcd in 
I mL n-hcxane and heated under nitrogen for 30 min to m. 
After cooling and evaporation of the solvmt. 0.049 g (98%) 
Cye wcrc obtained. Cye decomposed on attempted Kugclrohr 
dinillatton. 

cxo - U - C.wr.nn - endo - 8 - nu1hylhcmv1ropdi&ne (Cm: 
0.09 g (0.30 mmol) 7f were treated as described in the general 
procedure. except that ether was mplaad by methyknc chlo- 
ride: 0.043 g (8%) colorkss anti - 3 - cyano - 9.10 - dicta 
- cndo.cxo - tetraryclo(3.3.2.OL’.O*3da: - 9 - cne (m); deep. 
67 Slow nitrogen lou took p4aaz already at room tun- 
pcraturc. O.tMg (0.23 mmol) solid I wcm heated under 
nttrogen to 70’. The liquid was then purified by Kugelrohr 
distrllation (loo’~O.8 mmHg) to yield 0.018 g (547,) 9’f. IR 
(film): 3018. 2%8. 2940. 2866.2223 (CN). 1653. 1646. 1448. 
1372 an ‘. Found: C. 80.0; IL; 7.39; N. 9.3. Calc for 
C,,H,,N. C. 82.72; H, 7.64; N, 9.64:;. 

exo - 8 - hfe1hyl - CLS - 4 - me1hylhomo:ropilidmP $tna% 
8 - Mtrhyf - rrans - 4 - nurhylhomorropilidme (9beYb). 

When 7b (0. IS g. 0.57 mmol) was treated as given m the 
general proaxture. the a;r*, compound I decomposed rap 
Ally on evaporation of the ether at O’C/8OmmHg. After 
Kugdrohr distillation (90’ !40 mmHg) of the rcsiduc. one 
obtaincd 0.072 g (957;) pale-ydlow homotropilidcne 
%cYh. IR(tilm): MO2.2945.2940.2893. 1662.1452. 1440, 
1375cm ’ 

cxo - 8 - Mrrhyl - cis - 4 - isopropylhcwno1ropi G= trans 
- 4 - Merhyl - do - 8 - iropropylhomo1ropd&ne (91~=Vi). 
When 11 (0.21 g, 0.73 mmol) was treated as described in the 
gcncral procedure. the are compound 81 decomposed under 
vigorous Nz loss. when the solvent was evaporated at 0‘. After 
Kugclrohr distillation (80’:15 mmHg) of the residue. one 
obtained 0 093 g (83”/,) 91 GS’~. IR (film): 3003, 2958. 2926, 
2869.1662. 1460. 138s. 1368.1361 cm I. Found: C. 87.8; H. 
IO 69. Cak for C,,H,,: C. 88.82; H. 11.189,. 

cxo - 8 - Merhyl - cu - 4 - phenylhonw1ropilickne x= 1ran.s 
- 4 - Melhyl - endo - 8 pbylhomorropiluknc (sj$Vj). 
When 9 (0. I2 g. 0.37 mmol) was treated as described in the 
general procedure. the azo compound gj decomposed raprdly 
during removal of the solvent at O’C. The restdue was 
Kugclrohr distilled (lzo’:O.OI mmHg) and ytekkd 0.063 g 
(879;,) 9j*!Yj as a pak-yellow viscous oil. IR (film): 3003; 
2948.2922.2860. 1662. IS98. 1490. 1450. 1378cm-‘. Found: 
C. 90.0; H, 8.06. Cak for C,,H,,i C. 91.78; ii. 8.22’?;. 

cts - 4 - Drphcnylphospphoryl - exe - 8 - rnrrhyl- 
homo1roprlidPrv (w). 0.29 g (0.67 mmol) 7k were treated as 
described in the general proccdurc. but mcthykne chloride 
was used instead of ether: 0. IO g (433,,) anti - 3 - dtph- 

cnylphosphoryl - anti - 7 - methyl - 9.10 - diaza - endo.exo 
- tetracyclo(3.3.2 d-‘.@.‘)dcc - 9 - cne (a). This compound 
IOVJ nitrogen slowly at to SO.. and vrgorously at 164’ The 
solutton of 0.09 g (0.26 mmol) glr in I mL chloroform was 
heated to rXY for I h. After cooling and rcmovtng the solvent 
in rwtyo. the r&due was trituratal with a small volume of 
ethanol: 0.067 g (8e:) pale-yellow crystals of 9L. m.o. I67 
IR (KBr): 3073, 34Iozb.‘2944, 2863. 2850. 1656, 1482. I440 
(P-phcnvl). I I% (PO) cm ‘. Found: C. 78.5: H. 6.49. <Xc 
for.C,,fi,iPO: C..78.83; H. 6.61’; 

tndo - 8 - Cyano - Irons - 4 - nw1hylhomorropilukne PI). 
From 0. I6 g (0.54 mmol) ‘II. 0.064 g (690/,) anti - 3 - cwno 
- anti - 7 - methyl 9.10 1 d&a - cndo.cxo - 
tetracycld3.3.2.0’-‘.0a8)da: - 9 - cnc (111) were obtained. deco. 
54 S6’. dn storing ei al room Gm~raturc. slow~tran;- 
formation to Crl took place. 
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A solution of 0.06 g (0.34 mmol) 81 in mL n-hcxanc was 

heated under nitrogen to 60. for I h. After rcmovmg the 
solvent. one obtained 0.047 g (96%) yellow 01, most of wbrch 
docomposed on attempted Kugelrohr distillation at 
80:0.02 mmHg. IR: 223Scm-’ (CN). Found: C. 80.8; H. 
7.39; N. 9.4. Cak for C,a,,N: C, 82.72; H. 7.64; N. 9.65%. 

cxo - 8 - c’pmo - rnab - U.rratu - 4 - dinwh- 
ylhomofropilidtnt (9’m). 70 (0.32 g. 0.99 mmol) was treated as 
dcscnbcd in the general procedure. but ether was replaced by 

mcthykne chloride: 0.146g (79%) anti - 3 - cyano - syn - 
3.anti - 7 - &methyl - 9,lO - diaza - cndo.exo - 
tetncyclo(3.3.2.~~‘.0a~a: - 9 - me (&). dec.p. 48’.. Slow 
dccompmition was observed at room tempcratum. 

SoliB & (0. I4 g. 0.75 mmol) was heated under nitrogen to 
60 When the gasevolution had ceased, thcoil was Kugdrohr 
distilled (100‘!0.3 mmIIg). Dneobtatncd 0.042 g(35%) liquid 
ye whkh after some time crystallizd; whtte nccdla, m.p. 
35 IR (film): 3010. 2962, 2925. 2865, 2225. (CN). 1664, 
IS4Ocm I_ Found: C. 82.8: II. 8.18; N. 8.70. Cak for 

C,,H,,N: C, X2.97; H;8.23; .N. 8.8t& 
cu - 4 - A4trhox.v - cm - 8 - mtrhylhomorropilidnc etndo 

- 8 - mtrhoxy - ~ran.s - 4 - mtrhylhomorropi (%eSfo). 
70 (0. I2 g. 0.43 mmol) was treated as described in the general 
proadum. Under the reaction conditions, the azo com- 
pound decomposed completely, and after evaporation of the 
ether at Ct 180 mmHg. 00 (0.023 g, 36Tf0) remained as a yellow 
011. which decomposed noticeably at room temperature. 

8.8 - Duntfhy/hwnowopd&nt (%). From 7) (0.45g. 
I .72 mmol). one obtarncd after rccrystalIization 

(ether pentanc) 0.27 g (UP:) 7.7 - dimethyl - 9.10 - diaza - 
endo.cxo - tetracyclo(3.3.2.0”‘.~.‘~~ - 9 - a~ (8p). dec.p. 
55 Slow dcuompoution was observed at room tcmpcrature. 

Neat t3p (0.25 g. I .54 mmol) was heated under nitrogen to 
60 , until N, evolution aased. After Kugelrohr distillation 
one obtamcd 0.188 (87;) 3. IR (film): 3002. 2988, 2938. 
288n. 2860. 1666. 1473. 1451. 1375cm ‘, “C-NMR: d 15.9 

(cndo-CH,). 27.3 (C-8). 28.1 (exo-CH,). 30.3 (C-4). 31.1 
(C-1.7). 127.4 and 128.1 (C-3.5, C-2.6). Found: C. 88.3; H. 
10.30. Calc for C,$l,,, C. 89.49: H. 10.519;. 

rir _ 4.8.8 - Trimtrhyl~~morropilrdnu (w). From 0.82 g 
t28Y mmol) 7q. one obtamal 0.42 g (no”,) anti - 3.7.7 - 
tnmcthyl 9.10 - d&a - cndo.exo - 
tctra~clo(3.3.2.~,‘.~‘~~ - 9 - cne (6q). dec.p. 57‘. Slow 
decomposition took place at room tcmpcraturc. 0.3Og 
(I 80 mmol) l3q were heated under mtrogcn until N,evolution 
ccascd. Kuglrohr distillation (100 :3OmmHg) of the rcsi- 
due y~cldcd 0.24 g(Sl>;) %. IR (film): 3002,2958.2Y38.2873. 

2863. 1660. 1640. 1452. 1372 cm i. Found: C. 87.7; H. 
IO.55 Cak for C,,H,,: C. 89.12; H. 10.8~;. 

8.8 - DimtrhyI - cis - 4 - wpropylhomolropilirkrv (9r). 
0.45 go.45 mmol)‘lr yieldcdO.21 g(74%) 7.7-dimethyl -anti 

3 - isopropyl - cndo,exo - tetracyclo(3.3.2.0r”.0bskla - 9 - 
cne (&); paloycllow crystals with deep. 62 (ether). 0.18 g 
(0.93 mmol) 9r wcrc heated under nitrogen to 65’ until 
nitrogen evolution was over. The residue was Kugelrohr dis- 
ullcd at 90 :O. IS mmHg. one obtamai 0. I38 g (84%)colorku 
Pr. IR (film). .3002. 2Y50. 2869. 1645, 1459. 1452, 1382, 

1369cm ’ 
X.X Dimtrhyl - CLT - 4 . phtnylhomorropd&nt (9s). 7s was 

mated as dcscribcd m the general prcedurc. Crystallization 
of the oily residue which rcmaincd after mnovmg the solvent 
was mducal by tritumtion with ether at - 7ft’. 0 29 g (92?:) 
7.7 - dimethyl - anti - 3 - phcnyl - endo.cxo - 
tctracvclo(3.3.2 Or.‘.@-‘ldec - 9 - me (&). dozp. Y&92.. 
Found: Cf. 80.3; Il. 7:71; N. 11.9. Cak for C,;H,,Nr: C. 
w) 63; H. 7.61; N, Il.75”~. A solutton of 0.25 g (I.05 mmol) 
& in 5 ml. n-hexane was heated to 55’ for 70 min. After 
evaporation of the solvent, the residue was purified by Ku- 
nclrohr distillation at 135’:O.Ol mmHn and yielded 0.63 R 

rw,.,) 9s as a lyuid which solidified ifter s&w hours. IR 

(film) 3002. 2950. 2922. 2862, 1659. 1560, 1490. 1448. 
13801-m ‘. Found. C. 90.5; H. 8.58. Calc for C,&Ii,,: C. 
01.34; II. 8.63’,. 

co - 4 - Diphtnylphosphoryl - R.8 - duntrh- 

ylhomofropilidm (91). 7t(O. I4 g 0.31 mmol) was treati as 
described m the general procedure. After evaporation of tbc 
solvent (mcthylcnc chlondc) at o”/I 5 mmHg a solid r&due 
was obtained, which after washing with ctba furnished 0.07 g 
(610,) anti - 3 - dipbenylphosphoryl - 7.7 - dimethyl - 9.10 
- diaza - mdo.exo - tetracyclo(3.3.2.~‘.O”jdcc - 9 - cnc (&), 
m.p. ST‘. 

0.08 g (0.22 mmol) & in I mL chloroform were heated 
under nitrogen to 60” for I h. After evaporation of tbc 
solvent, ethanol was added to the ruiduc whereupon 0.063 g 
(8X?&) pak-yeBow crystalline 91 was obtained. m.p. 152”. IR 
(film): 3045. 3C00, 2952. 2910. 2855. 1436 (P-phcnyl); I I84 
(P-O), lll9cm i. Found: C. 78.3: H. 6.95. Cak for 
C,:H,,OP C, 79.02; H. 6.9?/,. 

cir - 4 - Cymu, - 8,8 - dimtrhylhomortopi (9~). From 
0.21 g (0.67 mmol) 7n. one obtained 0.095 g (79%) anti - 3 - 
cyano - 7.7 - dimethyl - 9.10 - d&a - mdo.exo - 
tetracyclo(3.3.2.d-‘.@‘)dcc - 9 - cry (a), dcc.p. 6142“. Slow 
dmmposition was observed at room temperature. 

A solution of 0.09 g (0.48 mmol) Sr in I mL n-hexanc was 
heated to 60 under nitrogen. After removing the solvent in 
cucuo, 0.073 8 (96%) yellow % was left. which dccomporcd on 
attempted Kugelrohr distillation. IR (film): 2250 cm-’ 
(CN). 

tram - 4 - CYUJW - cir - 4.8.8 - abncrhyUwmmop&&nt 
(9v). 7r (0. I9 g. 0.59 mmol) furnishal. after recrystallization 
from ether-pcntane ( - 78’). 0.086 g (76%) anti - 3 - cyan0 
- syn - 3.7.7 - trimethyl - 9.10 - diaza - cndo.cxo - 
tetmcyclo(3 3.2.0r~‘.0a’)dec - 9 - me (ST). dc.c.p. 68”. Slow 
decomposition at room temperature took place. %r (0.084 g 
0.44 mol) was heated under tutrogcn to 70’ for ISmitt. 
Kugclrohr distrllation at 100’/0.2 rnmHg furnished 0.02s g 
(33”;) liquid colorless 9v. IR (film): 3018. 2965. 2930, 2223 
(CN). 1662. 1450. 1378cm .I. Found: C, 82.5; H, 8.65; N, 
8 7. Calc for C,,H,,N: C. 83.19; H. 8.73; N, 8.08%. 
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