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Abetract-The behaviour of several tetraenic propellanes lb-d in their reactions with a variety of dieno- 
philes has been studied. It appears that for the imides lb-c the dienophile adds to the face of the cyclo- 
hexadiene ring adjacent to the imide ring (from “above’*f whilst for the ether Id it adds to the face adjacent 
to the other qclohexadiene ring (from “below”). 

DIMERIC CAGE ~0~0~~s are obtained by heating tetraenic propellanes, e.g. the 
anhydride la and the methylimide lb.’ The ether ld, however, behaves differently 
upon heating and does not undergo dimerization via a Diels-Alder mechanism.3 
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Since chemical attempts to prove the structures of the dimers failed, it was believed 
that subjecting tetraenic propellanes to the action of various dienophiles might cast 
light on the mechanism of dimerization and lb and lc were used as the dienic com- 
ponents in a series of Diels-Alder reactions. AIthou~ m~nwhile the cage structure 
of the dimer of lb has been elucidated by INDOR spectroscopy,2 the results of the 
reactions with the simpler dienophiles merit discussion. 

Clearly, tetraenic propellanes such as lb-d comprise two distinct dienic systems. 
it will be shown below that they are also disparate. In principle it should be possible 
to add two moles of dienophile to each of the tetraenic propellanes but in fact this 
could only be realized in special circumstances. The first mole of dienophile may 
approach the tetraenic propellane from “above”, i.e. from the side of the ring con- 
taining the hetero-atom (bold arrow) or from the “under” side of the two cyclo- 
hexadiene rings fdotted arrow). 

It is perhaps better to begin with the one dienophile which has proved itselfeffica- 
cious in adding to both diene systems, namely ~ph~yi-l~,4-tri~olin~ione, 2. 

When Id was treated with 1 equivalent of 2, a 1 :l adduct was obtained. When Id 
was treated with 2 equivalents of 2, a 2:l adduct was obtained. The CFJ20 protons 
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in the ether ring of Id serve as a very useful diagnostic tool regarding symmetry of 
the adducts. Thus, since an AB quartet was observed for these protons in the 2:l 
adduct, the latter is clearly unsymmetrical. This does not yet determine the structure 
of the 1: 1 adduct which may be either 3 or 4. However, the structure of the 2 : 1 adduct 
cannot be 5 or 6 but must be the unsymmetrical 7. 

Does the equivalent of dienophile attack Id from “above” or from *‘below”? We 
believed that we would be able to answer this question unequivocally by employing 
one of the his-irontricarbonyl derivatives of the tetraenic ether, 8, whose structure 
was known unequivocally to be one in which each “top” face of the diene systems 
was blocked by an Fe(CO), group.4 Thus, if8 could be induced to react with excess 
dienophile, the latter would apparently have to attack 8 from its underside, apparently 
displacing an irontricarbonyl group. 

This could be an S,2-like reaction in which the dienophile would attack the back- 
side (“underside”) of the diene ring, displacing the metal-carbonyl grouping known 
to be attached to the upper side. Attractive though this hypothesis is, we must also 
consider the possibility that the dienophile might complex with the metal on the 
upper side, replace one or more carbooyl groups from the irontricarbonyl group on 
the upper side and once this had decomposed. an additional mole of dienophile 
would react with the diene system from above rather than from below. 
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Eventually there was an unequivocal way to determine the positions of the double 
bonds surviving after the completion of the Diels-Alder cycloadditions. When the 
bus-irontricarbonyl derivative 8 of ld was treated with 2, one of the irontricarbonyl 
groups was replaced and a monoirontricarbonyl derivative 9 of a 1:l adduct between 
Id and 2 was obtained. Oxidative removal of the second irontricarbonyl group with 
ceric ion afforded the 1 :l adduct itself of Id and 2 whose structure must be either 3 
(if the dienophile attacked from “above”, the same side as the FelCO), group) or 4 
(if the di~ophile attacked from “below” in a quasi-S&Z type displacement). This 
1: 1 adduct was an isomer of that obtained by treating Id directly with one mole of 2. 
Thus, if the indirectly formed 1 :l adduct is 3 then the one formed directly is 4 and 
vice versa. 

The indirectly formed 1 :l adduct, when treated with another mole of 2, afforded 
a symmetrical bis-adduct 5 which upon irradiation underwent [2 + 23 photochemical 
cycloaddition to yield 11. This unequivocally proves that the 1 :l adduct formed 
indirectly is 3 (attack of dienophile from “above”) and the isomer formed directly 
from Id is 4 (attack of dienophile from below) (Scheme 1). 

It may also be seen from scheme 1 that the monoirontricarbonyl derivative 10 
of ld4 also gives 9 when treated with one mole of 2. Furthermore, the unsymmetrical 
~js-irontri~arbonyl derivative 12 when treated with 2 give the symmetrical bis-Diels- 
Alder adduct 5. 

The reason for this behaviour appears trivial at first sight. We know from the 
X-ray structure of 8 in the solid phase that the two cyclohexadiene rings are quasi- 
boats as shown in the drawing of its more likely conformation presumed to exist 
also in solution : 

(CO),Fe 
Fe (CO), 

8 

Thus attack from the “under” side is sterically quite hindered and 9 is formed. 
That 9 is formed also from 10 means that attack from below is sufficiently hindered 
in the latter also. There appears to be little doubt that the di~abicyclo~2.2.2] octane 
ring system in 3 exerts the same boat-like conformational hindrance on attack 
from below on the free diene ring and the second mole of 2 also attacks 3 from above. 

In the direct attack on Id by 2, however, the two cyclohexadiene rings are certainly 
freer to breathe between their quasi-chair and quasi-boat conformations than their 
organometallic derivatives. It appears that here attack can not only occur from 
below but does so exclusively. Here the hydrogen atoms adjacent to the ether oxygen 
are evidently exerting their desire for “lebensraum” and insofar as the steric factor 
alone is concerned, attack occurs preferentially from below (however, see ref. 8). 
Once 4 has been formed, however, the boat-like conformation of the diazabicyclo- 
[2.2.2]octane portion of the molecule hinders attack from below much more so 
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than the two hydrogens adjacent to the ether oxygen hinder such attack from above 
(models show that the relevant hydrogens exert much more hindrance to topside 
attack by 2 than in the more rigid 4).’ Thus 7 is formed from 4. 

From the viewpoint of the steric factor, this argument would imply that-lb which 
has no alpha hydrogens adjacent to the nitrogen atom, should be readily attacked 
by 2 from above (see below). 

Finally, in Scheme 1, 12 when treated with 2 affo?&J. This would imply the 
sequence summarized in Scheme 2. We do not have evidence of the correctness of 
this sequence because the rate of formation of 5 from 3, if indeed 3 be an intermediate, 
is so rapid that it is not surprising that 3 was not isolated with 5. The crystal structure 
of 12 shows’ that the envelope of the ether ring is folded towards the cyclohexadiene 
ring which is complexed to an irontricarbonyl group from its under side as shown. 
Thus the irontricarbonyl group on the top side is removed first. After the second 
group is removed we have 3 which has already been shown in Scheme 1 to give 5 
when attacked by 2. 

scriQ4e 2 

0 

2 from 
above 

fe(COBt 

The behaviour of lb, when attacked by 2, indeed appeared to support the idea 
that when hydrogen atoms do not exist in the heterocyclic ring and hence cannot 
interfere with the approach of the dienophile, attack may come from “above” 
Scheme 3 summarizes the results of the various reactions conducted. 

The first mole of 2 attacks lb from above as does the second. This is clear first 
from the fact that the vinylic protons in 14 from one triplet (compare with one triplet 
for same protons in 5 and two triplets for 2 sets of vinylic protons in 7). But unequivocal 
proof that the symmetrical bi.s adduct is indeed 14 stems from its irradiation. Again a 
[2 + ‘Zfphotochemical cycloaddition occurs and IS is obtained. The approach of 
the dienophile from the “top” side of lb is reminiscent of the behaviour of lb on 
thermal dimerization. In that case, the mofecule of lb which acts as the dienophile 
approaches its neighbouring diene molecule of lb from the top.’ 

The structure of 14 is not known unequivocally.6 It is clear from its NMR spectrum 
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that it is a symmetrical his-irontricarbonyl derivative. It was assigned this structure 
in analogy with 8 whose structure has been determined by X-ray crystallography.4 
Yet, the sequence 16 -+ 17 + 13 (Scheme 3) taken together with the results summar- 
ized in Scheme 1 (8 -+ 9), supports the structure formulated for 16. 

The fact that 2 may and does attack lb from above still does not explain why 
this mode of attack occurs exclusively. The ether Id is attacked from below and it is 
not immediately apparent why such attack is ruled out in the case of lb. 

One tends to invoke the obvious electronic difference between the top sides of 
lb and Id, respectively. In the former there are two carbonyl groups of the imide 
ring (as well as the lone pair on nitrogen) whilst the only repository of extra electronic 
wealth in Id is the ether oxygen atom. 

To be sure there are numerous examples of the Diels-Alder reaction in which the 
dienophile orients itself on the less hindered side of the diene.’ We should like to 
cite in addition the reaction of cyclooctatetraene (which reacts in the bicyclic form) 
with maleic anhydride, atrording the endo-adduct.* The attack by the dienophile 
from above is contrary to the analogous attack of the tetraenic ether Id. In the case 

H 

of cyclooctatetraene perhaps it may also be claimed that second order orbital inter- 
actions with the cyclobutene double bond also support attack of COT from above. 
It is this kind of second order orbital interaction with the carbonyl groups in the 
imide ring which may be the explanation for the attack of the dienophile on lb from 
the top rather than from below. 

We assume by analogy with the above behaviour of Id with 2 that other dienophiles 
also attack Id from below. We do not. however. have unequivocal proof for this as 
we have in the above case. Thus since we couki only get Id to form 1: 1 adducts with 
a good many additional dienophiles, we were unable to get a second mole of such 
a dienophile to form a bis-12 adduct The only dienophile sufficiently reactive to 
add to a 1 :I adduct was the triazolone derivative 2, in which case a di-1:2 adduct 
rather than a bis-1:2 adduct was formed. In this context, therefore, the formulations 
in Scheme 4 must be regarded as tentative, the basis for discussion and interrelation, 
insofar as this has been carried out, being that attack of each dienophile leading 
to the 1 :l adduct occurs from below. 

It is, in principle, possible here as in other cases to obtain an endo- or an exe-adduct. 
We have assigned the endo- configuration (emphasized by heavy lines in formula 18) 
to the Diels-Alder adduct of Id with maleic anhydride. (It should be noted that this 
configuration is also anti- with respect to the remaining unreacted cyclohexadiene 
ring, whilst the hydrogen atoms at the pertinent ring junctions are syn- to the latter 
and, of course exo- with respect to the cyclohexadiene ring which had undergone 
reaction). All of the compounds listed in Scheme 4 are of the same family, as 18 was 
methanolyzed to give 19a which was further methylated with diazomethane to give 
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20, identical to the adduct of Id with dimethyl maleate. Hydrolysis of 18 afforded 
19b. The adduct 21a was obtained from the tetraenic ether Id and dimethyl fumarate. 
Alkaline hydrolysis of this adduct gave the half ester 21b. The cisdiester 09) and the 
frans-diester t21a) were equilibrated by means of base. Hence, if maleic anhydride 
attacks Id from below, then clearly dimethyl maleate and dimethyl fumarate react 
from the same direction and all give endo-adducts. That the adducts are indeed of 
the endo type, as formulated, was shown by formation a five-membered bromo- 
lactone (22) by bromination of the half ester 1% in weakly basic solution. If all of 
these compounds had the exe-configuration it would be possible to consider another 
structure, 23, for the bromolactone but this would involve a much less strained six- 
membered lactone ring. The bromolactone exhibited carbonyl absorption at 1790 
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cm-’ in its IR spectrum in keeping with that expected for the rather rigidly fmed 
five-membered ring in 22. 

p-Senzoquinone gave a monoadduct 24 with Id. On standing in light this was 
converted into the saturated diketone 25 via a [2 + 2lphotochemical cycloaddition. 
Attempted aromatization of 24 failed. When sodium methoxide was employed a 
retro-Diels-Alder reaction occurred (Scheme 5) and phthalan 26 was isolated. When 
24 was heated with acetic anhydride in pyridine, 1,4diacetoxynaphthalene was 
isolated. In Scheme 5 the adduct 24 is again assigned the analogous structure resulting 
from attack by benzoquinone from below. Tbi endo-configuration is fully justified 
on the basis of the sequence 24 - 25. 

A similar retro-Diels-Alder reaction of a well-known type9 took place when 
dimethyl acetylenedicarboxylate was reacted with Id. Dimethyl phthalate was 
isolated. 

The tetraenicether Id also gave adducts 27, 28, and 29 with tetracyanoethylene, 
N-methylmaleimide and N-phenylmaleimide, respectively. 

The 1 :l adducts of Id with maleic anhydride (18) and both 28 and 29 were con- 
verted upon treatment with 4-phenyl-1,2,4-triazolinedione (2) into the diadducts 30, 
31 and 32, respectively. The only dienophile tried which added to a 1 :l adduct of 
the ether Id was 2 despite attempts to add a second mole of other dienophiles.” 

It should be noted that the first time we isolated the triene (33) it was through 
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its prestnce as an impurity in Id and when Id reacted with 2, the impurity gave 
the adduct 34 which was separated from 4 and 7 by crystallization. Later on when 
we had pure triene (33), the same adduct 34 was isolated directly. 

Various miscellaneous adducts were prepared from lb 135-39) as well as from Ic 
(4043) (see experimental). 

Further work remains to be done to provide additional evidence regarding the 
structures of the compounds discussed. For example, irradiation of 30, 31 and 32 
would presumably fail whilst we believe, also by analogy, that such irradiation of 
38 and 39 would lead to [2 + 2]photochemical cycloaddition. 

We are also preparing dienes of type 44. We believe on the basis of work carried 
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out by Dunitz and Ermer 1 ’ that the reduced cyclohexane ring would be present in 
the chair conformation and thus be quite different in its steric demands than a cyclo- 
hexadiene ring in tetraenes of type 1. Thus one may hope to study the course of the 
Diels-Alder reaction with compounds of type 44 and interrelate them with mono- 
adducts obtained from 1. This may perhaps shed further light upon the reason for 
one direction of attack of dienophiles upon ld and another direction upon lb. 

If one tabulates the positions of the lines corresponding to the AB quartet generally 
exhibited by the -C&U& protons in adducts of ld one finds in general that 
when attack occurs from below, i.e. a double bond is in the field of these protons, 
the r values range from 6.00 to 664. When, however, a triazolone ring is a component 
of the adduct the same holds true in 4 where attack occurred from below. But in 
3 or 7 where at least one mole of 2 has attacked from above and the nitrogen atoms 
are nearer to the pertinent protons a to the ether oxygen, the values are 5.51; 6.47 
and 5.70; 6.25 respectively. For 5 where both moles of 2 have entered from above to 
give a symmetrical bis-adduct, the quartet no longer exists but the singlet is at 5.53 

In the adduct 30 r values in DMSO are 6.07 : 6.28, for 31 in DMSO 6GO: 6.36 
but for 32 in pyridined, they are 5.54: 6.12. It has not been determined unequivocally 
whether solvent effects play a role here or whether the direction of attack by the 
dienophile is different in these cases. 

So far, in the cases in which the structures have been determined with certainty, 
e.g. 3,4, 5,7, it appears that one may generalize and say that when part of the AB 
quartet lines fall below r 6.00. the attack by the dienophile has occurred from above. 
Alternatively, however, we are not as certain in saying that if this quartet falls above 
r 6M) we are certain that attack has occurred from below. 
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EXPERIMENTAL 

UV spectra were measured on Perkin-Elmer model 137 or a Bausch and Lomb spectronic SO5 spectro- 
photometer. IR spectra were measured on a Perkin-Elmer model 237 grating spectrophotomctcr. m MHz 
spectra were measured on a Varian T-60 spectrometer. Mass spectra were measured on an Atlas CH4 
mass spectrometer using the heated inlet system at 200’. The electron energy was maintained at 70eV 
and the ionization current at 20 pA. AI1 m.ps are uncorrected. 

Adducts 4 and 7 of Id with 4-phenyl-1,2,4-triazoline-3,5-dione (a) To a solution of Id (216 mg) in dry 
acetone (5 ml) was added slowly at room temp with magnetic stirring a solution of the sublimed dienophile 
2 (220 mg) in dry acetone (4 ml). The deep red colour of the added reagent was discharged instantaneously. 
When addition was complete the product began to precipitate. After 30min standing, the solvent was 
removed in vacuum and the residue triturated with MeOH. The mory) adduct 4 (380 mg; 88%) had m.p. 
fsint. 220”) 227-228” (acetone-pet ether 60-70’). (Found: C. 6904: H, 504: N, 1204: MW 347. 
C2,$11,N303 requires: C, 69.15: H, 4.93: N, 12.10”/,; MW 347.36). IR(CHCI,): 1774 1715cm-’ (CO). 
UV(MeCN) : Ai_ 216, 248, 256 (sh) nm, es,_ 11.5746765.6240. NMR (CDCI,): s 2.58 (s, 5 arom H): 
3.38 (t, J = 3.5 Hz, 2 vinylic H): 405 (m, 4 dienic H): 5.20 (t, J = 3.5 HI 2 bridgehead H): 6.05.6.45 (AB 
quartet, J = 9.5 Hz., 4 C&O). 

(b) To a solution d Id (1.08 g) in dry acetone (30 ml) was added as above a solution d the sublimed dione 
(2.32 g) in dry acetone (25 ml). The reaction slows down with addition oi second equivalent of dienophile 
and the product precipitates. After 2 hr the solvent was removed and the his-adduct 7 (2.7 g: 83%) had 
m.p. (sint. 281”) 301” (EtOAc-acetone). (Found: C, 64.38: H, 4.40: N, 16.31: MW 522. C,,H,,N,O, 
requires: C, 64.36: H, 4.24: N, 1609% MW 522.50). IR (CHCl,): 1780, 173Ocm-’ (CO). UV (MeCN): 
M, 218,252, EE, 20,600, 14,470 NMR (CDCI,): r 2.54 Is, 10 arom H): 3.43 It, J = 3.5 Hz, 2 vinylic H): 
3.57 (t, J = 3.5 Hz, 2 vinylic H): 5G3 (m, 4 bridgehead H); 5.70, 6.25 (AB quartet, J = 9.5 Hz. 4 C&O). 

Preparation ojmonoadduct 3. To a solution of (r (110 mg) in CH,CI, (1.5 ml) was added at room temp 
with magnetic stirring a solution of sublimed 2 (368 mg) in CH,CI, (8 ml) After cu. 15 min the red mixture 
appears black. After 50 hr stirring the mixture was rapidly filtered through a column of neutral alumina 
(12g) using CH,CI, as eluent. Purification of the light yellow product was accomplished by using a 
preparative plate of alumina (Merck, Darmstadt) with benzeneCH,CI,. The monoiron tricarbonyl 
derivative 9 of the adduct 3 (SO mg : 43%) had m.p. above 360” (benzene-pet ether 60-70”). 

A preferred alternative method was to add slowly at room temp with magnetic stirring a solution of 
sublimed 2 (62 mg) in acetone (1 ml) to a solution of the bis-irontricarbonyl derivative of Id (110 mg) in 
acetone (2 ml). After 2 hr stirring the acetone was removed in a vacuum below 40”. The use of a preparative 
alumina plate afforded 9 (120mg: 70%). (Found: C, 56.50: H, 3.62; N, 8.50:MW 487. Cz3H,,N,0sFe 

requires: C, 56.69; H, 3.48; N, 8.62%: MW 487.74). IR ICHCI,): 2024 1990 (Fe-CO): 1770, 1725, 1710 
cm-’ (imide CO). UV (MeCN): L, 219 nm, E,, 26,000. NMR (CDCI,): r 2.57 Is, 5 arom H): 364 ft. 
J = 39 Hz, 2 vinylic H): 4.75 (m, 2 cent dienic H): 5.35 (1, J = 3G Hz: 2 bridgehead H): 5.67, 6-00 (AB, 
quartet, J = 10.5 Hz: 4 CI&O): 7.15 (m, 2 term dienic H). 

Removal of the Fe(C0)3 group is effected as follows: A solution of ceric ammonium nitrate (057 g) in 
MeOH (12 ml) was added dropwise rapidly at room temp to a solution of 9 (160 mg) in MeOH (20 ml)- 
EtOAc (20 ml) with magnetic stirring. Evolution of CO began immediately upon addition and was com- 
plete after 20 min. Stirring was continued for 30 min and the solvent removed in a vacuum. CH,Cl, (15 ml) 
was added and the solution washed with water and dried (Na,SO,). Removal of solvent afforded the 
monoadduct 3. (an isomer of 4) (105 mg; 90%), (sint. 225”). m.p. 243-244” (MeOH). (Found: C. 69.59: H. 
5@: N, 11.98: MW 347. C,,H,,N,O, requires: C, 69.15; H, 4.93: N, 12.10%: MW 347.36). IR (CHCI,): 
1775, 1718 cm-’ (imide CO). UV (MeCN): Z.,, 217,243 nm (sh), EE, 7470.3185. NMR (CDCI,): r 2.57 
(s, 5 arom H); 344 (t, J = 3.5 Hz, 2 vinylic H): 4.27 (m, 4 dienic H): 5.27 (1, J = 3.5 Hz, 2 bridgehead H): 
5.51,6.47 (AB quartet, J = I1 Hz, 4 C&O) 

Preparation of symmetrical bis-adduct 5. (a) To a solution of 3 (27 mg) in acetone (2.5 ml) was added 
slowly with stirring at room temp a solution of sublimed 2 (13.7 mg) in acetone (0.5 ml). After 30 min slow 
precipitation began. After standing for 3 hr the solid bis-adduct 5 was collected (25 mg: 61x,!. m.p. above 
360” (AcOH). (Found: C, 63.80: H, 4.26; N, 1599; MW 522 C,,H,,N,O, requires: C, 64.36: H, 4.24: 
N, 1609%: MW 52250). IR (CHCI,): 1780.17341720cn~ (imide CO). UV (MeCN): LI.,, 219,265 nm, 
EE,, 20,170, 6990. NMR (DMSOd,): I, 2.37 Is, IO arom H): 3.55 (1, J = 3.5 HZ, 4 vinylic H): 4.79 (1, 
J = 3.5 Hz, 4 bridgehead H): 5.53 fs, 4 Cl&O). 

(b) To a solution of the unsymmetrical his-irontricarbonyl derivative 12 (45 mg) in dry CH,CI, (3 ml) 
was added as above a solution of sublimed 2 (82 mg) in dry CH,CI, (1 ml). After co. 30 min the mixture 
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turned black. After 46 hr stirring the whole was filtered quickly through a column containing neutral 
alumina (IO g) to remove black impurity. CHCl, was used as cluent. After removal of solvents and tritura- 
tion with ether the his-adduct 5 was again obtained (I2 mg). Removal of ether from the mother liquor and 
preparative TLC on alumina afforded starting material (25 mg). 

Preparurion of the cage compound 11. A magnetically stirred solution of 5 (30 mg) in acetone 1180 mg) 
was irradiated in a Pyrex vessel with a Hanovia 450 watt lamp at 25” in an inert atmosphere during 3 hr. 
After removal of solvent and trituration of the residue with ether, the cage compound 11 (26mg: 85%) 
was obtained. m.p. above 350”. (Found: C, 64.50; H, 440; N, 16.15: MW 522. CIsH,,N,Os requires: 
C, 64.36: H, 4.24: N, 1609%: MW 522.50). UV (MeCN): 1,221 nm, 6-22000. 

IR (KBr): 1765, 1715. 1695 cm-‘. NMR (DMSO-d,): T 348 (s, IO arom H): 5.15-5.35 (m, 4 CHNCO): 
6.11 (s, 4 C&O), 6.74-692 (m, 4 CHJ. 

Monmdduc: 13 oflb with 2. To a solution of lb12 (426 mg) in acetone (5 ml) was added dropwise with 
stirring at room temp a solution of sublimed 2 (350 mg) in acetone 14 ml) at the rate of disappearance of 
the colour of 2 (rapid addition). After about half of the reagent had been added, precipitation began. The 
solvent was removed in a vacuum. Trituration with MeOH and filtration afforded the adduct 13 (0.73 g : 
93x), m.p. 256-257” (dec 230”. MeOH). (Found : C, 6592: H, 440; N, 14.37: MW 389. C2,HL6N10. 
requires: C 6494; H. 415; N. 14.43%; MW 388.37). IR (CHCI,): 1775. 1720 cm-’ (CO). UV (McCN): 
AL, 218.260 (sh) mu ez, 5255. 1625. NMR (CDCI,): T 2.57 (s. 5 AI j-J); 3.36 (t. 2 = CH. J = 3.5 Hz); 
399417 (a 4 conjug = Cm473 (t 2 bridgehead H. J = 3.5 Hz); 690 (9.3 NC&). 

Bis-adduet 14 of lb with 2. To a solution of lb (426 mg) in CH,CI, (20 ml) was added dropwise with 
stirring at room temp. at the rate of discharge of the colour, a solution of sublimed 2 (077 g) in CH,CI, 
(8 ml). The colour was discharged less rapidly for the second equivalent of 2. Towards the end of addition, 
precipitation began. The solvent was removed in a vacuum. Trituration with MeOH and filtration afforded 
14 1191 g: 90”/,), m.p. 284” (dec. 265”. CHCI,). (Found: C, 61.71: H, 4.13: N, 17.17: MW 563. C29H21N706 
requires: C, 61.80: H, 3.75: N, 17.39%: MW 563.51). IR IKBr): 1785, 1725cm-’ (CO). UV (MeCN): 
II, 218,259 nm, FX, 6850,240O. NMR (Pyd,): T 3.62 ft, 4 = CH_ J = 3 Hz): 4.27 (t. 4 bndgehead H, 
J = 3 Hz): 6.95 (s, 3 NC&). Reaction of 13 with 2 gave 14 (83% yield). 

Irradiation of 14. A Hanovia 450 w lamp was used to irradiate in Pyrex equipment a solution of 14 
(100 mg) in acetone 1180 ml) while stirring for 3 hr at room temp under N,. After removal of solvent at 
reduced pressure and trituration with CH,CI, the cage compound 15 (70mg: 70%) was obtained, m.p. 
>350” (MeCN). (Found: 61.76: H, 3.97: N, 17.49; MW 563. C,.+H2,N706 requires: C, 61.80: H, 3.75: 
N, 17.39%: MW 563.51). IR (KBr): 1770, 1725cm-’ (CO). UV (MeCN): 1,221 mu, E,, 21,850. NMR 
(DMSOd,): T 240 (s, IO Ar II): 4.58-4.76 (m. 4 CI-JNCO): 6.50-6.70 (m. 4CHJ: 6.79 (a, 3 NC&). 

Prepmmon of17 (a) A solution of 16 (50 mg) and sublimed 11212 mg) in dry CH,CI, was heated at 90 
in a sealed tube for 45 hr. The black mixture was filtered rapidly through a column of neutral alumina 
(log) using CH,CI, as eluent. The yellowish product was placed on a TLC plate (Merck alumina) and 
eluted with C,H,<H,CI,. The starting material 115, 24 mg) was recovered and 17 (I I mg) m.p. > 350 
isolated. (Found: C. 54.93: H, 3.18: N, 10.45; MW 528. C,,H,,N,O,Fe requires: C, 54.56: H, 395: N, 
1060%; MW 528.24) IR (CHCIJ: 2060. 1890 (Fe 4 1770. 1720. 1710 cm-’ (imide CO) NMR 
(CDCI,): T 2.60 (s 5 Ar mi); 3;60 (t 2 = CM. J = 3.5 Hz); 45-74 (m 2 cent conjug ===C&; 4.89 (t. 2 
bridgehead H. J = 3.5 Hz); 6.75690 (m 2 term conjug =Cm; 690 (s 3 NC&), UV (MeCN); &, 219. 
264 (sh) na e_ 33.ooO. 7000. 

Ib) To a solution of 16a (@37g) in CH,CI, (6ml) was added dropwise with stirring at room temp a 
solution of sublimed 2 020 g) in CH,CI, (7 ml). The colour of the reagent was discharged rapidly. The 
solvent was removed at reducal pressure. After trituration of the residue with MeOH and filtration, the 
product 17 (0.42 g, 76%) was obtained, m.p. > 350” (dec. 280”. benzene-hexane) identical with the product 
obtained by route (a) above. 

Conversion of 17 into 13. A solution of ceric ammonium nitrate (312 mg) in MeOH (IO ml) was added 
rapidly with stirring at room temp to a solution of 17 (50 me) in MeOH-EtOAc (I : I, 24 ml). After 18 hr 
the solvent was removed, CH,CI, (IO ml) added, the whok washed (2x) with water and dried (Na,SO,). 
After removal of solvent and purification by TLC on a preparative plate. (Merck alumina) using C6H1- 
CH,Cl, as eluent. the monoadduct 13 (20 mg, 60x), identical with that described above, was obtained. 

Die/s-Alder adduct of Id with moleic anhydride. A mixture of 111172 mg), the anhydride (108 mg) and 
C,H, (5 ml) was heated under reflux for I4 hr. After removal of solvent at the water pump the mono- 
adduct 18, (170mg: 63%) was obtained, m.p. 232-233” (acetone-pet ether 60-7O”b (Found: C, 70.84: H, 
548: MW 270. C,6H1404 requires: C, 71.10; H, 522%; MW 27@27). IR (CHCI,): 1865, 179ocn-’ 
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at the water pump, ether was added. The greenish mono-&duct 24 precipitated (100 mg: 61%,X m.p. 137- 
139”. The analytical sample had m.p. 147-149” (acetone-hexane). (Found: C, 7694: H, 5-72: MW 280. 
C,,H,,O, requires: C, 77.12; H, 5.75%; MW 28@31). IR (CHCI,): 2990-2930 (CHb 1680 (conjug CO), 
1620 cm-’ (c--c). UV (M&N): AL 258 (sh) 265, 276 (shh 320 nm (tail). se_ 2460. 2650, 1760. 70. 
NMR (CDCI,): T 34O(s, 2 COC&=): 3.71 (t, 2 vinylic H); 34845Ofm.4 dicnic H); 6.21.6.38 IAB quartet, 
J = 8.0 Hz, 4 C&O); 675-693 (m, 4 CJJ). 

Photochemical cyclizotiun oj24. When 24 was allowed to stand in a pyrex flask in daylight, it became 
colourless. The saturated diketone 25 thus obtained had m.p. 246-247” (acetone). (Found: C, 77.69,: H, 
587: MW 280. C,sH,,O, requires: C, 77.12; H. 5.75%; MW 28031). IR (CHCI,): 2860 ICH), 1765 cm-’ 
(5 membered cyclic CO). UV (M&N): M, 248 (sh), 255,264,275 nm lsh), ~,2700,2770,3900,2200. 
NMR (pyridine-d,): 4.16-4.72 (m, 4 dienic H); 5.80, 6.58 (Al3 quartet, J = 91) Hz, 4 C&O): 7.10 (s, 2 
COCH-), 7GO-7.25 fm, 2 bridgehead CHJ; 740 (m, 2 COCH in cyclobutane ring): 7.80 (m, 2 cyclo- 
butane Cw. 

Attempted oromurisation of24. (a) To a solution of NaOMe (2 mg) in C,H, (5 ml) was added dropwise 
under N, at room temp a solution of 24 (150 mg) in C,H, (5 ml). After standing for 18 hr water was added 
and the C,HF, solution dried (MgSO,). After removal of &HI, 2415 (90 mgf was recovered. The aqueous 
phase was cautiously acidified with 3 N HCI to pH 6 and extracted with etherC,H,. After removal of 
solvent an oil (25 mg) was obtained, whose NMR spectrum (CDCI,) indicated that it was phthalan 26 T 
2.73 (s, 4 arom H); 4.87 (s, 4 benzylic H). 

(b) To a solution of 24 (100 mg) in dry pyridine (2 ml) was added a solution of Ac,O (120 mg) in dry 
pyridine (1 ml). The mixture was warmed in an oil bath at 85” for 36 hr. After cooling, addition of ice, 
ether extraction, washing ether extracts with lo”/, HCI, water, and drying (MgSOJ, the ether was removed, 
affording l,~~cetoxynaphthalene, m.p. 119-121” (benzene~ther~. Lit.“ m.p. 124-125”. The diacetate 
obtained above was identical (spectroscopically and m.m.p.) with the diacetylated authentic l,4-naph- 
thalenediol. (Found: MW 244. Calc. for C,.H,20, MW 244.24). NMR fCDCI,): r 2+lO-255 (m, 4 arom 
H); 2.75 (s, 2 AcOC=CHJ; 7.57 Is, 6 COCI-I,). 

Attempted reacrion ofld with dimethyl ocetylenedicarboxylae. A mixture of ld (250 mg), the acetylenic 
ester (180 mg) and C6H6 (5 ml) was heated under rellux for 6 hr. After removal of solvent in a vacuum an 
oily residue was obtained. The products were separated on an Al,O, (type E, E. Merck) 20 x 20 cm plate 
of 1 mm thickness, C,H, being used as eluent. The fractions consisted of recovered ld (20 mg); dimethyl 
phthalate (120 mg) identified by its NMR sptrum fCDC1,): I 2.38 fm, 4 arom H): 6.10 Is, 6 CO,C&) 
and polymeric material 175 mg). 

Adduct 27 of Id with terracyonoethylene. A mixture of ld (100 mg), tetracyanoethylene (80 mg) and sym- 
tetrachloroethane (5 ml) was heated in an oil bath at 100” for 24 hr. The solvent was removed in a high 
vacuum. The black residue (150 mg) was triturated with boiling MeOH which removed part of the dark 
&our. The colourless analytical tetranirrile 27 (120 mg: 68%) had m.p. 29w (dec, MeCN). (Found: C, 
71-69: I-I, 448: N, 18.46: MW 300. C,sH,IN,O requires: C, 7199; H, 4-03: N, 1866%; MW 30&31). 
IR (KBr): 2974 2920,286O (CH), 2250 ICN), 1640 cm-’ (C+C). UV (M&N): I, 275 nm lbr), E,, 3280. 
NMR (DMSOd,): 7 3.32 (t, 2 vinylic H): 3.80425 (m, 4 dienic H); 5.83 fm, 2 bridgehead Cm: 6.05.664 
IAB quartet, J = 10.0 Hz 4 C&O). 

Adduct 28 of Id with N-melhylmaleimide. A mixture of ld (200 mg), N-methyhnaleimide (140 mg) and 
C,H, (5 ml) was heated under rellux for 5 hr. After removal of solvent in a vacuum the adduct 28 (215 mg: 
68%) was obtained, m.p. 201” (acetone+ther). (Found: C, 72.29: H, 5-96: N, 466: MW 283. C,,H,,NO, 
requires: C, 7208; H, 6.01: N, 4.95%: MW 283.31). IR (CHCI,): 2945,286s (CH), 1780.1710 (imide CO), 
1435.1388 cm-’ (NMe). UV (MeCN): k&254,263,274 nm fsh), EE, 2’750,27sO, 1600. NMR (CDCl,): 
T 3.75 (q, 2 vinylic H): 3.86450 fm, 4 dienic H); 6.246.38 (AB quartet, J = 90 Hz, 4 C&O): 6.85-7.10 (m, 
4 CHJ): 7.18 (s, 3 NC&). 

Adduct 29 of ld with N-phenybnaleimide. A mixture of Id (350 mg), N-phenylmaleimide (375 mg) and 
C,H, (6 ml) was heated under reflux for 6 hr. After removal of solvent the addlrct 29 (MO mg: 71%) was 
obtained, m.p. 241-242” (acetone). CFound: C, 76.70; H, 5.39; N, 404; MW 345. C,,H,,NOJ requires. 
C, 76-50: H, 5.55: N, 4.06%: MW 345.38). IR KHCI,): 2860 (CH), 1780, 1715 (hide CO), 1600 cm-’ 
farom C=C). UV (MeCN): &,,, 225,265.274 nm (sh), ee, 3670,36tX3,1900. NMR ICDCI,): T 2.51-296 
fm, 5 arom H): 364 (q, 2 vinylic H): 3.854.49 fm, 4 dienic H); 6.16, &36 (AB quartet, J = 90 Hz, 4 C&O): 
6.78-6.92 (m, 4 CLi). 

Diodducl 3Opom 18 and 2. To a solution of 18 (SO mg) in acetone (2 ml) was added dropwise during 
90 min a solution of 2 (34 mg) in acetone at room temp. The colourless di-adduct Xl (40 mg: 50%) pre- 
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cipitated, m.p. 275-278” (dec, MeCN). (Found: C, 64.13; H, 465, MW 445. &.H,,NsO, requires: C, 
64.71; H, 4.30”/,: MW 445.42). IR (KBr): 3075.2950.2880 (CH); 1850, 1790, 1720 fanhydride and imide 
CO): 1600 cm-’ (arom C=C). UV fMeCN): I, 253 nm, t’, 5250. NMR (DMSOd,): I 2.55 (s, 5 arom 
H): 3.38 (t, 2 vinylic H adj. thiazoline ring): 3.62 (quartet, 2 vinylic H adj. anhydride ring): 4.87 (t, 2 NCHJ: 
697,6.28 (AB quartet, J = 90 Hz, 4 C&O); 6.71 (s, 2 CO-CM; 6.82 fm, 2 bridgehead CHJ. 

Diafducf 31 from 28 and 2. To a solution of 28 (283 mg) in acetone (3 ml) was added as above a solution 
of 2 (192 mg) in acetone (3 ml). After similar workup the diudduct 31 1330 mg: 71%) was obtained, m.p. 
301” (dec, aq MeOH). (Found: C, 6266: H, 4.73: N, 11.34; M+-H,O, 458. C2sH,,N,0s*H,0 requires: 
C, 63.01: H, 5.05: N, 11.74%: MW 45846 + 18). IR (KBr): 3OtS2890 (CH), 1774 1720 (CO): 1600 cm-’ 
(arom C=C). UV (MeCN): 1, 252 nm, E, 4400. NMR IDMSOd,): z 255 (s, 5 arom H), 3.35 (t, 2 
vinylic H adj. triazoline ring): 3.80 (quartet, 2 vinylic H adj. imide ring): 4.85 (t, 2 N-Cm: 642, 6.33 (AB 
quartet, J = 90 Hz, 4 C&O): 6.70 (s, 3H, NC&); 7.28 (s, 2 COCli): 7.15-735 (m, 2 bridgehead Cm. 

Diadduct 32from 29 and 2. To a solution of 29 (100 mg) in acetone (3 ml) was added as above a solution 
of 2 (55 mg) in acetone (3 ml). The precipitated diadduct 32 (100 mg: 66%) had m.p. 299” (de$ AcOH). 
(Found: C, 68.80: H, 4.67: N, 1054: MW 520. C,OH,,N,Os requires: C, 69.23: H, 4.61: N, 10-77x: MW 
52@52). UV (MeCN): 1,253 nm, s,, 5250. NMR fpyridined,): 2.55 (s, 5 H N-arom): 2.34-2.70 (m, 5 
arom H of maleimide ring): 3.37 It, 2 vinyhc H adj. triazoline ring): 3.58 (t, 2 vinylic H adj. maleimide ring): 
4.65 ft, 2 N-Cm: 5.54.6.12 (AB quartet, J = 90 H& 4 C&O); 650 (m, 2 bridgehead Cl-J: 6.84-6.98 (m, 2 
cocy). 

Adduct 34 of33 with 2. To a solution of 12-oxa[4.4.3]propella-2,4,8-triene 33 (52 mg) in acetone (3 ml) 
was added dropwise at room temp a solution of 2 (53 mg) in acetone (1.5 ml). The colour of the reagent 
was discharged instantaneously. After 1.5 hr the solvent was removed and the residue triturated with 
ether. The solid 34 was removed by filtration (84 mg: 81%), m.p. 209-211” (dec. 207”. petroleum ether 
&I-70”-acetone). (Found: MW 349. C,,H,,N,O, requires: MW 349.38). IR (CHCI,): 1773, 1718 cm-’ 
(CO). NMR (CDCI,); T 2.55 (s. Ar H); 3.39 (t. 2=C& J = 3.5 Hz); 3.97 (m, 2=CH); 5.35 (I. 2 bridgehead 
H, J = 3.5 Hz): 6.33, 648.(AB quartet, 4 Cl&O, J = 9.5 Hz): 7.31-7.82 (m, 4 allylic H). 

Die/s-Alder&duct 3Soflb with N-methylmaleimide.-A solution of lb’2(160mg)and N-methylmaleimide 
190 mg) in C,H, (5 ml) was heated under reflux for 4 hr. After removal of C,H, and crystallization the 
adduct 35 (190 mg: 80%) had m_p. 192” (CH,Cl,ether). (Found: C, 66.72; H. 4.80: N, 8.55: MW 324. 
CIsH,,N,O, requires: C, 66.66: H, 4.94: N, 8.65%; MW 324.32). IR (CHCl,)< 1775, 1715 (imide CO), 
1435.1380 cm-’ (N-methyl). UV IMeCN): M,, 265,276,288 (sh) nm. se, 1670,160Q 920. NMR fCDC1,): 
r 3.72 (t, 2 isolated ==CHJi); 3.75433 Im, 4 conjug =CHJ: 6.43 (m, 2 bridgehead Cy): 693 (br s, 2 CH: 
7.10 Is, 3 NC&): 7.13 (s, 3 NC&). 

Adduct 36 oflb with N-phenylmaleimide. A solution of lb (100 mg) and N-phenylmaleimide (85 mg) in 
CIH, (5 ml) was heated under retlux for 6 hr. After removal of the solvent and crystallization the adduct 
36 (135 mg: 71%) had m.p. 204” (CH,CI,-hexane). (Found: C, 70.93: H, 466: N, 7.23: MW 386. 
C2SH,sN20b requires: C, 71.50: H, 4.70: N, 7.25%: MW 386.39). IR (CHCI,): 1775, 1710 (imide CO), 
1600 cm-’ (phenyl). UV (MeCN): M, 265.276.287 (sh) nm. ee, 2100, 1850, 1100. NMR (CDCI,): 7 

2.52-2.96 (m, 5 Ar M: 3.74 (q, 2=CHJ: 3.85-4.30 (m, 4 conj =Cm; 6.35 (m, 2 bridgehead CH): 6.77 Ibr s, 
2 CM adj to imide ring): 7.10 Is, 3 N C&). 

Auifuct 37 of lb with dimethyi maleote. A solution oflb (100 mg) and dimethyl maleate (75 mg) in toluene 
(5 ml) was heated under reflux for 24 hr. After removal of solvent an oily solid remained. This was chromato- 
graphed on florisil (15 g) using petroleum ether (60-70”~CH2CI,. After the starting materials the diester 
37 was eluted (60 mg; 32%). m.p. 158” (ether). (Found: C, 64.21; H, 5.37: N, 4.08: MW 357. C,,H,,NO, 
requires: C, 63.87: H, 5.36: N, 3.92%: MW 357.35). IR (CHCI,): 1750 (ester CO), 1780, 1710 (imide CO), 
l’435.1380 cm-’ (N-Me). UV (MeCN): M, 266.276.288 (sh) nm. EE, 3450,3430,2040. NMR ICDCI,): 

7 3.70 (q, 2 isolated=CHJ: 3.80449 (m, 4 conjug=C); 640 (s, 6 CO&&): 6.75 (m, 4 Cm: 7.10 (s, 3 
NC!&). 

B&&duct 3I3 qflb and N-methylmaleimide. A solution of the monoadduct 35 (150 mg) and N-methyl- 
maleimide (60 mg) in toluene (6 ml) was heated under rellux for 12 hr in N, atmosphere. Crystallization 
after removal of solvent afforded the his-adduct 38 (120 mg; w/,), m.p. 334” (dec, CH,CIJ. (Found: N, 
960: MW 435. Ct,H2,N,0s requires: N, 9.65%; MW 435.42). IR (CHCI,): 1780, 1720 (imide CO), 1620 
(C=C), 1390 cm-’ (N-Me). UV (MeCN): I,, 255 nm, emu 1030. NMR (CDCI,): 7 3.80 (m, 4===Cm: 
6.41 (n 4 bridgehead CI-I): 7.12 (s. 6 H. NC&): 7.14 (s. 3 H. NC&); 692-7.25 (m. 4 a adj to imide rings. 

Bis-adduct 39 ojlb and N-phenylmaleimide. A solution of the monoadduct 36 (150 mg) and N-phenyl- 
maleimide (70 mg) in toluene (5 ml) was heated under reflux for 16 hr. The solvent was removed and the 
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bis-&duct 39 crystallized (110 mg; 57x), m.p. 328” (dec MeCN1. (Found: N, 7+4: MW 559. CSsH,sN,O, 
requires: N, 751%; MW 559-55). IR (KBr): 1775, 1720 (imide CO), 1605 cm-’ (phenyl). UV (MeCN): 
&255 nm, E, 1030. NMR IDMSO-d,): z 240-2‘95 (m, 10 Ar mu: 3-70 fm, 4=Cm; 648 (m 4 bridgehead 
Cfi); 6.70 Is, 3 NC&); &78-7&j ftn, 4 CH adj to imide rings). 

Adduct 40 oflc with muleimide. A solution of lc (70 mg) and maleimidc (35 mg) in benzene (5 ml) was 
heated under reflux for 8 min. The product precipitated. After an additional hour of heating the solvent 
was removed. The adduet 40 (70 mg; 70%) had m.p. 188-190” (MeCN). (Found: C, 63.41; I% 4.35: N, 
968: MW 296. C,,H,,NIO+ requires: C, 64.86; H, 408; N, 946%; MW 296.27). IR (KBr): 3180, 3080 
(NH), 1770, 1710 cm-’ (imide CO). UV (MeCN): &_ 266, 275, 287 (sh) nm. ee- 1820, 1780, 1100. 
NMR (DMSOd,): r 3-60 ft, 2 isol==Cm; 3-62-4-34 (m, 4 conjug=C&: 6.70 (m, 2 bridgehead Clf): 700 
fd, 2 C&I.). 

Adduct 41 of lc with N-methylmaleimide. A solution of lc (140 mg) and N-methylmaleimide (80 mg) in 
benzene was heated under reflux for 15 min whereupon wlourless crystals precipitated. The mixture 
was allowed to stand for 2 hr, the solvent removed and the adduct 41(180 mg; 84%) had m.p. 184” (MeOH). 
(Found: C, w94; H, 458; N, 9.12; MW 310. C,7H,4N101 requires: C, 65.80: H, 455: N, 943%: MW 
31030) IRICHCl,): 3390 (NH), 1780,172O (imide CO), 1440,138O cm-’ (N-Me). UV IMeCN): 1R,, 266, 
275,287 (sh) nm, ee, 1700,1650, 1000. NMR (DMSOd6): r - 1-l 7 fbr s, imide Nm: 373 ft, 2 isolated 
=C@; 3-75-435 fm, 4 conjug==C&Q: 6.70 (m, 2 bridgehead Ca; 7+2 Id, 2 Cfl): 7.27 (s, 3 NC&). 

Adduct 42 oflc with N-phenylmaleimide. A solution of lc (100 mg) and N-phenylmaleimide (90 mg) in 
C,H6 (5 ml) was heated under reflux for 15 min. The product precipitated. After an additional hr the solvent 
was removed. The adduct 42 (150 mg; 8o”A) had m.p. 196197” (MeCN). (Found: C, 7@90: H, 4.26: N, 
7.67: MW 327. t&H16N20‘ requires: C, 7096; H,4*33; N, 752%; MW 327.36). IR (CHCla): 3390 (NH), 
17841720 (imide CO), 1600 cm-’ (phenyl). UV (MeCN): M, 265,275,287 (sh) mu. EE, 1550,1430,820. 
NMR (DMSOd,): T 2-40-2.97 (m, 5 ArH_): 340 (q, 2 isol=Ca; 3-654.30 (m, 4 conjug==C&&: 6.65 (m, 2 
bridgehead Cm: 6.85 Id, 2 Cm. 

Adduct 43 oflc with 2. To a solution of lc (100 mg) in acetone (2 ml) was added dropwise at 0; a solution 
of 4-phenyl-l&4-triazoline-3,5-dione (90 mg) in acetone (2 ml). The red &our of 2 disappeared instan- 
taneously. The adduct 43 precipitated (70 mg; 40%) and had m.p. 255-258” (dec, acetone). (Found: C, 
63.70: H. 4.17: N, 14.77: MW 374. C2eHllN40* requires: C, 64.17: H, 3.77: N, 14.97%: MW 37434). 
IR (KBr): 3180 (NH), 1780,171O fimide CO), 1600 (phenyl), 1500 cm-’ (C-N). UV (MeCN): 1_252 nm, 
E, 4700. NMR (DMSOd,): T - 2M) (br s, imide Nlf): 258 (m, 5 Ar Lf): 3.30 It, 2 isol=Clf): 3.85-2-30 
fm, 4 conjug==Cm; 4.69 (m, 2 bridgehead Cy adj to N). 

Acknowledgement-We thank Dr. J. Altman for help and discussion at the early stages of this work. 

REFERENCES 

I Propellanes, XVIII. R. Bar-Adon, S. Schlick, B. L. Silver and D. Ginsburg, Tetrahedron Letters 325 (1972) 
’ 0. Sciacovelli, W. von Philipsborn, C. Amith and D. Ginsburg, Tetrahedron 26,4589 (1970) 
3 J. Altman and D. Ginsburg, Ibid. 27,93 (1971) 
’ K. B. Birnbaum, J. Altman, T. Maymon and D. Ginsburg ~~~edro~ Metiers 2051 (1970): cf: K. B. 

Bimbautn, Acta Crysraffq. (in press) 
s G. I. Bimbaum (in press) 
6 J. Altman, E. Cohen, T. Maymon, J. B. Petersen, N. Reshef and’ D. Ginsburg, Terrohedron 25, 51 IS 

11969) 
’ A. S. Oniscbchenko, Diene Synthesis, pp. 56-60, Israel Program for Scientific Translations, Jerusalem 

(19641 
’ l M. Avram, G. Mateescu and C. D. Nenitzescu, Lie&s Ann. Chem. 636,174 (1960): 

’ M. Avram, E. Sliam and C. D. Nenitzescu. ibid. 636,184 (1960); 
c W. Reppe, 0. Schlichting, K. Klager and T. Toepel, Ibid. SO, 1 (1948) 

9 H. L. Holmes Organic Reocfiont, Vol. IV, pp. 82-83,153-160. Wiley, New York (1948) 
lo D. Tatarsky, M. SC. Thesis, Technion, November 1970 
I’ Private communication from Professor J. D. Dunitz 



2332 M. KORAT, I?. TATARSKY and D. G~~ssuna 

” C Amith unpublished results from this laboratory: cf: E. R. Wagner and A. D. Rudzik, J. Med. Chem. 
lo, 607 (;967) 

I3 J Entel, C. H. Ruofand H. C. Howard, J. Am. Chem. Sot. 74,441 (1952) 
‘* i 0. Lukashevich and E. N. Dokunikhina, Dokl. Akad. Nuuk SSSR 167 (2). 357 (1966): Chem Abstr. 
64,155lle (1966) 


