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A-The tetraenic lactone 1 nfiords the two configurationally possibk mono-Dick-Alder adducts. Each of 
these afforded a his-adduct. The configurations of all of these adducts have been established. 

In continuation of our studies on the steric course of the 
D&-Alder reaction in many prot_+ne substrates’ we 
have used the tetraenic lactone 1. Such a compound is 
structurally unable to emulate the related anhydride or 
imides in secondary orbital interaction with the pertinent 
orbitah of the azo-nitrogens in the dienophile. 4 - phenyl- 

*Pprt XL: K. Bachmann. W. von Philip&m. C. Amith and D. 
Ginsburg. He/r. Chim. Acta 0.400 (l9n). 

1.2.4 - triazoline - 3.5 - dione PTD) so as to undergo attack 
exclusively from the top face.’ 

Thus it is not surprising that instead of a single Diels- 
Alder I : 1 adduct, a more complex reaction mixture was 
obtained. In addition to the two conhgumtionally possi- 
ble mono&ducts 2 and 3. some &adduct 4 was also 
formed and, hence, some unreacted starting material was 
also recovered. Scheme I summarizes the course of this 
reaction. Also shown in this scheme is the structural 
proof for the various configurations assigned to the 
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above products. The mono-adduct 2 after isolation and the filtrate (300 mg) was separated on 3 plates (20X 2Ocm) of 
purification was treated with a second equivalent of the silica gel (60 PFrU Merck) using acetone (I): hcxanc (1). From 

dienophik. again affording the same bis-adduct 4 which thetopbaadl~ncovcred(Umg;1696).AmixturrofZmd3 

accompanied the two mono-adducts in the original reac- was obtained from the central band (15Omg) and a mixture 

tion mixture. (40 mg) was obtained from tbc bottom band. 

Since pure 3 afforded an isomeric his-adduct 5 which 
The mixture of 2 and 3 was subjected to crystal8zation from 

upon irradiition gave in turn the cage compound 6. the 
benzene. Only isomer 2 dissolves and crystallizes upon addition 

various configurations follow logically and of necessity. 
of a littk hex& (83 mg; 21%). m.p. I5&161” (benz&-hexana). 

The argument is a simple one: Only 5 may undergo a 
(Found: C. 65.77; H. 4.22: N. 11.32. &H,sNsO~ rcqttircs: C. 
66.47: H. 4.18: N. 11.32%). IR (KBr): 3060. 1770. 1710. 1510. 

[2+2] photocycloaddition. Since both equivalents of Ill5 cm-‘. NMR (CDCIJ): r 2.53 (s. 5 arom II): 3.26 (1. J = 3 Hz. 
dienophik must have attacked from above in order to 2 vinylic H): 3.4c4.34 (m. 4 diem H): 4.77-5.17 (m. ZCHN); 5.88 

afford 5. the tirst equivalent of FTD must also have (5. zcy@Co,. MS: 227 (M’-CJ&G$ loot: 134 (64): 119 (43). 

attacked from above, ‘i.e. the mono-adduct which Isomer 3 which was insoluble in benzene was obtained by 

atforded 5 must have been 3. Since symmetry tells us filtration and was crystallized from chloroform (67mg at this 

that there can only be IWO isomeric mono-adducts. 2 and 
stage), m.p. 241-243” (dec, CHCIr). (Found: C. 65.87: H. 4.12; N. 

3. the isomer of 3 isolated from the product mixture must 
11.32%). IR (KBr): 3ooo. 2920.1760. 1710.1500. I415 cm-‘. NMR 

have been 2. Whilst 2 may. in principle, afford another 
(CDCI,): T 2.57 (s. 5 arom H); 3.36 (t. J = 3 Hz. 2 vinylk HI: 
3.80-4.34 (m. 4 dicne HI: 4.80-5.00 (m. ZCHNI: 5.10.5.73 (ABa. 

bis-adduct 7. we known by experience that the second - 
equivalent of dienophile usually attacks from above for 

J = 10 Hz. 2 C&DCO,. MS: 227 (100): I34 713): 119 (47). 
The solid which did not dissolve during the Ant t&ration with 

steric reasons,’ with the notable exception of bridged[lO] benzene (224 mg) was triturated fint with chloroform. then with 

annulenes.’ We have no reason to believe that the CHCIs (I): McDH (I), Dflording insolubk (85 mg) bis-adduct 4 

lactone ring for either steric or electronic reasons should (see below). To the filtrate was added the ma&rial isolated from 

guide the second equivalent of FTD to the bottom face, the bottom band of the silica gel plates (4Omg) and the whole 

particularly when we have proved that 9 affords the 
was again separated on 3 silica gel plates using acetone (I): 

bis-adduct analogous to 4, nor to 7. 
hexane (2). More of 4 was isolated (57 mg: total yield 35%). as 

It is not surprising that the mixture containing both 2 
well as mon of 3 (56 mg; total yield 2846). Yields wcrc calculated 

and 3 is obtained rather than only one of these as an 
on the basis of the total material iso/atcd (404 mg). 

exclusive reaction product. If we compare the transition 
The his-adduct 4 had m.p. 348-35tP (dec). (Found: M.W. 

536.1423. CaaN& requites: M.W. 536.1446). IR (KBr): 3060. 
state leading to 3 with that of the corresponding an- 3000. l770.1715.1500. IJlOcm-‘. NMR (DM!TGd& 7 2.43 (s. IO 

hydride 8 we do not obtain in the former case analo- atom H): 3.00-3.20 (m. 2 vinylic HI: 3.36-3.50 (m. 2 vinylk H): 

gously effective secondary orbital overlap. The two 4.364.8O(m.4CHN):5.34.5.88(ABq.J= lOHz.2Cfj+XGt.MS: 

hydrogen atoms in the CHZ group of the la&one ring M’. 536 (8): 292 (100): 227 (90): I I9 (60). 
Reaction of 2 with PTD The mono-adduct 2 (36mg) in 

0 

+ 

I 
/ 

CH& (2mlj was trcatcd with a solution of PTD (17mg) in 
CHSb 12 ml). The reaction was over in 3 min. The bis-adduct 4 

& 
was~is&ed in quantitative yield. identical in all respects with 4 

’ 0. described above: 
Reaction of 3 with PTD. A soln of 3 (36 mg) in CH,Cb (2 ml) 

was mixed with one of PTD (17 mg) in CH& (2 ml). Tbc red 
color was discharged after the whok was allowed to stand 
overnight at room temp. Removal of solvent and trituration of 

8 0 the solid with MeGH aBor&d the bis-adduct 5 (45 tng; 85%). 
m.p. >35(P. IR (KBr): 3060. 2928. 1760. 1720. 1580. MOOcm-‘. 
NMR (DM!3Gd& r 2.43 (br s. IO arom H): 3.20-3.80 (m. 4 vinylic 

evidently exert steric hindrance to approach of the H): 4.47-4.70 (m. 4 CHN): 5.06 (br s. 2 C&GCO). MS: M’- 
dknophik from the top face, sutliciently to cause the C,ti N 0 “7 (25): I34 (2.0): 119 (100). I, 7 1.- 
formation of 2. That 2 does not form exclusively as in Iwodiatioa of 5. A &gassed soln of 5 (3Omg) in acetone 

the case of the ether 9 appears to mean that some (5Oml) was irradiated for 18hr at room temp. ur a Rayonet 

secondary orbital overlap does indeed occur between the apparam using 3000 A lamps. Removal of solvent ami trhumtbn 

CO group in the lactone ring and the lone pair of one of 
with CHCI, alforded the cage product 6 qu.antitatively. m.p. 

the axe nitrogen atoms of FTD. 
~350”. (Found: M.W. 536.1445. C3JIPNIOI requires: M.W. 
536.1446). IR (KBr): 29@ 1770. 1710.~15tXt. 1416cm-‘. NMR 
(DMSO-d): c 2.42 (br s. IO arom H1: 4.90 (br s. 2 CHDCO): 

-AL 5.00-5.25 (m. 4 CHN): 6.70 (br s. 4 cyclobutyt H. obs&d only 
IR spectra were measure4 on a PerkicElmer model 257 grpt- after adding TFA). MS: M’. 536 (24): 227 (100): I19 (30). 

ing smtrometcr. NMR spcctta wcrc measured on a Varian T60 
sp&romcter. Mass spectra were mcasurcd on a Varian 711 ILBWIEWCEB 

spectrometer using the heated inlet system at H)(p. maintaining I. M. Korat. D. Tatarsky and D. Ginsburg. Trtrohedron 28.2315 
the ckctron energy at IlHTcV. Only the major fragments arc (1972): C. Amith and D. Ginsburg. Ibid. M. 3415 (1974): J. 
listed. All m.ps arc uncorrected. Kale. J. M. Photis. L. A. Paquette. E. Vogel and D. Ginsburg. 

k/s-Alder reaction of 1. A soln of PTD (254 me) in CH& Ibid. 32. 1013 (1976): J. Kale. E. Vogel and D. Ginsburg. Ibid. 
chloride (4 ml) was added at once to one of I(270 mg) in CHsC12 33. 1177. II83 (1977). 
(4ml) at room temp. The red color disappeared immediately. 2. J. J. Bloomfiekl and S. L. Lee. 1. Org. Chem. 32. 3919 (1967): 
Removal of solvent in a vacuum aflccded the crude product J. J. Blcomfietd and J. R. S. Irclan. unpublisbad results. 
(524mg). After trituation with boiling benzcnc and removal of. 3. P. Asbkcnazi. E. Vogel and D. Ginsburg. Tetmhedmn 33.1169 
solid material (224mg) by filtration (see below). the material in (1977,. 


