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PROPELLANES-LV 

SYNTHESIS AND DIELS-ALDER REACTIONS OF TETRAENIC 
PROPELLANE IMIDES DERIVED FROM ESTERS OF r-AMINOACIDS” 

M. PELED and D. GINSBURG* 

Department of Chemistry- Israel Institute of Technology. Haifa. Israel 

(Rrceir.eed in b’K 5 Kotemher 1979) 

Abstract-Tetraenic propellane imides wete prepared from a variety of z-aminoesters. The extent to which 
these were attacked by 4-substituted-1.2.4-triazolinediones from the side syn or anri to the imide ring was in 
most cases determined by the size of the substituent in the imide ring although some exceptions occur. 

Practically all of the propellane molecules .we have 
described are meso-compounds. If one wishes to 
prepare chiral propellanes, e.g. in a system such as I 
(which is meso) all one needs to do is to place a 
substituent, e.g at one or the other of the carbons 
marked with an arrow (or for that matter, at both). 
But, of course, a separate synthesis would be required 
to prepare each substituted propellane. An easier way 
to introduce chirality into a propellane molecule could 
be brought about by reacting a meso-molecule with a 
chiral one under conditions which avoidn racemiza- 
tion of the latter, e.g. by reaction of the versatile and 
readily availabie intermediate 2 with an ester of an r- 
aminoacid 3, also readily available. Thus chirahty is 
introduced by a chiral center attached not directly to 
the propellane skeleton but to a side-chain thereon. 
We had certain designs upon the chiral compounds 
but we also had a more immediate application within 
the framework of super-position of steric effects upon 
the electromic ones responsible for secondary orbital 
interactions studied in another connection.’ 
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We have attempted to be convincing in our 
interpretation that exclusive syn-attack of compounds 
of type 4 by dienophiles of type 5 is due to secondary 
orbital interactions between the CO-n* (LUMO) of 
the dienic component 4 with the antisymmetric n_- 
combination of lone pair orbitals (HOMO) in the 
dienophile 5.’ Superimposing a steric factor by 
suitable variation in the structure of X in 4, upon this 
electronic one, ought to reduce the efficiency of the 
latter and afford significant amounts of anti-attack in 
addition to syn-attack. This has indeed been found in 

Me 

X=N-CH,C(CH,),. N 0 and in the lactone 
9 

Me 

analog of the anbydride 4. X=0.” In our present 
compounds, resulting from the die& 2 and 3 followed 
by conversion into the tetraenic 6. we may vary the size 
of R and R’ and thus perhaps construct more and less 
effective umbrellas covering more and less effectively 
thesyn-facesofthecyclohexadienerings towardsattack 
by dienophiles. 
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Table i 

0 

R=H: R’=CH, 
R=H: R’=n--C,H,, 
R=CH,; R’=CH, 
R=CH,; R’=exo-Bornyl 
R=CH,; R’=r-Bu 
R=CH,CH(CH,),; R’=CH, 

R’=n-C,H, 3 
R’=exo-Bornyl 
R’=t-Bu 

Mono-adduct 
syn/unf i 

r.t. 
X 
z 

1.2 
1.0 
1.2 
- 

Bis-adduct Mono-adduct 
C,,iC. spnjunti 

ii 
- 
Xi 

3.2 - 
- 0.8 
- 2.2 
- 1.9 
- - 

0.8 - 

Bis-adduct 
C,,K. 

78 c 
- 
- 

5 
0.7 
_. _ 
- 
1.9 
1.7 

We anticipated that the larger R and R’, the more 
would crnri-attack replace the exclusive syn-attack 
obtained when the X group in 4 does not exert any 
significant steric repulsion towards dienophole 
approaching from the syn-direction. However, 
although this is more or less correct with respect to R 
(this point will bequalifiedin thesubsequent paper). the 
size of R’does not appear to matter all that much. 

We see in Table 1 that the reaction temperature 
makes some difference. The ratio of syn:anti mono- 
adducts (8: 11) is given at room temperature and at 
- 78°C. The ratio of C,, :C, his-adducts (9: 12) is also 
given. 

When R=H the ester substituent R’ has no 
influence; only the syn-adduct is obtained exactly 
analogous to the result for 4, X=NMe.’ When R=Me 
the ester substituent has a greater steric effect and the 
larger R’ it appears as a crude generalization that more 
u&attack is obtained. But when R=CH$H(CH,),, 
the ester substituent hardly makes a difference and the 
ratio of syn:anti-attack is almost the same. We assume 

free rotation about the N-CHR!CO,R’ bond withir 
the time scale of reaction with dlenophile. 

Table 2 compares the effect of size of R, and R: 
within a series of methyl esters. 

Table 2 indicates that the effect of CH,CO,CH, i: 
not much different from CH, but that o’ 
CHJH(CH,), is somewhat greater than CH, and 
more anri-attack results. One would anticipate that i 
both R, and R, are not H, one should obtain more 
on&attack. Thus 14 in which R , =R,=CH, behave: 
quite unexpectedly, not only in that exclusive syn. 
attack is found but also in further reaction of 15 tc 
afi’ord his-adducts. Usually the second mole o 
dienophile adds exclusively syn but in this particula 
case 15 was attacked both syn and anri to afford 17 ant 
16, respectively. 

We prepared 19 from 136. R,=R,=-(CH,),+ 
compare its behavior to that of 14. Attack in this cas 
was not exclusively syn en route to mono-adduct bu 
the second mole of dienophile did attack only from th 
syn-direction. Thus 19 does not behave as surprising1 

Table 2 

Mono-adduct 
syn/anti 

r.t. 

Mono-adduct 
syn/anti 

-78” 

R, =R,=H - 

R, =H: R,=CH, 2: 
R, =H: R,=CH,CO,CH, 2.7 4it 
R, =H; R,=CH&H(CH,), 1.2 2.2 
R,=R2=CH3 - 
R,=R,=-_(CH,),- 3; - 

tThe mono-adducts could not be separated. The ratio is based on the NMR wgnals for the ClJ,O,C groups. 
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as 14, whose reason for such behavior is as yet not clear 
to us” 

Scheme 1 summarizes the synthetic sequence 
starting from 2 and a number of r-amino-acids and 
their esters. 

Scheme 2 summarizes analogous reaction sequences 
for ~,~-disubst~tuted amino-acids and esters 

IR spectra were measured on a Perkin-Elmer 237 
spectromcte~ m chloroform unless otherwise stated NMR 
spectra were measured on a Varian T-60 or Bruker WP-f# 
jnstrnrn~n~ in CDCI, unless otherwise stated, TMS as 
standard, signais given in x values Mass spectra were 
measured on a Varian MAT-711 spectrometer. M,ps arc 
uncorrected. Organic sdns were dried over MgSO, and 
solvents were removed in a flash evaporator at the water 
PWP. 

4-Phenyl-1,2,4-triazol~nc-3,~ dione is abbreviated PTD. 
~bromato~raphi~ separations on 20 x 2Ocm prep plates 

were prepared from 7Og silica gel, 60 PF 254 using about 
15Omg of material per plate. The elucnts were mrxtures of 
EtOAc-hcxane in different proportlons. 

The amino-acids or esters were commercial samples unless 
otherwise stated. They were all of the L-series. 

Into a liter pressure tube were introduced acetylcnc- 
dicarboxyltc acid (IOOg], hydr~ulnonc (log) and dioxan 
(80ml). Butadiene l~~2~rnl~ wasliquiAed into the tube with 
liquid N, cooling. The whole was heated in a rocking 
autoclave (Aminco) at 190’ for 10 hr. After cooling the whole 
was transkrred into a 3-necked Bask and volatile material 
removed at 60” in a flash evaporator overnight. IO % KOHaq 
(1 liter) was added and the whole was heated under reflux for 
1 hr. After cooling to 50-60’, activated carbon (SOg) was 
added with mechanical stirring for 30min The solid was 
removed by filtration and the filtrate was carefully acidified 
with 10% HCI. The diacid pr~pitated and was removed by 
filtration. It was added to 1 liter water and solid Na,CO, was 
added carefully with mech stirring until complete dissolution. 
Carbon black (SOgf was again added, stirring maintained 
anothct 30min and the whole filtered The filtrate was again 
acidified and the product coIIected by filtration. If the product 
still contains (oily sticky) polymer the Na,CO, step is 
rcpea ted. 

The diacid and benzene f5OOml) were placed in a 3-necked 
flask and the water was removed azeotropicaliy wrth mech 
stirring. After cooling and filtration the product is dried in a 
vacuum, yield 45-50 “,‘n based on acetyient~dicarboxyiic acid_ 

Cyclitation to the anhydride 2 is a&cted by hcatiog under 
reflux in Ac,O (Smi per g of diatid). Traces of Ac,Q are 
removed at the oil pump (0.1 mm) and the solid residue is 
distilled at 1 IO-/O.01 mm. The distillate is dioivcd in 
benzene and fiftercd through a column of neutral alumina in 
order to remove traces of polymer, yield of coiodcss and 
odorless 2 from diacid. 85-90 ‘Ier 

(a) Into a flask equipped with a Dean-Stark condenser 
were Placed benzene or toluene (2oomi), triethylamine or 
pyridine (5 ml), the anhydride 2 (3.5 mmol) and the a-amino- 
acid (3.8mmoi) and the whole was hmti under reflux 
overnight. After cooling and filtratloa the product was 
extracted with loo/, Na,CU, aq (3 x SOml). The cold soln 
was carefully acidified with HCI. The Product was extracted 
into chloroform and after drying the solvent was removed. 
The product 7~ was recrystallized from a suitable solvent. 

lb) The anhydride 2 (OSmmol) and the a-amino-acid 
~0.4mmol~ were powdered to~~~~er with mortar and pstk, 
transferred to a test tube and heated with several drops of 

pyridinc until a homogeneous amber-color& melt was 
obtained, ARer cooling the melt was dissolved in chloroform 
and filtered The product was extracted from the chloroform 
so111 with tOYa Na,CO, aq (3 x SOml& The cold aq extract 
was acidified carefully with 10% HCI and the product 
extracted with chloroform, dried and the solvent removed. 
The acid was recrystallized from a suitable solvent. 

The acid ‘?a was dissolved in a minima1 volume~fether and 
etherai CH2N, soln added until the yellow color persists. 
Removal of solvent and dissolution of the residue in a 
minimal volume of benzene followed by filtration through a 
column of neutral alumina ilOg per g ester), benzene as 
eluent, gave the ester 7b after removal of solvent, The ester 
was then recrystallized 

Gem& procedure for preparution 01 tetraenic imides, 6 

To a solution of dicmc ester f lb. E, c f, i, j, k, I: 1 mmol1 in 
CCI, (25mlf was added recryst NBS (2mmoif and several 
grains of dibenzoyi peroxide. After ca 2Omin succinimide 
floats on the salvent surface. After cooling, filtration and 
removal of solvent the crude dibromide is dissolved in dry 
benzene or in dry DMF (ZOmlj, 1,5-diazabi~yci~[4.3.~~non” 
S-enc (4mmalj was added and the whole is heated at reflux 
(C,H,) or at 100’ (DMF) for 8 hr under N,, 

After cooling and washing C,H, soln with dii HCI, satd 
NaCiaqand drying the C,H, was removed. Alternatively, the 
DMF soln was added to ice water (2OOmi) and the product 
extracted with ether (4 x SOmU, the soln dried and the 
solvent removed, The residue in either case was then filtered in 
C,H, soln through a column of neutral alumina and 
chromatog~~~ on prep silica plates. 

General procedure fir Die&Aider reaction of 6 

To a soln of 6 in CH,CI, was added dropwise at r.t, or at 
temp of acctone-dry ice bath a soin of PTD in CH,Ci,. For 
prep of mono-adduct the disappearance of red color after ieq 
&TD has been added is criterion for the end point. For prep 
of b&s-adduct the persistence of red color after addition of 2 cq 
PTD is the criterion. The solvent was removed and products 
separated on prep silica plates and purified by 
recrystallization. 

The his-adduct 9 (30 mg) was dissolved in acetone (30 ml) 
and the tubes after 4 degas cycies through freezing and 
melting at 10m3 nm were irradiated in a Rayonet chamber at 
300nm overnight. When tic showed the absence of 9, as is 
usually the case, the solvent was removed and IO purified by 
crystallization. 

~~i~~~ I 1,13-dioxa-12-uzof4.4.3]prupeffa-3,B-dien~-12- 
acetare, ?b 

The free acid was prepared by method (b) above af 190‘ I 
mp. 169-170” (hexant). Methyiat~on with CH,N, as above 
gave tb, m.p. 98-99” (~H~~~-hexane~ in 70’$; yield from 2, 
(Found: C, 65.39; H, 6.17; N, 5.15; M.W. 275.1147, 
C,JH,,NQd requires: C, 65.44; H, 6.22; N, 5.090/,; M.W. 
275.1157t IR: 2980-2400, 1780, 1720, 1400, 1100cm-‘. 
NMR: 4.0 (m, 4 viaylic H); 5.8 (s, 2 H, QjJ,N); 6-3 fs, 3 H, 
CO,C~,f;6~8-7.9(m,8allylicH).MS:m/eN~,275(35);244 
(5): 221 (SO):216(10): 215 (19); 189 (10): 16t(1001: 132 (14). 

Methyl 1 l,i Ikfiaxo- 12-aza [4.4.3]p~op~l~a.2~4.7,9-tet~uen~- 
12-acetate, 6b 

Prepand using DMF in 43% yield, m.p. 112.114” 
(CH,CI,-hcxancj (Found: M.W. 271.0859, C,,H,$NO, 
requires: M.W. 271.08455. IR: 295QIt80, f740,1400cm ‘_ 
NMR: 3.8-4.5 (A,&, 8 vinylic Hf; S-67 Is, 2 H, CQ),N); 6.25 
(s,3H,Co,etf,).MS:Mt,2?f (9~;2~14~~212(4): 129ll7); 
128 (100) 
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Reaction C$ 6b with PTD 

(a) Tetraene (55mg in 2ml) gave immediate reaction 
with PTD (25mg; 0.7 eq in 2ml). Evaporation of CH,CI, 
gave recoved4b ( 14 mg) and mono-adduct 8b (SO mg; 74 Y’,) 
after recrystallization, m.p. 233” fCH,Cl,-hexane). (Found: 
C,60.94;H.4.13;N,12.88.C,,H,,N,O,requiresC,61.88;H, 
4.06; N. 1255:;). IR (KBr): 1790, 1760, 1740, 1720. 1620, 
1520,1420cm-‘. NMR: 2.59 (s. 5 arom Hf; 3.33 (m. 2 vinylic 
H); 4.06 (m, 4 dienic H); 4.68 (m, 2 allylic H); 5.62 (s, 2H, 
CuzN); 6.26 (s. 3 H, CO,Cy,). MS: 228 (10): 227 (100): 160 
(16): I I9 (37). 

(b) The his-adduct was formed from 8b (84 mg in 2 ml) and 
PTD (35mg in 2ml) immediately. The product 9b (75mg: 
64%) after crystallization had m.p. 315-316’ 
tCH,CI,-hexane). (Found: N, 15.45; M.W. 621.1586. 
Cf,HZJN70~requires:N,15.77’;,:M.W.621.1607).IR:17~ 
(br), 14OOcm-‘. NMRt2.61 (s, 10arom H);3.71 (m,4vinylic 
H); 4.62 (m, 4 allyiic H): 5.59 (s, ZH, Cu,N); 6.30 1s. 3H. 
CO,C!j,). MS: M +, 621 (1); 228 (6); 227 (54): 160 (64); 119 
(57): 69 (100). 

F~oroc~e~ic~i cyclizafion of 9b gave 10b (78Y& 
m.p. > 320” (CH,Cl,-hexane). (Found: M.W. 621.1566). IR: 
1750 (br) cm-‘. NMR 2.53 (s, 10 arom H): 4.90 (m, 4H), 
CHN): 5.57 (s, 2 H. CIJ,N): 6.33 (s. 3 H. CO,CI! ,I: 6.57 (m. 
4 cyclobutane H). MS: M l , 621 (14); 228 (6); 227 (19); 69 
(loo). 

Prepararion and reactions of 7c 

A mixture of ?a (4.6g), thuonyl chloride (2.68) and dry 
benzene (50 ml) was heated under reflux and N, until reaction 
was complete. The solvent was removed and to the residue 
were added, n-hcxanol (3g). triethylamine (6ml) and dry 
benzene (SOml). The whole was stirred at r.t. for 48 hr. the 
solvent removed and the residue in benzene filtered through 
neutral alumina (2Og). Removal of solvent and distillation 
gave oily 7e (1.8g; 30:/,), b.p. 150”/0.lSmm. (Found: C. 
69.26;H.8.11:N,3.87,M.W.345.1951.C,,H,,NO,requires: 
C,69,54:H,7.88;N,4.~~~M.W.~5.19#~.IR:3~28~, 
1780,1760,1720,1500-1300,1000cm-I. NMR:4.0-4.2(m,4 
vinyl& H); 5.8 (s. 2H. CHf,N); 5.9 (& 2H, CO,CUtf,: 
J = 6 Hz); 7.0-8.2 (m, 8 allylic H): 8.3-9.2 (m, 11 aliphatic H). 
M.S.: M+,345(45);291(42);261(33);243(30): 169(30): 162 
(19); 161 (91); 149 (14); 131 (100). 

n-Hexyl 11,13-dioxo-12-azo[4.4.3]propella-2,4,7,9-tefraene- 
12-acetare, 6c 

Prepared using C,H, in d~ydrobr~ination step in 43 ‘,$ 
yield, b.p. 140”/0.1 mm. (Found: C, 69.70; H, 6.90; N, 3.92, 
C,,HzSNO, requires: C, 70.36; H, 6.79; N, 4.10%). IR: 
3000-2850, 1780, 1760, 1620. 14OOcm- ‘. NMR: 3.9-4.5 
(A,B,, 8 vinylic Hf; 5.7 (s, ZH, Ctj,N): 5.9 0, ZCO,CY,; 
J = 6 Hz); 8.2-9.2 (m, 11 aliph H). MS: 206 (11); 188 (8); 160 
(41): 156 (10); 128 (100). 

Reaction 0/6c with PTD 

Immediate reaction occurred between 6c (294 mg in 15 ml) 
and PTD (131 mg (0.87 eq) in 10 ml). After removal of solvent 
6e was recovered (45mg) and mono-adduct 8r (377 mg; 
1007;) was obtained, m.p. 141” (CH,CI,-hexane). (Found: 
C, 64.70: H, 5.44; N, 10.95. C2~Ht,N,0, requires: C, 65.10: 
H, 5.46: N, 10.85ya). IR: 1780, l720 (br). MOOem-‘. NMR: 
2.54 (s, 5 arom H); 3.33 (m, 2 vinylic H); 4.07 (m, 4 dienic H); 
4.70 (m, 2 allylie H); 5.70 (s, 2H, CuI[,N); 5.87 (t, 2H, 
CO,CH,; J = 6 Hz): 8.2-9.2 (m, 11 aliph H). MS: 227 (100); 
206 (20): 188 (10); 161 (23); 160 (73); 119 (48). 

Eis-adducr i2e 

Mono-adduct & (76 mg in 5 ml) was treated with PTD 
l26 mg in 2 ml) for 5 min. Removal of solvent gave 9e (96 mg; 
94Q m.p. 227” (CH,Cl,-hexane). (Found:’ N, 13.79. 
C,,H,,N,O, reqmres: N, 14.187;). IR (KBr): 2950. 1750 
(br), 1520,1420,123&m-‘. NMR: 2.61 (s, 10arom H); 3.71 
(m,4vinylicH);4.63 (m,4allyiic H); 5.63 (at H,CIj,N): 5.90 

(t, 2 H, CO&&,: J = 6 Hz); 8.2-9.2 (m, 1 I aliph H). MS: 227 
(51); 206 (IS): 161 (17); 160 (53): 119 (100). 

Photoc~emica~ cycliza!ion of 9e gave 10 (95 To}, m.p. 213” 
(CH,Cl,-hexane). (Found: N. 13.94, M.W. 691.2432. 
C36HJJN701) requires N, 14.18%; M.W. 691.2390). IR 
(KBr): 2950, 1760-1720. 1600. 1500, 1420, 1200. 750cm-‘. 
NM R: 2.55 is. 10 arom H): 4.92 (m, 4 bridgehead H): 5.60 (s, 
2 H, CH,N); 5.91 (t, 2 H, CO,CH,): 6.57 (m, 4 cyclobutane 
H); 8.2-9.2 (m, 11 aliph H). MS: M-, 691 (20); 227 (17); 183 
(12): 133 (28); 119 (20): 101 (100). 

,~ef~yf 1 I’,1 3’-df~x~l2’-a~a[4.4.3]pro~ffa-3*,~’-diene-l2*- 
( 2S)-propionute, 7e 

Theacid 7d was prepared by procedure(b) above at 190” in 
58’ ‘1, yield, mp. 102-103” (CH,CI,-hexane). The ester was 
prepared as above in 95 l;o yield [z]~ = +0.62”, m.p. 85-86 
(CH,Cl,-hexane). (Found: C, 66.46: H, 6.57; N, 4.80: M. W. 
289.1147.C,,H,,NO,requires: C.66.42:H,6.62;N,4.84”/,; 
M.W. 289.1313). IR: 2960-2840, 1780, 1760, 1720, 
1420cm-I. NMR: 3.9-4.2 (m. 4 vinylic H): 5.26 (q, 1 H, 
CBN; J = 8 Hz): 6.30 (s, 3 H, CO,Clj,): 7.0-8.1 (m, 8 allyiic 
H); 8.53 (d, 3 H, CHClj,: J = 8 Hz). MS: M *, 289 (8): 235 
(5);230(4):229(8);175(14):131(13);69(100).Heatingof7r 
in a sealed NMR tube at 90” for 19 hr did not cause apparent 
decomposition. 

Merhyl 11’.13’-[u dioxo- 12’-aza-4.4.3 ]- 
propel~a-2’,4’,7’,9’-tetraene-l2’-I2S1-propiunate, 6e 

Prepared using DMF in 33:‘~ yield, b.p. 1 IS’Pl mm. 
(Found: C, 67.21; H, 5.36: N. 5.09: M.W. 285.0968. 
C,,H,,NO, requires: C, 67.36: H. 5.30: N, 4.91 I’/,; M.W. 
285.1000). IR: 2950, 1780, 1760, 1720, 1380, 1030cm-‘. 
NMR: 3.8-4.5 (A,&, 8 vinylic H); 5.17 (q, 1 H, CHN): 6.30 
(s. 3 H, CO,Cu& 8.42 (d, 3 H, CHCY,; I = 8 Hz). MS: M l . 
285 (8). 254 (4): 226 (5). 174 (15): 129 (66): 127 (22): 69 (1001 

Reactton qf fk with PTD 

(al& roomtemp. Immediatereaction took placebetween6e 
(198mg in 10ml) with PTD (115mg; 0.95 eq in Sml). 
Removal of solvent gave recovered 6e (27 mg), mono-adduct 
lle (36mg; 205”;), mono-adduct & (141 mg; 51 I!&), his- 
adduct 12e (30mg; 8’;/,) and his-adduct 9e (56mg: 15 “/,). 

Mono-adduct Ile had m-p. 129-131’ (CH,Cl,-hcxane). 
(Found: N, 11.77. C,,H2+,N,0, requires: N, 12.177;). IR 
(KBr): 3000-2900,1800-1700,f620,1500,1400,1250cn~’. 
NMR: 2.57 (s, 5 arom H); 3.43 (m, 2 vinyiic H); 3.30-4.0 
(A2Blr 4 dienic H); 4.37 (m, 2 allylic H); 5.27 (q, 1 H, CHN. 
J = 8 Hz): 6.30 (s, 3 H, CO,Cu& 8.47 (d, 3 H, CHCIj,: 
J = 8Hz). MS: 227 (4). 174 (27). 130 (6). 119 (30): 69 (100). 

Mono-adduct & had m.p. 215” (CH,Ci,-hexane). (Found: 
N. 11.74’:;). IR (KEr): 2950, 1800, 1750, 1730, 1410. 
124Ocm- ‘. NMR: 2.60 (s, 5 arom H): 3.37 (m, 2 vinylic H); 
3.8-4.3 (m 4 dienic H); 4.74 (m, 2 alfylic H); 5.13 (q, 1 H. 
CHN; J = 8Hz); 6.30 (s, 3H, CO,Clj,): 8.42 (d, 3H. 
CHC&; J = 8 Hz). MS: 227 (91): 174 (7); 130 (7): 119 (26): 
43 (loo). 

(b) At -78’: Immediate reaction occurred between 6e 
(230mg in Sml) and PTD (7Smg; 0.53 eq in 5 ml). After 
removal of solvent 6e (98 mg) was recovered and only syn- 

mono-adduct & (183 mg; 86 %) was obtained. No traozs of 
llc could be found by tic 

Bis-udducr 12e. fs best obtained by reacting J le (25 mg in 
5ml) with PTD (1Omg in 2ml) in immediate reaction 
Removal ofsolvent afforded lk(30mg; 87Y;),m.p. 190” (dec 
CH,CI,-hexane). (Found: C, 59.74; H.4.19: N, 14.63; M.W.: 
635.1824. CJ1H2JN708 requires: C, 60.47; H, 3.96: N, 
15.43’;/,, M.W. 635.1764). IR {KBr): 2950, 1740 (br), 1610. 
1510,1~,1250cm~‘.NMR:2.59~s,10aromH):3.45(m.4 
vinylic H); 4.49 (m, 2 allylic H): 4.73 (t, 2 allylic H); 5.26 (q, 
1 H, CHN; J = 8 Hz); 6.30 (s, 3 H. CO&H,). MS: M l ,635 
(2); 227 (8); 174 (3): 119 (5): 69 (100). 
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Bis-adduct!k is best obtained by reacting& (28 mg in 2 ml) 
with PTD until obtcntion of stable red color. Tic showed 
presence of !k only obtained (35 mg; 90 %) after removal of 
solvent, mp. > 320’ (acetone). (Found: C, 60.04; H, 4.23; N. 
14.55 %). IR (KBr): 2950,1740(br), 1510,14OOcm-‘. NMR: 
2.60 (s, 10 arom H); 3.7 (m, 4 vinylic H); 4.6 (m, 4 aIlylic H); 
5.25 (q, I H, CHN); 6.31 (s. 3 H, CO,CIj,). NMR spectrum 
calculated for A,B, system: 3.7 (4 vinylic H of type B) 4.63 (4 
allylic H of type A). J,, = J,.w = 5.8 Hz; J,,. = 1OHz; J,., 
= JAB. = 1.8 Hz; J,,. = 0. MS: 227 (43); 174 (100); 147 (14), 
130 (15). 119 (50). 

fholochemicul cycfizafion of 9e gave 1Oe in 92”, yield, 
m.p. > 320 (acetone). (Found: C, 59.55; H.4.15; N. 14.91 I’;,: 
M.W.635.1741). 1R(KBr):2960,1780,1750,1720.1620.1500. 
1400, 770cm-‘. NMR: 2.49 (s. 10 arom H); 4.90 (m. 4 
brldgehead H):644(s. 3H,CO,QI,);6.57 (m.4cyclobutane 
HI. MS: M +. 635 (78): 227 (100): 119 (37). 

1-Butyl I I ‘. 13’~dioxo-12’-aza [4.4.3 Jpropello-3’,8’-diene- 12’- 
(ZS)-propionote, 7f 

This ester was prepared from 7d (4.5 8), t-BuOH (5 ml), p 
tosyl chloride (6.5g) and triethylamine (30ml) by heating 
under reflux for 15 hr. The solvent was removed. the residue 
taken up in C,H, and washed with 5 “;) KOH aq. The benzene 
soln was filtered through a column of neutral alumina. 
Removal of solvent and distillation gave 7f (3.3g, 609~3, b.p. 
200*/l mm, [a],, = -0.18”. (Found: N. 4.55. C,,H,,NO, 
requires: N. 4.25 “/,). IR: 3000-2800.1780.1750.1700, 1400. 
I150cm- ‘. NMR: 4.0-4.2 (m,4vinylic H); 5.4 (q. 1 H, CUN; 
J = I I Hz): 7.1 8.1 (m. 8 allylic H); 8.6 (s. 9 H. C(C$),,): 8.7 
(d, 3H. CHCB,) MS: 275 (39); 258 (8); 231 (22): 
230 (50): 229 (21); 175 (17): 131 (36); 105 (IO): 51 (100). 

t-Bury1 11’,12’-dioxo-12’-a:a-[4.4.3]- 
propella-2’.4’,7’.9’-retraene- 12’-(2s~propionote. 6f 

Prepared using benzene in 357, yield as an oil, b.p. 
lW/O.l mm. (Found: N, 4.07: N.W. 327.1441. C,sHz,NO, 
requires: N, 4.28 7,; M.W. 327.1470). IR: 2950, 1780. 1740, 
1710.1380, llSOcm- ‘. NMR: 3.9-4.5 (A,B,.8vinylicH);5.2 
(q. 1 H, QJN: J = 11 Hz): 8.6 (s,9H,C(C!j,),); 8.6 (d, 3H, 
CHCuj). MS: M+, 327 (2); 227 (6); 212 (15); 205 (14): 155 
111): 129 (22): 128 (100): 127 (18). 

Reaction of 6f with PTD 

(a) At room temp. Reaction between 6f (230mg in 10ml) 
with PTD (310mg in 10ml) was at first rapid but slow 
towards end of addition of PTD. Removal of solvent gave 12f 
(194 mg; 41 Y,) and 9f (161 mg: 34:,‘,). 

Bis-adduct I2f had m.p. 188’. (dec, CH,Cl,-hexane). 
(Found: M.W. 677.2246. C,,HJ,N,O, (peak matching) 
requires: M.W. 677.2234). IR (KBr): 2900, 1780.1750, 1730, 
1600,150O. 14OOcm-‘. NMR: 2.5 (s, 10arom H): 3.2-3.6 (m. 
4 vinylic H); 4.3-4.6 (m, 4allylic H); 5.2 (q, 1 H. CHN); 8.6 ($ 
9 H. C(CI_j,),): 8.7 (d. 3 H, CHCIj,). MS: 231 (21); 227 (19); 
183 (15); 174 (14); 169 (23); 165 (17); 133 (31): 119 (100). 

Bis-adduct 9f had m.p. 298-300” (CH,CI,-hexane). 
(Found: N. 14.59. C,,H,,N,O, requires: N, 14.47%). IR 
(KBr): 2900, 1780, 1740 (br); 1500, 14C@cm-‘. NMR: 2.6 (s. 
10 arom H); 3.5-3.8 (m, 4 vinylic H); 4.5-4.8 (m.4 allylic H): 
5.2 (q. 1 H,CUN); 8.5 (d. 3 H.CHC&); 8.6(s.9 H.C(CIj,),). 
MS: 227 (40). 174 (16); 119 (28): 70 (100). 

(b) At -78”. The reaction between 6f (175mg in 1Oml) 
with PTD (2OOmg in IOml) was rapid, then slow. After 
removal of solvent I2f (200 mg; 55 7,) and 9f (143 mg: 39 7;) 
were obtained 

Photochemical cyclization of 9f gave 1Of in 80% yield, 
m.p. > 320” (CH,CI,-hexane). (Found: M.W. 677.3240). IR 
(KBr): 2900, 1780. 1720 (bf). 14OOcm-‘. NMR: 2.5 (s, 10 
arom H); 4.7-5.0 (m. 4 bridgehead H): 8.7 (s. 9 H, C(CuJ),); 
8.7(d,3H.CHClj,). MS: M’.677(13):576(11):227(100); 
I I9 (44). 

Methyl ll’,l3’-dioxo-12’-ara[4.4.3]propeila-3’,8’-diPne-l2’- 
2.2~methyl-propionate, 13b 

The acid was prepared by route (a) above, melting using a 
flame for 30 min in 95 % yield m.p. 154-l 55” (benzene). The 
ester was prepared as usual in 95% yield, ap. 100-101” 
(CH,Cl,-hexane). (Found: N, 4.17; M.W. 303.1426. 
C,,Hz,NO, requires: N.4.62%; M.W. 303.1470). IR (KBr): 
2900, 1760, 1720, 1380. 125Ocm-‘. NMR: 4.0-4.3 (m, 4 
vinylic H); 6.33 (s, 3 H, CO,Cu,); 7.2-8.2 (m, 8 allylic H); 
8.39 (s; 6H, CH,). MS: M’, 303 (3): 271 (13); 244 (9); 243 
(13): 190 (17). 

Methyl I1 ‘. 13’-dioxo- 12’-aru [4.4.3 ]- 
propello-2’,4’,7’,9’-tetraene-12’-2,2-methyl-proprionare, 14b 

The ester was prepared using DMF, in 28 ‘I/, yield, m.p. 
77-78” (CH,Cl,-hexane). (Found: N. 4.11; M.W. 299.1169. 
C,.H,,NO, requires: N.4.682,: M.W. 299.1158). IR (KBr): 
2900. 1780. 1760. 1720. 1660. 134Ocm-‘. NMR: 3.8-4.6 
(A,B,,8vinyhcH);6.31 (s.3H.CO,CtJ,);8.29(s,6H.C~~). 
MS: M’. 299 (3); 240 (4); 188 (4): 129 (15); 128 (100). 

Reaction 01 I4b with PTD 

(a) Ar room temp. Immediate reaction occurred with 14b 
(145mg in Sml) and PTD (80mg; 0.94 eq in 5ml). After 
removal of solvent I4b (16mg) was recovered with mono- 
adduct 15 (170 mg; 82 Y,) and his-adduct 17 (17 mg; 6 %). 

Mono-adduct 15 had m.p. 179-180” (CH,CI,-hexane). 
(Found: N, 11.43. CI,H,,N,O, requires: N, 11.81%). IR 
(KBr): 2900, 1750 (br). 1500, 1400. 1340,1230cm-‘. NMR: 
2.60 (s. 5 arom H); 4.40 (m. 2 vinylic H); 4.15 (m, 4 dienic H); 
4.8O(m.2allylicH);6.31 (s,~H,CO,CEI,);~.~~(S,~H.CI~,). 
MS: 227 (100); 188 (51); 148 (21); 130 (27); 119 (79). 

(b) At - 78”. 14b and PTD gave 1: 1 mixture of bis-adducts 
17 and 16. 

Bis-adducts were best prepared from 15 (45 mg in 5 ml) and 
PTD (17 mg in 2 ml)during 3 min. After removal ofsolvent 16 
(20mg; 320/,) and I7 (27mg: 44%) were isolated. 

Bis-adduct 16 had m.p. 237-238” (CH,CI,-hexane). 
(Found: M.W. 649.1828. C,,H,,N,O, requires: M.W. 
649.1910). IR (KBr): 2900, 1780, 1720 (br). 1610, 1500, 
14CQcm- ‘. NMR: 2.59 (s. 10 arom H); 3.43 (m, 4vinylic H); 
4.6O(m.4allylicH);6.32(s,3H,CO,CIj,).MS:M’.649(1); 
227 (33): 188 (lOO), 177 (17); 148 (82); 119 (100). 

Bis-adduct 17 had m.p. 270” (dec, CH,Cl,-hexane). 
(Found: M.W. 649.1914). IR (KBr): 2900, 1780, 1730 (br), 
1600,1500,1400cm~‘.NMR:2.60(s,10aromH);3.72(m,4 
vinylic H): 4.69 (m. 4 allylic H): 6.33 (s. 3 H, CO,Cjj,): 8.23 
(s, 6H. CI-I,). MS: M’. 649 (1); 227 (40): 188 (15): 119 (20); 
70 (loo). 

Phorochemical cyclization of 17 gave I8 in 79 :; yield, m.p. 
283-284” (benzene). (Found: N. 14.75: M.W. 649.1940. 
C,3H2,N,08 requires: N, 15.09’?/,; M.W. 649.1921). IR 
(KBr): 2880. 1750 (br), 1500, 1400, 1300, 1250cn-‘. NMR: 
2.51 (s, 10 arom H); 4.97 (m, 4 bridgehead H); 6.60 (m, 3 H. 
CO,CI& + 4 cyclobutane H); 8.23 (s. 6 H. QI,). Irradiation 
at 7 4.97 gave 6.59 (s, 3 H, CO,Cu,): 6.64 (m. 4 cyclobutane 
H). MS: M l , 649 (21): 227 (36): 119 (27): 69 (100). 

Methyl 11’.13’-dioxo-12’-ara~4.4.3]prope~~~-3’,8’-d~ene-l2-l- 
cyclopentanoate 13d 

I-Aminocyclopentane-I-carboxylic acid was prepared 
according to Adkins and Billica,6 in 42’:< yield Its methyl 
ester was prepared by Fischer esterification in dry methanol 
with dry HCI gas. in 80% yield 

The free acid 13c was prepared by route(b) above, at 250’. 
in 73 % yield. mp. 142-143” (CH,CI,-hexane). The methyl 
ester 13d was prepared as usual with CHIN, in 93’;/, yield. 
mp. 65-66” (CH,Cl,-hexane). (Found; N. 4.09; M.W. 
329.1637. C,9H,,N0, requires: N. 4.25%; M.Y. 329.1627). 
IR: 2900. 1800. 172Ocn-‘. NMR: 4.0-4.4 (m, 4 vinylic H); 
6.4 (s, 3 H, CO,Cu,); 7.0-8.0 (m, 8 allylic + 8 alicyclic H). 
MS: M +, 329 (19); 270 (75); 215 (48); 214 (40); 204 (79): 131 
(77): 130 123); I29 (24): 117 (77): 69 (1001 
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13c may also be pre~r~da~otropi~lly by route (a) from 2 
and methyl I-aminocyclopentanoate. 

M e f h jt I lf’l3’-dioxo-12’-aza-[4.4.33- 
pr~pella-2’,4’,7’.9’-~etraene-12’-l-cyclopen~onoute, 19 

This was prepared using DMFin 26’:;yield,m.p. 102-103 
(CHICI,- hexane). (Found: N, 4.16. C,PH,PNO, requires: 
N, 4.31 YO). IR (KBr): 2900, 1790, 1740, 1700. 1450cm-‘. 
NMR: 3.8-4.6 (A,B,, 8 vinylic H); 4.3 (s, 3H, CO,Ctf,); 
7.4-8.7 (m, 8 alicyclic Ht. NMR calculated for A,5, system: 
J,,. = I Hz; J,,, = 0.7Ht: JAH = 9SHz; J,,,. = 4SHz: 
A&,,, = 25Hz MS: 266 (31; 129 (161: 128 (100): 127 14). 

Reaction of 19 wit!? PTD 

fa) Ar room temp. frnrn~d~ate reaction took place between 
19 (93 mg in Sml) and PTD (45 mg: 0.9 cq in 5 ml). Removal 
of solvent gave recovered 9 4 I9 mg), mono-adduct 20 f 19 mg; 
17’!,), mono-adduct 21 (71 mg; 62Y0) and bi.s-adduct 22 
(Smg: 3:;). 

Mono-adduct 20 had 158- 159- (CH,Cl,-hcxane). IR m.p. 
(U&f: 2900, 1790, 1760, 1720, 14OOcm-‘. NMR: 2.6 (s, 5 
arom H); 3.45 (m, ZvinylicH):3.5- 4.3 (A,B,,4dicnicH):4.6 
fm, 2 allylic HI; 6.33 (s. 3 H. CO&H& 7.4-8.5 (m, 8 alicyclic 
HI. MS: 227 (84): 214 IlOO}: 178 (8); 148 (97); 130 (49): It9 
(321. 

Mono-addu~t ZI had mp. 193’ (Chicly-hexane). [Found: 
N. 11.10.C,,H,,N,O,requires:N, 1 I.l9’i,). IR (KBr): 2900, 
1790,f730(br),1400cm~‘.NMR:2.6~s,5aromHf;3.4(m,Z 
vinylic H): 4.0 (m, 4 dienic H); 4.7 (m, 2 allylic H ): 6.3 (s, 3 H, 
CO,C&): 7.2-8.3 (m,8 alrcy&cH). MS: 228 {IoOt, 227 (IOf; 
214 (4); 148 (23): 128 (10): 119 (45), 

Bis-adduct 22 was best prepared from 20 (6 mg in 3 ml) with 
solid PTD until red color persisted. Removal of solvent gave 
22,m.p. 230” (dec,CH,CI,-hexane). (Found: M.W. 675.2178. 
C,,H,,N,O, requires M.W. 675.2077). IR {KBr): 2900. 
1790,173O (br), 1500,1400cm-‘. NMR: 2.6 (s, 10arom H): 
3.3-3.6 (m, 4 vmylic H); 4.4-4.8 (m, 4 allylic H); 6.3 (s. 3 H, 
CO,C@,): 7.3-8.5 (m, 8 alicyclic H). MS: M’, 675 (10); 233 
(14l~227[74l:213(19}~2l2f22~;2~1f19~: 189f36): 133(27): 
I19 (27). 

&is-adduct 23 was prepared from 21 (ISmg in 3mt) and 
PTD (6 mg in 2 ml) during 5 min. ARer removal of solvent 
~rystalli~tion game 23 (20mg; 94?$). m.p, 277’ 
(CH,CI, -hexane). (Found: N. 13.91, M.W. +- 1. 676.2131. 
C,,Hz9N,0, requires: N, 14.50”&; M.W. 675.2131. IR 
(KBr): 2900,179O. 174O(br), 1500,1400cm-‘. NMR: 2.60(s 
10arom HI: 3.72 (m.4 vinylic Hlz4.67 (m.4allylic HI:&33 4s. 
3 H, CO,Cu,): 7.0-8.4 (m, 8 alicyclic H). MS: M * f 1.676 
(1);M+,675(1):227(100l;214(46):148(55):130(19);l19 
(801. 

{b) Ar -78”: immediate reaction took p&e between 19 
(83 mg m IOml) and PTD @Omg in 5 ml). After removal of 
solvent an upper fraction was isolated containing 22:U in a 
ratio of I :2 INMR), Le. 3 '% and 6 ‘f;, respectively and a second 
fraction of 23 ( 156 mg; 90 ‘:io). 

Fhotoch~rn~~al cyclization of 23 gave 24 m 88’& yield 
m.p. r 320* (CH,CI,-hcxane). (Found: N, 13.79; M.W. 
675.2027). IR (KBr):2900, ~7~~br),~S~, f4OOcm-‘.NMR: 
2.5 (s, IO arom H): 4.9 (m, 4 bridgehead H); 6.5 (s, 3 H. 
CO,CB,); 6.6 (m, 4 cyclobutane H): 7-O-8.5 (m, 8 
cyclopentane H). MS: M’. 675 (3); 319 (100); 317 (17); 312 
(13); 305 (31); 301 (20); 233 (16): I83 (25): 133 (31) 

Dime&$ I 1 ‘, 13’.dioxo- I2’-uza (4-4.3 JpropeNu-3 ‘,8’-dhe- 12’- 
(2S)-succinatr, ?g 

Dimethyl aspattate hydr~hlo~de (4.5 8) was dissolved in 
McOH (IOmlf and titrated to neutrai pli with 10%; 
methanolic KOH. After removal of solvent the residue was 
dissolved in toluene and the insoluble salt removed by 
filtration. To the filtrate was added 2 (48) and triethylamine 
(3 ml). The whole was heated under reflux overnight, cooled 
and solvent removed. After chromatography on silica, then 
neutral alumina the product (3g; 44 %) had b.p. 
100°~~~OoOl mm, [T&, = -2.64”. (Found: M.W. 347.1364. 

C,,H2,N0, requires: M.W. 347.1368). IR: 2%&1?90.1750. 
1720, I400cm-‘. NMR:4.0-4.2 f~4v~nylicH~; 5.2 fdd, f H, 
Ck_iN, J = 20Hzf; 6.3 [h 6H, CO&y,): 6.9 Im, 2H, 
CU2COlj; 7.0-8.2 fm, 8 allytic H). MS: M +, 347 (19): 315 
(18); 293 (12); 288 (12): 287 (28); 255 (23): 233 (31): 201 (29); 
131 (If@); 129 (26). 

Dimerhyl ll’.13’-dioxo-12’~ara 14.4.3 Jpropella-2’,4’,7’.9’- 
rerraene-l2’-(2S)_succiMfe. 6g 

Prepared using benzene in 41:~ yield, b.p. 110 ‘/O.Ol mm. 
(Found: N, 3.915. M.W. 343.1036. C, *H,,NO, requires: N, 
4.08:‘b; M.W. 343.1056). IR: 2950, 1790, 1750, 1720. 
frl(l(tcm- I. NMR: 3.9-4.5 (A,&, 8vinylic H); 4.65 (dd, I H, 
CHN; J = 16Ht); 6.25 Is, 3H, CO,Cy,): 6.30 (s, 3 H, 
CO,Clj,t: 6.8 fm, 2 H. C@,CO& MS: M *, 343 13): 284 (4): 
258 (4); 232 (8): 200 117); 130 (10): 128 (100). 

Reoetiorfs of bg with PTD 

ia) At room temp. Immediate reaction occurred between 6g 
(267mg in 10mI) and PTD (1 I5 mg; 0.84 eq in 5 ml). After 
removal of solvent 6g (71 mg) was recovered then fraction of 
monoadduct Ilg (5 mg: 2”,;), mono-adduct 8g (147 mg: 
48 “/,I. a difficulty separable mixture of 1 Ig and 8g (74 m8) 
estimated by NMR to be composed of 1 Ig (17 :A: 48 mg) and 
8g (8 Y;: 25mg). Finally, his-adduct 12g (25mg: 6’~ was 
isoJated 

Mono-addu~t llg had IR: 2950, 1730 (br), 135O~m-~, 
NMR: 2.6 (s. 5 arom H); 3.52 (m. 2 vinylic I+); 3.6-4.3 (A$,, 
4 dienic H), 4.78 (m, 2 allylic H f 1 H. CHN): 6.28 (s, 3H, 
CO,CY&6.36@,3 H,CO,CH,l:6.8fm,2 H,CfLI,CO,l. MS 
259f22~;232~&r);227(31i;200f100);190f40);t72(fI):130 
(37); 119 (49). 

Mono-adduct 8g had m.p. 241-242” (dec, 
CH,Cl,-hexane). (Found: N, 11.03. C,,H,,N,O, requires 
N, ll.ll‘:b)~ IR (KBr): 3000, 1790, 1750 (br), 1500, 1400 
1280cm- ‘.NMR:2.6(s,5~romH):3.4(m,2vinylicH);4.1 
lm, 4 dienic H); 4.8 (m, 2 allylic H + 1 H, CYN); 6.3 (s, 3 H, 
CO,CH,I;~.~(S,~H,CO,C~~,);~.~(~,~H,C~~CO,). MS: 
283 1100): 227 (44): 219 ft5); I83 (IO): 1 I9 (37). 

(b) Ar -78”: dg (71 mg in Sml) was reacted with PTD 
I25 mg; 0.69 eq in 3 ml) affording 6g 117 mg), mono-adduct 
mixture~47m~byNMRl8~~llgand~~~gg~and8g~33mg 
40 “/,f. 

Bis-adduct 12g was obtained by dissolving 1 tg in an NMR 
tube and adding excess PTD. NMR and tic showed that only 
Itg is formed, m.p. 250” (dec, CH,CI,-hexane). (Found: N. 
13.62, M.W. 693.1974. C,,H,,N,O,, requires: N. 14.14’;, 
M.W. 693.1819). IR (KBr): 3ooO. 17SO(br). 1500,1400cm- 
NMR: 2.6 (s, 10 arom H): 3.5 (m, 4 vinylic H): 4.4-5.0 (m, 4 
aliylic H + I H, CIJN); 6.3 fs, 3 H, CO,C&$y,); 6.5 (s, 3 H 
CO,CH,): 6.9 (m, 2H, Ctf,CO,). MS: M’, 693 (39); 255 
(20);232(78):22?(66);200(8I1: 190(24): i30118); 119(100) 

Bjs-a~duct 9g was prepared from 8g (56 mg in 5 ml) ant 
FTD ( 19 mg in 2 ml) during 5 min. The product crystallizec 
from the mixture aEording 9g (69 mg: 92 “/,), mp. 275” [dec 
CH,CI,). (Found: N. 13.57 ?;). IR (KBr): 3000, 1780, 1721 
fbr), $500, 140Ocm-‘. NMR (CD&N at 42”): 2.48 (s. li 
arom H); 3.70 (m, 4 vinylic H): 4.66 (m 4 allylic H). MS: 23; 
{It): 228 (17); 227 (100): 200 115): 130 (8): 119 (61). 

Photochemical cyclization of 9g gave 1Og in 87 ?a yield 
m.p. > 320” (CH,Cl,-hexane). (Found: M.W. 693.1822). IF 
(KBr): 2900,173O (br), 14OOctr- ‘. NMR (CD&N at 50°C) 
2.46 (s, 10 arom H): 4.60 (m. 1 H, CUN); 5.00 (m, * 
bridgehead HI: 6.43 fs. 3 H, CO,CY,); 6.52 Is, 3 H 
CO&H,); 6.64 (m, 4 cyclobutane H); 6.90 (m, 2H 
C&CO,). MS: M +, 693 (0.3); 520 (loOI: 227 (66): 212 {t5f 
193 (39): 146 (31): 132 (40): 119 f64). 

Methvl 11’.13’-dioxo- 12’~~~14.4.3 Jpryella-3’.8’-die~-w-f Z’ 
~2~~4~:~y~~~ntu~ute. li 

The free acid 7h was prepared by the azeotropic methot 
usiag pyridinc, mp. 153-155” (CH,Cl,-hexane). The meth] 
ester 7i was prepared with CH,N, as above in 70’:, yiel 
based on 2, mp. 97-99” (CH,Cl,-hexane), (a JD = - 1.21 
(Found: C, 69.14: H, 7.79; N, 4.20. C,,H,,NO, require: C 
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68.86; H, 7.60; N. 4.23’:,). IR: 2920, 1800, 1760, 1730. 
14OOcm-‘. NMR: 3.8- 4.2 (m, 4 vinylic H); 5.3 (dd, 1 H, 
CUN; J = 18 Hz): 6.2 (s, 3 H, CO,CUj); 7.0-9.2 (m. 8 allylic 
+ 9 aliphatic H). MS: 275 (100); 244 (25), 222 (22); 215 (62): 
189 (27); 132 (42): 131 (261. 

Methyl 1 l’,l3’-dioxo-l2’-azu- [4.4.3]- 
propeffa-2’,4’,7’,9’-tetrame-12’-(2SI-4_methylpenta~oate, 6i 

Prepared Bing DMF in 33”;, yield, mp. 86-88 
(CH,CI,-hexane). (Found: C, 69.64: H, 6.37: N. 4.34. 
C,,H,,NO,requires: C.69.70lH.6.47; N,4.28’,‘;,). IR: 2950. 
1800, 1770, 1730, 1400, 1120cm-‘. NMR: 3.8-4.4 (A,B,, 8 
vinylic H); 5.13 (dd, 1 H, CYN; J = 18Hz); 6.30 (s. 3H. 
CO,CH,): 7.4-9.2 (m. 9 aliph H). MS: 271 (4); 130 (4): 128 
(1001. 

Reaction of 6i with PTD 

(a) At room temp. immediate reaction occurred between 6i 
( 124mg in 5 ml) and PTD (60 mg: 0.9 ey in 2 ml). Removal of 
solvent gave recovered 6i (26 mg), mono-adduct t li (67 mg; 
457,) and mono-adduct 8i (82 mg; SS’!,). 

Mono-adduct Iii had m.p. 148-149” (CH,Cl,-hexane). 
(Found: C, 63.86: H, 5.20. C,,H,,N,O, requires C. 64.55; H. 
5.229~).1R:2950,1720(br),1400.1120cm“.NMR:2.53(s.5 
arom H); 3.33 Im. 2 vinyhc H): 3.6-4.3 (A,B,, 4 dienic H): 
4.70 Im. 2 allylic HI: 5.27 (dd. I H. CHN; J = 1X Hz); 6.30 (s, 
3H,CO,CH,);7.8-9.2(m.9aliphH). MS:227(70);216(55); 
174 (35): 160 (100); 148 (20); 119 (41). 

Mono-adduct Si bad m.p. 210 211 (CH,CI, hexane). 
(Found: C, 63.91, H, 5.28). IR: 2950, 1780, 1730 (br), 1400, 
1 IQOcm-‘. NMR: 2.53 (s, 5 arom H); 3.33 (m, 2 vinylic H): 
4.07 (m,4dienic H): 4.70 (m,2allylic H): 5,10(dd, 1 H,CHN; 
J = 18 Hz): 6.30 (s, 3 H. CO,CY,): 7.6-9.3 (m, 9 aliph H). 
MS: 227 (99); 128 (6); 119 (20); 69 (100). 

(b) At - 78”. Immediate reaction occurred between fli 
(30mg in 2 ml) and PTD (I 1 mg in 2ml). Evaporation of 
solvent gave his-adduct 12i (34mg; 84’!;), m.p. 271-272’ 
(CH,Cl,-hexane). (Found: C, 62.22; H, 5.07; M.W. 
677.2218. CJ,HJ,N,O, requires: C. 62.03; H, 4.61 ‘,I;; M.W. 
677.2233). IR: 2900,1800,1750,1400,1100cm-‘. NMR: 2.57 
(s, 10 arom H); 3.47 (m, 4 vinylrc H 1: 4.44 (m, 2 allylic H); 4.70 
(m, 2 aliylic H); 6.30 (s. 3 H. CO,C&): 7.8 -9.2 (m, 9 aliph H). 
.MS: M’, 677 (9); 227 (74): 216 (51); 174 (24): 160 (76): 148 
(12); 119 (10); 81 (100). 

Bis-adduct 9i was prepared in immediate reaction between 
8i (32mg in 2ml) and PTD (l2mg in 2ml). Removal of 
solvent and trituration with CHCI, gave 9i (35mg; 81 T;), 
mp. z=- 320”. (Found: M.W. 677.2222). IR (KBr): 2960.1720 
(br), 1500, 141Ocn~‘. NMR (DMSO-d,): 2.51 (s, 10 arom 
H): 3.70 (m, 4 vinylic H): 4.50 (m, 4 allylic H). MS: M l , 677 
(5); 227 (100); 128 (6); 119 (3). 

PhotochemIcal cyclization of 9i gave lOi in 83”0 yield, 
m.p. > 345” (CH,Cl,-hexane). (Found: M.W. 677.2223). IR 
(KBr):29OO.1780,1750,1420cm~‘.NMR:2.5(s,lOaromHl; 
4.9 (m, 4 brrdgehead H): 6.4 {s, 3H. CO,Cy,); 6.6 (m, 4 
cyclobutane H). .MS: M +. 677 (68); 227 (89); 119 (39). 

n-Hexyl I 1’,13’-dioxo-lt’azo [4.4.3]~r~~pe~~u-3’.8*-diene-l2’- 
(ZS)-4-methylpentanoate 7j 

Azcotropic distillation overnight with a Dean-Stark 
condenser of a soln in benzene (2OOml) of the frae acid fh 
(2.68 g), n-hexanol (I .4 g) and cone H,SO, (1 ml) gave after 
cooling, washing with aq Na,CO, (10 %; 2 x 50 ml) and satd 
salt solution and removal of benzene, the ester 7j, b.p. 
150-155”~O.Ol mm (2.04g; 61 ‘?A). (Found: C, 71.66; H, 8.51; 
N, 3.50: M.W. 401.2583. C,*H,,NO, requires: C, 71.79; H, 
8.79: N, 3.49% M.W. 401.2565). IR. 2900, 1790.1760, 1720, 
1460. 1400. 126Ocm ‘. NMR: 3.8-4.2 (m. 4 vinylic H); 5.33 
tdd, 1 H,CtfN:J = 16Hz):5.#(t,2H,CO,C~,:J = 7Hz): 
7.0~.9.2 (m, 2Oaliph H). MS: M *.4Ol (35): 347 (IO); 299 (10); 
272 (27): 271 (61): 217 (301: 204 (12); 119 flO0). 

n-Hexvl 11’.13’-dioxo-l2’-ara[4.4.3]propella-2’,4’.7’,9’- 
tctraene-l2’-(2Sl4methylpentunoate 6j 

The tetraene was prepared using benzene, in 17 ‘&yield. b.p. 
1 lS’!O.Ol mm. (Found: N, 3.28. CI,H3,N0, requires N, 
3.52”,,). IR: 2900, 1790, 1750, 1720. 1660, 1380, 125Ocm- ‘. 
NMR: 3.6-4.4 (A,B,. 8 vmylic H): 5.17 (dd, 1 H, CHN, 
J = 18 Hz): 5.90 (t,2 H. CO,CH,, J = 6 Hz): 7.4-9.2 (m. 20 
aliph H). MS: 341 13): 289 (4): 160 (1 I): 129 (401: 128 (100). 

Reaction uf6j with PTD 

(a) At room temp. Immediate reaction occurred between 6j 
( I26 mg in 5 ml) and PTD (45 mg; 0.81 eq in 5 ml). Removal of 
solvent afforded a mixture of mono-adduct I lj (56 mg; 31 *‘A), 
mono-adduct Sj (73mg: 40”“): his-adduct I2j (18mg. 7”“) 
and his-adduct 9j (3 mg: 1 ‘I,). 

Mono-adduct 1 ij had m.p. IOO- 101 (CH,CI,-hexane). 
(Found: N, 10.08. CJIHJ6N406 requires: N, 9.78”,). IR 
IKBr): 2900, 1730 (br). 1600. iSO0. 1400, f2SOcm- ‘. NMR: 
2.57 (s, 5 arom H); 3.43 (m, 2 vinylic H); 3.5-4.2 (A,B,, 4 
dienic H); 4.77 (m. 2 allylic H); 5.33 (dd, 1 H, CBN: 
J = 18Hz): 5.90 (t, ZH, CO,CBI,,J = 6Hz); 7.6-9.4 (m, 20 
aliph H). MS: 282 (52); 227 (54): 216 (100); 160 (100); I19 
(87). 

Mono-adduct 8j had m.p. 143-144 (CH,CI,-hexane). 
(Found: C, 67.19: H. 6.34: N, 9.86. C,,H,bN,O, requires: C, 
67.11. H. 6.34; N, 9.78”“). IR (KBr). 2900. 1790, 1740, 1600, 
14OOcm-‘. NMR: 2.57 (s, 5 arom H); 3.33 (m. 2 vinylic H); 
3.8-4.2 (m. 4 dienic H); 4.70 (m, 2 allylic H): 5.13 (dd, 1 H. 
CUN, J = 15 Hz): 5.90 (t, 2H, CO&l&. J = 6H.z): 7.6. 9.2 
(m. 20 aiiph H) MS: 281 (8); 227 (100): 161 (11): 119 (27). 

(b) At - 78’.. 6j (165 mg in 5 ml) reacted immediately with 
PTD (51 mg; 0.7 eq in Smf). Removal of solvent gave 6j 
(5Omg). lij (54mg; 32”,):gj (107mg; 64*‘D): l2j (4mg; 3”,) 
and 9j (4mg: 3 “-,). 

Bis-adduct t Zj is best prepared from Ilj (36 mg in 2 ml) 
with PTD (9 mg in 2 ml). Immediate reaction occurs. Solvent 
was removed and the product was crystallized from hexane 
(33mg; 70’/,), m-p. 152-153,’ (CH,Cl,-hexane), IR (KBr): 
2900, 1790, 1740 (br), 1600, 1500. 1400, 1250cm’ I. NMR: 
2.50 (s. IO arom H); 3.2 -3.6 (m, 4 vinylic H); 4.43 (m. 2 allylic 
H); 4.67 (m. 2 allylic H), 5.27 (dd, 1 H, CHN): 5.87 (t, 2H, 
CO&H,, J = 6 Hz): 7.4-9.4 (m, 20 aliph HI. MS: 289 (24): 
227 (35); 224 (22); 216 (65); 183 (20); 175 (20); 167 (87); 149 
(100); 146 (75); 119 (521. 

Bis-adduct 9j prepared during 20 min reaction of8j (73 mg 
in S ml) with PTD (22 mg in 2 ml). Removal ofsolvent gave 9j 
(87mg: 91 “b). m.p. 275” (dec, CH,Cl, -hexane). (Found: N, 
12.40. C,,H,,N,O, requires: N, 13.12”,). NMR: 2.57 (s. 10 
arom H); 3.63 (m. 4 vinylic H); 4.52 (m, 4 allylic H); 5.07 (dd, 
1 H, CHN); 5.90 (1, 2 H, CO,CH,): 7.5- 9.2 (m. 20 aliph H). 
Calculated NMR spectrum for vmyhc H at 3.63 (A) and 
allylic H at 4.52 (B): J, t) = J,, = 5.3 Hz; J,,. = 10Hz: J, ,{ 
= Ali’ J = 2.1 Hz; J,,. = 0. MS: 279(20); 227 (100): 216 (12): 
181 (27); 167 (21): 149 (40); l19(54). 

Photochemical cyclization of9j gave 1Oj in 87’fb yield. m.p. 
272” (CH,C12--hcxane). (Found: N, 12.50; M.W. 747.3102. 
C,,H,,N,O, requires: N, 13.12:$,: M.W. 747.3016). IR 
(KBr): 291K1.1?80,1740,1500,1400cm~‘. NMR: 2.55 (s, 10 
arom H); 4.95 (m, 4 bridgehead H 1; 5.10 (dd. 1 H, CHN): 5.98 
(t. 2 H. CO,CIy,, J = 6Hz); 6.62 (m, 4 cyclobutane HI. MS: 
M *, 747 (100): 227 (56): 181 (34): I19 c24). 

exo-Bornv/ 11 ‘.13’dioxo-I 2’-azo[4.4.3 ]propolia-3’,8’-dirnr- 

12’-~2Sbnethyipentunoate 7k 
TO an ice-cooled soln of 7h (3.17 g) in pyridine ( 100 ml) was 

added p-tosyl chloride (3.8g) and after a few mmutes exo- 
borneol ( 1.54 g, [II Jr, = - 24‘) and the whole was stirred for 3 
days at room temp. The whole was poured into ice-water 
(SOOmll and extracted with C,H,. The extract was washed 
with NaCl aq-HCl aq to remove pyridine, dried and solvent 
removed, 7kisolated after column chromatography on silica 
(8Og) using hexane-EtOAc (IO: 1) as eluant (4.38g: 96”1,: 
[z), = -2.41”). b.p. 160’!0.1 Fm. (Found: N, 3.36. 
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C2(IHJPNOI requires: N, 3.09’;;). IR: 2900,1790,1750,1710, 
14OOcm- ‘. NMR: 4.0-4.3 (m, 4 viny& H); 5.0-5.5 (m, 1 H, 
CQN + 1 H, CO&H): 7.0-9.5 (m, 25 aliph H). MS: 317 (37): 
300 (16); 272 (59); 204 (13): 151 (29): 137 (77); 136 124); 121 
(21): 81 (loo). 

exo-lornyl 11 ‘,I 3’-dioxo-l2~-a~u[4.4.3]prope~l~-2~,4’.7’.9’- 
fetruene-l2’-(2S)-4-mefhplpentun~Afe. 6k 

Prepared using benzene in 62 ‘;, yield b.p. laO_/O. 1 mm. IR: 
2900,179O,l74O, 1720,14OOcm-‘. NMR: 3.6-4.5 (A,B,, 8 
vinylic H): 5.0-5.5 (m. 1 H, CHN f l H, CO&b), ‘7.5-9.5 
(m 25 aliph H). MS: 268 (10): 220 (9): 205 (49): 137 (31): 128 
(100). 

bottle at room temp for 3 days until 7b had completely 
dissolved. Solid Na,CO, was added and the solvent removed. 
the residue taken up in C&H, and littered through a column of 
neutral alumina, C,H, as eluant. Removal of benzene and 
distillation gave 71 (2.Og; SOu/,). b.p. 135/0,01 mm. m.p. 
97-98” (CH,Cl,-hexane). (Found: N, 3.71. CzZHJ,NO1 
requires N. 3.75’!~). IR (KBr): 2900, 1780, 1740, 1720, 
14ocm-‘. NMR: 4.0-4.3 (m, 4 vinylic H): 5.2 (dd. 1 H, 
C&N. J = 16Hz); 7.1-8.2 (m, 8 allylic H); 8.6 (s, 9H. 
-C(CH,),): 8.1-9.3 (m, 9 aliph H) MS: 317 f36); 272 (56): 
271 (38): 230 (33): 217 (30): 204 (34): 131 (27); 56 (100). 

Reucfion of: Sk wirh PTD 

(a) At room temp. Tetraene 6k (343mg in 1Oml) reacted 
immediately with PTD (95 mg; 0.72 eq in 5 ml). Removal of 
solvent gave recovered 6k (65 mg), mono-addu~t ilk 
(157 mg: 41 Y,,) and mono-addu~t 8k (185 mg; 48 ‘:$. 

Mono-adduct Ilk had m.p. 142-143” (CH~Cl*-hexane~. 
(Found: N, 8.85. C,,H,,N,O, requires: N. 8.97:~). IR 
(KBr~~2~~179~,1?3O(br},l~cm~‘~NMR:2.6~~5arom 
H); 3.4 (m. 4 vinylic H); 3.5-4.3 (A$,, 4 dienic H); 4.8 fm, 2 
allylic H); 5.0-5.5 (m. 1 H, CHN + l H, CO,CH ): 7.7-9.5 (m. 
25 aliph H). MS: 227 (43); 216 (26); 174 (19): 160 (89): 137 
(98); 121 (35); 119 (96): 82 (100). 

-dioxo- 12’~ura [4.4.3 ]propelfa-2’.4’.7’.9-terruPne- l2’-t-%trtyl 
I 1’13’-dio~o-l2’-oza~4.4.3~ptope~~a-2’4’.7’9-fefruene-~2’- 
(2S~4-mefh~1-(2S)_4-~ef~~~pe~f~noutr, 61 

The tetraene was prepared using benzene in 70:‘, yield, 
[x30 = c 0.18”. mp. 89-90” (pentane). IR (KBr): 2900,1?90, 
1750,1720,1~cm~‘.NMR:3.8-4.6(A~B~,8dienicH~~5.3 
(dd, 1 H,CHN, J = 16Hz); 8.6 t&9 H, C(CH,),): 7.7-9.2 (m, 
9 aliph H). MS: 296 (13): 268 (39): 205 (25): 128 (100). 

Rearfinn of 61 with PTD 

Mono-adduct 8k had m.p. l89-190- (Chicly.-hexane). 
(Found: N,9.10). IR (KBr): 2900,1?80,1730(br), 14OOcm. ‘. 
NMR: 2.6 (s, 5 arom H): 3.4 {m, 2 vinylic H); 4.1 (m. 4 dienrc 
H); 4.8 (m, 2 aflylic H): 5.0-5.5 (tn. 1 H, CHN + 1 H, 
CO,CH); 7.7-9.5 (m. 25 aliph H). MS: 227 (7): 131 (20); 119 
(29); 69 (100). 

(a)Arroomfemp,61(180mgin 1OmI)wastreatedwithexczss 
FTD until red color persisted. Removal of solvent gave his- 
adduct 121 (16Omg: 53’!&) and bis-adduct 9t (126mg;42”,). 

Bis-adduct 121 had m.p. 185” (dec. CHIC&- hexanef 
(Found: N. 13.47. C,,H,,N,O, requires: N. 13.62’“,). lR 

Bis-adduct l2k was prepared during a 2 min reaction 
between ilk (48mg in 5ml) and PTD (14mg in 3ml). The 
product (6Omg; 98:‘~) had m.p. 292,’ (dec, CH,CI,-hexane). 
(Found: N, 11.54. C,, H,,N,O, requires: N. 12.26’$). IR 
(KBr): 29oO,l780.1730 (br), 15m. l4OOcm-*. NMR: 2.5 (s, 
10 arom H); 3.3-3.6 (m, 4 vinylic H); 4.3-4.7 (m, 4 allylic H): 
X1-5.5 (m, 1 H, CHN + 1 H, CO,Cfj): 7.5-9.5 (m, 25 aliph 
H~MS~331(~)~227~1~};~83(6);1~(6):133(5)~l21(1l). 
119 (20). 

Bis-adduct 9k was prepared during 5 min reaction from 8k 
(70mg in Sml) and PTD (20mg in Sml), giving product 
(85mg: 95 ‘&), m.p. 287” fdec, Chicle-hexane~. (Found: C, 
65.95; H, 5.69: N, 12.05: M.W. 799.3308. C,,H,,N,O, 
requires: C, 66.07: H, 5.67; N, 12.26:&z M.W. 799. 3337). IR 
(KBr): 2900,1780,1730(br), 15OO,l4OOcm-‘, NMR: 2.61 (s. 
10arom H); 3.72 (m,4vinylic H);4.57 (m, 4 atlylic H): 5.0-5.5 
(m. 1 H, CHN + 1 H. CO,CH); 7.5-9.5 (m, 25 aliph H). MS: 
M +, 799 (4); 227 (90): 169 (37): I42 (16); 136 (IO): 121 (15); 
119 (SO). 

%is-adduct 121 had m.p. 185’ (dee, CH,Cl,-hexane). 
(Found: N, 13.47. CS8H36N708 requires: N, 13.62”/& fR 
(KBr): 2950, 1790, 1730, 1500,14%0cm-‘. NMR: 2.6 (s, 10 
arom H); 3.2-3.5 (m, 4 vinylic H); 4.3-4.8 (m. 4 allylic H); 
5.2-5.5 (m, 1 H, CHN); 789.2 (m, 9 aliph H); 8.5 (s, 9 H, 
C(CH,),). MS: 193 (12); 227 (6); 133 (4); II9 (6). 

Bis-adduct9I hadm.p,315’(dec,CH,CI,-hexane).(Found: 
N,13.50).1R(KBr):2900,1790,17#,1MO,1400nn-’.NMR: 
2.64 (s, 10 arom H); 3.70 (m, 4 vinylic H ); 4.64 (m, 4 ailylic H); 
5.83 (dd, I H, CHN, J = IS Hz); 7.8-9.2 (m, 9 aliph H) 8.6 (a 
9H,C(C~~)~).MS:227(100f;2l7(17);216(681;200(11~;187 
(15); 177 (26); 174 (74); 160 (100); 148 (29); 119 (1001. 

(b)At -78~:~~li7mginlSml)reactedwithPTD(llOmg 
in 5 ml) during 5 min. Removal of solvent gave 121 (66 mg; 
3453/,) and 9!(llOmg; 56%). 

Phot~hemi~l cyclization of 91 gave 101 in SS(l/, yield, 
m.p. > 320” (CHAIN-hexane). (Found: N, 13.54:;). IR 
(KBr):285O,l7~,175O(br)~-‘.NMR:2.5(~lOaromH)~ 
5.0 (m, 4 bridgehead H + 1 H, CHN); 6.7 (m, 4 cyclobutane 
H);7.8-9.2(m,9aliphH~;8.6(s,9H,C(CEI,),).MS:22?(1#): 
233 (5); 160 (6); 135 (5); 129 (7); 119 (37). 

(b) At - 78’. Sk (118 mg in 5 ml) with PTD (~rng in 5 ml) 
gave during 1 hr 12k (43 mg: 20:;) and 9k (~rn8~ 38’:;). 

Photochemical cyclization of 9k gave lOk in 83:‘, yield. 
m.p. 300” (dec, CH,Cl,-hexane). (Found: N, 11.93). (IR 
(KBr): 2900, 1780. 1730 Ibr), 14#cm”. NMR: 2.5 (s, 10 
arom Hf: 4.9 (m, 4 bridgehead H 1: 6.6 (m, 4 cyclobutane H 1: 
7.5-9.5 (m, 25 aliph H 1. 
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