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PROPELLANES-XLVIII 

INTRAMOLECULAR 12 + 21 PHOTOCYCLOADDITIONS OF VARIOUS 
[4.4.3]PROPELLA-3JbDrENESt 

P. fiSfRRNAZl and D. ~lNSRURG+ 
Department of Chemistry, Israel Institute of Technology, Haifa. Israel 

(Rtxeivcd in the UK 14 November 1978) 

kstrac-Irradiation of a series of [4.4.3]propella-3&dienes which difter in the structure of the S-membered 
hetero-ring gives in most cases compe% intramolecular [2 t 21 pbotocycloaddition yieldint~ cage products along 
with the intermolecular addition pmducts whose con&uations were not deterrniod. 

Nine years ago it was reported that the diettic anhydridc 
I gave upon irradiation the cage compound 2 in 44% 
yield but to our knowledge a fug paper did not appear 
after the preliminary report.’ Since we had available a 
series of similar 3,lJdienes, albeit uasubstituted by four 
Me groups, we studied the effect of irradiation upon its 
members. We had earlier reported the effect of irradii- 
tion upon certain isomeric 2,4-dicnes2 and certain 2,4,79 
tctracnes’ so that a study of the 3Jdienes appeared to 
be in order so that we might adduce additional con- 
formational correlations within the propellane series.4 

ditferences in energy between an e.w and an endo boat 

We have calculated the preferred conformations of 
some 3,l?-dienes using Eu@P@ as a shift reagent in- 
studying their NMR spectra.’ Aithough this work in- 
dicates specilic preferences, e.g. for 3 and 4 as shown in 
their Newman projections, i.e. exo-exo boats and en& 
e&o boats, respectively, for each of the pertinent 
cyclohexene rings, we realixc that there are but small 
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conformation in the dynamic equilibrium between them. 
Thus one would not necessarily expect that 4 should 
undergo more (2 + 21 itimmolecular cycloaddition than 3 
because of such conformational reasons. In the event, 
the result was clear-cut since 4 which, on this basis, 
would be more prone to give a cage product gave nei_ther 
in&r nor inlermolecular product whilst 3 gave both. The 
latter merely points up the trivial energy barrier to be 
overcome between 3a and 3b, the latter being the con- 
formation which affords a cage product 5 in 47% yield as 
compared to 27% intamolecuku dimer (or diiers). 

3a 

The dimers are presumed to contain conhgurational 
isomers of both the syn- and anti-type but these could 
not be separated into the individual components. 

Table 1 summa&es the results of irradiation of a 
series of [4.4.3] propella-3,Mienes. 

IR spectra were measared using a Perkin-Elmer 257 or 237 
specltometer, NMR spectra on a vatian T60 iastrument aad 
mass spectra on a MAT-711 (IOOeV) and aa Atlas CH, (7OeV) 
iMtnlment. Mps are UacorrecW 

Expuimeats were coa&cted in order to determine the optimal 
time of bdiatba. solvent aad concenbation. Table I i&u&s 
tbese optimal coaditions. In these coadi&s of diin all of 
tbe substraW were sulkiently sohW ia beazene. Use of MeOH 
lowers the yield, t-BaQH beiag a much hatter solveat. Acetone 
lateractswiththesubstrare.Uscofcy&hexancwhicbco&ined 
noheaseaeafor&dnoeageprednctN~pmlinedldnot 
la@arcetheyidd.4ptuningagadedleMageaa6mluedlmu 
thandesc&diaTabielandalsoeauaedthefornt&nofsmJI 
amountsofphsaolandbiphenyl.Undersucheendi&soxl&- 
donofthepm@lsnssuMratealseeccunasshownhelow. 

ImSatiaaofdim&muhylimldc3. kadi&nwasciumiwd 
with6sqmntesolnsofsuhstrate(11Ornglhrth@Me-free’ 
henxene(lSOmlllnquartxtuhesuslogWamlaarpsiaaRay- 
onettereactor&uing24hr.ThepmCluetmixturewascllromato- 
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Table I. Irradiation of 150 mg aubstrate/#W) ml benzene/24 br at 2.54 nm/N2 

Composition of product (46) 

SUb!&atC cage product Dimer Total 

14 41 21 88 
20 18 15 53 

as 16 16 34 66 

Ii 28 8 33 69 

0 I 01 59 14 30 103 

0 

0 

0 1 I 

QD 1 I 

m 16 

90 - 

9 1 I 82 - - 82 

36 

- 90 

0 co 1 I92 - -92 
tThc balance to make up 10096 is intractable polymer. 

BRpbed0npnpsntivesilicap~(mxmcm.Kie#bd6o.PF 
254, Merck), clllorofoml as eluant Il!rw (pcK bdh) 8tarthg 
ml&&l (semg; 14%). we pre’8uct (3lOms: 47%) and dmer 
(175 4L; 27%). 

PorpurpoKsofcQmpuh. dmilarirdiath(24hr)ofsub. 
stratc(307mg)inthkphewfreebenzene(400ml)witbN~purg- 
ing for 1 Ir l&ore irdkth gave awing m8tedBl (Wm& 5%). 
cage pduct (1241~1: 41%) and dimw (105 ml: 35%). 

bubblkgfor24brina@uutz4tbcwitb~~@b8tntein 
45Oml belu8u@ #nvo 51 mg staw matakl(19%), 91 mg eye 
productw%)andlOOmedimer@3%). 

The cage pnxhcl 5 had m.p. 113-1140 (benze0c-h~~). 
(Found: C, 71.87; H, 6.91; N, 6.45: M.W. 217.1104. C,&N& 

requires: C, 71.86; H, 6.99; N, 6.45%; M.W. 217.11U2). IR 
(CM&): 1810. 1770, 1690, lozDcm_‘. NMR (CDCl& r 6.90 (I, 
3H, NCH,); 7.05 &, 4 cyckbutyl H); 8.40 (AR, 8 allylic H). 
MS.: M+, 217 (67); 163 (100); 162 (60); 132 (12). 

The correspoding diaw mixture was an oil, soluble in 
clhroform. (pod N, 6.95; M.W. 434.2236. C&&G, 
require,: N, 6.4596; YW. 434.2205). IR (CHCI,): 1805. 1770, 
1680,910 cm-‘. NMR (0: 7 4.15 (m. 4 vinylic H); 6.90 (m, 4 
cyclobutyl H); 7.05. 7.10 (I, s. 6H, NC&); 7.20-8.30 (m. 16 
allylic H). MS.: M+, 434 (1.8); 217 (32); 215 (21); 162 (100); 131 
(71). 

IaaNawhiehwascuriedwtiapn~of~,thedimcric 
fraction was extracted with CQ. Evapodoll of solvent and 
addition of hcxaae tiorded a hcxad.nwlubk pduct which 
appeadtobctheimpureallylicoxidatknpmductofthestart- 
ipo material, i.e. the 3,8-&n-2-ol, pouibIy a mixture of the hvo 
possiik cpimera. (Found: M.W. 233.1048. C,&NO~ requires: 
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233.1051). IR (CIQ): 3480. 1770. 169Ocm-‘. NMR (CD&): T The cage compound was an oil. soluble in benzene-lkexane. 
4.10 (m, 4 vhyiic H); 6.30 (br. Om; 7.05 (8. 3H, NC&); (Foundz M.W. 2B3.0947. CIJ,,NNO, requiresz 203.0947). IR 
7.70+8.20-8.80 (AB wperimposcd oo m, allylic H). MS.: M+. (CDC!l& 3400, 1770, 172Ocm~‘. NMR (CDCl$ r 7.10 (br, 4 
233 (4); 231 (3); 217 (54); 215 (7); 179 (3); 170 (100); I46 (16); 132 cyclobutyl H); 7.30 (AB. 8 allylic H). M.S.: M+, 203 (100); 131 
(50): 131 (56). (87). 

Imrdiation of rhc dienic pbasylirnide Inadidoo as above of 
521 m8 substrate in 75oml tbiophene-free beaelle. divided into 5 
runs 8ave after sepalah lozm8 star&g material (20%). 93 m# 
cage compound (18%) and 78mg dimer (15%). 

The ca8e product bad m.p. 22&m (benzene). (Found: C, 
77.29: H. 6.21; N. 5.08; M.W. 279.1328. C&,Na readres: C. 

The dii was an oil. @und: hf+/2* 2@3. C&&o, requirea: 
M.W. 406). IR (CHCl& 33@l, 1770. 17lOcm-‘. NMR (CD&): 7 
4.05 (m. 4 vioylic H): 6.80-8.70 (m. 4 cyclobutyl t 16 aUylic H). 

zmadialba of fhe lkic catboMte. rmdidon a!4 above of 
393mgcarbon8teio6oOmlthiophe-freebenzcne,dividedinto 
4 runs 8ave after sepfuatioo 232~ recovered startin materifd 
(59%), 54 m8 cage compound (14%) and 118 m8 dimer (30%). 

The ca8e product had m.p. 198-‘&P (benzene). (Found: C, 
68.65; H. 6.09; M.W. 192.0791. CllH1203 rquires: C, 68.73; H, 
6.29%; M.W. 192.U787.h IR(CHC&): 1860,1790,I160. IllOcm-‘. 
NMR (CD&): r 7.15 (m. 4 cyclobutyl H); 8.20 (AEI, 8 dlylii H). 
MS.: !+I+, 192 (17); 138 (100). 

Tbe diner was an oil. (Foundz C, 68.53; H. 6.11; M+/2, 192. 
CpHwOs requires: C, 68.73; H, 6.29%; M.W. 394). IR (CHC&): 
1800. 1340, 106Ocm~‘. NMR (CDCl& 7 4.00 (m, 4 vinylic H); 
6.70 (m, 4 cyclobutyl H); 7.00-8.40 (m, 16 allylii H). MS.: M+/Z, 
192 (9); 170 (68); 138 (32); 133 (100). 

ZndiaGon of Ihe diatic mdhyla&ioxy compovnd Irradiation 
as above of 1401118 sub&ate in #w)ml thiipbene-free benzeoe 
ahded after separation 47 III~ starting material (34%) and 23 m8 
(17%) cage compound. 

The cage product was an oil. (Found: M.W. 178.0900. C,,H& 
requires: 178.0993). IR (CHCQ: 1310.970 cm-‘. NMR (CDCI1): 7 
4.95 (8.4 H, C&G); 7.30 (m, 4 cyciobutyl H): 8.45 (AB, 8 allylii 
H). MS.: M’, 178 (19); 123 (100). 

The dienic ether, the dienic hctone and the dienic epoxide 
from isotetralb were in the main recovered uochan8ed upon 
irradiion as shown in Table 1, also in acetooe es solvmt. 

._ . 
77.39; H; 6.13; I$ 5.01%; M.W. 279.1259). IR (CHCi,): 1790, 
1720. 1360. 1120 cm-‘. NMR ICDCIJ: T 2.50 Is. 5 arom H): 7.05 
(br, 4 cyckbutyl H); 8.25 (h, 8 allytic H). h;lk.: M+, ti(55): 
225 (100); 224 (89). 

The diier was an oil. (Found: M.W. 558.2521. C&H&Q 
requires: 558.2518). IR (CHCU: 1780, 1710. 139Ocm-‘. NMR 
(CD&): 7 2.60 (m. IO arom H); 4.00 (m. 4 viaylic H); 6.80 (m, 4 
cyclobutyl H); 7.05-8.50 (m. 16 allylic H). M.S.: M’, 558 (33); 279 
(23); 226 (57); 225 (82); 224 (100). 

The product yield could be raised by irradiatioo of 101 mg of 
the dienic pheoylhide in benzene (lOOml)+ t-BuOH (50 ml). 
lsolatioo gave aprox qual fractions of cage product and dimer 
(co 30% each). 

Zrmdiarlon of the dbnlc 2,Wmuhylphenylbnlde. Imdiatioo as 
above of 509nU substrate in 75Bml tbioD&oe-fne benzene, 
diVidUi iOt0 5 Nil3 8WC after SCpNdiOO 8illl8 Stuting IlUtClid 
(16%), 80 mg ca8e product (1696) and 17om8 dimer (34%). 

The cage product had ma. 216-217” (benzene). (Found: C, 
77.69; H,-6.7j; N, 4.54; M.ti. 307.1544. &Hl,Nh requires: C. 
78.14: H. 6.89: N. 4.56%: M.W. 307.15711 IR (CHCIJ: 1770. 
172O,~l7OiI, 13k,li70cm-‘. NMR (CDCI,): ; 2.75 cm, 3 &m H)f 
7.00 (4 cyclobutyl H); 7.80 (s. 6 H. C&); 8.20 (AB, 8 Allylie H). 
MS.: M+, 307 (100); 253 (80); 131 (18). 

The diier was an oil. (Found: MT! 307. C&aN20, requires: 
M.W. 614). IR (CHCI,): 1740. 1700, 1360, 115Ocm-‘. NMR 
(CDCI,): r 2.90 (m. 3 arom H); 4.20 (m. 4 vinylic H); 7.00 (m. 4 
cyclobutyl H); 7.30-8.70 (m, 16 ailylii H). M.S.: M+/2.307 (100); 

252 (15); 131 (32). 
Zrn&&w of the dienic UnsubsGtnted irnide. 1rdi~tio11 BS 

above of 393 mg imide in 6ooml thiopbene-free ben?.ene. divided 
into 4 runs gave after separatioo 1104 recovered hide (28%) 
30 ng ca8c product (8%) and 130 mg dimer (33%). 

‘W. B. Avih nod R. A. Siiva, Chcm. Comm. 94 (1970). 
*J. M. Ben-Bass& and D. G&burg. Tetmh&on 30,483 (1974). 
‘J. Altman. E. B&ad, D. Ginsburg and M. B. Rubin. Zsnael I. 
Chcm. 7 435 (1%9); W. voo Philip&m. J. Altman. E.-B&ad. J. 
J. BloomkId, D. Ginsburg and M. B. R&m, Hdu. Chim. Acra 

53,725 (1970). 

‘Cf. C. Amith, M. Hackmeyer aod D. Ginsburg, l’etmhednm 32, 
I015 (1976). 


