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Sunzmary. The direct irradiation of the monomethoxybarrelene 8 gives cyclooctatetraene 
product 18 (@ = 0.07) via the anti-Epiotis aromatic-vinyldiester [2n+ 2nj bridging route, and 
two semibullvalenes 16 (@ = 0.075) and 17 (@ = 0.075) from di-n-methane rearrangements 
initiating from vinyl-vinyldiester bridging. Benzophenone sensitization yields 16 (@ = 0.11) and 
17 (@ = 0.11). The dimethoxybarrelene 9 gives only semibullvalene 10, this resulting from 
di-n-methane rearrangcmcnt involving the vinyl and vinyldiester bridges, upon direct (@ = 0.009) 
or benzophenone sensitized irradiations (@ = 0.38). 10 undergoes a vinylcyclopropane rearrange- 
ment to give semibullvalene 11 upon direct or acetone sensitized irradiations (@ = 0.008). 

On the basis of deuterium labelling studies Zimmerman [l] rationalized the photo- 
conversion of benzobarrelene to benzocyclooctatetraene (benzo-COT, 2) by process i 
(Scheme 7 )  which proceeds by benzo-vinyl bridging [l]. However, alternative [2n + 2n] 
cycloaddition modes must predominate when one of the olefinic bridges is polarly 
substituted. Thus the cyano derivative 3 gives benzo-COT products 4 (65%) and 5 
(35%) via vinyl-vinylcyano bridging (route ii) in the former case and by benzo- 
vinylcyano bridging (route iii) in the latter [Z]. For the dicarbomethoxy derivative 6 
the sole benzo-COT product is 7, obtained uniquely via the vinyl-vinyldiester route 
(route iv) [3]. 

In  order to examine further this polar dependency of the initial bonding process 
we have undertaken a study of substituent effects in the aromatic ring of 6. In this 
paper we report our results with the two methoxylated derivatives 8 and 9. These 
compounds were selected because the aromatic substituents are of opposing polar 
nature to those on the vinyl bridge and might therefore provide an opportunity to 
test the predictive ability of the Epiotis pericyclic theory [4] in a constrained, multi- 
choked [2n + 2321 photocyclo-adding system containing genuine A X  (or ‘push-pull’) 
character. Furthermore, the positioning of the aromatic substituents is such that 
steric interactions near the cyclo-adding centres are minimized. 

Results. - The barrelenes 8 and 9 were synthesized by Diels-Alder addition of 
dimethyl acetylene dicarboxylate to 2-methoxynaphthalene and 2,3-dimethoxy- 
naphthalene respectively (Scheme 2). The structures assigned to 8 and 9 rest on the 
mode of preparation and on the similarity of the bridgehead hydrogen NMR. pattern 
with that of 6 [3]. 
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Photochemically the barrelenes 8 and 9 exhibit distinctly different reactivities. 
Most wrprisingly 9 does no1 yield COT product : it gives solely the semibullvalene 10 
upon direct or benzophenone-sensitiaed irradiation (Scheme 3) .  

The structure of dimethyl lO,ll-dimethoxy-3 ,.l-benzotricyclo L3 .3.0.02.8jocta-3,6- 
diene-l,8-dicarboxylate (10) was deduced from comparison of its NNR. spectrum 
witli that of benzosemibullvalene (12) ill (see Table I). As expected, the two carbo- 
methoxy groups of 10 strongly deshield H-C(2): the downfield shift of 1.36 ppm 
relative to H-C(2) of 12 is comparable to 1.59 ppm found for H-C(2) in 13 [6] relative 
to H-C(2) in 14 171. 

Spin decoupling experiments confirmed the A B X  spin relationslilp between pro- 
tons a t  C(5), C(6) and C(7) (see Experimental Part) .  Furthermore, 10 was converted 
into the semibullvalene 11 upon direct or acetone-sensitized irradiations. 
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Table 1. The N M R .  data of olefinic-aliphatic protons of sewaibullualenes&) b) 

Description and signal positions, t 

Assignment 10 

H-C(2) 5.79 s 
H-C(1) none 

H-C(5) 5.75 d x d 
H-C(6) 4.38 d x d 
H-C(7) 4.80 d 
H-C(8) none 

11 16 17 12 C) 

none none none 6.86dxd 
6.25 d d )  5 7 9  s 5.76 s 7.14 t 
5.57 s 5.75 d 5.68 d 6.19dxd 
none 4.39 d x d 4.36 d x d 4.53 d x d 
4.08 d 4.83 d 4.76 d 4.92 d x d 
6.75 d x d none none 7.40 d x t 

a) 

b) 

c )  Run on 100-MHz-NMR. 
d) 

Run on 60 MHz NMR. in CCld solvent with TMS as internal standard. 
Corresponding coupling constants, where applicable, were within 0.5 Hz;  typically, J1,z  = 
J1.5 = J Z , S  = 6.5, J5,6 = J7,8 = 2.0, and J6,7 = 5.0 Hz. 

Right-hand limb hidden under H&O-C(arom) but observed in C6Do solvent: see Experimental 
Part. 

12 

,t 7.10(d) 

c 5.6S(d) 
13 
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The structure of 11 is also derived from NMR. spectral comparison with benzo- 
semibullvalene (12) (see Table 1 ) :  the downfield shifts of 0.89 ppm for H-C(2) and 
0.65 ppm for H-C(8) relative to H-C(2) and H-C(8) of 11 due to the cyclopropyl- 
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carbomethoxy group appe,zr to be reasonable (c j .  0.87 ppm for H-C(2) in 15 [7] 
relative to H-C(2) in 13). ,4dditionally, the deshielding effect of the carbomethoxy 
group at  C(6) on the adjacent C(7) vinyl proton amounts to 0.84 ppm and this is 
comparable to the substituent constant of 1.02 ppm found for the C E S  proton of methyl 
acrylate is]. Finally, spin decoupling experiments confirmed the A BX spin relatim- 
ship between protons a t  C(.2), C(8) and C(7). 

The direct irradiation of monomethoxybarrelene 8 is more complex than the case 
of the dimethoxy analogue (9) in that  it leads to the formation of three primary 
photoproducts: the two semibullvalenes 16 (34%) and 17 (34%), and the benzo- 
COT 18 (32%) (Scheme 5). 
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The structures assigned to 16 and 17 were deduced from the similarity of the 
NMR. spectra to those of benzosemibullvalenes 10 and 12 (see Table I ) .  Distinction 
between the isomers, which differ only in the position of the metlioxy group in the 
benzene ring, was tentatively established from examination of the relative shifts of 
the C(9) and C(12) protons. In both isomers the aromatic protons appear as ABC 
spin systems, and by virtue of the closer proximity of the deshielding dicarbomethoxy 
groups, HA [z 2.80, H-C(9)] in 17 is further downfield shifted than HA [z 3.15, 
H-C(12)] in 16, as is H c  [z 3.20, H-C(9)] in 16 relative to H(; [t 3.46, H-C(l2)l in 17. 

Unlike 10 the semibullvnlenes 16 and 17 do not appear to undergo further iso- 
merizations upon irradiation, but they do slowly disappear to give polymeric material. 

The structural assignment of the third photoproduct 18 was deduced from both 
NMR. spectral evidence and hydrogenation data. The NMII. spectruin shows three 
singlets for the methoxyl and carbomethoxyl protons but otherwise contains only 
absorptions in the olefinic-aromatic region. The aromatic protons occur as an A BC 
spin system and were readily identified by spin decoupling expcriments (see Experi- 
mental Part). For the olefinic protons, which appear as two narrow envelopes of 
peaks, the NMR. data is summarized in Table 2; for the purposes of comparison the 
data for the benzo-COT’S 2 and 7 are also shown. From the Table it can be seen that 
the C(6) and C(9) protons of 18 are downfield shifted by 1.27 ppm relative to those 
of 2. This displacement is in reasonable agreement with 1.02 ppm found for the cis 
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Table 2. The N M R .  data  of aromatic and  v i n y l  protons of benzo-cyclooctatetvaenesa) 

1473 

Description and signal positions, t 

Assignmcnt 12 6 18 

I-I-C(l) 

1I--c(2) 
IT--C(3) 

I1-C(4) 

3.02 m 3.54 d 

2.85 w a  none 
2.85 In 

3.02 nz 3.01 d 

J i .3  = 2.5 

3.22 d x d 
J3.4 = 8.5 and J1,3 = 2.5 

J J3.4 = 8.5 

1 

I 
2.72-3.27 wi I 

H-C(5) and 1%-C(10) 3.53 d 3.34 d nonc 

€-1-C(6) and €I--C(9) 4.08 d 3.87 d 2.77-2.86 nz 
J5,6 = JS,lO = 10.5 J5-6 = J9,lO 11.5 

J5,6 JSJO = 10.5 J5,6 = J s , ~  = 11.5 
13-C(7) and H-C(8) 4.19 s none 3.90-3.95 m 

a) CC14 solutions run on 100 MIlz NMR. nitli T M S  as internal standard; coupling constants 
arc givcn In Hz. 

proton of methyl acrylate [S]. However, it is evident that  a structure such as 19 
might also fit these NMR. data. 

Scheme 6 4 OOMe *yyJ -qoMe 
OOMe 
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The critical information ruling out this latter alternative was obtained from 
examination of the NMR. spectrum of the dihydro product 20 resulting from partial 
hydrogenation of 18 with Wzlkznson's catalyst. The NMR. spectrum of 20 reveals 
strong coupling (6.5 Hz) between the methylene protons and the olefinic protons at  
C(6) and  C(9). These couplings were confirmed by spin decoupling experiments: 
irradiation at the centre of the methylene multiplet collapsed the H-C(6) and H-C(9) 
triplets to singlets (see Experimental Part). Clearly, product 21 anticipated from the 
partial reduction of 19 does not accord with this observation since here only allylic 
coupling between the olefinic and metliylene protons is available and this is well 
known not to  exceed 3 Hz "31. Thus 18 alone remains consistent with all the informa- 
tion a t  hand for the structure of the third photoproduct of 8. 

In  contrast to the direct irradiation of 8 sensitization with benzophenone leads 
only to the semibullvalenes 16 and 17. The quantum yield for this and all other 
transformations observed in this study are shown in Table 3. 

Discussion. - Firstly we can conclude that the benzo-COT 18 formed in the 
direct irradiation of 8 derives from the singlet excited state since only the semibull- 

95 



Table 3. Quantzwz y ie ld  data “) 

Compound Light 11 am-  Sensitizer Product (~nnntun1 1 lcltls 
length (nm) 

8 
8 
9 
9 

10 
10 

313 
366 
313 
366 
31 3 
31 3 

None 
13cnzophenonc h) 16 ant1 17 0 11 and 0 11 
Nonc 6 0 000 
1:etizophenonel’) 6 ( J  38 
Nonc 11 (I (NJS 

16, 17, and 18 0 075, 0.075, and 0 07 

icetone (neat) p) 11 (1 (10s 

a )  Benzene solvcnt. 
b)  

r) 

Sensitizer absorbing >050/h of light. 
Srnsitizcr absorbing :>90”:, of light. 

valenes 16 and 17 are produced during sensitized runs. Xlso, the intersystem crosiing 
from singlet excited 8 to its triplet must be relatively eificimt since these same semi- 
bullvalene? result from direct irradiation with only en. 300/, lo\\ ering of quantum 
efficiency. 

The situation regarding singlet excited 9 is quitc different. I t  gives no benzo-COT 
product and intersystem crosses less tlian 4:/0 a i  efficiently as 8 (note Table 3 ) .  Since 
no fluorescence was observed for 9 radiationless decay appears to be the principal 
deactivation proceis. Presently we are unable to reasonablv account for this obser- 
vation. 

With respect to the singlet cycloaddition of barrelene SJ it  is cridcmt that despite 
the a priori availability of three different 12n + 2321 initial bridging options, only the 
aromatic-vinyldiester route is utilized in benzo-COT formation (Sclzepne 7). Thus, the 
presence of one methoxy group in the aromatic riucleui ot 6 dramatically changes 
the bonding preference. 

R 

0 

Interestingly this new route involves the 12n T 2 3 ,  ycloaddition of greatest 
charge transfer character and is therefore precisely the one not anticipated on the 
basis of the EPiotzs formulations 141. The general theorv of pericycllc processes out- 
lined by Epzotz? predicts an c +- a] mode of closure for polar-roncwtcd 2n ;- 2x1 
i’liotocycloadditio~is. Consequently, for the constrained harrelrne syiteni, \vliere 
2n, + 2n,l procesies are precluded by geometry, one is led to predict preferred 

bridging between the least polar 125~ 4 2x1 uniti, i. e., between the aromatic and vinyl 
groups, and/or between the vinyl and vinyldiester uniti. ’IVe theretorc conclude that 
if the cyclization step is product t ontrolling, tlien either thc Efizutzs approach is 
invalid for this constrained iyitcm or non-ronc crted pro( iiir-olved in the 
benzo-COT form a t ‘  1011. 

ey 
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We have noted previously that preferred bridging in benzobarrelenes seems to 
occur between the 12n + Zn] partners of greatest charge transfer character r3], and 
in the present cases we rationalize the differing abilities of 8 and 9 to yield benzo- 
COT product in terms of electron donation from alternative HOMO’S of the benzene- 
like nuclei. 

As concerns the semibullvalene formations from triplet excited 8 and 9, these can 
readily be rationalized in terms of di-n-methane rearrangements proceeding exclu- 
sively via vinyl-vinyldieiter bridging routes (Scheme 8 ;  note that the two routes 
available to 8 arc equally utilized). 

Scheme 8 - 
COOMe 

COOMe 

R2 ‘ l e e  \ 

Finally, the conversion of tlic semibullvalene 10 to 11 is deserving of comment. 
Since the quantum yields for both the direct and sensitized irradiations of 10 are the 
same (within experimental error), it is feasible that 11 derives from the same triplet 
excited state, providing we assume an efficient intersystem crossing. The absence of 
fluorescence from 10 is consistent with this view. 

The formation of 11 can be envisaged as proceeding concertedly ([2ns + 20,] 
sigmatropic 1,3-sliift) or via a stepwise process involving an initial cleavage of the 
C(1)-C(8) cyclopropyl bond to yield the stabilized biradical species 26, which then 
closes a t  C(G) to yield the more conjugated and less sterically crowded isomer 11 
(Schevne 9). 

Occasionally semibullvalenes photoisomerize, but only to give benzo-COT pro- 
ducts via cleavage of the C(l)-C(5) and C(Z)-C(8) bonds [l] [Z] [lo]. Thus the vinyl- 
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Scheme L? 

COOMe 

cyclopropane interc onversion found here for 10 is witliout precedent in  the seniibull- 
valene series, and the driving force for its occurrence probably derive> from removal 
of the diester strain energy bye note also that the C(1)-C(S) bond of 10 is predicted 
to be weak on the basis of ground-state electronic argument\, since ill cyclopropaneb 
electron withdrawing substituents (here the carbonietlioxy groups) strengthen the 
bond opposite and weaken tlie bonds adjacent, while electron donating groups (here 
the dimethoxy benzo group) weaken the l~oncl opposite a n d  5trengtlien the bonds 
adjacent, z. e., cumulatively the C(l)-C(li) bond of 10 suffer5 threc bond weakening 
effects [111. 

Overall then, we conclude that the occurrence and the direction of the initial 
L2n. + Zn] bonding in barrelene system 6 is dramatically sensitive to the presence ol 
metlioxy substituents in tlie aromatic ring, and once again jincl that  the Efiiotzs 
pericyclic theory is not helpful in predicting the prefer1 c d  mock of photocloiure 
leading to benzo-COT product 12.1 131. 
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gratefully acknowledge the finanrial support of the Sntzonal Tc'emw[h Cou,iriZ i ~ f  Caizadn. 

Experimental Part 

General methods. UV. spectra arc given as absorption maxima in n n i  \vith c va lues in parcn- 
theses; sh = shoulder. IK. band positions are given in cm-1; L r .  = broad. X'bfR. spectra are given 
in z units relative to TMS as internal reference, and coupling constants ( J )  in 112;  s = singlet, 
(I = doublet, t = triplet., and 9% = multiplet. Benzene solvent lor photoll-ses was shaken three 
times with 20% fuming sulfuric acid, washed with 10% aqucous NaOH, dricd (RlgS04), and 
distilled from calcium hydridc. 1-3cnzophenone sensitizer was recrystallized three times from etlia- 
nol, m.p. 47-49". Acetone sensitizer was Fluku UT'. grade and was used without further purification. 
All m.p. are uncorrected. Silicic acid for chromatography was MaZZei7rhrodt CC-7 grade, 100-200 
mesh. 

Synthesis of dimethyl 70-~~zrthox~1-2,3-ben.zobicyclo[Z.2.2~octatet~~~c~ze-~~,( i -rI irn~~hoxylate  (8). A 
mixture of 3.0 g (19.0 mmol) of 2--mcthoxynaplithalcne and 2.7 g (10.0 mmol) o f  tlitnethpl acetylcnc 
dicarboxylate was sealed in a 250 in1 pressure bottle (Fisher) and heatcd on an oil bath at 15.5-160" 
for 72 h. The cooled mixture was dissolved in 10 ml of benzene and chromatographed on 100 g of 
silicic acid. Elution with 1 1 of 1% acetone in hexanc removed the unrcactcd starting materials; 
clution with 4% acetone in hexane gave 620 mg of an  oil. The oil was rc-chromatographed on 
400 g of silicic acid with 4$/, acotone in hexanc as eluting agent; 40 ml  fractions were collectcd. 
Short-path distillation (140"/0.1 mm Hg) of fractions 78-108 gave 307.4 nig (5::) of 8 as a colour- 
less oil. - CV. (cyclohexane) : 220 sh (5900), 280 (2200), 285 (2000) ,  and 304 sh (640). - IR. (CC12) : 
1720 br. - NMR. (60 NHz, CC14): 3.00/d, ,I = 8, H-C(12); 3.09--3.25/m, H--C(7, 8, 9) ;  3,71/dx d,  
,/ = 2.5 and 8, H-C(11) ; 4.86--5.05/yn, H-C(1,4) ; 6.34/s, H&O-C(arom.) and two H&OCO. 
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Spin decoupling (60 MHz, CC14): irradiation of €l-C(12) collapsed IGC(11) to a d ( J  = 2.5). - 
MS. : Cale. 300.0991 (C17H1606+), found 300.0994 (1O0yo). 

Synthesis of dimethyl 10, I I-dimethoxyy-2,3-benzobicyclo[2.2.2]octatetrae~ze-~, 6-dicavboxylate (9). 
-4 iiiixture of 3.0 g (16.0 mmol) of 2,3-dimethoxynaphthalene and 2.3 g (16.2 mmol) of dimethyl 
acetylene dicarboxylate was sealed in a 250 ml pressure bottle (Fishev) and heated on an oil bath 
at  155-160" for 72 h. The cooled mixture was dissolved in 10 in1 of benzene and chromatographed 
on 100 g of silicic acid. Elution with 1 1 of 2% acetone in hexane removed the unreacted starting 
materials; elution with 7% acctone in hexane gave 580.7 mg of an oil. The oil was re-chromato- 
graphed on 400 g of silicic acid with 7% acetone in hexane as eluting agent; 40 ml fractions were 
collected. Crystallization of fractions 64-83 from methanol gave 217.3 nig (4%) of 9 as a colourless 
solid, m.p. 123-125". -- UV. (cyclohexane): 212 (35000), 242 (5200), 288 (3900), 292 (3900), 297 sh 
(3000), 319 sh (860). - IR. (CC14) : 1720 br. - NMK. (60 MHz, CC14) : 3.05-3.23/m, H-C(7), H-C(8), 
13-C(9), H-C(12); 4.85-5.05/m, H-C(1), H-C(4) ; 6.25+6.30/2s, two H3CO each. - MS.: Calc. 
330.1109 (C&lsO6+), found 330.1106 (100%). 

Preparative photolyses. The apparatus consisted of a 125 W high-pressure Hg lamp (Philips) 
surrounded by a water-cooled pyrex immersion well. For benzophenone-sensitized irradiations 
at  wavelengtlis >340 nni the light was passed through an aqueous filter jacket (10 mm thick), 
prepared from a solution of 750 g NaBr and 8 g Pb(N0& per 1 1 of water. Prior to irradiations, 
the solutions were deoxygenated by argon flushing. A positive pressure of argon was maintained 
over the solutions throughout the course of the photolyses. 

Direct irvudiation of dinzetlzoxyburrelene 9. A solution of 155.4 mg (0.47 mmol) of 9 in 250 nll 
of benzene was photolysed for 1 h. The solvent was removed in vucuo and the residue was chromato- 
graphed on 400 g of silicic acid and eluted with 7% acetone in hexane. The first band contained 
49.7 mg (32%) of sernibullvalene 10, a colourless solid, m.p. 118-120" (from methanol). - UV. 
(cyclohexane): 247 sh (6100), 287 sh (5300), 292 (6200), 295 (6300), and 300 sh (5000). - IR. 
(CC14) : 1730 br. - NMR. (60 MHz, CC14) : 3.20/s, H-C(9) ; 3.48/s, H-C(l2) ; 4.38/d x d, J5,6 = 2.5 
and J6,7 = 6, H-C(6); 4.80/d, J6 .7  = 6,  H-C(7); 5.75/d, J5,6 = 2.5, H-C(5); 5.79/s, H-C(2); 
6.28/s ,  three H&O; 3.61/s, €I&O. Spin decoupling (60 AtHz, CCl4) : irradiation of H-C(6) col- 
lapsed H--C(7) and H-C(5) to singlets; irradiation of H-C(7) collapsed H-C(6) to  a d ( J  = 2.5) ; 
irradiation of H-C(5) collapsed II-C(G) to a d ( J  = 6). - MS.: 330 (ClsHl&', 95y0), 271 (1OOyo). 

Unreacted starting material (91.2 mg, 59%, m.p. 122-124') was recovered from the second 
band oii the column. 

Ilivect irradiation o f  sevnibullval 10. X solution of 59.9 nig (0.18 mmol) of 10 in 250 nil of 
benzene wlis photolysed for 6.5 h.  The solvent was removed in V ~ C Z K J  and the residue was ehromato- 
graphed on 200 g of silicic acid and eluted with 7% acetone in hexane. The first band contained 
28.6 mg (48%) of dimethyl 10,1l-dimethoxy-3,4-benzotricyclo[3.3.0.O~~~~octa-3,6-diene-l, 6-di- 
carboxylate (11). a colourless solid, m.p. 130-132" (irom methanol). - UV. (cyclohexane) : 235 
(12700) and 299 (3600). - IR. (CC14): 1715 and 1725. - NMR. (60 MHz, CCl4): 3.25/s, H-C(9), 
3.33/s, H-C(12), 4.08/d,  J7,8 = 2.5, H-C(7); 5.57/s, H-C(5); 6.25/d, one limb hidden, but see 
following spectrum, H-C(1) ; 6.28/s, H3CO; 6.31/s, H&O; 6.39/s, two H3CO and 6.75/d x d, 

4.08/d, J7,n = 2.5, H-C(7); 5.15/s, H-C(5); 6.35/d, J Z , S  = 8, H-C(2); 6.56/s, H3-CO; 6.60/s, 
Hs-CO; 6.65/s, I-i3CO; 6.68/s, H&O; 6.87/dxd, J7.8 = 2.5 and J z , s  = 8, H-C(8). Spin de- 
coupling (GO MHz, C6D6) : irradiation of H-C(7) collapsed H-C(8) to  a d ( J  = 8) ; irradiation of 
l<-C(2) collapsed H-C(8) to  a d ( J  = 2.5) ; irradiation of H-C(8) collapsed H-C(2) and H-C(7) 
to singlets. - MS.: 330 (ClsH1806+, 100%). 

Unreacted starting material (27.1 mg, 45%, m.p. 117-119") was recovered from the second 
band off the column. 

J7 ,8  = 2.5 and .Iz,s = 8, H-C(8). - KMK. (60 MHz, CsDs): 3.01/~, H-C(9); 3.21/~, H-C(12); 

Sensitized irvadiatioiis of semibullvaleize (10). 

a) With acetone. A solution of 76.9 mg (0.23 mmol) of 10 in 250 ml of neat acetone was photo- 
lysed for 6.0 h. The solvent was removed in vucuo and the residue was worked-up in the same way 
as for the direct irradiation (vide supra) of 10 to give 22.4 n1g (29%) of 11, m.p. 130-132", and 
51.2 mg (66%) of unrcacted 10, m.p. 118-120". 
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b) With bemophenone. Irra.diations (> 340 nm) with benzophenone scnsitizcr led quickly to 
the formation of an  intensely a.bsorbing yellow-coloured solution, ant l  was attcntlcd by the slow 
loss of 10: no 11 was found. 

Semitized irradiatioiz of di)izetko~?.ybavvelcu2e 9. '2 solution of 310.2 n i g  (0.04 nimol) o f  9 and 
5.0 g (24.3 ininol) of benzophenone in benzene  its photolysed (>340 nni) for 10 min. The solvent 
was removed zit VUCUO and the residue was chromatographed on 400 g o f  silicic acid. The benzo- 
phenone was brought off thc column with 1 1 of 376 acetone in hexanc. Elution with 7'7; acetone 
in hexane gave 10 (57.4 mg, 18y4, m.p. 118-120") followed by unreactcd starting inatcrial (236.2 nig, 
7674, m.p. 123-125'). 

Divect ivradiatzon of molzon,lethoxybarvelelze 8. X solution o€ 634.2 nig (2.1 mmol) of 8 in 250 nil 
of benzene was photolysed for 0.5 h. The solvent was remo\.cd in  uucuo and the residue was 
chromatographed on 450 g of silicic acid and eluted with 4% acetone in hcxane; 40 nll fractions 
were collected. Shortpath distillation (140"/0.1 Torr) of fractions 61-62 ~ i e l d c d  16.7 iiig (3u/,) of 16 
as a colourless oil. - UV. (cyclohexane) : 245 sh (7500), 287 (2300) ,  and 203 (2200). - LR. (CCl4) : 
1732 br. - NMR. (60 MITz, CC14): 3.15/d. J11,lz = 8, EILC(L2); 3.20/d ,  , / : , , I )  = 2.5, IlGC(9); 
3.48/dxd, J11,la = 8 and J S J ~  = 2.5, H-C(l1); 4.39/tlxd, ,/5,6 =: 2.5 antl j 6 , 7  = 5.5, H-C{G); 
4.83/d,  J6.7 = 5.5, H-C(7); 5.75/d, J Z , ~  = 2.5, 13-C(5); 5.79/.s, l l--C(L!);  0.28js,  IIaCO; 6.31/s, 

Short-path distillation (135"/0.1 i i ~ m  Hg) of fractions 63-67 yielded 41.0 nig (776) of a mixture 
of 16 (42% by NMR.) and 17 (58%). Short-path distillation (140°K).1 Torr) of fractions 68--70 
yielded 21.1 mg (30.6) of 17 as a colourless oil. - UV. (cyclohexane): 223 sh (13500), 252 sh (5800), 
282 (2800), and 292 (2000). - IR. (CC14): 1730 br. - NMR. (60 MHz,  CCl4): 2.SO/d ,  J o , ~ ~  =. 8, 
H-C(9) ; 3.30/d x d,  J10,lz = 2.5 and JSJO = 8, H-C(10) ; 3.4(i/d, J10,yz = 2.5, II-C(l2) ; 4.36/ 
d x d ,  J5,6 = 2.5 and J6,7 = 5, H-C(6); 4.76/d, J S , ~  = 5, H--C(7); 5.68/d, j . 5 , ~  = 2.5, H-C(5); 

H3CO; 6 . 4 0 / ~ ,  H&O. - MS.: 300 (CiiH1&5+, 26%), 143 ( 1 0 0 ~ ~ ) .  

5.76/s, H-C(2); 6 .26/~,  FI3CO; 6 .30 /~ ,  EI3CO; 6.38/~,  H&O. - h 300 (C1711160~1,  270;:), I57  
(100%). 

Short-path distillation (135 ,/0.1 'L'orr) o f  fractions 75-05 ga\;c .500.0 ~ n g  (70',;,')) ot it ~iiisturc 
of unreacted 8 (95% by NMK.) and 18 (5%). Short-path distillation (I40 '/i).l 'L'orr) of fractions 
96-100 yielded 22.3 iiig (3.5%) of 18 as a colourless oil. - UV.  (cyc1olic~s;~nt~) : 224 sh (145l)O) 
and 271 sh (3900). - lR.  (CCL1I: 1725 br. - IVMR. (100 MHz, CI)Cl3): 2.00--2.76/~1t, 11-C(7,9); 
3.01/d, J3,4 = 8.5, H-C(4); 3.15/dxd, J3,4 := 8.5 and ,11,3 = 2.5, I-l--C(.3); 3.44/d, J1.3 = 2.5, 
H-C(1) ; 3.89-3.94/m, H-C(7), H-C(8) ; 6.23/s, ii$X; 6.27/s, twci H3CX ) C O .  Spin dccoupling 
(100 MHz, CI>C13): irradiation of H-C(l) collapscd €i-C(3) to a d ( , I  = 8.5):  irradiation of 
H-C(3) collapsed H-C(l) to  a .i (H--C(4) t o  close to centrc of Irradiation to see) ; irradiation of 
tIGC(6) and H--C(9) niultiplet simplified the yn of H--~C(7) and l€--C(9) to  a br. s;  irradiation of 
H-C(7) and H-C(8) multiplet ichanged the nz o€ 13-C(6) and f€-C(9) t o  a simpler MZ. For the 
NMII. (100 MHz) in CC14 see Table 2. - MS.: 300 (C17111605+, 3( ;6 ) ,  58 (100%). 

IVMR. examination of the ~.emibullvalene-C(6) and -C(7) protons i n  tlic crude photolysa.tc 
residue (before Chromatography) revealed 16 and 17 to be present in cqual aniounts. 

Semit ized ivrudialioiz of nzono)netlzo~yvyhurveZ~ize 8. -1 solution of 102,s nig (0.64 niuiol) of 8 
and 2.0 g (9.7 nimol) of bemophenone in 250 nil of benzene \vas irradi;ztcd (-.-.340 nm) during 
0.75 h. The solvent was removcd in V ~ C U O  and the rcsicluc \\-\'its clirotiiatographcd on 400 g of silicic 
acid. Elution with 2% acetone in hexane brought off bcnzophcnonc. Tlic column was then eluted 
with 4% acetone in hexane; 40 nil fractions were collectcd. Short-path distillation (140"/0.1 Ton-) 
of fractions 52-53 yielded 27.1 nig (14%) of 16. Short-path distillation (140'/0.1 Torr) of fractions 
54-62 gave 76.9 mg (40%) of a mixture of 16 (45% by EIUR.) and 17 (55"/). Short-path distillation 
(1#)'/0.1 Torr) of fractions 63-66 gavc 34.9 mg (18%) of 17. Linrcactetl starting nratcrial (35.1 nig, 
18';l") ivits obtaiiied from shor t -p th  distillation (140'/0.1 'L'orr) o f  fractions 71 76. 

NMK. examination of the scmibullvalene-C(6) ant1 -C(7) protons in tlic crude photolysatc: 
residue (before chromatography) revealed 16 and 17 to be present in equal amounts. 

Partial hydrogenation of 18 with Wilkinson's catalyst. A solution of 50.8 mg (0.17 inmol) of 18 
and 91.7 mg (0.1 mmol) of chlorotris (triphcnylphosphine) rhodium chloride (Il'ilkinsoiz's catalyst) 
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in 20 nil of benzene was stirred under a hydrogen atmosphere during 24 h. in the abscncc of light. 
The solution was concentrated to  5 ml in vacuo and chromatographed on 100 g of silicic acid and 
eluted with 4% acetone in hexane. Short-path distillation (130"/0.1 Torr) of the first band gave 
40.1 mg (79%) of 20 as a colourless oil. - UV. (MeOH) : 218 sh (19000) and 276 sh (2800). - IK.  
(CC14) : 1720 br. - NMK. (100 MHz, CDCls) : 2.80/t, J s , ~  = 6.5, H-C(6) ; 2.84/t, J s , ~  = 6.5, H-C(9) ; 
2.86/d, J3,4 = 8.5, H-C(4); 3.09/dxd, J 3 , 4  = 8.5 and J 1 , 3  = 2.5, H-C(3); 3.27/d, Jl .3  = 2.5, 
H-C(1) ; 6.16/s, I-I,CO; 6.27/s, two H&O; 7.45-7.75/symm. m, ZH-C(7), 2H-C(8), see decoupling 
results below. Spin decoupling (100 MHz,  CDC13) : irradiation a t  the centre of the methylene m 
(7.60) collapsed H-C(6) and H-C(9) to  singlets; irradiation a t  H-C(6) [or at H-C(9)] collapsed 
the methylene m t o  two triplets (7.72, 2 H-C(7), J7 ,8  = 3.5; 7.48, 2 H-C(8), J7 ,8  = 3.5). - MS.: 
Calc. 302.1154 (C17E-1180si), found 302.1 153 (4%), 84 (100%). 

Short-path distillation (130"/0.1 Torr) of the second band off the column gave 6.2 mg (12%) 
of unreacted starting inatcrisl. 

Qlcaiztunz yield ivrudiutioias. Quantum yields were determined on the apparatus described 
by Schuffnev e t  ul. [12] using Khodamine B actinometry. The bandwidth at half-height of the 
irradiating light was <10 nm. Before irradiations, the solutions of samples (ca.  0.06 mniol) and 
bcnzophenone (ca. 1.7 nimol, if any) in 3.0 in1 of benzene solvent were deoxygenated by  flushing 
with argon and sealed under a positive pressure. Photolysates were conccntratcd in vacuo, a known 
amount of methyl-P-naphthylketone was added as internal standard, and the product composition 
was determined by NMK. analysis; the peak areas wcre calibrated against authentic mixtures of 
similar constitution. Conversions were kept below 20% and the quantum yields, shown in Table 7, 
were determined from the average of tTvo runs for each system; thc mcan deviations are within 
& 12:r:. 

IIEFEKENCES 

[l] IT.  E. Zinzmerinari, I?.  S .  Givcris & I t .  ill. Pugglzi, J .  Amcr. cheni. SOC. 90, 6095 (1968). 
[ L ]  C. 0. Beizder & S .  S .  Shurgarmurz, Chem. Conimun. 934 (1974). 
!3] C. 0. Bevzder & D .  M7. Brooks, Canad. J .  Chemistry 57, 1684 (1975). 
[4j 
151 E.  Groveusteiia, JY. ,  1'. C. Campbell & T .  Shibata, J. org. Chemistry 34, 2418 (1969). 
161 G. F .  Emerson, L .  Wutts & I< .  Pettit, J .  .Imer. cheni. Soc. 57, 131 (1965). 
[:7j E .  Czgaizek, J .  Llincr. chem. Soc. 88, 2882 (1966). 
[8]  C. Pascual, J .  iWeir & W .  Simon, Helv. 49, 164 (1966). 
[9] E.  11. Beckev, High Kcsolution NMK. k d d e m i c  Press, New York 1970, p. 103. 

D.  Epiotis, Angcw. Cheni. Int .  Ed. Eng. 13, 751 (1974). 

[lOj C. 0. Bebzzrler, J .  L .  M .  Elder, A .  J .  Herbst & L. E .  Miller, Canad. J .  Chemistry 50, 395 (1972). 
I l l ]  H .  Guizther, Tctrahcdron Letters 5173 (1970). 
[12] W .  A-fmrwiiz, J .  Gloor & K. Schuffner, Chimia 28, 185 (1974). 


