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Abstract : Uszrg a vartety of IH and l3 C one ant two-dzmemiomt NMR experz- 
ments the structure and stereochemzstry of the major photoadduct from 4,4-d1- 
methyl-cyclohex-2-ens-l-one ati acrylonztrzte has been characterzzed as 7_(exoJ- 
cyano-5,5dzmethyl-bicyclof4.2.O~-octan2-ons. Zhe preferred regzoselectzvzty 
suggests the participation of transozd enone zn the grcuni state zn photoannsla- 
tzon wzth acrylonztrzle. 

In a classic paper Corey et al have uzvestzgated the photochemical cycloaddztzon reaction between 

cyclohex-2-ene-l-one and .%zbstztzzted olefzns to determzns the orzentatzon ard stereochemzstry zn 2+2 

cycloaddztzon’. SynthetlC apptzcatlons anl mechamstlc aspects of such enone-olefzn @zotoannelatzons 

have been reviewed from tzme to tzme and zt zs still an zntrzgzirg problem to spell cut the factors 

governing the regzo ard stereochemzstry in such reactzons 2-6 . Mereas cyclopent-2-ene-l-one gzves 

only czs- fused adduct, cyclohex-Z-ens-l-one leads to both bans- ard czs- fused adducts 1,7,8 . It has - - 
generally been observed that the reaction between an enone and an unsymmetrzcal olefzn carryzrag 

an electron donor or accepter group leads, ezther exchzszvely or predomzmntly, to head to tad or 

head to head isomer respectzvely. We have carrted cut the @zotoannelatzon reactzon between 4,4-dz- 

methyl-cyclohex-2-ems-l-one ard acrylonztrzle in different media, as a part of an attempt to obtazn 

a bzcyclo[4.3.0j-nomne system, by rzrg expanszon of the cyclohztan? ring in bzcyclof4.2.0I-octan derz- 

vatzves by uszrg the cyono group zn the photoadduct to genemte a cycIoh.ztylmethyl type carbocatzon 

via the primary amine ard nztrous aczd treatment. Ihe feasibility of such a synthesis was shown already 

in a different context’. Of the several zsomers posszble, we obtazned a photoproduct mixture that 

after base treatment Iwhzch converts the tram to the czs adduc tzJ contained two isomers zn the ratzo - 
of 3:1 from which the major zsomer was zsolated zn pzre state. Zhe fznal product mtzo was the same 

Irrespective of whether an organic solvent or mzcellar medzum was used. lhe product obtained could 

be either 7- or 8-cpno-5,5dzmethyl-bzcyclo[4.2.O]-octan-2-one. In thzs commzznzcatzon we report the 

structure, relatzve confzwratzon ati conformatzon of the major product in the above mentzoned reactzon 

by NMR spectroscopy uszrg varzous zmitzple pulse experzmentslo’ll. 

The proton cazpled 13C NMR spectra provided the multiplzcztzes of the szgmls from which the 
12 qzzartermry carbons ard the two methyl carbom (with same chemical shifts) catld easzly be assigned . 

lhe asszgnment of other carbons, three methylenes ati three methznes, was obtained zn n strazght for- 

want manner using the twodzmemzoml INADEQUATE experzments 13-15 ani the 13C chemical shifts 

are gzven in the table. lhe one bord carbon-carbon ccuplzrgs (>2Cd for sp3-sp3 ard sp3-sp carbons are 

normally in the rarge 30-40 Hz ard 50-70 Hz respectzvely . We, therefore, tried two experzments 
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where the double quantum coherences were optimized for lJCC of 31 Hz ard 50 Hz. However, these 

experiments failed to show the connectivity between cyanocarbon atd the carbon adjacent to it, ard 

also the carbonyl carbon ati carbons 1 aml 3 due to large relaxation time of the urprotomted carbon?. 

Therefore, we had to take recourse to more sensitive one dimensioml ZNADEQUATE experimentsl’ to 

fix the position of the cyano group in the 4 membered ring. An interesting feature of the two dimensioml 

INADEQUATE experiments was the creation of double quantum coherence between carbons 1 ard 3 (see 

fig. 1) separated by two bards implying large two bard cacplirgs. lhis was confirmed when in the one 

dimewioml INADEQUATE experiments 
2Jcc 

of 11.2 Hz was observed between Cl aml C3. Such large 

two boml cacplirgs are rare tut not unusual for carbort3 flanking a carbony112’16. 
1 For obtaining JCC for 

Table : ‘H and J3C-Chemical shifts anl JH-1H idirect spin spin couplings of I-fexo )cyono-5,5- 

dimethyl-bicyclof4.2.0]-octarr2-one 

Chemical shifts* 

lH(ppm) 
13 

Ccppm) 

hdirect spin spin couplings (l&H) 

fH.z) lH.s) 

42.28 

212.27 

2.449tax) 36.89 

2.336ceq) 

1.7881~~) 34.43 

1.722teq) 

30.63 

2.924 53.37 

2.754 

2.394a 

2.523b 

22.80 

27.14 

121.07 

6 CH 1.153~axI 
3 

l.O18(eq) 

25.52 

25.52 

‘l-3ar 

Jl-3eq 

Jl-6 

Jl-7 

Jl-8 

Jl-8’ 

J3ax-J3eq 

J 3ax-‘4eq 

J3ax-J4ax 

J3eqeJ4eq 

J 3eqmJ40x 

J3eq-JCH3eq 

J 4axeJ4eq 

0.5 

0.5 

8.7 

1.0 

9.sa 

2.1b 

-15.2 

5.9 

14.4 

2.9 

3.6 

0.3 

-14.2 

J4ax-JCH3ax 

J4eq-J6 

‘E-7 

JE-8 

J6-8’ 

J7-8 

J7-8’ 

J8-8’ 

0.4 

1.9 

10.3 

o.la 

o.4b 

lo.3a 

8.3b 

-11.4 

l The chemical shift values are with respect to TMS. The rumbers in subscript in the coiumm refer 

to the position of H ani C in structure A in fig. 2 

a - Proton cis to H1 referred to H8 - 
b - Proton e to Hl, referred to H8, 
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all the carbons the double ciuantum coherence in the one dimensioml INADEQUATE experiments was 

optimized for a value of J=50 Hz. These experiments clearly showed lJ cc of 61.3 Hz between the 

cyan0 carbon ard the carbon at position 7 implying that the major product of the photochemical reaction 

is 7-cyano-5,5dimethyt-bicyclof4.2.6)-octan-2-one [a head to tail isomer). 

The formation of a head to tail isomer defies many of the generalizations that have been made 

on the regio and stereo control in enons-olefin photoannelations. lhe reaction of acrylonitrile with 

cyclohex-2-ene-l-on and its 3-methyl derivative gives a head to head isomer as the major product 198 . 
It is consistent with the mechanism postulated by Corey1 and absequently elaborated by de Mayo3 

where the photoadduct results from an exciplex formed between an excited enons triplet (Tlf ati the 

otefin lhe formation of head to tail isomer may be urrlerstood with the help of the additioml steps 

proposed by Schuster et al 17 based on the evidence obtained on the mture of the transient intermediates 

in the photochemistry of cyclohex-2-ene-l-ones. It was noted that the transoid enone in the grouti 

state (S6J generated by inters)stem crossing from the twisted enone triplet is involved in the photo- 

addition reaction of 4,4_dimethyl-cyclohex-2-ene-l-one. In the reaction with acrylonitrile if the addition 

involved the enone transient in S6 state then the regioselectivity is expected to be determined by the 

direction of polarisation of the enon? at-d should lead to 7-cyano isomer. lhe transient in the T1 state 

should give rise to d-cyano-isomer. Taking these into comidemtion and omitting the finer details well 

described in litemture18, the two. mechanisms of photoanmlation between 4,4dimethyl-cyclohex-2- 

ene-l-one and acrylonitrile can be presented as shown in Scheme 1. The fact that we obtain 7-cyano 

isomer Las the major product appears to suggest the involvement of twisted enone in So state. 

Having fired the position of cyono group, its configu’ation (era or enlo) in the cyclolutatw riq 

;zn be obtained from 3 JHH ati the nuclear Overhauser effects (NOE) between the protons. Since the 

C resomnces have already &en assigned. 1 
H assignments as a first step were obtained with the 

help of ‘H-J3C hetero COSY experiments 1411 optimized for one botd protoncarbon caupliqs. mese 

experiments, however, do not permit the assignments of protons, either attached to the same carbon 

or the carbons haviq same chemical shifts. Therefore, further assignments have been made by the 

NOE cowiderations. For a chair conformation of the cyclohexanone ring, the axial methyl at C5 wculd 

show NOE with the axial proton at C3 and the equitorial proton at C4 whereas the equitorial methyl 

wculd display NOE with both the protons at C4 but not with the protons at C . Takiw these facts 
?O,ll into account all the proton assignments were made with the NOESY experiments discussed later. 

Since the protons are strongly coupted, the ‘H spectrum v.as amtyeed with the PANIC program avaitable 

with the spectrometer. The derived ‘H spectral parameters are given in the table. 

‘lhe spin-spin coupling constants in a large rum&r of suhgtituted cyclobutanss investigated show 

that the c&couplirg in the four membered ring are larger than the tmm couplings 19-22 . ‘lRi.3 genemliza- 

tion, however, does not always hold good ard necessitates the use of Karplus equation to ascertain 

the correct molecular stnccture 23 . In the fig. 2, two possible conformations of the riG system for 

7-cyam-5,5dimethyl-bicyclof4.2.O~octan-Z-one are shown Fig. 3 explicitly depicts the molecular confor- 

mation of the cyclotutane riw as the Neuman projections for the structure A in fig. 2 (with the CN 

at the exo position) along with the experimental coupling constants. The experimentally obtained 3JHH 
agree well with the coupiirgs calculated with the help of modified Karpius relation 23 for the conforma- 

tion shown in fig. 3 arrl points to the fact that the cyan0 group is in the exo position It is also worth 

mentioning that the 3 JHH at C3 ard C4 are consistent with a chair conformation at the cyclohexanone 

ring with large axial-axial coup&j arrl rather small axial-equitorial atxl equitorial-equitorial couptirgs. 

The conclusions derived from coupling constants have also been mpported by the evidence relying 

directly on the inter proton distances. The final confirmation of the above structure was, therefore, 

deduced from NOESY experiments. In an experiment with a mix time of 2.5 sec. we observed equitorial 

methyl at C5 have NOE cross peaks with axial methyl at C5, with both the axial ard equitorial H at 

C4, ard the protons at C6 and C7 me methyl in the axial position has, NOE cross peaks with equitorial 
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Fig. 3 : Newman projections along the C-C bonis In the cycloiutane rzrg of 
7-fexo~cyano-5,5-dimethyl-btcycZo[4.2.O]-oc~an-Z-one 

CH3, equttorlal H at C4, axial H at CS, H at C6 aml Cl. lhe H at C6 has NOE cross peaks with both 

the methyls, protons at Cl ani C7 NOE cross peaks for H at Cl are observed wtth the protons at 

C6 arrl C8 whereas the H at C7 has cross peaks with the protons at C4, C6 ati C6. Alt this data LS 

facti comuterd wtth the structure A Cflg. 2) ati confirms the deductions derived from the couphrg 

comtants. It should be emphasized that the presence of a weak tut charactertsttc NOE cross peak 

between the H at C7 ard the one IR axial position at C4 stroqly supports on exo conflvatlon for 

the nitrile at C7 (in an experiment performed with a muc time of 1.5 sec. these cross peaks were not 

noticed). An alternative conformation B (fig. 2) can also be ruled out on the basu of the data on the 

couphrg constants aml NOE presented above. 

Experimentai 

NMR spectra were recorded on Bmker AM-300 NM spectrometer with Aspect 3000 computer 

ard an array processor operating at 300.13 MHz for ‘H anl 75.47 MHz for 13 C. i%e spectra were ob- 

tatned In CDC13 at room temperature (295 K) with TMS as fnterml reference. 

‘H NMR - Normal one dlmensioml spectra were obtained with sweep wzdth of 920 Hz 1~1th 

16 K data points, zero filled to 64 K for better dlzltI.zation The spectral resohtlon was enhanced by 

multiphcatton with Gaussian wlnlow function ‘Ihe phase sensitive NOESY spectrum W[IS obtained with 

sweep width of 700 Hz ati 32 transients per tl were accumulated. A data matrix 256 x 2048 was collec- 

ted wtth a mcc time of 2.5 sec. The data was zero fdled to 512 x 2048 before Fourier transformatzon. 

In order to remove the stgml arlsirg from zero wanturn transitIons the mix ttme was randomly varted 

by upto 2% of the mix time. 

13CNMR - 13C?H decoupled) spectra were obtained wtth a sweep width of 16666 Hz atd 

composite pulse WALTZ decoupling, whereas the proton coupled spectra were run on gated decoupled 

mode to retain the NOE enhancements. ‘Ihe 20 INADEQUATE spectra were obtauted with a data matra 

128 x 4096. For each of the tl v&e 64 transients were accumulated. i’he data was .zero filled to 256 

x 4096 before Fourier tmwformat~on i’he one dlmellsioml INADEQUATE spectrum was obtained wtth 

8929 Hz sweep w&h with 16 K data pomts which wus zero fdled to 64 K before Fourier tmnsformatlon 
1 13 H- C heteroruclear correlation experrments were opttmued for one bard couphrgs aml were obtatned 

Ln the absoLte vaLe mtie with a matrix 64 x 1024 which was zero filled to 256 x 1024 before Fourier 

trawformat~on 

Photwddition between 4,4~imethyl-cyclohe~2~m-l-one atd amylonttr~ 

lhe photoaddition WQS studied In different solw?nts l&e cyclohexane, t-tihctanol, acetorutrde, 

n-hexane ard SDS mzcelles. In a typIca experiment 6.2 g (0.005 mol) 4,4-dimethyl-cyclohex-2-ene-l-one 

ati 31.6 g CO.6 mot) acrylomtrile (in micelles a 3-fold excess of acrylonitrde was sufflclent) In 550 

ml cyclohexane was Irradiated for 8 hrs at 6O under contlrucus Ar pcrgillg, usmg pyres immersion well 
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anl a Hanovia 450 Watt medium presare Hg.arc lamp. ‘ke solid polymer (in micelles solid polymer 

is nut formed) was filtered ard the fittmte concentrated in ~((cuo till the complete removal of start@ 

material. me residue was dissolved in aqueous methanolic K2C03, stirred for 4 hrs, solvent removed, 

diluted with water, acidified with dilute HCI ati extracted with ether. he ether extmct dried over 

Na2S04, concentrated in vacua arrl the residue chromatographed over silica gel using first plre hexane 

as ehcent ard progressively increasing the polarity by addition of ethyl acetate. Final ehction wus dons 

with hexones containilg 10% ethyl acetate. me initial fraction gave wre 7iexokyano-S,S-dimethyZ- 

bicyclo[4.2.O+octan-f-one. (Yield : 1.7 g, m.p. : 53.8O, IR(CHC$J : v Co 1710 cm-l, vCN 2235 cm-l. 

High resotition mass spectrum : M+ at m/e 177.1158 (calculated for CllH15N0 177.1153). The absequent 

fractiorrr contained a mixture of the above compcuti ati one of its isomer (Yield : 950 mg) from which 

the second component could not be obtained in plre state. he lumber ati ratio of the isomeric photo- 

adducts was determined by GLC amlysis on an SS 8’ x l/8” 10% SE-30 on chromosorb WHP 180-100 

mesh), temperature progmmmirg (100°-150/min -200’) arrl FID detector. Irrespective of the meditm 

used for photoaddition 4 isomeric adducts with Rt at 8.58, 9.15, 9.26 ati 10.98 min. are formed. The rela- 

tive amount of the isomer with highest Rt value is negligible. lhis mi*ture after isomerisation contains 

two isomers with Rt at 8.58 ard 9.15 min in the ratio of 3:l. lhis infers the isomerisation of tmm fused 

adducts with Rt at 9.26 ati 10.98 min to c&fused adducts with Rt 8.58 ati 9.15 min respectively. 

Ackmwledgement - We are thank@2 to Dr A V Rama Rao for his support ard interest in the 

work ani the referee for his valuable aggestions. 
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