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Abstract : Using a variety of 1H and 13C one ard two-dimersional NMR experi-

ments the structure and stereochemistry of the major photoadduct from 4,4-di-
methyl-cyclohex-2-ene-1-one ard acrylonitrile has been characterized as 7-(exo)-
cyano-5,5-dunethyl-bicyclo[4.2.0}-octan-2-one. The preferred regioselectivity
suggests the participation of transod enone in the grourd state in photoannela-
twon with acrylontrile.

In a classic paper Corey et al have investigated the photochemical cycloaddition reaction between
cyclohex-2-ene-1-one and substituted olefins to determine the orientation and stereochemustry in 2+2
cycloaddltlonl. Synthetic applications ard mechamstic aspects of such enone-olefin photoannelations
have been reviewed from time to time and 1t 15 still an intriguing problem to spell out the factors
governing the regio ard stereochemistry in such reactlonsz-s. Whereas cyclopent-2-ene-1-one gives
only cis- fused adduct, cyclohex-2-ene-1-one leads to both trans- armd cis- fused adducts1’7’8. It has
generally been observed that the reaction between an enone amd an unsymmetrical olefin carrying
an electron donor or accepter group leads, either exclusively or predominantly, to head to tail or
head to head isomer respectively. We have carried out the photoannelation reaction between 4,4-di-
methyl-cyclohex-2-ene-1-one ard acrylomtrile in different media, as a part of an attempt to obtain
a bicyclo[4.3.0]-nonane system, by ring expansion of the cyclobutane ring in bicyclo[4.2.0}-octane deri-
vatives by using the cyano group in the photoadduct to generate a cyclobutylmethyl type carbocation
wvia the prunary amine and rutrous acid treatment. The feasibility of such a synthesis was shown already
in a different contextg. Of the several 1somers possible, we obtained a photoproduct mixture that
after base treatment (which converts the trans to the gl:s_adductl) contained two isomers in the ratio
of 3:1 from which the major 1somer was isolated in pure state. The final product ratio was the same
irrespective of whether an organic solvent or micellar medum was used. The product obtained could
be either 7- or 8-cyano-5,5-dimethyl-bicyclo[4.2.0]-octan-2-one. In this commumcation we report the
structure, relative configuration and conformation of the major product in the above mentioned reaction
by NMR spectroscopy using various rmuitiple pulse expenmem‘.sl 0’”.

1

The proton coupled 3C NMR spectra provided the multiplicities of the signals from which the

quarternary carbons arnd the two methyl carbons (with same chemical shifts) could easily be usstgnedlz.
The assignment of other carbors, three methylenes and three methines, was obtained wn a straight for-
ward manner using the two-dimensioml INADEQUATE expenmentsw_l5 and the 13C chemical shifts
are given in the table. The one bond carbon-carbon couplings (IJCC) for Sp3-8p3 ard sps-sp carbons  are

normally in the range 30-40 Hz and 50-70 Hz respectwelylz. We, therefore, tried two experiments
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where the double quantum coherences were optimized for I'ICC of 31 Hz amd 50 Hz. However, these
experiments failed to show the connectivity between cyanocarbon and the carbon adjacent to it, ard
also the carbonyl carbon ard carbons 1 ard 3 due to large relaxation time of the unprotomated carbaors,
Therefore, we had to take recourse to more sensitive one dimersional INADEQUATE e.::periment.sl5 t
fix the position of the cyano group in the 4 membered ring. An interesting feature of the two dimensional
INADEQUATE experiments was the creation of double quantum coherence between carbons 1 and 3 (see
fig. 1) separated by two bords implying large two bond couplings. This was confirmed when in the one
dimensional INADEQUATE experiments ZJCC of 11.2 Hz was observed between C1 and C3. Such large
12’16. For obtaining IJCC for

0

two bord couplings are rare but not urusual for carbons flanking a carbonyl

1 1

Table : 1H and 3C-Chemical shifts and H-IH indirect spin spin couplings of 7-(exo )cyano-5,5-
dimethyi-bicyclof4.2.0J-octan-2-one

Chemical shifts* Indirect spin spin couplings (IH_-IH)
Thpem)  copm) (Hz) (Hz)
61 2.788 42.28 J1-3ax 0.5 J4ax'JCH3ax 0.4
62 - 212.27 J1-3eq 0.5 J4eq_J6 1.9
63 2.449(ax) 36.89 Ii6 8.7 Jo-7 10.3
a
2.336(eq) - - 1.0 Jog 0.1
a b
64 1.788(ax) 34.43 J1—8 9.5 J6-8' 0.4
1.722(eq) - J 2.1° J 10.3°%
-fecteq 1-8' : 7-8 )
b
65 - 30.63 J.?ux J3eq -15.2 J7—8' 8.3
8 2924 53.37 I3ax 7 teq 5.9 Jg g -11.4
s, 2.754 22.80 T3ax dax 14.4
a -
68 2.394 27.14 J3eq J4eq 2.9
b R .
2.523 J39q J4ax 3.6
SCN - 121.07 JSeq—JCH3eq 0.3
GCHs 1.153(ax) 25.52 J4ax—‘,4eq -14.2
1.018(eq) 25.52
* The chemical shift values are with respect to TMS. The rumbers in subscript in the columns refer
to the position of H and C in structure A in fig. 2
a - Protoncis to H; referred to Hg

b - Proton trans to HI’ referred to H8’
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Fig. 1: Two dumenstonal 13C INADEQUATE spectrum of 7-(exo )- Fig. 2 : Two conformers
cyano-5,5-dimethyl-bicyclo[4.2.0]-octan-2-one of Compound 1
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all the carbons the double quantum coherence in the one dimensional INADEQUATE experiments was
optimized for a walue of J=50 Hz. These experiments ciearly showed IJCC of 61.3 Hz between the
cyano carbon and the carbon at position 7 implying that the major product of the photochemical reaction
is 7-cyano-5,5-dimethyl-bicyclo[4.2.0]-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 enone-oiefin photoannelations. The reaction of acrylonitrile with
cyclohex-2-ene-1-one ard its 3-methyl derivative gives a head to head isomer as the major productl’s.
It is consistent with the mechanism postulated by Coreyl and subsequently elaborated by de Mayo3
where the photoadduct results from an exciplex formed between an excited enone triplet (Tl) ard the
olefin. The formation of head to tail isomer may be understood with the help of the additional steps
proposed by Schuster et al” based on the evidence obtained on the nature of the transient intermediates
in the photochemistry of cyclohex-2-ene-I1-ones. It was noted that the transoid enone in the ground
state (So) generated by intersystem crossing from the twisted enone triplet is involved in the photo-
addition reaction of 4,4-dimethyl-cyclohex-2-ene-1-one. In the reaction with acrylonitrile if the addition
involved the enone transient in SO state then the regioselectivity is expected to be determined by the
direction of polarisation of the enone ard should lead to 7-cyano isomer. The transient in the TI state
should give rise to 8-cyano-isomer. Takirg these into corsideration and omitting the finer details well
described in literaturew, the two- mechanisms of photoannelation between 4,4-dimethyl-cyclohex-2-
ere-1-one and acrylonitrile can be presented as shown in Scheme 1. The fact that we obtain 7-cyano
isomer 1 as the major product appears to suggest the involvement of twisted enone in So state.

Having fixed the position of cyano group, its configuration {(exo or erdo) in the cyclobutare ring

can be obtained from 3JHH and the ruclear Overhauser effects (NOE) between the protons. Since the

13C resonances have aiready been assigned. 1H assignments as a first step were obtained with the

help of IH—13C hetero COSY experimentsw’”

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

optimized for one bond proton-carbon couplings. These

or the carbons havirg same chemical shifts. Therefore, further assignments have been made by the
NOE considerations. For a chair conformation of the cyclohexanone rirng, the axial methyl at Cs would
show NOE with the axial proton at C3 and the equitorial proton at C4 whereas the equitorial methyl
would display NOE with both the protors at C4 but not with the protons at C:i.o ITgkirg these facts
into account all the proton assignments were made with the NOESY experiments "~ discussed later.
Since the protons are strongly coupled, the IH spectrum was analysed with the PANIC program available
with the spectrometer. The derived 1 H spectral parameters are given in the table.

The spin-spin coupling constants in a large rumber of substituted cyclobutanes investigated show
that the cis coupling in the four membered ring are larger than the gra_nscouplirgslg-zz. This generaliza-
tion, however, does not aiways hoid good ard necessitates the use of Karplus equation to ascertain
the correct molecular structure23. In the fig. 2, two possible conformations of the rirb system for
7-cyano-5,5-dimethyl-bicyclo[4.2.0]-octan-2-one are shown. Fig. 3 explicitly depicts the molecular confor-
mation of the cyclobutane ring as the Neuman projections for the structure A in fig. 2 (with the CN
at the exo position) alorg with the experimental coupling constants. The experimentally obtained 3"HH
agree well with the couplings caiculated with the help of modified Karpius relatiom23 for the conforma-
tion shown in fig. 3 and points to the fact that the cyano group is-in the exo position It is also worth
mentioning that the 3J

HH
ring with large axial-axial coupling and rather small axial-equitorial ard equitorial-equitorial couplings.

at C.’i ard C4 are consistent with a chair conformation at the cyclohexanone

The conclusions derived from coupling constants have also been supported 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 and equitorial H at

C4, ard the protorns at C6 ard C.. The methyl in the axial position has, NOE cross peaks with equitorial

7
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Fig. 3 :  Neuman projections along the C-C bords 1n the cyclobutane ring of
7-(exo)cyano~5,5-dimethyl-bicyclo[4.2.0J-octan-2-one

CH3, equitorial H at C4, axial H at C3, H at C6 ard C1' The H at C6 has NOE cross peaks with both
the methyls, protors at Cl ard C7. NOE cross peaks for H at C1 are observed with the protons at
C6 ard Ca whereas the H at C7 has cross peaks with the protorns at C4, C6 amd C8‘ All this data
fourd corsistent with the structure A (fig. 2) and confirms the deductions derived from the coupling
corstants. It should be emphasized that the presence of a weak hut characteristic NOE cross peak

between the H at C7 ard the one n axial position at C, strorngly supports on exo configuration for

4
the nitrile at C7 (in an expertment performed with a mix time of 1.5 sec. these cross peaks were not
noticed). An alternative conformation B (fig. 2) can also be ruled out on the basts of the data on the

coupling constants and NOE presented above.
Experimental
NMR spectra were recorded on Bruker AM-300 NM spectrometer with Aspect 3000 computer

ard an array processor operating at 300.13 MHz for 1H ard 75.47 MHz for 13
tatned n CDCls at room temperature (295 K) with TMS as internal reference.

C. The spectra were ob-

IH NMR - Normal one dimensional spectra were obtained with sweep wudth of 920 Hz with

16 K data pownts, zero filled to 64 K for better dizitization The spectral resolution was erhanced by
multiplication with Gaussian window function The phase sensitive NOESY spectrum was obtained with
sweep width of 700 Hz and 32 transients per t1 were accumulated. A data matrix 256 x 2048 was collec-
ted with a mwx time of 2.5 sec. The data was zero filled to 512 x 2048 before Fourier transformation
In order to remove the signal arising from zero quantum trarsitions the mix time was randomly varied
by upto 2% of the mix time.

13C NMR - 130(1H decoupled) spectra were obtained with a sweep width of 16666 Hz and
composite pulse WALTZ decoupling, whereas the proton coupled spectra were run on gated decoupled
mode to retain the NOE erhancements. The 2D INADEQUATE spectra were obtained with a data matrix
128 x 4096. For each of the t1 value 64 trarsients were accumulated. The data was zero filled to 256
x 4096 before Fourier transformation The one dimersiomil INADEQUATE spectrum was obtained with
8929 Hz sweep width with 16 K data points which was zero filled to 64 K before Fourter transformation
lH—13C heteronuclear correlation experiments were optimized for one bond couplings and were obtained
tn the absolute value mode with a matrix 64 x 1024 which was zero filled to 256 x 1024 before Fourier
trarsformation

Photoaddition between 4,4-dimethyl-cyclohex-2-ene-1-one and acrylonitrile

The photoaddition was studied in different solvents like cyclohexane, t-tutanol, acetontrile,
rmhexane ard SDS mucelles. In a typical experiment 6.2 g (0.005 mol) 4,4-dimethyl-cyclohex-2-ene~1-one
ard 31.8 g (0.6 mol) acrylomtrile (in micelles a 3-fold excess of acrylonitrile was sufficient) in 550
ml cyclohexane was wradiated for 8 hrs at 6° urder continuous Ar purging, using pyrex immersion well
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ard @ Hanovia 450 Watt medium pressure Hg.arc lamp. The solid polymer (in micelles solid polymer
is not formed} was filtered and the filtrate concentrated in vacuo till the complete removal of starting
material. The residue was dissolved in aqueous methanolic K2C03, stirred for 4 hrs, solvent removed,
diluted with water, acidified with dilute HC! and extracted with ether. The ether extract dried over
Nuzso » concentrated in vacuo and the residue chromatographed over silica gel using first pure hexane
as eluent and progressively increasing the polarity by addition of ethyl acetate. Final elution was done
with hexanes containing 10% 2thyl acetate. The initial fractions gave pure 7-(exo)cyano-5,5-dimethyl-
bicyclo[4.2.0}-octan-2-one. (Yield : 1.7 g, m.p. : 53.8% IR{CHCls) Vo 1710 cm'I, VeN 2235 cm-l.
High resolution mass spectrum : Mt at m/e 177.1158 (calculated for C“H15N0 177.1153). The subsequent
fractions contained a mixture of the above compound ard ore of its isomer (Yield : 950 mg) from which
the secord component could not be obtained in pure state. The rumber ard ratio of the isomeric photo-
adducts was determined by GLC analysis on an SS 8' x 1/8" 10% SE-30 on chromosorb WHP (80-100
mesh), temperature programming (100°-15°/min -200°) and FID detector. Irrespective of the medium
used for photoaddition 4 isomeric adducts with Rt at 8.58, 9.15, 9.26 ard 10.98 min. are formed. The rela-
tive amount of the isomer with highest Rt value is negligible. This mixture after isomerisation contains
two isomers with Rt at 8.58 and 9.15 min. in the ratio of 3:1. This infers the isomerisation of trans fused
adducts with Rt at 9.26 ard 10.98 min to cis fused adducts with Rt 8.58 amd 9.15 min respectively.
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