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Structural analysis of a-benzyl -y phenyl cycl ohexanone

Since from the benzylation of yphenylcyclohexanone, we could

obtain both the cis- and the trans-a-benzyl -y phenyl cycl ohexanone
(Schenme S1), we wish to anal yse the obtai ned conpound.
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:B = base, S = surfactant
Schene S1. Benzyl ati on of y phenyl cycl ohexanone

NVMR data and theoretical calculations (Tables S1 and S2) suggest,

as the major product, the cis-a-benzyl -y phenyl cycl ohexanone.

The chemical shift and spin-spin coupling constants are profoundly
sensitive to the spatial arrangement of atoms in a nolecule, Y for
this reason we have pointed the attention on the aliphatic portion
of M NWR and also on the Haasnoot’'s generalization of Karplus-
equationl? in order to estimate 3J coupling constants, where the
di hedral angles for both, the <cis- and trans- isonmer, were
estimate using Spartan Plus softwarel® (Wavefunction) with initial
nol ecul ar nmechanics mnimzation (MWF) followed by ab initio
treatnents. We used the HF 6-31G | evel .

Spectral assignnents (Table S1 and Experinental Section) were
assisted by COSY and HETCOR 2D spectra. The axial and equatorial
protons were assigned both on the basis that the chem cal shift of
an equatorial proton H. at a given carbon atom in a hono-nucl ear
six-menbered ring is at lower field than that of the axial
hydrogen H, at the same carbon atomi'™* (but for cyclohexanones

normally an oa-axial proton is nore deshielded than the a-
equatorial proton)!® and by the equally well known observation
that Jaa>> Jae ~ Jee ! fromwitch follows that the band wi dth of the
axial proton is appreciably greater than that of the equatori al
proton. The nethod, although approximate, is sufficiently good to
enable one to assign signals with confidence to equatorial and
axi al protons.![®

The analysis to verify the hypothesis of cis- isoner, for the a-

benzyl - y phenyl cycl ohexanone, was pointed on shape and multiplicity
of H, (2.75ppm and Hs, (1.63ppn) signals (Schene S1). From a 1%
order analysis (that is not necessarily strictly correct) the
multiplicity of Hsa results from the spin-spin interaction wth
three Hnucleolus wth simlar coupling constants. The COSY
experinment showed that the Hs; was coupled with the three hydrogens
Hi, Hse and H,. Fromthe line width and the splitting of H, we coul d



hypot hesi se that the y-phenyl group was equatorial, hypothesis

confirnmed by a previ ous conf or mat i onal wor k on 2
Phenyl cycl ohexanone, !’ and so the H, was axial, and shared a 3Ja
coupling with Hs (Table S2). Literature datal® show that the
average of gemnal coupling in cyclohexanones is about -13 Hz,
follows that the third nucleolus, the H, should be axial with a

coupling constant [PFJal 13 Hz. Fromthis analysis follows that if

the H, and H, were axial the two substituents a-benzyl and y phenyl
were in cis relation.

In support of the suggested isomer we have performed cal cul ation
in order to estimate the vicinal proton-proton coupling for the
cis- and trans- isoners and conpare those with the experinental
dat a.

In this work we consider the Haasnoot’'s enpirical generalization
of the Karplus-equation (the results are shown in Table S2):

3Jiy = Picos?@ + Pycos@ + P3 + SAX{Ps+ Pscos?(& @ + Ps |Axi|} (S1)

using the di hedral angles @ estimted by ab initio cal cul ati ons.

As a results the paraneters estimted for the cis- isonmer agree
with the experinental ones whereas a poorly agreenent was found
between the cal culated and the estimated paraneters for the trans-
i somer (Table S1 and S2).

W would like to stress the evidence that for the trans- isoner
the cal cul ated coupling 3Jipe.tga i S nMuch | ower than the experinmental
data (conmpare 5.23 Hz wth 12.85 Hz; Table S2) and also the
calculated signal line width for the He proton (LW = 3Jipetsa +
3Jipe-tge + 3Jipe-ry) is lower than the experinental one (experinental
LW at ¥ height[® 33.4 Hz, calculated 20.9 Hz; Table S1). The same
analysis for the cis- isoner comes with an unexpected agreenent
between the <calculated and the experinmental vicinal coupling,
actually the difference lies within one r.ms. deviation of 0.5 Hz
estimated for the Equation (S1) by Haasnoot.!? The larger (2-6 Hz)
di fference between the calculated and the experinental LW cones
because we neglected all 1long rang coupling, and also each
calculated <coupling for the H were different from the
experinmental data because the free rotation along the C,-C; bond,
however the sumare within 1 Hz.

In conclusion both, the experinental data and the cal cul ated one,

agree with cis-a-benzyl - y» phenyl cycl ohexanone.

Table S1. Chenical shift and line width for sel ected proton
signal s.

Hsa Hea Hr H Hs Hz
da (ppm 1.63 1.92 2.41 2.75 3.00 3.32

(q) (m (dd) (m (tt)  dd)

Lvexp. [Pl 39,7 45. 6 25. 4 33.4 32.64 21.46
(Hz)
Lwelel (Hz) 37.7t™ 27.8
cis cis
30.6 20.9

trans trans




(2l Measured chenical shift (ppnm) from the TMS as the
internal reference; [P Experinmental line width at Y%
hei ght;[4 ¢l |w = SJu where J were the coupling
constants cal culated from Equation (Sl1) (see Table S2);

(4] Estimated with Jgen=13

Tabl e S2. Conpari son between the experinental coupling constants
and the val ues cal cul ated by the Equation S1 for cis-and trans-
I somer .

HH @ cis[a] (o) SJCis[b] q)trans[a] SJUanS[b] SJEXD[C] (HZ)

(Hz) (°) (Hz)

H - H 163. 83 11. 44 -171. 92 12. 11 9.0

H - H -80. 3 1.16 72.55 1.70 4.6
12. 60¢ 13. 81td 13. 6ld

H - Haa 178. 82 12. 36 45. 66 5.23 12. 85

H - Hae 62. 74 2.82 69. 68 1.81

Moo - Hia -178. 05 12. 36 -177.70 12. 35 12. 45

13l Di hedral angles in degree from the ab initio calculation (see
text); [P Values estimated using the Equation (S1), we follow the

Haasnoot’s rules!? Definition for & and Ay, the paraneters P;-Pg
were from set D;!2 [¢l Experinental coupling constants. [ Jpp +
Jro- Hr
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