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Ahslract—As§ig11ment of configurations to diastereomeric pairs was based on anisochronism of diastereotopic
protons of suitable probe groups, at various distances from both chiral centers.

PMR differentiation and identification of meso and di
forms of acyclic structures with two equivalent chiral
atoms have been widely studied when the asymmetric
centers were separaled by one atom.' The very strict
approach was based on symmetry principles® such as
anisochronism of diastereotopic groups in the meso
form.

The same criterion was also applied to some cases of
molecules having asymmetric center separated by two C
atoms™ whereas most of the works on structures with
longer atom chain separation made use of an empirical
criterion, i.e. differences in chemical shifts, that were not
predictable a prieri®"®

It is known that the mediated effect of an asymmetric

.center on the anisochronism of diastereotopic groups
decreases with increasing distance;'' factors affecting
conformational equilibrium in sofution, such as tempera-
ture,' or nature of selvent,'’ however, can influence the
criticai chain length at which anisochronism disappears
at a given PMR frequency.

The present work is an attempt to show the effect of
distance from two equivalent chiral atoms on anisoch-
ronism of diastereotopic groups. Thus, a series of
compounds was prepared, with two asymmetric centers
separated by three C atoms and bearing two equal probe
groups joined to the central atom, to provide readily
analyzable first-order signal systems. Schemes A, B, C
show the synthetic routes by which the three fundamen-
tal structures 1, 2 and 3 were obtained. Probe groups
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were gemina! Me groups in 1a and 1b (four bond separa-
tion of probe protons from both chiral centers), geminal
carbomethoxy groups in 3 (two more bond separation),
geminal methylene groups in 2, with additional Me
(acetic) groups in 2b and 2e, thus providing probe pro-
tons with a seven bond separation from the asymmetric
aloms.

RESULTS AND DISCUSSION

As shown in Table 1, differentiation of diastereomers
was always possible and the assignment of configurations
was achieved for all structures on the basis of anisoch-
ronism of diastereotopic probe protons. Me probe
groups are diastereotopic and therefore anisochronous
in meso forms and are equivalent and isochronous in d!
forms (2).

In methylene probe groups, which miss the threefold
axis of symmetry present in Me groups, probe protons
should always be diastereotopic in pairs (Fig. 1): in meso
form geminal protons of each methylene group are
enantiotopic and isochronous, whereas the two methy-
lene groups are diastereotopic each other and therefore
anisochronous (predicted signal: two singlets); in df form
geminal protons of each methylene group are diastereo-
topic and hence anisochronous, being equivalent in pairs
to those of the other methylene group (predicted signal:
AB system).

Only in compound 2¢, the mese form showed no
anisochronism in either probe group pairs; however the

Hg He
HA\c_: ‘C‘_‘\HA.
W, “te,, ~w

Gr Gr
d![RR form): point group C;

Fig. 1. Symmetry relationship between CH; probe protons in 2a {W = -OH), 2b and 2¢ (W = -0Ac). Gy and Gg refer to
the two opposite configurations of chiral centers. The proton pairs H,-H ,, and Hg-Hpg, are enantiotopic in RS form and
equivalent in RR ($S) form.
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Scheme C.

PMR signal of methylene probe groups, which appeared
as-an AB system in dl form made assignment possible
also for 2¢ structure. The same behaviour of methylene
probe groups was observed in dl 2b, but not in d! 2a
where the expected AB system degenerated to a singlet.

Fortuitous compensation of the mediated magnetic
" influence of the two chiral centers for a particular dis-
_tribution of conformational populations might account
. for this degeneration and, possibly, aiso for that obser-
ved in meso 2c.

Differences between diastereomers were also observed
in the ABX systems of chain branches (Table 1);
degeneration to an A,X system was observed in only one
diasteréomer of 2c and 3, regardless of their configura-
tions.

In conclusion, our results show that in one case al
least (meso 2b) probe protons separated from the chiral
centers by seven bonds can still show anisochronism at
100 MHz.

EXPERIMENTAL

General. M.ps were determined on a Biichi apparatus and are
uncorrected. M.ps of diastereomers 1, 2 and 3 referred to dias-
" tereomeric purity reported in Table 1.

Elemental analyses were made by dr. R. De Leonardis, using a
Hewlett-Packard 185 C. H, N analyzer.

NMR spectra were recorded on a Varian HA 100 or a Jeol
C-60 HL spectrometer, using TMS as internal standard. Chemical
shifts are reported in ppm (3) and the following abbreviations are
used: s, singlet: d, doublet; t, triplet; m, multiplet, NMR data of
diastercomeric forms are listed in Table | and and are not
reported in this section. Column chromatographies were per-
formed with Merck silica gel (230-400 mesh ASTM).

In the fractional crystallization of diastereomeric mixtures, the
d! form always crystallized first.

Acetylation of separated diastereomeric forms 1a and 2a and
diol 8 was carried out in pyridine and Ac,0 by the usnal pro-
cedure.

1,5-Diphenyi-1,3-dimethyl-pentane 1,5-dio! (1a). A mixture of
4" (06g 2.14mmol) and NaBH, (0.057g, 1.51 mmol} in abs
EtOH (30 mi) was heated at 50-60° for 24 hr. After removing the
solvent in vacuo, the residue was dissolved in water and the soln
extracted with ether. The separated organic layer was dried on
Na,80,, filtered, and evaporated to dryness to give a dias-
tereomeric mixture of diofs la (0.59g, ¥7% yield). Separation of
diastereomers was obtained by column chromatography using
80:20 hexane-ErQAc as elvant. Crystallization of both forms
from petrol ether gave: meso. form, m.p. 84-86°, (Found: C.
80.03; H, 8.63. C gH20- (284.4) requires: C, 80.24; H, 8.51%): df
form, m.p. 109-111° (Found: C, 80.15: H, 8.34. required: as
above).
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1.5-Diphenyi-1,5-diacetoxy-3,3-dimethyl-pentane (1b). Meso 1b
was crystallized from hexane, m.p. 64-66° (86% vyield). (Found:
C, 74.98; H, 7.80. CxHxO, (388.5) requires: C, 74.97; H, 7.66%).
Efforts to crystallize the 4l form, were unsuccessful, (Found: C,
75. 25, H, 7.95. required: as above).

1.5-Diphenyi-3,3-bis-(methoxycarbonyl)-pentane 15-dione (5).
Dimethy! malonate (1.1g, 8.3 mmol) and finely powdered Na
(0.41 g, 18mmol) were refluxed in dry benzene (100ml) and
stired mechanically for 2 days. Next, a soln of phenacyl
bromide (4g, 20mmol) in dry benzene (10ml) was
added dropwise. The mixture was refluxed for another day,
cooled, washed with water, and dried on Na,SO,. After filtration,
the solvent was removed in vacue and the remaining crude
product was crystallized from MeOH 1o give § (1.5 g, 49% yield)
m.p. 146-148°. (Found: C, 68.17; H, 5.20. CyH;0, (368.4)
requires: C, 68.47; H, 5.47%). NMR (CDCl,/60MHz) 8: 3.80 (s,
6H, -CH3): 4.08 (s, 4H, -CH,); 7.30-7.80 (m, 6H) and 7.90-8.40
(m, 4H) {arom).

1,S-Diphenyl-3 3-bis-(hydroxymethyl)-pentane 1,5-diol (2a). A
soin of 5 (1 g, 2.7 mmol) in abs ether (30 ml) was added dropwise
to 2 suspension of LAH (1.67 g, 44 mmol} in abs ether (40 ml) and
was then refluxed for 1hr and stirred at room temp during 24 hr.
Ice-water was carefully added to the cooled mixture to remove
excess LAH.

After adding 10% H.SQ. {30ml), the organic layer was
separated and the aqueous layer extracied with ether. The
combined ethereal extracts were washed with saturated brine,
water, and dried on Na,SQ,. Filtration and evaporation of the
solvent gave 0.75g of reduction products. Column chromato-
graphy using 50: 50 cyclohexane-EtQAc as eluant, gave triol 6 as
first fraction {0.08g), m.p. 110-112° from CHCl;. (Found: C,
75.81; H, 7.86. CisH:04 (300.4) requires: C, 75.97; H, 8.05%);

I
NMR (CD,OD) &: 1.55-1.90 (m, 4H. CH;—CH:—(IZ—CHZ—CH);

2.40-2.70 (m, 2H, Ph—CHy); 3.48 (s, 2H, CH,-0); 3.62 (s, 2H,
CH;0); 4.78-4.94 (m, 1H, CH-); 7.00-7.42 {m, 10 H, arom) and a
mixture of diastereoisomers 2a as second fraction (0.55 g, 68%
yield). The latter was separated by fractional crystallization with
ether lo give: meso form, m.p. 132-134°, (Found: C, 72.24; H,
7.70. C1pH140;4 (316.4) requires: C, 72.12; H, 7.65%); di form, m.p.
140-142°, (Found: C, 72.30; H, 7.48: required: as above).

Reduction of 5, using various amounts of NaBH,, always gave
complex mixtures, containing 2a and partial reduction products
with IR lactone CO absorption.

1,5 - Diphenyl - 1, 5 - diacetoxy - 3, 3 - bis - (acetoxymethyl) -
pentane {2h). Meso 2b was obtained in 82% yield, m.p. 80-83°
from hexane (Found: C, 66.76; H, 6.62. C»H;;04 (484.5)
requires: C. 66,92 H, 6.66%). dl 2b was prepared in 84% yield,
m.p. 89-92° from hexane (Found: C, 67.13; H, 6.62. required: as
above).

t,5-Diphenyl-3,3-bis-(methoxycarbonyl)-pentane (T). A mix-

ture of dimethyl malonate (1 g, 7.6 mmol) and finely powdered Na

(0.39 g, 17 mmol) was refluxed in dry toluene (40 ml), and stirred
mechanically for 1 day. Then, a soln of phenethyl bramide (2.8 g,
15.2mmol) in dry toluene (3 ml) was added dropwise and the
mixture was refluxed during 2 days. After cooling, the solvent
was removed in vacue and water was carefully added to the
residue. The aqueous soln was extracted with ether and the
crude product obtained after drying ethereal extracts on Na,S0,
and removing the solvent, was crystallized from MeOH to give 7
(1.7g, 66% vyield), m.p. 76-78° (Found: C, 74.04; H, 721
CyH204 (340.4) requires: C. 74.09; H, 7.11%); NMR
(CDCL/60 MHz) 3: 2.25-3.40 {m, 8H, -CH,): 4.14 (s, 6H, -CHa);
7.60 (s, 10H, arom).

1,5 - Dipheny! - 3.3 - bis - (hydroxymethyl} - pentane (8). A

soln of 7 (1.5 g, 44 mmol} in abs ether (20 ml) was added drop- -
wise to a stirred and ice-cooled suspension of LAH (0.20¢,
5.3 mmol) in abs ether (40 ml). After stirring at room temp for t
day, the mixture was refluxed for 1hr, cooled and carefully added
with ice-water. The organic laver was separated and the agueous
soln extracted with ether. The combined extracts were dried on
Na,80, and evaporated under vacuum to give 8 (1.14g, 91%
yield), m.p. 144-146° from ether. (Found: C, 79.93; H, 8.51.
CioH20; (284.4) requires: C, 80.24; H, 8.51%); NMR
(DMSOdg/60 MHz) &: 1.36~1.64 (m, 4H, Ph-CH,—CH,-); 2.46~
2.70 (m, 4H, Ph-CH,, partially overlapped by solveat signal);
338 (d, 4H. CH;-O. J=6Hz): 436 (1, 2H, -OH, ) =6 Hz);
7.00=7.30 (m, 10 H, arom).

1,5-Diphenyi-3,3-bis {(acetoxymethyl)-pentane (9). Diacetate 9
was oblained in 71% yield m.p. 78-79° from MeOH-H,0 (Found:
C,74.82; H, 7.77. CysHy04 (368.5) requires: C, 74.97; H, 7.66%);

NMR (CDCLy/60 MHz) 5: 1.50-1.92 (m, 4H, ~Cl;[2-(l|I—CHz-O);

2,10 (s, 6H, -CH); 2.40-2.90 (m, 4H, PH--CH); 4.10 (s, 4H,
-CH,-0); 7.30 (s, 10 H arom).

Bromination of 1,5-diphenyl-},3-bis-(acetoxymethyl)-pentane
) and 1.5-diphenyl-3,3-bis-(methoxycarbonyl)-pentane (7). A
soln of 7 or 9 (4 mmol), N-bromosuccinimide (1.5 g, 8.5 mmol)
and benzoyl peroxide (0.04 g) in dry CCl, (25 ml) was refluxed for
1 hr. After cooling, the succinimide was fitered off and the
solvent removed in vacuo 1o give a mixture of 3 or 2¢, yield 9%
and 93% respectively. Fractional crystallization from ether gave
pure diastereomeric forms of 3 or 2¢. Compound 3, meso form,
m.p. 114-115°. (Found: C, 50.91; H, 4.28. C5Hy»Br0, (498.2)
requires: C, 50.63: H, 4.45%). 3, d! form, m.p. 140-142°. (Found:
C, 50.80: H, 4.51 required as above). Compound 2¢, meso form,
m.p. 77-79°. (Found: C, 52.72; H. 4.98. CxHBr,0, (526.3)
requires: C, 52.49; H, 4.98%). 2¢, d form, m.p. 120-121°. {(Found: C,
52.68; H, 5.05 required as above),
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