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Arginine modification. Citrate synthase at
20 uN was reacted with 60 mM butanedione
in 1 ml 0.1 M borate buffer pH 7.5.1¢ The modi-
fication was stopped by gel filtration of the
mixture on a column of Sephadex G-15 (Phar-
macia), using 0.125 M borate pH 7.5 as eluent.
An aliquot was treated similarly but without
butanedione. The enzyme was assayed for
residual citrate synthase activity '? and methyl-
citrate synthase activity by incubation for
20 h as above. To prevent restoration of
essential arginine groups, the latter reaction
was performed in 0.1 M borate pH 7.5 instead
of phosphate buffer.!®
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Reduction of 3,3,5,5-Tetramethyl-
cyclopentane-1,2-dione and its
Reaction with Methylmagnesium
Bromide
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Department of Chemistry, University of Helsinki,
SF-00100 Helsinki 10, Finland

In connection with our interest in reactions * of
3,3,5,5-tetramethylcyclopentane-1,2-dione ? and
especially the equilibria ® in alkaline solutions
we found it desirable to synthesize a series of
cyclopentane-1,2-diols (Scheme 1).

We report here the preparations of cis- and
trans-3,3,5,56-tetramethyleyclopentane-1,2-diols
by reduction of 3,3,5,5-tetramethyleyclo-
pentane-1,2-dione and the spectrometric ¢!
determination of configurations of these new
diols. We also describe the reaction of the title
compound with methylmagnesium bromide.

Preparation of  3,3,5,5-tetramethylcyclo-
pentane-1,2-diols. When 3,3,5,5-tetramethyl-
cyclopentane-1,2-dione was reduced with so-
dium borohydride in methanol at room tem-
perature, the only isolated product was trans-
3,3,5,56-tetramethyleyclopentane-1,2-diol (trans-
1). The crystallized product showed only one
pea.l}f analyzed by glass capillary gas chromatog-
raphy.

'Pi‘he diketone was hydrogenated at about
100 atm. and 60— 70 °C to give exclusively the
diol c¢is-1. Hydrogenation at lower tempera-
tures was incomplete.

Determination of configurations. In some cases
it is possible to assign the configurations by
comparing the IR spectra of the isomers in
the OH stretching region.’%!%:1? In the case
of cyclopentane-1,2-diols only the cis-isomer is
capable of forming an intramolecular hydrogen
bond thus showing both the absorptions of
free and bonded OH groups in dilute (<0.005
M) solutions.

H R R
OH OH R »
1 2 3

The IR spectra of cis-1 and trans-1 were
measured by using 0.005 and 0.0025 M CCl,
solutions. The cis-isomer shows two OH bands
at 3643 (free) and 3576 cm™ (bonded) the
intensity ratios being equal in both concentra-
tions.

The spectrum of ¢rans-1 shows only one OH
band (3630 cm™). When the concentration is
0.005 M, the trans-isomer also shows a band at
ca. 3400 cm™ due to an intermolecular hydrogen
bond, which does not exist at higher dilution
(0.0025 M).
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The 'H NMR spectra of the diols show char-
acteristic differences. The methylene protons
of cis-1 and trans-1 give an AB and an A,
spectrum, respectively. The methine proton in
the cis-isomer absorbs at a lower field than
in the #rans-isomer. This is in accordance with
earlier findings.® The absorption signals of all
the 12 methyl protons in cis-1 are observed
as one singlet, but the 1*C shielding differences
of the corresponding carbons are clear (see
Experimental). We found an analogous result
in the case of cis-3.

Finally, cis-1 and trans-1 can be distin-
guished by studying 1*C NMR spectra. The
differences in 13C shieldings are most striking
in the cyclopentane ring itself and especially
at the nonprotonated carbons.

The results show that in the case of sym-
metrically 3,3,5,5-substituted cyclopentane-1,2-
diols, the *H NMR method presented is ap-
plicable for assignment of the configuration
even if only one of the isomers is available.

Reaction of 3,3,5,5-tetramethylcyclopentane-1,2-
dione with methylmagnesium bromide. The title
compound reacts with an equimolar amount
of the Grignard reagent yielding after hydrol-
ysis 2-hydroxy-2,3,3,5,5-pentamethylcyelopen-
tanone. The other carbonyl group remains un-
attacked when using a small excess of mag-
nesium (17 9%). No impurities were observed
by glass capillary GLC. The structure was
established with *C NMR, 'H NMR, mass,
IR and UV spectra.

We found that 2,2,4,4-tetramethylcyclopen-
tanone is much less reactive toward the same
Grignard reagent than the corresponding dike-
tone. Under the same reaction conditions (17 %,
excess of magnesium) only about 50 9, of the
starting monoketone reacted. When the prod-
uct from this preparation was treated with a
3-fold excess of the Grignard reagent, the re-
action was still incomplete.
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The greater reactivity of one carbonyl group
of the diketone compared with the correspond-
ing monoketone may be accounted for by the
planar conformation * of the ring and nearly
cts-coplanar carbonyl groups!® of the former
compound. The monoketone and the product
5 have energetically more favoured half-chair
conformations.*

cis-1,2,3,3,5,6-Hexamethylcyclopentane-1,2-
diol was synthesized starting from the title
compound and using the 2-step method de-
scribed above. The configuration was found
to be cis by using the spectrometric method
described in this paper (see Experimental).
Analogous results have been observed in the
reaction of 3,3,4,4-tetramethylcyclobutane-1,2-
dione with methylmagnesium iodide.'?

Experimental. 'H NMR spectra were obtained
with a JEOL JNM-PMX60 NMR spectrometer
and *C NMR spectra with a JEOL JNM
PFT100 spectrometer. IR spectra were re-
corded with a Perkin-Elmer 125 Grating
Spectrometer in 10 9, CCl, solutions and (NIR)
in 0.005 and 0.0025 M solutions using the cell
length of 1.0 em. UV spectra were measured
with a Shimadzu UV-200 Double Beam Spec-
trometer. Mass spectra were recorded with a
JEOL JMS-D 100 instrument.

Melting points, determined in open capillary
tubes with an electrothermal apparatus, are
uncorrected.

3,3,5,5-Tetramethylcyclopentane-1,2-dione  (4)
was synthesized and methylmagnesium bromide
was prepared as described in Ref. 2.

cis-3,3,6,5-Tetramethylcyclopentane-1,2-diol
(cis-1). The diketone 4 (1.54 g) was hydrogen-
ated in ethanol (70 ml) over Raney nickel at
70 °C using a hydrogen pressure of about 100
atm. When the reaction time was ca. 10 h,
the orange colour of the diketone had disap-
peared. The solvent was evaporated in vacuum.
The remaining crude product was sublimed (10
mmHg/water bath). The yield of the twiee
sublimed colourless crystals was 1.05 g (66 %),
m.p. 58 °C. *H NMR (60 MHz, CDCl,): 6 1.03
(12 H, 8), 1.50 (centre of AB q, 2 H, J 14 Hz),
ca. 3.0 (2 H, 8, depending on conc.), 3.76 (2 H,
8). 3C NMR (25.15 MHz, CDCl,): 6 25.2 (off-
res. q), 30.3 (q), 39.5 (s), 53.1 (t), 81.7 (d). NIR
(0.0025 M CCl,): 3643 (free OH), 3576 cm™
(intramolecularly bonded OH). MS (70 eV,
mfe): 158 (M).

trans-3,3,5,5-Tetramethylcyclopentane-1,2-diol
(trans-1). The diketone 4 (1.0 g) was dissolved
in methanol (15 ml). Sodium borohydride (0.34
g) was added in portions in the course of 20
min at room temperature. The mixture was
stirred further for 30 min. Most of the solvent
was removed by distillation. The remaining
mixture was poured into water (30 ml) con-
taining some diluted hydrochloric acid. The
aqueous solution was saturated with sodium
chloride, extracted with diethyl ether and the
ether solution was dried with magnesium sul-
fate. After removing the solvent the crude
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product was recrystallized from aqueous pro-
panol. The yield of the colourless crystals was
0.72 g (70 %), m.p. 102—103 °C. 'H NMR (60
MHz, CDCl,): ¢ 0.93 (6 H, s), 1.08 (6 H, s),
1.48 (2 H, 8), ca. 3.0 (2 H, s, depending on
cone.), 3.68 (2 H, s). ¥C NMR (25.15 MHz,
CDCl,): 6 24.8 (off-res. q), 29.9 (q), 35.3 (s),
52.1 (t), 83.5 (d). NIR (0.0025 M CCl,): 3630
m-1. MS (70 eV, m/e): 158 (M).

2-Hydroxy-2,3,3,5,5-pentamethylcyclopentan-
one (5). The diketone 4, (1.54 g) dissolved in dry
diethyl ether, was added to a diethyl ether
solution of methylmagnesium bromide, pre-
pared from 0.28 g of magnesium turnings,
during half an hour. The temperature of the
stirred mixture was kept at 15 °C. The addition
complex was hydrolysed with cold ammonium
chloride solution, and the aqueous solution
was then extracted with diethyl ether. The
ether solution was dried with calcium sulfate.
After removing the solvent the crude product
was sublimed under vacuum. The yield of the
colourless product was 0.92 g (54 9%,), m.p. 45—
47°C. 'H NMR (60 MHz, CCl,): 6 0.93 (3 H, s),
1.02 (3 H, s), 1.12 (3 H, s), 1.14 (3 H, s8), 1.17
(3 H, 8), 1.70 (centre of AB q, 2 H, J 13 Hz),
ca. 2.5 (1 H, 8, depending on concentration).
13C NMR (25.15 MHz, CDCl,): 6 20.7 (off-res.
q), 23.7 (q), 24.1 (q), 27.9 (q), 28.3 (q), 39.7
(8), 40.7 (s), 49.2 (t), 82.0 (s), 225.4 (s). IR
(10 9, CCl,): 3500 (OH), 1738 cm= (C=O0).
UV [abs. ethanol (¢)]: 307 (41) nm. MS (70
eV, mfe): 170 (M).

cis-1,2,3,3,5,5-Hexamethyleyclopentane-1,2-di-
ol (cts-3). The diketone 4 (1.54 g) dissolved in
dry diethyl ether (7 ml) was added to the
Grignard reagent solution srepared from 0.58 g
of magnesium turnings during one hour at
room temperature. After the addltlon the re-
action mixture was refluxed for 3 h. After a
work-up similar to that described above the
crude product was dried and was then treated
with a 3-fold excess of methylmagnesium
bromide. The reaction product was isolated
a8 described above. After removing the sol-
vent the white mass solidified. The crude diol
was purified by vacuum sublimation. The
yield of the colourless crystals was 0.25 g
(13 %), m.p. 58—62 °C. 'H NMR (60 MHz,
CDCl,): 6 097 (6 H, s), 1.12 (12 H, 8), 1.52
(centre of AB q, 2 H, J 14 Hz), ca. 2.5 (2 H, s,
depending on concentratlon) 13C NMR (25.15
MHz, CDCl,): & 14.7 (off-res. q), 21.4 (q),
26.8 (q), 41.3 (s), 54.8 (t), 83.7 (s). IR (10 %
CCl,): 3625, 3533, 3435 cm—! (OH). NIR (0.0025
and 0.005 M CCl,): 3627 (free), 3560 cm™
(intramolecularly bonded), 4» 67 cm™. MS
(70 eV, m/e): 186 (M).

Each of the new compounds (cis-1, trans-1,
cis-3, 5) showed only one peak by glass capil-
lary GLC using Carlo Erba Fractovap Mod.
G I and FFAP stationary phase in capillary
column (20 m x 0.3 mm 1D).
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