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An Improved Method for the Preparation
of Non-Enolisable vic-Diketones
via Acyloin Condensation

J. STRATING, S. REIFFERS, and H. WYNBERG
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In a preliminary communication®, we reported the nearly
quantitative conversion of the bis-[trimethylsiloxy]-cyclo-
butene derivative 1 into the corresponding 1,2-dioxocyclo-
butane derivative 2:

0SilCH3)3 0
/ Bra/CCl,
0SilCH3)3 0

1 2

This oxidative cleavage? in aprotic medium may be of
importance in the preparation of vic-diketones when an
acyloin to be oxidized or the diketone is sensitive to
protic solvents.

In this paper, we consider examples leading to the formation
of non-enolisable vic-diones. Although in some cases
chlorine and iodine were applied, it turned out that the
procedure using bromine was the method of choice.

Acyclic Non-Enolisable vic-Diketones

As representatives of this type of diones we chose 3,4-dioxo-
2,2,5,5-tetramethylhexane (4, bipivaloyl)® and bis-[1-ad-
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When a solution of bromine in carbon tetrachloride was
added to a solution of 3 in the same solvent the bromine
color was discharged immediately and the solution became
yellow due to the formation of bipivaloyl (4). Compound 4
could be isolated in 81 %, yield. Newman and Arkel®
obtained 4 in 879 yield by oxidation of pivaloin (7;
prepared in 86 % yield) with chromic acid.

Treatment of 3 with iodine in dichloromethane for 30 min.,

followed by washing with aqueous sodium hydrogensulfite,
afforded bipivaloyl (4, 53 %) and pivaloin (7, 30 %():

(CH3)3C 0Si(CH3)3
. \C/ J2/CHoClL,
g —
{CH3)3Si0”7 ~ NCICH3)3
3
(CH3)3C\C//0 (CH3)3C\|'8/OH
¢ ) ¢
07 NCiCH3)3 077 NCicHs),

4 7

The formation of 7 may result from hydrolysis of the
starting material 3 or of an iodine complex of 3.

The reaction of 3 with chlorine in carbon tetrachloride
was rapid and led to the formation of a colorless product.
The spectral data of this substance were consistent with the
structure of 3-chloro-4-0x0-2,2,5,5-tetramethyl-3-(trimethyl-
siloxy)-hexane (8):

(CH3)3C\ /OSi(CH3)3 (CH3)3C\ _,OSi{CH3)3
¢ Clo/CCl, 94
I —ts c e
G\ 0\
{CH3)3Si0 C(CH3)3 (CH3)3Si0 CiCH3)3
3
(CH3)3C\C/OS“CH3)3 (CH3)3C\C//O
\
—CISiCHa N CISiCH, /(';
077 NCICH;3); 07 " MC(CH3)4
amantyl}-ethanedione* (6). The starting compounds, 3,4- 8 4

bis-{trimethylsiloxy}-2,2,5,5-tetramethyl-3-hexene (3) and
1,2-bis-[1-adamantyl}-1,2-bis-[trimethylsiloxy]-ethene  (5),
were prepared from ethyl pivaloate and ethyl adamantane-
1-carboxylate® according to Schripler and Rithlmann® in
42 and 60 % yields, respectively.

(CH3)3C. _,OSi(CH3)3 (CH3)3C 0
i Bry/CCl, Ne”
'c' e
{CH3)3Si0”  “CICH3); 07 " NciCH3);
3 4
1-Ad _,0Si(CH3); 1-Ad__,0
pod Br,/CCl, Ne”
2 Eand
(CH3)35i07  M-Ad 07" M-Ad
5 6

hds @-

On standing, 8 slowly became yellow, indicating a de-
composition to give bipivaloyl (4). Compound 4 was pro-
duced in 75 %, yield when 8 was refluxed without solvent
tor 30 min.

Treatment of compound 5 with bromine in carbon tetra-
chloride afforded bis-[1-adamantyl]-ethanedione (6) in 98°;
yield.

Cyclic Non-Enolisable vic-Diketones

The starting materials 9 and 11 have hitherto not been de-
scribed.  1,2-Bis-[trimethylsiloxy]-3,3,7,7-tetramethylcyclo-
heptene (9) was prepared in 50 % yield by Feith™ employing
the method of Gream and Worthley®. 4,5-Bis-[trimethyl-
siloxy]-3,3,6,6-tetramethyl-2,3,6,7-tetrahydrothiepin ~ (11)
was obtained in 60 % yield following the procedure of
Riihlmann. Seefluth. and Becker®.
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Treatment of 9 with bromine in the usual way yielded
gaschromatographically — pure  1,2-dioxo-3,3,7,7-tetra-
methylcycloheptane (10; 98 %;). Treatment of 11 with
exactly 1 molar equivalent of bromine afforded 5,6-dioxo-
3,3,6,6-tetramethylthiepane (12) in 90 %, yield :

0SilCH3)4 ¢]
Bry/CCl, 2
| —_— s
0SilCH3); No
9 10
0SilCH3); . 0
s ks 8
N
0SilCH3)3 e
11 12

The oxidation of 11 with iodine in dichloromethane afforded
42 %, of 12 and 52 % of the corresponding acyloin. From
the reaction mixture obtained by treatment of 11 with
chlorine in carbon tetrachloride, the dione 12 could not
be isolated. The N. M. R. spectrum of the product indicated
that chlorination in «-position to the sulfur atom and
ring opening had occurred. The preparation of 10 from
the corresponding acyloin by oxidation with caromivm(VI)-
oxide has been described!®; the dione 12 has previously
been obtained by oxidation of the corresponding acyloin
with lead(IV)-acetate in pyridine'*.

The m.p. and b.p. given are uncorrected. N.M.R. spectra were
run using a Varian A-60 and trimethylsilane as an internal stand-
ard. I.R. spectra were recorded on a Perkin-Elmer spectrophoto-
meter model 257. Microanalyses were carried out in the Analytical
Department of this laboratory (W. M. Hazenberg).

The vic-bis-{trimethylsiloxy]-alkenes were prepared according to
the procedure of Rithlmann et al.®°. All reactions were carried
out in boiling toluene under a nitrogen atmosphere.

Starting Materials

3,4-Bis-[trimethylsiloxy]-2,2,5,5-tetramethyl-3-hexene (3):

Yield: 429;; b.p. 88-95°/1 mm. Crystallization from ether at
— 707 gave the analytically pure compound; m. p. 47--49",
Cy4H340,Si, cale.  C60.7 H 11.46

(316.53) found  60.4,60.4 113,114

1.R. {nujol): v,,,, =1255(s) and 1270 cm "' (m), C—-Si; 840 (s) znd
860 cm ™! (s), O-—Si; 1160 cm ™! (s).

N.M.R. (CCly): 1==8.86 (s, 18 H), 9.75 (s, 18 ).

1,2-Bis-{1-adamantyl]-1,2-bis-[trimethylsiloxy]-ethene (5):

Yield: ~559% (determined by G.L.C.). Recrystallization from
ether and hexane afforded the analytically pure ccmpound:; m.p.
159--161".

C,3Hus0,S1, cale. CT71.12 H 10.23

(472.86) found 72,714 10.1,10.2

Mass spectrum: M = 472,

LR, (KBr): v,,,, = 1250 (s) and 1265 cm "' (s), C—Si: 840 (s) and
860 cm ™! (s), O-~Si; 1165 cm ! (s).

N.M.R. (CCl,): t==9.74 [s, 18 H, OSi(CH ;);], 8.0--8.5 (m, 30 I,
adamantyl protons).

1,2-Bis-{trimethylsiloxy]-3,3,7,7-tetramethylcycloheptene (9):
Yield: 50%: b.p. 141°/10 mm: np’: 1.4648.

C;7H;3,0,Si, calc. 62.13 1 11.04

(328.65) found  62.1,62.4 10.8, 10.8

SYNTHESIS

LR. (neat): v, =1615cm ™! (m), C=C; 840 cm ! (s), O-Si.
N.M.R. (CCl,): 7=8.39 (s, 6 H), 8.96 (s. 12 H), 9.86 [s, 18 H,
OSi(CH ;);].

4,5-Bis-ftrimethylsiloxy]-3,3,6,6-tetramethyl-2,3,6,7-tetrahydro-
thiepin (11):

Yield: 619%; b.p. 102-105°/0.25 mm.

Ci6H340,81,S  cale. C5543 H 9.89 $9.25
(346.68) found 55.6, 55.5 9.8,9.8  9.1,9.1
I.R. (neat): v,,,,=1250 cm ! (s), C—Si; 880 (s) and 845 cm ™! (s),
0—Si.

N.M.R. (CDCl,): t=9.80 [s, 18 H, OSi(CH;),}, 8.74 (s, 12 H,
—CH;). 7.40 (s, 4 H, S—CH,—).

Reaction of the Bis-[trimethylsiloxy]-ethene Derivatives with
Halogen

Reaction with Bromine: To a stirred solution of the alkene
in carben tetrachloride was added dropwise a solution of bromine
in carben tetrachloride until no further decolorisation of bromine
occurred, or until exactly one equivalent of bromine was added.
The solvent was then removed under reduced pressure and the
residue was distilled or recrystallized.

3.4-Diox0-2,2,5,5-tetramethylhexane (4, Bipivaloyl):
From 3; yield: 81%; b.p. 58-60°/13mm (Ref.!°, b.p. 59 to
62°/14 mm).

Bis-[1-adamantyl]-ethanedione (6):
From 5; yield: >957%,; crystallized from ethanol, m.p. 211-214°
(Ref.*, m.p. 219°).

1,2-Diox0-3,3,7,7-tetramethylcycloheptane (10):
From 9; yield: 95%; gaschromatographically pure; micro-dis-
tilled at 12 mm, bath temperature 120° (Ref.'°, b. p. 87--91°/6 mm).

5,6-Diox0-3,3,6,6-tetramethylthiepane (12):
From 11; yield: 90%; b.p. 120--122°/12 mm (Ref.!°, b.p. 687/0.36
mm).

Reaction with Chlorine:
3-Chloro-4-0x0-2,2,5,5-tetramethyl-3-(trimethylsiloxy)-he xane (8):
To a stirred solution of 3 in carbon tetrachloride was added with
external cooling (icebath) an excess of chlorine in carbon tetra-
chloride. The reaction mixture was concentrated, below 20° under
reduced pressure, to yield an instable, colorless oil.

LR. (neat): v, =1705 cm™' (s), C==0; 1260 cm™ ! (s), C—Si;
850 cm” !, O—Si.

N.M.R. (CCL,) t=9.70 (s, 9 H), 8.72 (s, 9 H), 8.91 (s, 9 H).
When the oil was heated, chlorotrimethylsilane {CISi(CH,),] was
climinated rapidly and bipivaloyl (4) was formed.

3,4-Diox0-2,2,5,5-tetramethylhexane (4, Bipivaloyl):

From 8. Compound 8 was refluxed without solvent for 30 min.
and the resuitant product distilled in vacuo; yield 75%, (calculated
on 3); b.p. 57--597/11 mm.

Reaction with lodinc:

Bipivaloyl (4) and 3-Hydroxy-4-0x0-2,2,5,5-tetramethylhexane (7,
Pivaloin) from 3:

To a stirred solution of 3 in dichloromethane, one molar equi-
valent ol iodine was added slowly. The color of the iodine dis-
appeared fairly rapidly until ~0.5 equivalent of iodine was added.
The mixture turned dark. The rest of the iodine was added
and the mixture stirred for additional 30 min. The sclvent was
removed in vacuo and the residue taken up in ether. The ether
solution was washed with aqueous sodium hydrogen sulfite, then
with aqueous sodium hydrogencarbonate, and dried over magne-
sium sulfate. The solvent was removed and the residual yellowish
oil distitled in vacuo; yield: 53% of bipivaloyl (4); b.p. 59 to
65°/13—14 mm. From the residue of the distillation, pivaloin (7)
could be isolated by sublimation; yield: 309,; m.p. 76-78"
(Ref."?, m.p. 80--80.5").
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5,6-Diox0-3,3,6,6-tetramethylthiepane (12) from 11:

Using the same procedure as described above, a mixture of 12
(42%) and the corresponding acyloin (4-hydroxy-5-0xo0-3,3,6,6-
tetramethylthiepane, 529) was obtained. The yields were calcu-
lated from the N. M. R. spectrum of the mixture.
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