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Abstract - The synthesis and rearrangements of the chiral
carbinols 8 and 3 are described. With KH-THF, both the
carbinols gave optically active rearrangement products;
with alkali in methanol, they gave optically inactive
rearrangement productas. The results are interpreted as
favonring a concerted mechanism for the hydride catalysed
rearrangements and a non-concerted mechanism for the
rearrangements catalysed by alkali in methanol.

An oxy;CQpe system is a 3-hydroxy-l,5-hexadiene system of the type 1.
When heated, it rearranges to a carbonyl compound of the type 3 via the enocl 2.
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Relatively high temperatures (»200°C) are required for this rearrangement named
by Berscr‘i2 as an oxyCope rearrangement. A variation of this process in basic
media would involve the corresponding anion 1a whose rearrangement would give
the enolate 2a which after protonation gives a carbonyl compound of the type 3.
Because of enolate formaticn this process ig faster than the rearrangement of
the neutral substrate 1. In the presence of a base, the enolatc la may also
rearrange to the enolate 2b which after protonation can give carbonyl compounds
of the type 3a, after protonation. The above rearrangements may be concerted
in which case the rcarrangement of la to 3 is a (3,3) sigmatropic rearrangement
also referred to as an anionic oxyCope rearrangerent whereas the rearrangement
of la to 3a is a (1,2) sigmatropic rearrangement. The end products 3 and 3a

will be different if the system 1 is suitably substituted.
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The rearrangement of la to 3 or 3a may also involve a fragmentation-recombination

mechanism as follows @

__’3
Y\ —

la o 4+ —_ ]
5 —— 3a

Products 3 and 3a will result depending on whether the Michzel addition

takes rlace at C4 or CG'

The anionic oxyCope process was first3 invoked by us as a possible
mechanism for the base catalysed rearrangement of the vinyl carbinol 4 to the
diketone 5 - the same product as obtaimed by refluxing the carbinol 4 in
diethylene glycel.

T i - N ) i
he carbon atoms C.IO’ Cg, 1 Caa/ Cd»a and C5 with an -0OH at (‘l constitute the

oxy-Cope moiety in carbinol 4. This machanism is better vwisualized in the

C

conformation 4' where Clo and C5 are within bonding distance. The sfame rearr-
angement was observed with many oxyCope substrates of the type 4 - which
contain a carbonyl group conjugated with the terminal olefinic carbon atom away
from the anionic centre. In our earlier studies we favoured a fragmentation ~
recombinat ion mechanism (retroaldol followed by Michael addition) to rationalise
such rearrangements. Later, with other substratesof the type 6 and 7 Evans and
ccwlc»rker's4 estahl ished that they undergo rearrangements thrcugh a concerted

mechaniasm,

X
HO \/

OH
Me
6. X=H; Y=0Me

Y=H; X=OMe
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In a praeliminaryv conm.m:l.cat:ion5 we reported the synthesis and rearrangement of
the ortically active ethynyl and vinyl carbinols 8 and 9. These rearrangements
were found to be concerted when carried out with KH-THF and rion-concerted with

KOH-MeOH., We wish to report herein the full details of these studies.

The rationale for the choice of chiral systems 8 and 9 as substrates is
that on rearrangement a chiral centre is created at the ring junction with
simultanecus loss of existing chiral centres and that the products should be
optically active or racemic depending on whether rearrangement occurs in a
concerted or non-concerted manner respectively. The cbvious starting material
for the synthesis of the chiral carbinols 8 and 9 is the optically active
dione 12. This chiral dione has been obtained by Yamada et _gls by asymmetric
eyclization, of the triketone 13 in the presence of (s)-proline pyrrolidide in
S0% chemical and 60% optical yield. The trione 13 is accessible by Michael
addition of ethylvinylketcne to 2-methyl-l,3-cyclohexane dicne.

(o] o 0

13 S+ 12
a = S-Prolinepyrrolidide

We preferred to use the easily accessible ]l-chloro-3-pentancne to alkylate
2-wethyl-1,3-cyclohexanedione. This alkylation was carried out in refluxing
ethyl acetate in the presence of an excess of triethylamine tc give the
trione 13, in 75% yield. Yamada's procedure gave us mixture of optically
active dione 12 and uncyclized trione 12. The use of (S)-prolire or (S)-
alanine in the presence of catalytic amounts of perchloric acid found
successful for similar cyclizatijons to the dicnes of the type 12 gave

high chemical yields of 12 but with low optical purity. However, when the
asymmetric cyclization of trione 13 was carried out in acetic acid at 129° in
the presence of (S)-—phenylalanine7, dione (4)12 was cobtained as a pale yellow
ligquid in 80% chemical and 85% optical yield. The optical purity of this
diketone was estimated both from its specific rctation and also from the

aplitting of the vinyl-CH, group in the PMR spectrum taken in the presence of

3
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Eu (hfc)3. The 8aS configuration assigned for this compound by Yamada st al is
well supported by its (D spectrum which is similar to that of 8aS Wieland-
Mischer ketone.

Synthesis of the chiral carbingls 8 and 9

The dione S(+)12 when treated with lithium acetylide/aminonia furnished
the optically active carbinol 8 as a colourleas crystalline solid m.p.174-176°
in 40% yield. [ is +79.9° (@HCl,), with expected spectral data. The
l-P-hydroxy-l-&-ethnyl configuration was assigned on analogy to the course of

. A 8
ethynylation observed for similar systems .

OH (2 OH ,,c,""?—
<% c

» -,

0 o
14 A5,
{IR,8aS) (IR,8a8S)

Partial hydrogenation of carbinol 8 (Pd/c‘aco3) in pyridine furnished the vinyl
carbinol 9 as a colourless crystalline solid m.p. 90~91°. E‘*j;s + 178'(CHC13)
with expected spectral absorptions. Tho C.D. curves of carbinols 8 and 9 were
similar to thcse of the carbinnle 14 and 15 and hence they werc assigned 1R,

8aS configuraticn.

Rearrangement of the chiral carbinol 8

We have previously repr:;rt:ed‘3 the rearrangement of carbinel d1-8 to the
ring enlarged racemic dicne 10 by treatment with NaOMe/MeOH. Similar treatment
of the chiral carbinol 8 gave after work up and purification the same dione 10
with zero rotation. However, treatment of the same carbinol with KH/THF
furnished a crystalline solid mp. 64.5-65.5° in 65-70% yield based con recovered
starting material, Ed:];s 4+ 335° (G{C13) . Mags spectrum, nanalysis and spectral
absorpt ions confirmed the product to be the chiral dione 10. The rearrangement
of the optically active ethynyl carbinol (8) to optically active dione 10 could
be effected also by treatment with potassium methoxide in THF though in reduced
chemical and optical yields (20% and 90-95% respectively).

Rearrangemant of chiral carbinol 9

The racemic carbinol 9 has been found by usg earlier to rearrange to the
racemic dione 1l when treated with KOH/MeOH. The chiral carbinol 2 also gave
the same dione 11 with zero rotation when refluxed with KOH/MeOH. However
treatment with KH/THF under conditions similar to those described for chiral
carbinol 8 furnished after chromatography over alumina two products each in 30%
chemical yield. The first ccmpound eluted with 20% ethyvl acetate-hexane was
obtained as a colourless solid m.p. 55-57° [[% 12)5 4 20,2° (C'dcl3). The I.R.

showed unconjugated C=0 absorption whereas PMR showed an olefinic —(_‘!'13l anrd a
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quatemary CH3. The mass spectra and elemental analysis showed the product to be
isomeric with the starting material. It was obvious that this product was the

chiral dicne 11.

The second compound elutad with 40% ethyl acetate-hexane was a viscous
J.iquid (homogenecus on TLC) Edj 12)5 + 24° (CHC13) . IR shcwed conjugated and
unconjugated C=0 absorptions while PMR gshcwed an olefinic -CH3 ard an angul ar
methyl. The mass spectrum and elemental analysis showed it to be isomeric with
the starting material. These data are consistent with either of the structures

16 or 17 for the above liquid product.

(o]

16 17

The proton decoupled 13C NMR of this compound showed the following features :
215 (s, 3C=0),200 (s, 3C=0), 164.2 (s, vinyl carbon), 136.8 (s, vinyl carbon),
44.5 (t, cﬂz), 42.5 (t, CH2), 42 (s, quaternary carbon), 37.2 (t, CHz).
triplets for four methylenes at 36.6, 34, 32.2 and 29, 28.8 (q, vinyl-CH3),

14.4 (q, angular 0{3). These data strongly support structure 1l7. In structure
16, Cl is flanked by a C=0 on the one hand and a Tl bond on the other hand and
may be expected to appear at a lower field compared to all the other methylene
carbons. Since this peak appears at higher field (42 ppwm) as compared to the

methylene carbonsg at 44.5 and 42.5, structure 16 may be ruled out.

The comparatively low specific rotation observed for dione 1l as
compared to that of dione 10 suggested that perhaps the rearrangement of
carbinol 9 to dione 1l involved partial racemization. This possikility was
however ruled out when catalytic reduction of chiral dione 10 with Pt02
furnigshed dione 11 with identical specific rotation. It is interesting to note
here that the hydrogenation of chiral carbinol 10 with Pd-C in ethyl acetate
at room temperature resulted surprisingly in the reduction of the tetrasubsti-
tuted double bond to furnish an isomeric enedione 18, m.p. 100-2° [&][2)5+ 25.8°
(dicla). While the stereochemistry of this reduction is uncertain, the IR and

PMR abgorpt ions confirm the gross structure 13.

MOHH
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Whereas the compounds 18 and 19 show3a well-defined AB quartets for the vinyl
protons, the same protons show up as a singlet in compound 10, This is probably
due to some conformational feature of the molecule resulting in accidental
equivalence of the two vinyl protons. The splitting of these protonas could

however be cbserved in the presence of Eu( ht.’c)3

Mechanism of the rearrangements and stereochemistry of the products

Since the use of bases like KOH or NaOMe in a hydroxylic solvent like
methanol gave rearrangement products with no rotation, it is reasonable to assume
that the rearrangements proceed by a fragmentatiop-recombination mechanism as in

Chart I.
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An alternatiwve mechanism is to assume that the enolate 20 1is in reversible
equilibriom with the racemic species 8a, £b and 21 which gre then transformed to the

racemic dione 10 by concerted processes (Chart-II)
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Since, however the starting carbinol 8 was recovered in 40 % yield with little
loss of optical activity and with no evidence of formation of the racemic
carbinols corresponding to the species B8a, 8b and 21. this second mechanism
must be ruled out. 1In view of the experimental fact that chiral dione 10
results by treatment even with KOMe in tetrahydrofurane, a third explanatiosn
for the formation of racemic Qiones 10 and 11 would be to assume that the
reactions tirst give optically active products which undergo racemization
egubsequently. This possibility was soon discovnted since chiral dione 10
covld be recoverad unaffected in optical purity and other reaspects after

treatment with KOMe/MeCH.

On the otherhand, the retention of optical activity in the products
obtained by treatment with KH in THF is strong evidence for the nperation
of a concerted mechanism. The fact that the chiral rearrangement products
10 & 11 were obtained as sharp melting solida and that chiral diome 10
couvld be hydrogenated to chiral dione 1l in excellent optical and chemical
yields indicate that these compounds were optically pure. This was confirmed
when studies with E:u(hfz:)3 showed no splitting of either of the two mathyl
groups in optically active 10, though they shifted to lower fields as expccted
with increasing concentration of the shift reagent. The formation of the
optically active compound 17 may be rationalized as arising from a 1,2~

sigmetropic rearrangement. These tranafocrmations are depicted in Chart TII.
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The transition state for the rearrangement in KH/THF though polar must be
quite tight, facilitating maximum transfer of chirality. In a polar medium
(KoMe/Mai) this transition state must be less tight due to increased polarity
and may be expected to lead to loas of chirality.

In view of the fact that (3,3)sigmatropic rearrangements occur most
commonly in a suprafacial manner with respect to both the Tl systemws, the
resulting methyl group in 10 (and also 1ll1) may be expected to have P-orientation.
Based on priority ruleslo, this carbon must then have a 'S' configuration in both
the diones 10 and 11l.

As for the configuration of the chiral C, in 17, it is probably 18 with

1
the same configuration as cBa in the starting carbinol 9 since the transition

state for a 0'23 + Tr2a migration must be more favourable than for a c‘za +
T %s migration. Also, the same transition state must be energetically more
favoured than those involved in the 1,3 shift leading to the isomer 16.

To sum up, the present study has demonstrated the dual nature of the
mechanism of x'earrzar'ugevv~ent:sll of bicyclic oxyCope substrate of the type 8 and 9.

Experimental

All melting points and boiling points are uncorrected. Infra-red spectra
were recorded using a Perkin Elmer 598 instrument. PMR spectra were taken using
Varian EM-390 and XL-100 instruments with CDCl, and CCl, as solvents. Tetra-
methyl silane (TMS) was used as the internal sgandard. %he chemical shifts are
reported in the & -scale. The PMR chemical shifts of doublets and multiplets
reported do not correspond to the calculated chemical shiftg, but represent the

-values corresponding to the centre of the multiplets. Mass spectra were
recorded using a varian Match-7 Mass spectrometer. The optical rotations were
measured using a Billingham and Stanley polarimeter (model D). CD curves were
recorded using Model J.20 CD ingtrument. TLC was run over glass plates coated
with silica gel-G (ACME) (0.25 mm thickness) and visualised using iodine.
Anhydrous sodium sulphate was used as the drying agent. Hexane refers to petrol
boiling between (60°- 80°): petroleum ether refers to (40°- 60°) boilingfraction.

2-Methvyl-2-(3'-oxopentyl)-1,3-cyclchexanedigne 13

Procedure A

Potagsium metal (10 g, 0.25 g.atom) was dissolved in dry methanol (110 ml)
diluted with dry ether (250 ml), 2-methyl-1,3-cyclohexanedicne (30 g, 0.24 mole)
was added and the mixture was stirred for 30 min. Methanol and ether were
removed by distillation and dry DMF (50 ml) was added. The chloroketone (30 g,
0.24 mole) in dry DMF (50 ml) was added with stirring and the reaction mixture
was allowed to stand overnight. The separated potassium chloride was fil tered
and DMF was reMoved in vacuo. The residue was taken up in ether, washed with
water and dried. The residue after removal of_ ether was distilled to get the
triketone 1g (b.p. 126-128°/0.5 mm (reported ~ b.p.129-131°/mm).Yield 25 g
(49.6%).

Procedure B

To a mixture of 2-methyl-1,3-cyclochexanedione (10g, 0.08 mole) in dry
ethyl acetate (100 ml) and triethyl amine (50 ml, in 100 ml dry ethyl acetate)
was added l-chloro-3-pentancne (11 g, 0.08 mole) and mixture refluxed for 15hr.
The separated triethylamine hydrochloride was filtered and washed with dry ethyl
acetate. The combined filtrate was digtilled under reduced pressure to remove
ethyl acetate and excess triethyl amine. The residue was taken up in chloroform
washed with dil. HCl followed by water. Chloroform was removed after drying by
distillation to afford a brown liquid which wag chromatographed on silica gel.
Elution with 10% ethyl acetate-hexane furnished the triketone as a pale yellow
liquid, b.p.129-131°/1 mm.
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Yield 12.6 g (75%). IR(cHC1,) A max 1715 cm L (C=0), 1695 cm L (c=0)

pMr(cel, frMs) § values 1.o(t? 34, coaiza_ia), 1.22 (s, 3H, ang-cH.), 1.6~2.9 (m,
12H, metﬁylene.) . 3

Agymmetric cyclization of 2-methyl-2-(3'-oxcpentyl)-1, 3~cyclohexanedione 13

This cyclization was studied under different reaction conditions using
different o-amino acids. The results are summarized in Table I.

Table 1
Asymmetric cyclization of triketone 13 to dione S(+) 12

Chemical Optical

Triketone 13 Amino acid & additive Sc()illv?nt Temp®C Time vield of vyield of
12 2
1) .01 m S-proline (.005 m) CH, N 80 18 h 74% 15%
1N HClo, (3 m) ¢30)
2y .01 S-proline (,01 wm) HOMG, ) 30 12 h Mixture of starting
material and aldols
3) .01 S-proline (.005 m) aH N 80 6 h Only starting mate-
1IN HC1l (a few drops) (20) rial
4) .01 S~proline (.01 m) ’7 80 12 h Mixture of starting
HOAc (a few drops) material & aldols
5) .01 S-Alanine (.01 m) '’ 80 20 h 20% 20%
IN HClo, (3 ml)
6) .01 S-phenylalanine (.01 m) ' 80 20 h 20% 15%
IN HClo, (3 ml)
7) .01 S-phenylalanine (.01 m) 'y 80 € h 1ostly starting
HoAc (a few drops) material
8) .01 ’s (.01 m} Hoac (20) 30 20 h mixture of starting
material & aldols
9) .05 S-Phenylalanine (.05 m)  HOAc(100) 120 2 h 80% e5%

The best procedure {entry 9 in Table I) for synthesis of S(+)}-1,2,3,4,6,7,8,8a-

octahydro-5,8a~dimethyl-1,6-naphthalene dione (S-12) is as follows :

To the triketone 13 (10.5 g, 0.05 mole) dissolved in freshly distilled

acetic acid (100 ml) was added (S)-phenyl alanine (8.25 g, 0.05 mole) in portions
and the mixture was heated at 120° (bath temperature) with stirring for 2 hr.

Acet ic acid was removed by distillation under reduced pressure.
material wasg taken up in chloroform and filtered to recover the chiral amino acid

almost quantitatively.

solution, water and dried.

brown viscous liquid which was chromatographed over silica gel.
ethyl acetate-hexane gave the diketone 12 as a pale yellow viscous liquid:

b.p. 125-130°/0.5 mm (Re
Optical yield - 85% [7]

100% pure enantiomer. IR( cHCL, )
c=0), 1610 (c=c). PMR (CDCl_ /T
vinyl

[Gj obs

Wieland-Miecher ketone.

(1R, Basa) (+)1-tl-ethynyl-1-

octahydronaphthalene 8

mercury sealed stirrer and an outlet, distilled NH

1.,8-3.0 (m, 10H, methylenes).
+0.0035, -0.0064, +0.012,

oxXy=6-—

ggrteds b.p. 145-150°/3 mm).
+69° (C = 0.017, MeoH)
max (cm

),

(pioxan) N (nm)

The residual

The filtrate was washed successively with dil.NaHCo,
Removal of chloroform by distillation furnished™ a

Elution with 10%

Chemical yield - 7.6 g (80%).
Reported® [ot]
1710 (c=0),
& values : 1.4 (s, 3H, ang-CH

25, 79° for
1665 (unsatd.

Y, 1.8 (s, 3H,

290, 242, 220

The CD data were similar to those of

-5 ,8a~-dimethyl~1,2,3,4,6,7,8, 8a~

In a 1 1t 3 necked flask fitted with a gas inlet tube dropping funnel,

(500 ml) was collected.

Lithium metal (1.8 g of lithium, 0.25 g atom) was added slowly in portions and
converted into the acetylide by bubbling dry acetylene.
conversion of lithium into lithium acetylide, the flask was cooled to -70°C

After the complete
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{liquid N, - ethyl acetate bath) and a solution of the diketome 12 (19.2 g, 0.1
mole) in “dry ethar (30 ml) was added with vigorous stirring during 10 min. Stirring
at -70° was continued for another 3.5 hr while maintaining a slow stream of acety-
lene through the reaction mixture and the rosy-red mixture was decomposed with solid
NH cl (15 g). Most of the amonia and ether were evaporated during 1 hr by taking
the reaction mixture in a wide mouthed crystallizing trough. Water was then added
to the residue and the precipitated ethynyl carbinol was filtered, washed with water
and dried. The crude material on crystallization from a mixture of chloroform-
hexane gave the optically active ethynyl carbino% 8 as a colourless crystalline
solid. m.p, 174-176°. Yield - 8 % * (¢ =
B . eld -7 g (40%). [«<] 2+ 79,9° (c = 0.0267, CHcl.).

uv. N 250 nm ( € = 13734). IR (KBr) »ma® (cm")' 3380 (-oH), 3260(2

max 4). : -CH) , 3260(=Cac-H),
2110 tCe=@-) 1645 (conjugated -C=0), 1610 (c=C). PMR (DCl_ /Tt8) § values :
1.25 (s, 3H, ang CH,), 1.8 (s, 3H, vinyl cH)), 1.85-2.7 (m,~12H, methylenes, CSCH
-0H). CD(C = 0.495, Dioxan}) A nm : 321, 240, 210 AE : -1.51, + 6.53, + 6.015/.
These (D data are similar to thcse of carbinol 14 given below : ™ nm 320-330
230, 208. [6Jocbs : -0.0057, +0.016, + 6.018, Analysis C_H _O. requires :
€= 77.06, H = 8.2%, Found : C = 77.25, H = 8.22% 147182

(1R, 8aS) (+)Yd-vi nyl-1B-hydroxy-6~oxo-5 Erdimethyl-1,2,3,4,6,7,8,8a-octahydro~-
naphthslene 9

A solution of the ethynyl carbinol 8 (2,18 g, 0.0l mole) in dry pyridine
(15 ml) was hydrogenated in the presence of 5% Pd~caCo_, (0.2 g) at 50 pei for
20 min. The catalyst was filtered and washed with ethér. The filtrate was concen-
trated under reduced pressure and the residue was taken up in ether. The ether
solut ion was washed with dilute HCl, water and dried. Concentration of the ether
solution and trituration with ether-hexane gave a solid which on recrystallisaticn
(ether~hexane) furnished the optically active winyl carbinol gzsas a colourless
crystalline foid:  m-p 89-91°C. Yield - 1.87 g (85%). [«] p * 178° (¢ =0.017,
cHcl,), UV A 253 nm (€ =13,564), IR (XBr) X max (cm ), 3600 (-OH), 1650
(congugated c=0), 1610 (c=C ). PMR (cDCl, /mTIS) values : 1.3 (a, 3H, ang.CH_ ),
1.8 (s, 3H, vinyl cH ), 1.9-2.8 (m, 11H, "etaylenes and -0CH), 5 - 6.3 (m, 3H, 3
-CH=CH,), ™ (c = 0.195, Dioxan) A nm: 320, 243, 213, AE : -0.78, + 7.62, + 6.05.
These ~C.D. data are similar to those of the carbinol 15 given below: Anm :
320-330, 237, 208 [ejobs t ~0,0051, 4 0.022, + 0.038. Analysis c, H 00 requires
C=76.,33, H=9,15%, Found C = 76.21, H = 9.11%, 1472072

Rearrangement of optically active ethynvyl carbinol 8

i) With potassium hydride imn tetrahydrofuran

To a suspension of KH (0.6 g of 35% dispersion in mineral cil) washed
with 10 ml portions of dry petroleum ether in dry THF (20 ml) was added the
ethynyl carbinol 1R, 8as8(+) 8 (1.1 g, 0.005 mole) in dry THF (20 ml) at 0-5° with
constant stirring under nitrogen atmoaphere. The reaction mixture was stirred for
3 hr at 0-5° and for 1 hr at room temperature and then quenched by the addition
of saturated ammonium chloride solution. THF was removed by distillation under
reduced pregsure. The residue was taken up in chloroform and the chloroform
solution was successively washed with brine, water and dried. Concentration of
the dried extract furnished a viscous ligquid which was chromatographed over silica

gel.

Elution with 20% ethyl acetate-hexane gave the o gcally active ring
enlarged dione 10 as a colourless solid: m.p. 61-63°C [o(]D +293° (¢ = 0,017,
cHCl. ). After three recrystallisations (chlorofosgr-hexane) the pure material
melted at 64.5-65.5°C. Yield - 0.41 g (40%). [«]b +,335° (C = 0.05, cHpl).
uv » o 218 nm (E, 2693)  IR(KBr) X max 1720 “em ( C=0 ), 1680 cm
(conjugated C=0), 1620 em =~ | c=c ), PMR (ccr, /TMS) & values : 1.3 (s, 3H,
ang. CH)), 1.65 (s, 3H, vinyl cH,), 1.8-2.7 (m, "1l0H, methylenes), 5.5 (s, 2H
vinyl protons), (¢ = 0.487, nidxan) A nm 300-305, 225-230, 210, A E -+4.41,
-3.58, +1.91. Mass spectrum : m/e 218; Analysis C Hlao requires ¢ = 77.06,
He 8,24, Found ¢ C = 77.31, H = 8,1%. Further elutign with 30% ethyl acetate-
hexane gave the starting optically active ethynyl carbinol (0.51 g, 46%) with
the same specific rotation.

ii) With catalytic amount of sodium methoxide in methanol

To a solution of sodium methoxide (prepared from 0.02 g of sodium)in
dry methanol (25 ml) was 2dded ethynyl carbinol 1R, 8 aS (4)8 (1.1 g, 0.005 mole
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and mixture stirred at room temperature for 15 hr. MNethanol was removed by
distillation under reduced pressure. The regsidue was taken up in chloroform
and the chloroform solution was washed with brine, water and dried. Removal of
the solvent by distillation afforded a viscous liquid which was chromatographed
over !élica gel. Elution with 20% ethyl acetate-hexane gave a viscous liquid.
[’ 0°. vield = 0.22 ¢ (20%). TLC, IR and PMR were comparable to those
of the optically active compound cbtained by the rearrangement of the ethynyl
carbinol with KR in THF.

Further elution with 30% ethyl acetate-hexane gave the recovered
optically active ethnynyl carbinol 8 (0.41 g, 40%) having same specific rotation.

1i1) with catalytic amount of potamsium methoxide in dry tetrahydrofuran

To a stirred suspension of potassium methoxide (prepared by dissolving
0.01 g of potassium metal in dry methanol and drying at 80°C under 20 wm vacuum
for 1 hr) in dry THF (20 m)) was added the optically active ethynyl carbinol 8
(0.5 g, 0.0026 mole) in Ary THF (10 ml) at 0-5°C under nitrogen atwosphere mnd
mixture stirred for 3 hr. The reaction mixture was quenched by the addition of
saturated solution of ammonium chloride. THF was removed by distillation under
reduced pressure and the residue was taken up in chloroform. The chloroform
solution was washed with brine, water and dried. Concentration of the dried
extract furnished a viscous liquid which was chromatographed over silica gel.
Elut ion with 20% ethyl acetate-hexane gave the optically active ring gglarged
dione 10 as a crystalline solid: m.p. 63-65°C, Yield-0.15 g (30%). [o(] + 318°
(C = 0.041, CHCl,). Further elution with 30% ethyl acetate-hexane yiélded
the starting optically active ethynyl carbinol 8 (0.15 g, 30%) having same
specific rotation.

Reaction of opticall ctive dione 10 with an ivalent a nt of KOMe [o 5

A suspension of potassium wethoxide (prepared from 0.07 g of potassium
metal dissolved in dry methanol and dried at 80°C/20 mm for 1 hr) in dry THF
(20 ml) was stirved with the optically active dione 10 (0.5 g, 0.0018 wole) in
dry THF (10 ml) at 0-5° under nitrogen atwmosphere for 1 hr and then at room
temperature for 1 hr. The reaction mixture was quenched by the addition of a
saturated solution of ammonium chloride. THF was removed by distillation under
reduced pressure and the residue was taken up in chloroform. The chloroform
solution was washed with brine followed by water and dried. Cbnceggration of
the dried extract gave a viscous liquid. Yield = 0.3 g (75%) [e¢J."+ 215°
(C = 0.05, CHCl,). TLC of this liquid showed it to be a mixture of two
compounds after multiple elution. The spectral data ( IR, PMR) were found to be
identical with those of the mixture cbtained by the treatment of the ethynyl
carbinol 8 with an equivalent amount of potassium methoxide in dry THF. The
viscous liquid was chromatographed over neutral alumina. Careful elution with
5% ethyl acetate - hexane afforded the optically active st%ting dione 10 as
colourless solid, m.p. 62-64°C. Yield = 0.08 g (20%) [ p  *+320° (c=0.05
CHC1.). Further elution with 15% ethyl acetate - hexane gave a product which
was “found to be a multispotted material (TLC).

Effect of sodium methoxide on the optically active dione 10 in met ol

A solution cf sodium methoxide (from 0.02 g of sodium} dissclved in
dry methanol (10 ml) was stirred with the optically active dione 10 (0.22 g,
0.001 mole) in dry methanol (5 ml) at room temperature for 15 hr. Methanol was
removed by distillation under reduced pressure and the residue was taken up in
chloroform. The chloroform solution was washed with brine, water and dried.
Reémoval of the solvent by distillation afforded a viscous ljgquid which was puri-
fied by passing through a column of silica gel (20% ethyl acetsge - hexane)
to give the starting optically active dione 10 10.18 g, 90%) F_:L:]D + 330°
(c=0.05 g, c.'-xc.13).

Rearra me; f t 1 i 1 Ly 19

1) with potagsium hydride in tetrahydrofuran

A suspension of KH (0.6 g of 35% dispersion in mineral oil) washed with
10 ml portions of dry petroleum ether in dry THF (25 ml) was stirred with the vinyl
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carbinol 1R, 8 as(+) 9 (1.1 g, 0.005 wole) at 0-5°C, under nitrogen atwosphere
for 4 hr and then at roowm temperature for 1 hr. The reaction mixture was quenched
by the addition of saturated solution of ammonium chloride and worked up as
described in the case of the ethynyl carbinol (+)8 to furnish a viscous liquid
which was chromatographed over neutral alumina. Elution with 20% ethyl acetate-
hexane afforded a viscous liquid 1} which solidified whsg left in the refrige-
rator overnight. m.p.53-56°C. Yield = 0.3 g (30%) [ot] 2+ 18.2° (C ~ 0.017,
CHCL,). The recrygtallized material melted at 55-57°C with (xJ 2>+ 20.2°(0.023,
Gicl)). Uv: N 224 (®, 760): IR (CHC1)) ) max 1700 em ~ ( 3C = 0).

PMR( 2L, /™M) & values : 1.05 (s, 3H, ang.d‘!a), 1.65 (s, 3H, vinyl CH '), 1,75-2.8
(w, 14H, methylene protons). D(Dioxan} nm~ 315-327, 233 [ej obs 470.0016,
40.0042. Mass spectrum : m/e 220, Analysis : C,4H,00, requires c, 76.33, H,9.15}
Found C, 76.31, H, 9.23%. Further elution with ?oi ethyl asgtate-hexane
furnished a cojourless liguid 17. Yield =0.3 g (30%). []%) + 24° (0.017,
CHCL,). UV A 254 nm (€, 16,280), IR(CHC1)) V) max 1700 cm ~ ( > C=0),

1660 cm L(conii¥¥ted c=0), 16051 ( 3 cac<). PMR (CCl /TMS) & values : 1.15

(s, 3H, ang. CH)), 1.7 (s, 3H, vinyl cH)), 1.9-2.8 (m, "14H, methylene protons).
D (Dioxan) nm A 330,257 [0 ]obs —0.8001, + 0.0021. Mass spectrum m/a 220.
Analysis c14H20°2 requires C = 76,33, H=9.15 Found : C = 76.21, H = 9.10%.

ii} wWith methanolic potassium hydroxide

A solution of the vinyl carbinol 1R 8 as(+)9 (0.5 g, 0.0023 mole) in
methanol (25 ml) and aqueous potassium hydroxide (5%, 10 ml) was refluxed on a
water bath for 30 min. Methanol was completely removed under reduced pressure
and the residue was worked up to give a viscous ligquid. It was purified by
passing through a column of neutral alumina 5;0%0 ethyl acetate-hexane) to give
a viscous liquid (11). Yield 0.25 g (so%)E»t'JD 0. IR and NMR were comparable
with those of the optically active dione 11.

Catalytic hydrogenation of the optically active diketone 10
i) using 10% Pd-C

A golution of the optically active dione 10 (0.3 g, 0.0014 mole} in
dry ethyl acetate (10 ml) was hydrogenated in the presence of 10% Pd~C (0.05 g)
at 50 psi for 3 hr. The catalyst was filtered and washed twice with 20 ml
portions of dry ethyl acetate. Concentration of the filtrate gave a viscous
liquid which was purified by passing through a column of neutral alumina (25%
ethyl acetate - hexane) to furnish a cg%ourless crystalline solid 18, m.p.
100-102°C. Yield = 0.21 g (70%). [ + 258° (c = 0.023, aHcl)). IR(KBr)Vmax:
1705 cm - (c=0), 1670 cm (conjugatedn&o), 1610 cm (“c=C-). BMR( cDC1, /To)
8 values 1.3 (merged doublet, 3H, -CHCH,), 1.35 (s, 3H, ang.CH_)), 1.5-276 (m,
12H, methylenes and methine protons), 5.3 (d, 1H, vinyl H,), 5.8 (4, 1H, vinyl
Hg Y. Analysis : 014H20°2 requires C = 76.33, H = 9.15%; Found C = 76.25,
H = 9.21%
ii) Uging Pt:O2

A mixture of optically active diome 10 (0.3 g, 0.0014 mole) in dry
methanol (10 ml) was hydrogenated in the presence of PtO, (0.05 g) at 50 psi.
for 45 min. The catalyst was filtered, washed twice wifg 20 ml portions of
dry methanol and the filtrate was concentrated to give aviscous liquid. This
was chromatographed over neutral alumina. Elution with 20% ethyl acetate-
hexane gave the opticallg active dione 11 as a low melting solid: m.p.53-56°C.
Yield = 0.24 g (80%).[«J25 + 21¢ (c = 0.031, aicl,)

The spectral properties (IR, PMR) were identical with those of the
optically active dione 1l. Admixture with an authentic sample did not alter
the m.p.

owle ment

The authors are grateful to DST, New Delhi for financial support.
They acknowledge wmany stimulating and helpful discussiona with Prof.K.K.Bala-
subramanian. We are grateful also to Prof.P.Balaram (I.I.Sc.) for CD curves
and Prof.B.R.Pai for help in polarimetric weasurements.



Base catalysed rearrangement of oxy-Cope systems

2769

References

1. Abstracted from the Ph.D. thesis of R.Uma, University of Madras, Nov.1984.
2. J.A.Berson and M.Jones(Jr), J. Am. Chem.Soc. 86, 5017, 5019 (1964).

3. a) S.Swaminathan, K.G.Srinivasan and P.S, Venkataramani, Tetrahedron, 26

10.

11.

12,

1453 (1970).

b) J.P,John, S.Ramachandran and S.Swaminathan, Tetrahedron Letters
729 (1962).

¢) R.P,Lutz, Chem. Rev. 84, 215 (1984).

D.A.Bvans and A.M.Golcb, J. Am. Chem.Soc. 97, 4765 (1975).

R.Uma, S.Swaminathan and K.Rajagopalan, Tetrahedron Letters, 5825 (1984).

K.Hiroi and S.Yamada, Chem. Pharm. Bull (Japan) 23, 1103 (1975).
S.Danishefaky and P.Cain, J. Am. Chem. Soc. 28, 4975 (1976)
a) M.S.Newman, S.Ramachandran, S.K.Sankarappa and S.Swaminathan

J. Org. Chem. 26, 727 (1961).
b} J.Ruppert, U.Eder and R.Weichert, Chem. Ber., 106, 3636 (1973).
S .Chandragsekharan, P.S.Venkataramani, K.G.Srinivasan and S.Swaminathan,
Tetrahedron Letters, 991 (1973)
In reference 5 above, this carbon has been erroneocusly assigned the 'R’
configuration by us.
a) K.G.Srinivasan, Ph.D. thesis, University of Madras(1969).
b) V.F.Kucherov and I.A.Gurvich, J. Gen. Chem. (U.S.S.R.), 731 (1961)
J.Gutzwiller, P.Buchschacher and A.Furst, Synthesis, 167 (1977).



