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Abstract - The synthesis and rearrangements of the chiral 
carbinola 2 and 2 are described. With ICI-TBF, both the 
carbinols gave optically active rearrangement products: 
with alkali in methanol, they gavo optically inactiw 
rearrangement products. The results are interpreted as 
favouring a concerted mechanism for the hydride catalysed 
rearrangements and a non-concerted mechanism for the 
rearrangements catalysed by alkali in methanol. 

An oxylCope system is a 3-hydroxy-1,5-hexadiene system of the type 1. 

When heated, it rearranges to a carbonyl compound of the type 2 via the enol 2. 
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Relatively high temperatures (>2OO'C) are required for this rearrangenent named 

by Bersb2 as an 0xyCope rearrangement. A variation of this process in basic 

rmadia would involve the corresponding anion a whose rearrangement would give 

the enolate 3 which after protonation gives a carbonyl compound of the type 3 -- 

Because of enolate formaticn this procOes.9 ia faster than the rearranqenent of 

the neutral substrate 1. In the presence of a base. the enolatc la may also - 

rearrange to the enolate 2 which after protonation can give carbonyl compounds 

ofthF!type3a, after protonation. The above rearrangerents may bs concerted 

in which case the rcarrsngernent of h to 2 is a (3,3) sigmatropic rearrangement 

also referred to as an anionic oxyCops rearrangement whereas the rearrangement 

of & to 3 is a (l,?) sigmatropic rearrangement. The end products 3 and & 

will be different if the system & is suitably substituted. 
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The rearrangenmnt of _La. to 2 or Z_a may also involve a fragmentation-recombination 

mechanism as follows : 

la- [Z6] -r- 
5 3a 

Producta 2 and a will result depending on whether the Michael addition 

takes place at C4 or C6. 

The anionic oxy8pe process was first3 invoked by us as a possible 

mechanism for the base catalysed rearrarqemznt of the vinyl carbinol 4 to the 

diketone 5 - the same product as obtained by refluxiny the carbinol _S in 

diethylene glycol. 

5 

\ m 0 
The carbon atorne ClO, cg, Cl, 

Ca.1 %a 
and C5 with an -OH at Cl constitute the 

oxy-Cop2 moiety in carbinnl 4. This m+chaniam is better visualized in the 

conformation g where C 
10 

and C 
5 

are within bonding distance. The sam? rearr- 

angenmnt was observed with many oxyor\yu! substrates of the type _4 - which 

contain a carbonyl group conjugated with the terminal olefinic carbon atom away 

from tb? anionic centre. In our earlier studies we favoured a fragmentation L 

recombination mechanism (retroaldol follcmed by Michael addition) to rationalise 

such rearrangenmnts. Later, with other substratesof the type 5 and _7_ Evans and 

coworkers 
4 

established that they undergo rearrangelrmts thrcugh a concerted 

mechanism. 

X=H ; Y =OM* 

YsH j x=oua 7 
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In a preliminary co-Jnication5 we reported the synthesis and rearrangement of 

the oflically active ethynyl and vinyl carbinols S and 2. These rearrangements 

were found to be concerted when carried out with KH-THF and non-concerted with 

KCH-MSXL We wish to roport herein the full details of these studies. 

0 11 - 

The rationale for the choice of chiral systeue 2 and ,9 as substrates 

that on rearranqenant a chiral centre is created at the ring junction with 

sirmltaneous loss of existing chiral. centres and that the products should be 

optically active or racemic depending on whether rearrangement occurs in a 

is 

concerted or non-concerted manner respectively. The obvious starting material 

for the synthesis of the chiral carbinols .8_ and 2 is tht? optically active 

dioneg. This chiral dione has been obtained by Yamada et al6 hy asynm&zric - -- 

cyclization, of the triketone 13 in the presence of (s)-proline mrrolidide in - 

50% chemical and 60% optical yield. The trione 13 is accessible by Mizhae1 

addition of ethylvitiylketcne t.n 2-methyl-l,3-cyclohexane dione. 

0b-0@ a*OJ$ 

- 

a = S- Prolindpyrrolidida 

We Preferred to use the easily accessible I-chloro-3-pntanone to alkylate 

2-methyl-1,3-cyclohexanedione. This alkylation was carried out in refluxirq 

ethyl acetate in the presence of an excess of triathylamine tc give the 

trione l3, in 75% yield. Yamada's procedure gave us mixture of optically 

active dione 12 and uncyclized trione G. The use of (s)-proli~~ or (S)- 

alanine in the presence of catal.ytic amounts of perchloric acid found 

successful. for similar cyclizatjons to the diones of the type 12 gave 

high chemical yields of 2 but with low optical plrlty. However,whenthe 

asymmetric cyclization of trione 1;2 was carried act in acetic acid at 12'3. in 

the preoence of (S)-phenylalanine'l, dione (+I= was obtained as a pale yellow 

liquid in 80% chemical and 85% oHi.cal yield. The optical purity of this 

diketone was estimated both from its specific rcrtation and also from the 

splitting of the vinyl-m 
3 

group in the PMR spectrum taken h the Presence cf 
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Eu (hfc)3. The 8a6 configuration assigned for this compound by Yamada et al -- 

welL supported by its 0 spectrum which is similar to that of 8aS Wieland- 

Mischer ketone. 

-thesis of the chiral carbinols 8 and 9 

js 

The dione St+)_12 when treated with lithium acetylide/ammonia furnished 

the optically active CazbinOl 2 as a colourless cryntalline solid m.p.174-176' 

jn 40% yield. La]: + 79.9O (cHcX3), with expected spectral data. The 

l-p-hydroxy-1-d-ethnyl configuration was assigned on analogy to ths course of 
8 

ethynylation observed for similar systems . 

partial hydrogenation of carbinol 2 (W/C!CO3) in pyridine furnished the vinyl 

carbinol 2 as a colourless crystalline solid m.p. 90-31'. 114-J 2 + 178*(CHCl3) 

with expected spectral absorptions. The C.D. curves of carbinols 4 and 2 were 

similar to those of the carbinols _I.. and 15 and hence they were assignedll?, 

6aS configuration. 

Kearramement of the chiral carbinol s 

We have previously reported9 the rearrangement of carbinol dL-8 to the 

ring enlarged racemic dione g by treatnent with NaC&/M?osI. Similar treatmsnt 

of the chiral carbinolz gave after work up and purification the sama dione s 

with zero rotation. However, treatment of the same carbinol with KH/THF 

fin-nished a crystalline solid mp. 64.5-65.5' in 65-70% yield based on recovered 

starting material,~~J~ + 335' (CXC13). Mass spectrum, .znalysis and spectral 

absorptions confirmed the product to be the chiral dione lo. The rearrangement 

of the optically activa ethynyl carbinol (8) to optically active dione s could 

be effected also by treatment with potassium mathoxide in THF though in reduced 

chsmical and optical yields (20% and 90-95% respectively). 

Kearranqenent of chiral carbinol 2 

The racemic carbinol 2 has been found by us9 earlier to rearrange to the 

racemic dione 11 when treated with KOH/WeCH. - The chiral carbinolz also gave 

the sane dione 11 with zero rotation when refluxed wtth KOH/MeCH. However 

treatment with KH/THF under conditions similar to those described for chiral 

carbinol P furnished after chromataqraphy over alumina two products each in 3C% 

chemical yield. The first compound eluted with 20% ethyl acetate-hRxane was 

obtained as a colourless solid m.p. 55-57' EdI: i 20.2. (CHCl3). The 1-R. 

shwed unconjugated Cm absorption whereas PMR showed an olefinic -U13 and a 
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quatemary US3. The mass spectra and elemental analysis showed the product to be 

isomaric with the starting material. It was obvimJs that this product was the 

chiral dione _11. 

The second compoTlnd elutcd with 40% ethyl acetate-hexane was a viscous 

liq:id (homogeneous on TLC) rd1 2 + 24' (cHc13). IR showed conjugated anal 

unconjugzted C=O absorption8 while PMR shcwed an olefinic -c!H 
3 

arr? an angular 

methyl. The mass spectrum and elemental analysis showed it to be isomaric with 

the starting material. These data are consistent with either of the structures 

x or 17 for the above liquid product. - 

0 

o@ oq3° - 17 - 

W proton decoupled l3 C NMR of this compound showed the following features : 

215 (s, )C=O),200 (s, >C=O), 164.2 (s, vinyl carbon), 136.8 (s, vinyl carbon), 

44.5 (t, CH2), 42.5 (t, CH,), 42 (6, quaternary carbon), 37.2 (t, (3X2), 

triplets for four methylenes at 36.6, 34, 32.2 and 29, 28.8 (q, vinyl-CH3). 

14.4 (q, angular Ui3). These data strongly support structure 17. In structure 

X, Cl is flanked hy a C=O on the one hand and a v bond on the other hand and 

may be expected to appzar at a lower field compared to all the other methylene 

carbons. Since this peak appears at hiqher field (42 ppm) as compared to the 

msthylene carbons at 44.5 and 42.5, structure 16 may be ruled out. 

The comparative3.y low specific rotation observed fcr dione 11 as - 

compared to that of dione g suggested that perhaps thz rearranqi=ment of 

carbinol 2 to dione 11 involved partial racamization. This possibility was 

hcwlemr ruled out when catalytic reduction of chiral dione G with pto2 

furnished dione z with identical specific rotation. It is interesting to note 

here that the hydrogenation of chirol carbinol u with W-C in ethyl acetate 

at room temperature resulted surprisingly in the reduction of tho tetrasubsti- 
25 

tuted double bond to furnish an isomeric enedione l8, m.p. 100-2' @]. + 25.8' 

(cHC13). While the stereochemistry of this reduction is uncertain, the? IR and 

PMR absorptions confirm the gross structure la. - 

Ma Ii ” 

aJ - 0 (a I - 0 

0 
18 - 

0 19 - 
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Whereas the compounds _lEJ and 19 show 
3a 

well-defined AB quartets 

protons, the nam=i protons show up as a singlet in compound lo. 

due to sorm conformational feature of the molecule rersulti.ng in 

for tlw viny!. 

This is probably 

accidental 

equivalence of the two vinyl protons. The eplitting of these protonrr could 

however be observed in the presence of l%_~(hfc)~ 

Mechanism of the rearranq emnte ----_- and ste.reochemistEof the productz __-_ 

Since the UAB of bases like KOH or NaCHe in a h@roxylic solvent. like 

methanol gave rearrangemnt products with no rotation, it is reasonable to aeaumR 

that the rearrangements proceed by a framntatiop-recombination mtchanifim as in 

Chart I. 

An alternative mechanism is to a,98unm that the enolate 2rz is in reveratile 

equilibri:,m with the racemic species 8a, 2 and 2 which are then transformed to the 

racemic dione 10 by concerted proceeses (Chart-II? _-. 

CHART 11 
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Since,h~~e~r the starting carbinol 4 was recovered in 40 % yield with little 

lose of optical activity and with no evidence of formation of the racemic 

carbinols corresponding to ths srscies a, & and 2. t.hjs second mechanism 

must be ruled out. In view of the experimental fact that chiral dinne 10 - 

results by treatment eI*)n with KOMs in tetrahydroftlrane, a third explanatisn 

for the forwtion of racemic dionee 10 and 11 would be to ansu1Rc1 that the - - 

reactions first. giw optically active products which undergo racemization 

eubaequently. This possibility was soon discounted since chiral dions 10 - 

could be recoverad nnaffectad in optical plrity and other renpscts after 

treatment with KO~/&QI. 

On the otherhsnd. the retention of optical activity Fn the product? 

obtained by treatment with KH in THF is strong evidence for the operation 

of a concerted mechanism. The fact that the chiral rearrangement products 

Ic, C Jl nere ohtained as sharp m?lting solids and that chiral dione r!, 

could bn hydrogenated to chiral dione 11 in excellent optical and chemical -. 

yields indicate that these conqwunda were optically pure. This was confirmed 

when studies with E~(hfc)~ showed no spl.ittiny of either of the two ethyl. 

group9 iq optically active 2, though they shifted to lower f?e).dn as expected 

with increasing concentration of the shift reagent. Ths formation of the 

optically active compound _17 may bs rationalized as arisjng from a l.+ 

signntropic rearrangement. These transformations are depicted in Chart XI. 

_o&rotona+ion , ,ybo 

ii 
8S-IO 
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The transition state for the rearrangewnt in RH/THP though polar nust be 

quite tight, facilitating nwcinum transfer of chirality. In a polar medium 

(KONd’kOH) this t ransition state mst be less tight due to increased polarity 

and may be expected to lead to loss of chirality. 

In view of the fact that (3,3)sigmatropic rearrangements occur most 

commonly in a suprafacial manner with respect to both then systems, the 

resulting methyl group in 2 (and also u) may be expected to have p-orientation. 

Based on priority rulesl', this carbon must then ha- a 'S' configuration in both 

the diones 10 and 11. - - 

As for the configuration of the chiral Cl in 17, it is probably 1s with 

the same ccnfiguration as C in the starting carbinol 2 since the transition 

state for a U*S + n*a 
8a 

2 
migration must be more favourable than for a o- a + 

'TT.*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 dewnstrated the dual nature of the 

mechanism of rearrangements 
11 

of bicyclic oxyCbpe substrate of the type g and 2. 

Exnerimental 

All melting points and boiling points are uncorrected. Infra-red spectra 
were recorded using a Perkin Elmer 598 instrument. PM spectra were taken using 
Varian EL390 and XL-100 instrumnts with CDCl and CC1 as solvents. 
methyl silans (TmtS) was used as the internal s andard. 2 $he chemical shi:',',"; 
reported in the 6 -scale. The Pm chemical shifts of doublets and multiplets 
reported do not correspond to the calculated chemical shifts, but represent the 
6 -values corresponding to the centre of the nultiplets. Mass spectra were 
recorded using a varian Ratch-1 Mass spectrometer. The optical rotations wBre 
measured using a Billingham and Stanley polarimeter (model D). CD curves were 
recorded using Model 5.20 CD instrument. TLC was run over glass plates coated 
with silica gel-G (ACME) (0.25 mm thickness) and visualissd using iodine. 
Anhydrous sodium sulphate was used as the drying agent. Hexane refers to petrol 
boiling between (60'- 80'): petroleum ether refers to (4O*- 60') boilingfraction. 

2-Methvl-P-(3'-oxopentvl)-1,3_cvclohexanedione 13 - 

Procedure A 

Potassium metal (10 g, 0.25 g.atom) was dissolved in dry msthanol (110 ml) 
diluted with dry ether (230 ml), 2-methyl-1,3-cyclohexanedione (30 g, 0.24 mole) 
was added and the mixture was stirred for 30 min. Methanol and ether were 
removed by distillation and dry DW (50 ml) was added. The chloroketone (30 g, 
0.24 nple) in dry DMF (50 ml) was added with stirring and the reaction mixture 

was allowed to stand overnight. The separated potassium chloride was filtered 

and DW was removed in mp. The residue was taken up in ether, washed with 
water and dried. The residue after removal of ether was distilled to get the 
triketone 9 (b.p. 126-128'/0.5 nun (reportedl' b.p.129-131'/mm).Yield 25 g 

(49.6%). 

Procedure B -- 

To a mixture of 2-methyl-1,3-cyclohexanedione (log, 0.08 mole) in dry 
ethyl acetate (100 ml) and triethyl amine (50 ml, in 100 ml dry ethyl acetate) 
was added 1-chloro-3-pentanone (11 g, 0.08 mole) and mixture refluxed for 15hr. 
The separated triethylamine hydrochloride was filtered and washed with dry ethyl 
acetatea Ths combined filtrate was distilled under reduced pressure to renpve 
ethyl acetate and excess triethyl amine. The residue was taken up in chloroform 

washed with dil. HCl followed by water. &loroform was removed after drying by 
distillation to afford a brown liquid which was chromatographed on silica gel. 
Elution with 10% ethyl acetate-hexane furnished the triketone as a pale yellow 
liquid, b.p.129-131*/l mm. 
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Yield 12.6 g (75%). IR(CHC1 ) Amax 1715 cm-' (C-O), 1695 cm-l (C=o) 
Pm(CCl hM6 values l.O(tf 3H. COC2¶,~3), 1.22 (9, 3H. ang-cii31, 
12H,ln&lene*L 

1.6-2.9 (m, 

Asymnetric cvclization of 2-methvl-2-(3'-oxopentvl)-1,3-cvclohexanedione 13 - 

This cy-clization was studied under different reaction conditions using 
different d-amino acids. The results are sumvlrized in Table I. 

Table 1 
Asymgtric cyclizaticm of triketone 13 to dione SC+) 12 - 

Solvent 
Chemical Optical 

Triketone 13 - Amino acid & additive 
(ml.1 

Temp'C Time yield of yield of 

12 12 -. 
--_ -~ 

1) -01 m 

2) .Ol m 

3) .Ol m 

4) .Ol m 

5) .Ol m 

6) .Ol m 

7) .Ol m 

8) .Ol m 

9) .05 m 

S-proline f.005 m) 
lN HC104 (3 ml) 

S-proline l.01 m) 

S-proline (.005 m) 
.l.W HCl (a few drops) 

S-proline t.01 m) 

HC..c (a few drapes) 

S-Alanine t.01 m) 
IN HC104 (3 ml) 

S-phenylalanine (-01 m) 
lW HC104 (3 ml) 

S-phenylalanfne t.01 m) 
Hmc (a few drops) 

)I (-01 m) 

S-Phenylalanine t.05 m) 

CH3dJ 
(301 

HC?!20) 

CH3a 
( 20) 

II 

I/ 

If 

I? 

HOAc (20) 

HCAc(100) 

80 18 h 

30 12 h 

80 6h 

90 1.2 h 

80 20 h 

80 20 h 

80 Ch 

30 20 h 

120 2h 

74% 15% 

Mixture of starting 
material and aldols 

cxlly starting rMte- 
rial 

Mixture of starting 
material & aldols 

20% 20% 

20% 15% 

mostly starting 
material 

mixture of starting 
material h aldols 

80% 85% 

The best procedure (entry 9 in Table I) for synthesis of St+)-1,2,3,4,6,7,8,8a- 
octahydro-5,8a-dimathyl-1,6-naphthalene dione (S-12) is as follows : 

To the triketone 13 (10.5 g, 0.05 wale) dissolved in freshly distilled 
acetic acid (100 ml) was added (S)-phenyl alanino (8.25 q, 0.05 mole) in portions 
and the mixture wan heated at 120. (bath temperature) with stirring for 2 hr. 
Acetic acid wad removed by distillation under reduced pressure. The residual 
material was taken up in chloroform and filtered to recover the chiral amino acid 
alwost. quantitatively. The filtrate was washed successively with dil.WaHCC 

solution, water and dried. Removal of chloroform by distillation furnishad3a 
brown viscous liquid which was chromatograpbzd over silica gel. Elution with 10% 

b-p. 125-130*/C-5 

-0.0064, +0.012. The (D data were similar to those 

Wieland-Miecher ketone. 

IlR. 8as) ~+~l-cdeth~vl-l-Bhvclroxv-6-axo-5,8a-di~thvl-l.2,3,4.6,7.8,8a- 
cctahvdronaDhthalene 2 

In a 1 lt 3 necked flask fitted with a gas inlet tube dropping funnel, 
mercury sealed stirrer and an outlet, 
Lithium metal (1.8 g of lithium, 

distilled NH3 (500 ml) was collected. 
0.25 g atom) was added slcwly in portions and 

converted into the acetylide by bubbling dry acetylene. After the complete 

conversion of lithium into lithium acetylide, the flask was cooled to -7o*c 
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(liquid N2 - ethyl acetate bath) and a solution of the diketme 12 (19.2 g, 0.1 
mc.10) in dry ether (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 ths reacti.on mixture and the rosy-red mixture was decomposed with solid 
NH4Cl (15 g). bbst of the amnia 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 ethpyl carbi.no& 
solid. 

8 as a col.ourless crystalline 

'JV 
x && 1;;;';:'; EvF;;73q;.7 g (4@4).[oc3D + 79_f90 (C = 0.0267, CHcl3). 

2110 k$$ 1645 (conjugated 
. IR (RFIr)>max (cm ): 

-&O~, 1610 (c--c). 
3380 (-CR), 3260(-C!=C-H\, 

PMR (CDCl,/Tma) 6 value8 : 
1.25 (a, 3H, ang CR3', 1.8 (8, 3H, Vinyl W 1, 1.85-2.7 (m, 12H, msthylenes. CGCR 
-CM). CDtc = 0.495, Dioxan) > nm : 321, 140, 210 A E : -1.51, + 6.53, + 6.015: 
These CD data are similar to these of carbinolu given below : b nm 320-330 
230, 200. [eJ obo : -0.0057, +0.016, + 6.018. 
C = 77.66, H = 8.2%, 

Analysis 
Found : C = 77.25, H - 8.22% 

C14H1802 requjres : 

(1R. 8aS) ~+)l~v~nvl-l-Fh~roxv-6-oxo-58rdf~thyl-l,2,3.4.6.7.8.8a-octahvdro- 
naohthalene 2 

A solution of the ethynyl carbinol ,8 (2.18 g, 0.01 mole) in dry pyridine 
(15 ml) was hydrogenated in the presence of 5% Pd-c~C!O (0.2 g) at 50 psi for 
20 min. The catalyst was filtered and washed with eth&. The filtrate was concen- 
tratod under reduced pressure and the resi.due was taken up in ether. The ether 
solution was washed with dilute HCl, w&er and dried. Concentration of the ether 
solution and trituration with ether-hexane gave a solid which on recrytallisation 
(ether-hsxane) furnished the optically active vinyl carbinolz25as a colourless 

cr;;t;ll~~&~d,25;-;~ ;;-z;;C5641yie; ;;L$hg~~~ll~J D36;ol;~&~c ;,,";IOl7, 

(con ugated 3' -c=d , 1610 (c=C i. Pk (c!DCl/+rM;~ values 
1.9 (s, 3H, vinyl C!H 1, 1.9-2.8 (m, llH, metzylenes and 

: 1.3 (a, 3H: aq.CH3), 

a 
-ai), 5 - 6.3 (m, 3H. 

-mocH2), m (C = 0. 95, Dioxan) x nm: 320, 243. 213,AE : -@.?8, + 7.62, + 6.05. 
These C.D. data are similar to those of the carbinolg given below: )rnm : 
320-330, 237, 200 [e]obs : -n.O051, + 0.022, + 0.030. Analysis C14H2002 requires 

C = 76.33, H = 9.15%, Found C = 76.21, H = 9.11%. 

marrancemant of opticallv active ethvnvl carbinol a 

i) With ootassium hydride in tetrahvdrofuran 

To a suspension of RH (@.6 g of 35% dispersion in mineral cil) wanhed 
with 10 ml portions of dry mtroleum ether in dry THF (3.0 ml) was added the 
ethynyl carbinol lR, SaS(+) 9 (1.1 g, 0.005 mle) in dry THF (20 ml) at O-5. with 
constant stirring under nitrogen atmosphere. The reaction mixture was stirred for 

3 hr at 0-5O and for 1 hr at room temperature and then quenched by the additlan 

of saturated amrronium chloride solution. T?IF was removed by distillation under 

reduced pressure. 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 liquid which was chromatcqrophed over silica 
gel. 

Elution with 20% ethyl acetate-hexane gave the op$,$cally active ring 
enlarged dione 10 as a colourless solid: m-p. 61-63'C p], + 293. (c = 0.017, - 

the pure material 

ang. CH,), 1.65 (A, 3H. vinyl CH ) 
CD,(c = 0.497, Di2x.L) 

, 5.5 (s, 2H 
vinyl protons), )\nm 300-305, 225-230, 210, A E -14.41, 

-3.58, +1.91. Mass spectrum : m/e 218: Analysis 

H = 8.2%, Found : C = 77.31, H = 8.1%. 
Ci4HlSOz requires c = 77.06, 

Further elut on wi h 30% ethyl acetate- 
hexane gave the starting optically active ethynyl carbinol (0.51 g, 46%) with 
the same specific rotation. 

ii) With catalvtic amount of sodium msthoxide in methanol 

To a solution of sodium methoxide (prepared from 0.02 g of sodiudin 
dry methanol (25 ml) was Mded ethynyl carbin lR, 8 aS (+)I! (1.1 g, 0.005 mole 
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and nixture'stirrud at rrum temperrtnrs fcic I5 hr. ~hanolwas rem&d by 
distillation under educed premmse. Tim residuewas taksnup in chloroform 
and the chloroform solution was washed with brine, water and dried. IUmovalof 
the solvent by distillation afforded a viscous liguid which was chromatograpbed 

ocI s'1:a ?::ld 

Elution with 20% ethyl acetate-hexane gave a viscous liquid. 

. ; 0 22 cj (20%) . . TLC, IR and Pm were domparable to those 
of tz optically activa carpaund obtained by the rearrangement of the ekhynyl 
carbinol with KA in TIP. 

Further elution with 30% ethyl acetate-hexane gave the recovered 
optically active ethnynyl carbinol 4 (0.41 g, 40%) having sane specific rotation. 

iii) With crtalvtic amcunt of ootassium rnethoxids in drv tetrahvdrofuran 

To a stirred suspension of potassium mthoxids (prepared by dissolving 
0.01 g of potassium metal in dry methanol and drying at 8O.C under 20 nm vacuum 
for 1 ht) in dry THF (20 ml) was added the optically active ethynyl carbinolg 
(0.5 g, 0.0026 mole) in dry THF (10 ml) at 0-5.~ under nitrogen atmosphere and 
mixture stirred for 3 hr. The reaction mixture was quenched by the addition of 
saturated solution of anmmnium 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. 
Elution with 20% ethyl acetate-hexane gave the optically active ring aqed 
dione g as a crystalline solid: m.p. 63-65-C, Yield-O.15 g (30%).@3 P + 318. 
(c = 0.041, CFICl ). Further elution with 3Q% ethyl acetate-hexane yigldsd 
the starting opt 1 tally active ethynyl carbinol 2 (0.15 g, 30%) having sane 
specific rotation. 

Reaction of otiicallv active dione 10 with an equivalent amount of ~oSaeF&Cfi 

A suspension of potassium methoxide (prepared from 0.07 g of potassium 
metal dissolved in dry methanol and dried at 8O*C/20 mm for 1 hr) in dry THF 
(20 ml) was stirred with the optically active dione g (0.5 g, 0.0018 mole) in 
dry THF (10 N) at O-5. under nitrogen atmosphere for 1 hr and then at room 
temperature for 1 hr. The reaction mixture was quenched by the addition of a 
saturated solution of ammcmium 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. ration of 

an=eS+ 215* 
the dried extract gave a viecous liquid. Yield = 0.3 g (75%) @J 
(c = 0.05, cSc13). TLC of this liquid shared it to be a mixture f o two 
compounds after multiple elution. The spectral data (IR, -1 were found to be 
identical with those of the mixture obtained by the treatment of the ethynyl 
carbinol 2 with an equivalent amount of potassium msthoxide in dry THE'. Ths 
viscous liquid was chronratographed 0-r neutral alumina. Careful elution with 
5% ethyl acetate - hexane afforded the optically active stqf-ting dione s as 
colourless solid, m.p. 62-64.C. Yield = 0.08 g (20%) coq 

hsxane &e 
+ 320' (C = 0.05, 

CXCl,~. Further elution with 15% ethyl acetate - a product which 
was found to be a nrultispotted material (TLC). 

Effect of sodium methoxide on the octicallv active dione 10 in methanol 

A solution cf sodium methoxide (from 0.02 g of sodium) dissolved in 
dry methanol (10 ml) was stirred with the optically active dione G (0.22 g, 
0.001 mole) in dry methanol (5 ml) at room temperature for 15 hr. &than01 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. 
Removal of the solvent by distillation afforded a viscous liquid which was pxi- 

fied by passing through a colurm 
to gim the darting optically active dione 2 (0.18 g. 90%) P-D 

of silica gel (20% ethyl acetqge+ ;,zm 

(c = 0.05 g, c?xC13). 

marranaenmnt of the outicallv active vinvl carbinol 2 

i) With uotassium hvdrida in tetrahvdrofua 

A suspension of RH (0.6 g of 35% dispersion in mineral oil) waslmd with 
10 ml portions of dry petroleum ether in dry TEF (25 ml) was stirred with the vinyl 
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carbinol lR, 8 as(+) 2 (1.1 g, 0.005 mole) at O-5*C, under nitrogen atncephsre 
for 4 hr and then at room 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 (+)p to furnish a viscous liquid 
which was chromatographed over neutral alumina. Rlution with 20% ethyl acetate- 
hexane afforded a viscous liguid lJ which solidified w% left in the refrige- 
rator overnight. m.p.53-56-C. Yield x 0.3 g (30%) [&.J + 18.2;5(c - 0.017, 
cRC13). The retry t h&lised material melted at 55-57.C w&h @] 

224 (a, 760): IR (arc1 ) $ max 1700 cm-lD(t ::2:;o.0231 

: 1.05 (s, 3H, ang.C&, 1.65 (8, 3H, viny(CEi ) ;.75-2.8 
(m, 14H4 methylene protons). CD(Dioxan) nm3 315-327, 233 @-Jobs +30:0016, 
+0.0042. %a8 spectrum : m/e 220. Analysis : 

Further elution with19&'e?hyl astate-hexane 
C Ii 0 requires C, 76.33, H,9.15j 

Found C, 76.31, H, 9.23%. 

fu;i;hedU; c+~le;;,'~t;LZ;, Y$d ;;zz ,'3$%)L[;:oB ~m~~*,(~~;, 

16603ck-1(conjuwted C=O), 1605-l i ;C&). Pd (Cc1 /Te) &values 
/ 
: 1.1; 

(6, 3H,.ang. CH,), 1.7 (s, 3H, vinyl CH ), 1.9-2.8 (m,414H, methylene protons). 
(P (Dioxan) nm > 330,257ce]obs -O.aOSl, + 0.0021. &ass spectrum m/e 220. 
Analysis C14H2002 requires C = 76.33, H = 9.15 Found : C = 76.21, H = 9.10%. 

ii) With msthanolic ootassium hvdroxide 

A solution of the vinyl carbinol 1R 8 as(+)2 (0.5 g, 0.0023 mole) in 
ethanol (25 ml) and agueous potassium hydroxide (5%. 10 ml) was refluxed on a 
water bath for 30 min. &than01 was completely removed under reduced pressure 
and the residue was worked up to give a viscous liquid. It was purified by 
passing through a colunm of neutral alumina @O%*ethyl acetate-hsxane) to give 
a viscous liquid (11). Yield 0.25 g (50%)@lD 0. IR andNMtwere comparable 
with those of the optically active dione &l_. 

Catalvtic hvdrcqenation of the opticallv active diketone 10 - 

i) e lc?% m-c 

A molution of the optically active dione 2 (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 
liguid which was purified by passing through a column of neutral alumina (25% 

ethyl acetate - hsxane) to furnish a c ourless crystalline solid le. m.p. 

100-102*C. Yield = 0.21-F (70%). cd]58 + 258' (C = 0.023 UiCl ). lR(RRr)&ax: 
1705 cm-1 (-1, 1670 cm (conjugatedDQO), 1610 ~m~((-b&_). ~MI(C!DCl fills) 
6 values 1.3 (merged doublet, 3H. -QICH ), 1.35 (s, 3H. ang.cH ), 1.5-236 (m, 
12H, methylenes and mathins protons), 5:$ (d, III, vinyl I&), 5.3 (d, lH, vinyl 

Hp.). Analysis : C14Hzo02 requires c = 76.33, H = 9.15%: Pound C = 76.25, 

A = 9.21% 

ii) Using Pt02 

A mixture of optically active dione g (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 Win. The catalyst was filtered, washed twice w ifz 20 ml porticns of 

dry wethanol and the filtrate was concentrated to give avisccus liguid. This 
was chromstcgraphed over neutral alumina. Elution with 20% ethyl acetate- 

hexane gave the optical1 active dione _lJ as a lam melting solid: m.p.53-56.C. 
Yield = 0.24 g (8U%). c&J, $5 + 21. (c = 0.031, mc1,) 

The spectral properties (IR, PM) were identical with those of the 
optically active dione 11. Admixture with an authentic sample did not alter 

the m.p. 
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