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Abstract - A general synthesis of trans bicyclic carbinols with an 
angular methyl substituent using the anionic oxyxope rearrangement 
is reported. The carbinols *, B, *, 14b and 2 furnish the bi- 
cyclic carbinols a, xb, a, 17b and 2 when treated with potassium 
hydride in 1,2_dimethoxyethane. -- 

Anionic oxy-Cope rearrangements of 1,2-divinylcycloalkan-1-01s 

have been reported' to result in ring expansions. In a preliminary corrnu- 

nication 
2 
we reported the synthesis of angularly substituted octalins - a 

ring system present in vetivene type sesquiterpenes via an anionic oxy_Cope 

rearrangement. We report herein full details of these studies and their 

extension to the synthesis of angularly methyl substituted trans hydrindane 

and trans bicyclo(5.4.0) undecane systems. The synthesis of trans hydrin- 

dane system with an angular methyl group has been a continuing challenge to 

organic chemists over the years because of its presence in steroids. Seve- 

ral approaches to thjs ring system have appeared in the literature 3,4,5 

The trans bicyclo(5.4.0) undecane ring system is present 6'7 in marine' 

products like Dolastriol and Amijiol etc. Though a limited number of deri- 

vatives are known 
B,9a,b 

the parent bicyclic trans(5.4.0) undecane system 

itself has not been reported. Scheme 1 outlines the general reacticn 

sequence for the synthesis of the bicyclic systems mentioned : 

Scheme-l 

n=J, n=J, n=J 
n=l 4~ R’ =R*=CHJ, 9 R’=R2=~ 

n=2 2 R’= R’=H , n=3 6 R1=R2=~ 

n =1 2 R’= R2=CHJ;R=COOEt, 7b R’= R’=H;R= COOEt 
- 

n=2 8a R’= R2=H. R=COCH 
-1 

n=3 2 R =R’=H, R=COOE~ 

3, fi R’=R’=H;R.COOEt 
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n ~1 lOa R’=R2:CH3;R=COOEt 

lob R’=R’ =H;R=COOEt 

n =2 I& R’=R’=H; RzCOCH3 

llb R’=R2zH;R=COOEt 

n=3 12 A’,: R2= H ;R=COOEt - 

n =l 13a R’=R’=CH3;R=COOEt 

13b R’=R2=H;R=COOEt - 

n ~2 14a R' = R2=li ; R = COCH3 

-1 
14b R ,R2,H; R =COOEt 

-1 
n=3 15 R =R’=H;RrCOOEt - 

n = 1 16a R’= R2= CH3 ; R = COOEt 

rsb R’ = R2 = H ;R=COOEt 

n=2 x R’s$=H ;R=COCH3 - 

2 R’= R2= H ; RsCOOEt 

n=3 18 R’= R’=H , RzCOOEt 

Some 2-methyl-2-(2' 

have been obtained1001"12 

-substituted vinyl)cyclohexanones of the type & 

by Michael addition of 2-methylcyclohexanone to 

1-chloropent-1-en-3-one and methyl 3-chloroacrylate. 

reported" 

Woodward and Singh have 

the Michael addition of 2-mathylcyclohexanone to methyl ethynyl 

ketone in which a compound of the type e has been implicated but not 

isolated. The yields are unsatisfactory in the above methods and a new syn- 

thetic route for this class of compounds was worked out with 2-formyl-2- 

methylcyclohexanone 2 as the starting material. The preparation of this 
ketoaldehydes (as well as $& & 6) was very much improved by methylatlon of 

2-hydroxymethylenecycloalkanones with methyl iodide in dry t-butyl alcohol 

containing potassium t-butoxide at room temperature to give 50-701 of the 
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products in contrast to a published method 
13 

. The formyl cyclopentanone 

e was however obtained by the published 
14 

method. Wittig-Horner reaction 

of the 2-methyl-2-formylcycloalkanones 4b, 2 and 5 with triethylphosphono- 

acetate using sodium hydride in 1,2_dimethoxyethane gave the unsaturated 

ester 7b, & and 2 in SO-60% yields. The synthesis of compounds a, sa 
and B has been already reported from this laboratory in COnneCtiOn with 

15 
related studies . The use of phosphoranes led to similar yields of pro- 

ducts in this reaction. The formyl cyclohexanone 1. furnished the unsatu- 

rated dione & also in ca 50% yield upon treatment with 2_oxypropylidene- 

triphenylphosphorane in benzene. All these products had a coupling con- 

stant of 18 Hz for the olefinic protons thereby indicating the E stereo- 

chemistry of the olefinic double bond. 

Regioselective ethynylation of cyclohexanone & & & occurred in 

8Qz yield with lithium acetylide in THF or liquid ammonia at -78'C while 

the remaining ketones (>, 7b, 2) afforded the corresponding ethynyl 

carbinols in 45-W% in THF only. Partial reduction of these ethynyl 

carbinols in pyridine (Pd/CaC03) gave excellent yields (ca 80%) of the 

vinyl carbinols a, 2, a, 14b and 15 respectively. Though the stereo- - 
chemistry of the above vinyl and ethynyl alcohols has not been determined 

unequivocally, it is presumed that the unsaturated moieties in these 

alcohols are cis to each other, in view of the fact that the vinyl alco- 

hols rearrange readily: the cis geometry of tile oledinic moieties is 
known tolJ6.17,18 favour concerted 3,3 shifts. Also the ethynylstions of 

cycloalkanones 7&, @ and 2 may be expected to occur from the less hin- 

dered side to give the carbinols a, &l& and 12 in which the ethynyl and 

olefinic groups are cis to each other. 

0 
OH 

Me 

d =\ - 

n 
COZEt 

Treatment of the vinyl carbinols with potassium hydride in 1,2-di- 

methoxyethane at O°C followed by workup and chromatography afforded the 

bicyclic carbinols (z, a, e, 17b and x)as major products in 40-50% 



3562 G. SATHYAMOORTHI etal. 

yield. The structures of these products were consistent with their ir & 

pmr data. 

Stereochemical and mechanistic considerations : 

The trans stereochemistry for the hydrindanols 16a C 16b is assigned 

on the basis of a) the appearance of their angular methyls at 6 0.95 and 

6 1.00 respectively and b) mechanistic consideratisns. An angular methyl 

group in trans hydrindane derivatives is reported 4,19,20 to appear around 

6 0.7-0.95 whereas in the corresponding cis isomers, it appears abwe 6 1.1. 

By analogy, the carbinols E, &7J and 2 are assigned a trans stereochemis- 

try. Mechanistic considerations also favour a similar assignment. The trans- 

formation of the vinyl carbinols lJa, _ 14a and z (also *\ and I&) involves 

the rearrangement of their enolates &, _ 14c and u to species a, a and 

21a which may equilibrate with species E, 20b an3 _21b respectively. 

Scheme 11 

n =1 13c - 

n=2 Xc - 
n=3 15~ - 

n=l 19a 

n=2 20a 

t-k3 2la - 

n ~1 19b - 

n =2 20b 

n=3 216 

\R a3 i fe 
0 

n= 1 

n=2 

n=3 

\R a3 n 6H 
n=l 16a 8 16b -- 
n=2 17a & 17b 

n=3 18 -- - 
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The formation of trans hydrindanol could involve transition state _A Of 

12. The medium ring geometry and steric factors will favour & more than g as 

the oxygen and the methyl group are away from each other in the former re- 

sulting in the trans orientation of the hydroxy and angular methyl groups 

in the products as the transannular bond formation takes place. A similar 

transition state for a related reaction has been proposed *' by Stork et al. 

The overall transformation is essentially a latent anionic oxy-Cope rearr- 

angement as the net result of the reacticn is the formation of a sigma bond 

between the terminal olefinic carbon atoms without any apparent skeletol 

rearrangement. Mechanistically, the stereochemistry of the products is not 

@JO”” &mooEt 

A E 
dependent on the stereochemistry of the starting materials. The conversion 

of the species 19c to the bicyclic carbinol 16b and the other similar con- 

versions reported here are essentially vinylogous aldol condensations. An 

alternative internal Michael addition of the type indicated below can be 

envjsaged but no products corresponding to such a reaction have been iso- 

lated. 

19C - V 
6% * 

In fact, the work cited 19 above refers to such a reaction. 

Experimental 

All melting points and boiling points are uncorrected. IR spectra 

were recorded on a Perkin-Elmer 598 instrument. PMR & CMR spectra were 

recorded in a Varian EM-390 and Jeol FX 909 instruments respectively. The 

chemical shifts are given in ppm downfield from the internal TMS. Mass 

spectra were recorded using Varian Mat CH-7 mass spectrometer. TLC was 

developed on glass plates coated with silica gel-C(ACME) of 0.25 mm thick- 

ness and visualised with iodine. Anhydrous scdium sulphate was used as the 
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drying agent. 

The hydroxyformylation of cycloalkanones was done by an improved 

procedure22. 

Alkylation of 2-formylcycloalkanones (1,2,3) I General procedure 

To a well stirred solution of potassium t-butoxide(33.6 g, 0.3 mole) 

in t-hutyl alcohol (250 ml) was added & (33.6 g, 0.3 mole) slowly over a 

period of 45 min. To the resulting solution, methyl iodide was added dropwise 

(49 g, 0.35 mole) followad by stirring for 6 hr. The precipitated potassium 

iodide was filtered off. Removal of the solvent afforded the crude product 

which was distilled under reduced pressure to yield & (20 g, 52%). bp. 69- 

7o"/o.5 mm. IR(CC14) v max 1740, 1720 cm -l: PMR(CC14/TMS) 6 l.l(S, 3H), 

l-E-2.0 (m, 4H. elicyclic methylenes), 2.2-2.4(m, 2H, C~2-C=C), 9.6 (s, lH, 

H_-C=O). Compound 2 was obtained in 70% yield and the yield of 5 was 52x. 

Compound 5 bp.69-72'/0.7 mm. IR(CC14) v max 1730, 1705 crn"l PMR(CC14/TMS) 

6 l.l(s, 3H), 1.6-2.0(m, 8H, elicyclic methylenes), 2.2-2.4(m, 2H, C=C-CE2), 

9.6(s, lH, F&C=O). 

Wittig reaction of 2-fonnyl-2-methylcycloalkanones 4a, 4b, 2 and 5 with 

triethylphosphonoacetate 

General procedure : A solution of triethylphosphonoacetate (0.1 mole) in 

1,2_dimethoxyethane (20 ml) was added dropwise to a well stirred suspension 

of sodium hydride (2.4 g, 0.1 mole) in the same Solvent (100 ml). Then s 

(12.6 g, 0.1 mole) was added slowly keeping the temperature below 35'. The 

reaction mixture was further stirred for 4 hr at room temperature. The for- 

mation of a thick gelatinous semisolid indicated canpletion of the reaction. 

The mixture was poured into water (200 ml) and extracted with chloroform 

(3 x 100 ml). The extract was dried, concentrated and distilled at vacuum 

to yield z1_b (10.2 g, 521). b.p. 82-840/0.1 mm. IR(CC14) v max 1740, 1720, 

1640 cm -l: PMR(CC14/'WS) 6 1.1 (s, 3H), 1.2 (t, 3H). 1.5-1.9(m, 6H, alicy- 

clic methylenes), 4.15(q, 2H), 5.8(d, lH, O=C+=CH, J = 18Hz), 7.l(d, lH, 

O=C-CH=CH- J = 18Hz). Analysis CllH1603 requires C=67.32, Hs8.21; found 

C=67.44, H=0.25z. Compound 2 (581) bp 120'/0.3 in. IR(CC14) v max 1705- 

15,1640 cm -1; PMR(CC14/TMS)6 l.l(s, 3H). 1.2(t, 3H), 1.5-2.2(m, lOHI, 4.15 

(q, 2H), 5.8(d, lH, O=C-CE=CH, J = 18Hz), 7.0(d, lH, C=C-CH=C~, J = 18Hz). 

Analysis Cl3 2. 3 H 0 requires C169.61, HrS.90, Found C=69.74, H=8.92%. 

Ethynylation of substituted cycloalkanones 7a, 7b, m. & and 2 : General 

procedure : 

A stream of acetylene was bubbled thrcugh dry tetrahydrofuran (200 

ml) for 2 hr at -78' under nitrogen. Then n-butyllithium (20 m moles) in 
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dry etkr(lO0 nil) was added dropwise over a period of 20 min. The resulting 

solution of lithium acetylide was stirred for 10 min and a solution of 2 

(3.92 g, 20 m moles) in dry tetrahydrofuran(25 ml) was added over a Period 

of 10 min. It was stirred at -78O for 2.5 hr anl then allowed to warm to 

room temperature. Water (20 ml) was added followed by potassium carbonate 

until the aqueous phase became pasty. The organic phase was decanted and 

the aqueous layer was washed with ether (2 x 50 ml). The combined organic 

phase was dried and the solvent was distilled off to give a crude product 

which was chromatographed over a column of silica gel. Elution with hexane: 

ethyl acetate (Stl) gave the starting material (1 g) which was identifted 

by its ir and pmr spectra. Further elution with hexane:ethyl acetate (2:1) 

afforded 1-hydroxy-l-ethynyl-2-methy1-2(2~-carbethoxyvinyl)cyclOPent~e &O& 

as_; light yellow liquid (2 g, 45x). IR(CIXX3) v max 3600, 3300, 1720,164O 

cm ; PMR(CDC13/TJ4S) 6 l.l(s, 3H), 1,2(t,3H), l.S-2.l(m,7H alicyclic methy- 

lenes and hydroxyl), 2.5(s, lH, CXH), 4.1(qr 2H). S.E(d, lH, O=C-CE=CH- 

J - 18Hz), 7.2(d, lH, O=C-CH=C_H J = 18Hz). MS : m/e 222. Analysis C13H1803 

requires C = 70.24, H = 8.16, Fouti C = 70.48, H = 8.21%. Compound 10a 

(452) mp. 71-72O (CC14-hexane). IR(CC14) v max 3600, 1720, 1640 cm -1 PMR : 

(CC14/~MS) 6 1.15(s, 3H), 1.2(s, 3H), 1.27(s, 3H), 1.3(t, 3H), 1.5-2.2 (m, 

SH, allcyclic methylenes and hydroxyl), 2.S(s, lH, C=CH), 4.2(q, 2H), 5.8 

(d, lH, O=C-C~=CH-, J = 18Hz), 7.2(d, lH, O=C-CH=C_H, J = 18Hz). Analysis 

C15H2203 require8 C = 71.97, H = 8.86, Found C = 72.18, H = 9.09%. Compound 

lla (801) mp 65-66O (CC14-hexane) IR(CC14) v max 3600, 3300, 1670, 1620 cm-1 

PMR(CC14/TMS) d 1.2(9, 3H), 1.5-l.E(m, EH, alicyclic methylenes) 2.3(s, 3H) 

2.55(s, lH, C=CH) 3.2(bs, lH, -OH), 6.2(d, lH, O=C-C_H, J = 18Hz), 7.3(d, lH, 

O=C-CH*_H, J = 18Hz). MS : n/e 206. Analysis Cl3 18 2 H 0 requires C = 75.72, 

H = 8.73, Found C = 75.53 H = 8.68%. Compound lib (801) hexane : benzene 

(9:l). IR(CC14) v max 3600, 3300, 1720, 1640 cm -1;PMR(CCldTMS) 6 1.2(~,3H) 

1.3(t, 3H), 1.4-l.B(m, EH), 2.5(s, 1H). 2.55(bs. lH), 4.2(q, 2H), S.E(d, lo, 

O=c-C;=CH, J = 18Hz), 7.3(d, lH, O=C-CH=C_H J = 18Hz). Analysis C14H2003 

requires C = 71.13, H = 8.53, Found C = 71.47, H = 8.582. Compound 12 (507) 

bp 128-129°/0.05. IR(CH=l~Y max 3600, 3300, 1720, 1640 cm-'8 PMR(CDC13/TMS) 

6 l.l(s, 3H), 1.2(t, 3H), l.S-2.l(m, 11H alicyclic methylene and hydroxyl), 

2.5(s, lH, C=CH), 4.15(q, 2H), 5.8(d, lH, O=C-CE=CH, J = 18H~), 7.2(d, lH, 

O=GCH=C_H, J = 18Hz). 
23 

CMR(CDZ13/TMS) values in ppm . 165.6(s, Cll), 151.63 

(d,Cg)r 113.94(d,C10), 86.58(s,Cl), 74.43(d,C15), 73.52(s,C14). 60.61(t,C12), 

54.22(s,C2), 21.58(q,C13 ), 14.48(q,C8) and other carbons at 43.08, 41.06, 

36.94, 27.28, 25.02. Analysis C15H2203 requires C = 71.96, H = 8.85, Found 

C = 71.82, H = 8.811. 
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?Qdrogenatlon of ethynyl carbinols lOa, lob, 11% 

A solution of ethynyl carbinol s (29) in 

lib and 12 : 

dry pyridine (20 ml) was 

hydrogenated over 51 palladium on calcium carbonate (0.1 g) at 40 Psi for 

30 min. The catalyst was filtered and the solvent was removed by distilla- 

tion under reduced pressure. The residue was dissolved in ether (100 ml) 

and washed with 11 Ice-cold hydrochloric acid and water (2 x 20 ml). After 

drying the solvent was evaporated to give a crude product which was chroma- 

tographed wer silica gel. Elution with hexane:ethyl acetate(2:l) yielded 

pure 13b as a light yellow liquid (1.6 g, SO??. 
-1 

IR(CHC13)y rnax 3600, 1720, 

1640 cm ; PMR(CDC13/TMS) 6 l.OS(s, 3H), 1.2(t, 3H), 1.5-2.l(m, broad, 7H, 

alicycllc methylenes and hydroxyl), 4.15(q, 2H), 5.2(m, 2H, -CH=CH2) 5.8(d, 

lH, O=C-C~=CH, J = 18Hz), 5.9(m, lH, -C+CH2), 7.2(d, lH, C=C-CH+-, J = 

18Hz). Analysis Cl3 H 0 requires C = 69.61, H = 8.98, Found C = 69.52, 2. 3 

H = 8.96%. 

Compound * (80%) IR(CC14) v max 3600, 1720, 1640 cm -l; PMR(CC14/TMS) 6 

l.lS(s, 3H), 1.2(s, 3H), 1.27(s, 3H), 1.3 (t, 3H). l.S-2.2(m, 5H, alicyclic 

methylenes and hydroxyl), 4.15(q, 2H), 5.2 (m, 2H, -CH=Cz2!z), 5.8(d, lH, 

O=C-CE=CH J = 18Hz), 7.2(d, lH, CO-CH=CH-, J = 18Hz). 

Compound 14a (80X) IR(CC14) v ma 3600, 1670, 1620 cm-'; PMR(CC14/TMs) 6 

1.2(s, 3H), 1.4-1.8(m, 9H, alicyclic methylene and hydroxyl), 2.2(s, 3H), 

5.3(m, 2H, -CH=CX2), 6.0 (a, lH, OPC-CH=C?J-, J = 18Hz), 6.2(m, lH, Cg=CH2), 

7.2(d, lH, O=C-CHuCX- J = 18Hz). 

(8OJ) IR(CC14) v max 3600, 1720, 1640 cm-'; PMR(CC14/TMS) 6 

l.l(s, 3H), 1.2(t, 3H), 1.4-1.8(m, 9H, alicyclic methylenes and hydroxyl), 

4.2(q, 2H), 5.3(m, 2H, CH=CH2), 5.7(d, lH, O=C-CH J = 18Hz), 6.0(m, lH, 

-C+CH2), 7.3(d, lH, O=C-CH=CH_- J = 18Hz). 

Compound 15 (80%) IR(CHC13) v max 3600, 1720, 1640 cm -l: PMR(CDC13flMS) 6 

l.OS(s, 3H), 1.2(t, 3H), 1.5-2.0(m, broad, llH, alicyclic methylenes and 

hydroxyl), 4.15(q, 2H), 5.2(m, 2H, XH=Cg2), 5.8(d, lH, &PC-CE=CH-, J = 

18Hz), 5.9(m, lH, CE-CH2), 7.2(d, lH, -CO-CH=+ J = 18Hz). Analysis 

C15H2403 requires C = 71.39, H = 9.58, Found C = 71.52, H = 9.48r. 

Rearrangement of vinyl carbinols a, @, a, 14b and 15 : 

To a stirred suspension of potassium hydride (0.4 g, 10 m mole) in 

dry 1,2_dlmethoxyethane(20 ml) was aided slowly a solution of vinyl carbinol 

13b (1.12 g, 5 m moles) in the same solvent (5 ml) at 0' under nitrogen. The 

reaction mixture was maintained at O" for 1 hr,then it was decomposed by the 

addition of saturated ammonium chloride solution and extracted with 
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chloroform(2 x 25 ml). The dried extract was concentrated to give a ViSCOUS 

liquid which was chromatographed over a column of silica gel to afford pure 

16b (0.4 g, 40%). IR(CHC13) v max 3600, 1720, 1640 cm -1; PMR(CDC13/TMS) 6 

l.OO(s, 3H), 1,2(t,3H), 1.5-2.l(m, 1lH), alicyclic methylenes and hydroxyl) 

d.ls(q, 2H), 6.6(s, lH, CO-C=+ MS : m/e 224 Analysis C13H2003 requires 

c I 69.61, H = 8.981 Found C = 69.74, H * 8.92%. 

(40X) IR(CC14) v max 3600, 1720, 1650 cm-‘1 PMR(CCl/TMS) 6 

0.95(s, 3H), 1.05(s, 3H), 1.2(s, JH), 1.3(t, 3H), 1.5-2.4(m, 9H, aliqclic 

methylene and hydroxyl), 4.15(q, 2H), 6.55(~, lH, w-C&g). Analysis 

C15H2403 requires C = 71.39, H = 9.59, Found C = 71.05, H p 9.50%. 

Compound fi (50%) IR(CC14) v max 3600, 1670, 1640 cm -1, PMR(CC14/TMS) 6 

1.2(s, 3H), 1.4-l.S(m, llH, alicyclic methylenes and hydroxyl), 2.2(s, 3H), 

2.4(m, 2H, -Cli2-C=CH-), 6.4(s, lH, -CO-C=Cg-). Analysis C13H2002 requires 

C = 75.00, H = 9.61, Found C = 74.83, H = 9.58%. 

Compound 17b (50%) IR(CC14) v max 3600, 1720, 1650 cm -1; PMR(CC14/TMS) 6 

l.l(s, JH), 1.2(t, 3H), 1.4-l.S(m, llH, alicyclic methylenes and hydroxyl), 

2.4(m, 2H, -(X2-C&H), 4.2(q, 2H), 6.5(s, lH, -CO-C;GH-). Analysis - 

C14H2203 requires C = 70.59, H = 9.24, Found C = 70.55, H = 9.28%. 

Compound x (45X) IR(CHC13) v max 3600, 1720, 1640 cm -l; PMR(CDC13/TMs) 6 

l.OS(s, 3H), l.P(t, 3H), 1.5-2.4(m, lSH, alicyclic methylene and hydroxyl), 

4.15(q, ZH), 6.5(s, lH, W-C+). CMR23 (CDC13/TMS), 165.48 (s, Cll), 

151.52(d, Cl), 119.42(s, C2), 73.85(s, C4a), 60.85(t, C12), 54.87(s, Cga), 

21.42(q, Cl,), 14.28(q, Clo) and other carbons at 43.02, 41.29, 36.42, 

35.52, 33.78, 27.20, 25.02 MS : m/e 252. Analysis C15H2403 requires C = 

71.39, H = 9.58, Found C = 71.52, H = 9.51%. TLC analysis of the crude 

products in all the above rearrangements shawed other minor sports in addi- 

tion to the rearrangement products isolated above: no useful products 

corresponding to the minor spots could be obtained by preparative TLC. 
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