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Abstract-The molecular rearrangements of glutenols on treatment with phosphorus pentachloride 
and phosphorus oxychloride and pyridine as well as on solvolysis of the corresponding tosyl deriva- 
tives have been investigated. Glut-5-en-3pol (Ia) and glut-5(lO)-en-3a-al (IId) gave diene A (III). 
Glut-5-en-3a-al (Id) gave diene B (VII) and glut-5(1O)-en-38-01 (Ha) gave diene C (XIII) by ring 
contraction. 

THE molecular rearrangements in steroid9 and triterpenoid9 involving the hydroxyl 
group at C, or its derivatives offer a very interesting study. The rearrangements were 
effected by (a) treatment of the free alcohol with phosphorus pentachloride or phos- 
phorus oxychloride in pyridine, (b) solvolysis of the corresponding tosyl or mesyl 
derivatives or (c) passage of mesyl or tosyl derivatives through a column of basic 
alumina. The systems studied so far are of the following types: (a) steroidal 5-en-3/3- 
01,~ (b) steroidal 4,4dimethyl 5-en-3@-01,e*10 (c) steroidal 4,4-dimethyl 5-en-3c+ol,” 

1 Part VIII, P. Sengupta and A. K. Cbakraborty, 1. Indian Chem. Sot. 43,191 (1966). 
a To whom all enquiries about the paper should be made. 
* * N. L. Wendla in Molecular Rearrangements (Edited by P. De Mayo), Vol. 2, p. 1019. Inter- 

science, New York (1964). a L. F. Fieser and M. Fieser, Steroids, p. 314. Reinhold, New York 

(1960). 
’ o J. F. King and P. De Mayo in Ref. 3a, p. 822; b W. Klyne in Progress in Stereochemistry (Edited 

by W. Klyne), Vol. 1, p. 70. Buttetworths, London (I 954); O D. H. R. Barton in Progress In Organic 
Chemistry (Edited by J. W. Cook), Vol. 2, p. 80. Butterworths, London (1953); ‘ P. De Mayo in 
Technique of Organc Chembtry (Edited by A. Weissberger). Vol. 11, Part 2, p. 1090. Interscience, 
New York (1963). 

l J. Mauthner and W. Suida, Monatsh, 15,85 (1894). 
‘ o W. Stall. Z. Physiol. Gem. 207, 147 (1932); b C. W. Shoppee and C. K. Ingold, 1. Chem. Sot. 

1147 (1946); c S. Winstein and R. Adams, /. Amer. Chem. Sot. 70, 838 (1948); d M. M. Hafez, 
G. Halsey Jr. and E. S. Wallis. Science 110, 474 (1949); ’ E. S. Wallis, E. Femholx and F. F. 
Gephart, 1. Amer. Chem. Sot. 59,137 (1937). 

’ W. Simonetta and S. Winstein, J. Amer. Chem. Sot. 76,18 (1954). 
‘ C. W. Shoppee and G. H. R. Summers, J. Chem. Sot. 17% (1952). 
’ D R. M. Moriarty and E. S. Wallis, J. Org. Chem. 24.1274, 1987 (1959); ’ Y. M. Y. Haddad and 

G. H. R. Summers, J. Chem. Sot. 769 (1959). 
to N. W. Atwater, J. Amer. Chem. Sot. 82.2847 (1960). 
I1 C. W. Shoppee and G. A. R. Johnston, J. Chem. Sot. 2684 (1962). 
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(d) steroidal 4,4-dimethyl 5-en-3/I-01 and triterpenoid 3/?-olac~10*12-16 and (e) steroidal 
4+dimethyl 3a-01.12” 

In a previous communication17 we reported the isolation of glut-5-en 3,!%01 (Ia) 
from the Indian plant Euphorbiu royleuma. This alcohol and its 3aepimer (Id) form 
a new system in the fact that not only they lack the t&,-methyl group but the con- 
figuration at Cr, bears an antipodal relationship to that of all the systems investigated 
earlier. So we took up a study of the molecular rearrangements of glut-5-en-3/Lol(Ia) 
and 3a-ol (Id) as well as of the other epimeric pair glut-5(10)-en-3/?-ol (IIa) and 
3a-ol (IId). Glut-5-en-3a-ol (Id) was prepared from glut-5-en-3/Lol (Ia) via 

b R = OH, FT= H 
lb R= OTs,R’= H 

kR=OAc+R’.H 

Id R = H , It= OH 
Ie R = H , R’= OTr 
If R = H , R’= OAc 

Iq R,R’=O. 

IIa R = OH, R’= H 
IbR=OAc,R’=H 
Ik R= OTs,R’= H 
IId R= H, R’=OH 
Ile R= H, R’=OAc 
Ilf R= H, R’=OTs 

glut-5-en-3-o&* (Ig) following the method of Paton et uI.lD But for the preparation 
of glut-5(10)-en-3p-ol (IIa) we observed that mild proton catalysed isomerization of 
the acetate (Ic) to the isomeric acetate (IIb) followed by hydrolysis was more attractive 
than the literature method.‘s Similarly the epimeric alcohol (IId) was prepared by 
proton catalysed isomerization of glut-5-en-3a-yl acetate (If) followed by hydrolysis 
of the isomerized product. 

Glut-5-en-3/?-ol (Ia) on treatment with phosphorus pentachloride in pet. ether 
furnished a mixture, which on chromatography over alumina yielded a diene, &,H,, 
named diene A, m.p. 212-214”, [a]n + 114” as the major product. It showed maxima 
at 244 mp (E 19,900) in the W indicating the presence of a trunsoid heteroannular 
diene system in the molecule and an IR band at 817 cm-l (trisubstituted double bond). 
We suggest the structure (III) for diene A, on the basis of the above evidence supported 
by NMR data that show a multiplet centered around 6 5.66 (one vinyl H at C,), a 

I* o C. W. Shoppee and G. A. R. Johnston, 1. C/tern. Sot. 3261 (1961); b J. F. Bielhnann and G. 
Ourisson. Bull. Sot. Chim. France 348 (1960); 331 (1962). 

I* P. De Mayo, The Higher Terpenoidr, p. 78. Interscience, New York (1959). 
lb0 C. Doree, J. F. McGhie and F. Kwzer. J. C/tern. Sot. 1467 (1947); b B. Tursch, E. Tursch. 

I. T. Harrison, G. B. C. Tolcntino, J. H. Monterio. B. Gilbert. W. B. Mors and C. Djerassi, J. Org. 
Gem. 28,239O (1963); o R. Tscheschc, E. Henckel and G. Snatzke, Lie& Ann. 676,175 (1964). 

lb F. Kohen and R. Stevenson. J. Org. Chem. 30,2268 (1965). 
lo0 F. Kohcn. B. K. Patnaik and R. Stevenson, J. Org. C/tern. 29.2710 (1964); b E. L. McGinnis, 

G. D. Meakings, J. E. Price and M. C. Styles, J. C/tern. Sot. 4379 (1965). 
I1 P. Sengupta and S. Ghosh, J. Indian Chem. Sot. 42,543 (1%5). 
I’ J. M. Beaton, F. S. Spring, R. Stevenson and J. L. Stewart, T&r&&on 2,246 (1958). 
1’ A. C. Paton, F. S. Spring and R. Stevenson, J. Chem. Sot. 2640 (1958). 
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singlet at 6 1.74 (two C=C-CH, at C, and CJ and signals at 6 0*79,0*94,0*98, 1.10 
and 1.15 ppm (tertiary methyl groups). 

Treatment of the gluten01 (Ia) with phosphorus oxychloride and pyridine furnished 
a complex mixture, from which on chromatography we could isolate only diene A in 
very small amount, the rest being an intractable gum. However, it may be mentioned 
that glut-5-en-3/I-yl toluene-p-sulfonate (Ib) remained unaffected for the most part 
on prolonged treatment with sodium acetate in aqueous acetone. Only a small 
amount of glut-5en-3/?-ol (Ia) with retention of configuration was obtained. 

The formation of diene A (III) from glut-5-en-3/Lol (Ia) having the 3#?-hydroxyl 
and 4a-methyl groups in a tram 1,Zdiaxial orientation (IV, R = H) requires that the 
intermediate chlorophosphate ester (IV, R = chlorophosphate) first forms the non- 
classical carbonium ion (V), which then passes through the classical carbonium ion 
(VI) to diene A by the final elimination of the proton from G. 

GlutS-en-3a-ol (Id) which has the hydroxyl group at C, in equatorial conformation 
was expected to behave like steroidal 4,4-dimethyl-5-en-3/?-01s. When the free aicohol 
(Id) was treated with phosphorus pentachloride in pet. ether, a diene, C&,,H,, named 
diene B, m.p. 150-153’, [aID +47” was obtained as the major product. It showed no 
absorption maxima between 200-300 m,u in the UV indicating the absence of any 
conjugated diene system. The IR spectra showed bands at 1640 (ethylenic double 
bond), 890 (C===CHJ and 825 cm-l (trisubstituted double bond). The structure (VII) 
is suggested for diene B on the basis of the above physical properties and NMR data 
which show a multiplet around 8 5-33 (one viny1 H at C,,), a multiplet center@ around 
b 4.47 (2H, -C=CHJ, a singlet at 6 I.66 (3H, -C=C-CH$, signals at 8 1.17, 
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l-08, l-03, 0.99, 0.95 and 0.72 (6 tertiary methyl groups) and a multiplet at 83 ppm 
(lH, doubly allylic H at CJ. 

When the corresponding tosyl derivative (Ie) was treated with sodium acetate in 
aqueous acetone, the same diene B (VII), m.p. 150-153” was obtained as the major 
product. 

The ring contraction during pentachloride treatment of the alcohol (Id) or during 
solvolysis of its tosyl derivative (Ie) has been possible since the oxygen atom, C,, C, 
and C, (VIII) lie in one plane. The intermediate cation (IX) after the Wagner- 
Meerwein shift could stabilize by the elimination of the proton from C, to produce 
the cisoid diene (X). However, the presence of this cisoid diene could not be detected 
in the reaction mixture. On the contrary, in the major product, the cation (IX) was 
stabilized by elimination of a proton from one of the two methyl groups to produce 
the non-conjugated diene B (VII). The corresponding steroidal 4,4-dimethyl-5-en-3@- 
01 systems are known to give mostly the conjugated dienes.g*10 This difference in 
behavior may be due to the 1,3-diaxial interaction between the methyl groups at C, 
and Ci, in (X), which interaction is absent in the steroidal 4,4-dimethyl-5en systems. 
As a result of this interaction ring B is deformed thus overcrowding the vinyl hydrogen 
at C, and one of the two methyl groups at C, in (X), hence theoretically increasing 
the energy of the molecule. This extra strain is possibly released in (VII), where due 
to free rotation around the G-C, single bond, the methyl or methylene group at C!, 
may attain a different plane to avoid overcrowding with the vinyl hydrogen atom at C.,,. 

An inspection of the Dreiding model for ring A of glut-5(10)-en-38-01 (IIa) 
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reveals that the hydroxyl group may have either an axial (Xl) or an equatorial (XII) 
conf’ormation.lg Theoretically it may be predicted that if the hydroxyl group in this 
alcohol (Ha) is equatorial, ring contraction through retropinacoline transformation 
would take place during dehydration. Indeed as described below ring contraction 
was encountered and so it could be stated that in contrast to the glut-5-en system, 
glut-5( IO)-en-3-01 system has the 3#?-hydroxyl group in preferred equatorial conform- 
ation (XII) at least at the time of the reaction. 

OH 

xnz xsT_ 

When the alcohol (IIa) was treated with phosphorus pentachloride in pet. ether 
a diene, &,H,, m.p. 195-198”, [a], -7O”, named diene C was obtained as the major 
product. It showed no absorption maxima in the region from 200 to 300 rnp in the 
UV. The IR absorption spectra showed a peak at 885 cm-’ (C==CH&. The absence 
of any band at around 820 cm-l indicated the absence of any trisubstituted double 
bond. The structure (XIII) is suggested for diene C on the basis of the above physical 
evidence along with the NMR data that show a multiplet centered around 6 4.65 
(2H, C.=CHJ, a singlet at 6 l-58 (3H, C---=C-HJ and a multiplet at 6 3-l ppm (1H; 
doubly allylic H at CJ. It may be mentioned that Rangaswami and Sambamurthy” 
obtained a diene, m.p. 195-197”, [aID -53” from the reaction of phosphorus oxychlor- 
ide and pyridine on the alcohol (IIa) and assigned the structure (XIII) to it, since it gave 
formaldehyde on ozonolysis In all probability this diene is identical with our diene C. 
ao S. Rangaswami and K.Sambamurthy. Proc. Indian Acad. Sci. 54.4,132 (1961). 
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When the corresponding tosyl derivative (11~) was refluxed with aqueous acetone 
containing sodium acetate, the same diene C, m.p. 195-198” was obtained as the major 
product. 

An inspection of the Dreiding model of ring A of the 3a-01 (IId) reveals that here 
also the hydroxyl group may attain either an axial (XIV) or an equatorial (XV) 
conformation. As shown below, in the case of this epimer (IId), instead of ring 
contraction, migration of a methyl group from C, to C, occurred. Hence the pre- 
ferred orientation of the hydroxyl group at C3 in this epimer (Ild) is axial at least at the 
time of the reaction. 

The alcohol (IId) on treatment with phosphorus pentachloride in pet. ether gave 
diene A, m.p. 212-215”, [a], +112” as the major product, evidently by migration 
of methyl group accompanied by isomerization of the 5(10) double bond to 5(6) 
position. Attempted solvolysis of the corresponding tosyl derivative (IIf) yielded a 
crystalline derivative, m.p. 170-172”, [z], +49” whose UV absorption spectra 
revealed that it was a mixture containing 10% of a conjugated diene, and also glut- 
5( IO)-en-3a-ol (IId) with retention of configuration. 

EXPERIMENTAL 

All m.ps are uncorrected. The pet. ether used had b.p. 60-80”. UV absorption spectra were 
measured in n-hexane. 

Glur-S-en-3/I-01 (Ia), m.p. 206208”, [u]n +62” (CHCl,) was obtained from Eu,&rbio royleuno.” 
I.R. Peaks at 3420 (hydroxyl), 1378 and 1362 (gem-dimethyl) and 820cm-i (trisubstituted double 
bond). 

Glut-5-en-3a-al (Id), m.p. 200-203”. [zln +63” (CHCl3 was prepared from glut-Sen-3-one (Ig) 
according to the method of Paton et al.‘@ 

Gfur-5(10)-en-3/I-yf acetate (IIb). Glut-5-en3&yI acetate (Ic; O-2 g), m.p. 188-192” was refluxed 
for 2 hr with glacial AcOH (40 ml) and cont. HCI (6 ml). The reaction mixture was cooled and the 
precipitated crystalline solid was filtered. On crystallization from CHCI,-acetone, it furnished IIb, 
m.p. 291-295”, [a]n -18” (CHCl,) (lit.‘O m.p. 297-299”, [a] -23”). (Found: C, 82.24; H. 11.21. 
Calc. for C,,H,,O,: C, 81.99; H, 11*18%.) NMR: Multiplet centered around 6470ppm (lH, 
a-hydrogen at Cd; singlet at 6 2.04 ppm (3H, -COCH,); signals at 6 0.93, 1.00,1.18 and 1.37 ppm 
(tertiary methyl groups); no signal for olefinic proton at 6 5.00 to 6 6.00 ppm. 

Glur-5( IO)-en-3/?-ol(IIa). Compound IIb (0.7 g) was refluxed for 8 hr on a steam bath with benzene 
(20 ml) and 5 % methanolic KOH (25 ml). The reaction product was cooled, diluted with cold water 
and the precipitated solid was taken up in ether. The ether solution was washed with water, dried 
(Na,SO,) and evaporated and the residue (0.69 g) was chromatographed over alumina (70 g). Elution 
with benzene furnished a crystalline solid (0.67 g), which was then crystallized from CHCl,-MeOH 
to furnish pure IIa, m.p. 242-244”, [z]n -40” (CHCI,) (lit.” m.p. 244-245”, [aIn -42.5”). 

Glur-5(10)-e+3a-al (IId). Dry HCI was passed through a solution of glut-5cn-3z-yl acetate 
(If; 1.1 g) in CHCI, (150 ml) at 0” for 1 hr. After allowing to stand for 24 hr at room temp the 
solution was again cooled to O”, dry HCI was passed through it for 1 hr and allowed to stand for 
24 hr at room temp. This operation was repeated for 3 more days. Then the HCI was neutralized by 
the cautious addition of Na,CO, and the CHCI, solution was washed with water and dried (Na,!IO,). 
The gummy solid residue (I.04 g), obtained on removal of solvent, was hydrolysed by refluxing for 
5 hr with 5% methanolic KOH (50 ml) in benzene (50 ml) and the crude product (1 g) was 
chromatographed over activated alumina (100 g). Elution with pet. ether-benzene (1:9) furnished a 
crystalline solid (0.32 g), m.p. 236-248”. which on crystallization from CHCl,-MeOH yielded pure 
IId, m.p. 256259”, [a]n - 38” (CHCl3 (lit.” m.p. 258-259”. [a]n -424. 

Treatment of Ia with PC&. Compound Ia (0.4 g). m.p. 206208” was added to a suspension of 
PCl, (0.26 g) in dry pet. ether (25 ml) and the mixture was shaken for 35 min. when the solution 
became clear. The reaction mixture was again shaken for 5 min after the addition of hot water (5 ml) 
to decompose the excess PCI,. The pet. ether solution, after dilution with ether, was washed with 
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water, dried (Na,SO,) and the residue (0.3 g), obtained after the removal of the solvent, was chromate 
graphed over activated alumina (20 g). Elution with pet. ether furnished a solid (0.26 g), m.p. 140- 
152”, which on repeated crystallizations from CHCl,-MeOH gave pure diene A (III), m.p. 212-214“, 
[a]n +114” (CHCIJ. (Found: C, 88.21; H, 11.62. &HI, requires: C. 88.16; H. 1184%) UV: 
1 m,x 244 rnp (E 19,900). IR: a peak at 817 cm-’ (trisubstituted double bond) but no hydroxyl peak. 
NMR: multiplet centered around 6 566 ppm (one vinyl H at C,); singlet at 6 l-74 ppm (6H, two 
C==C-CH,); signals at 6 0.79, 094. 0.98, l-10 and 1.15 ppm (tertiary methyl). 

Treofmenr of Ia wlrh POCl, undpyridine. A mixture of Ia (0.4 g). m.p. 206208’, pyridine (40 ml) 
and POCI, (3.2 ml) was heated on a steam bath for 2 hr when the solution became dark red. It was 
then heated to boiling for a short time, cooled to 0” and poured into crushed ice. The precipitated 
semi-solid mass was taken up in ether and the ether solution was washed with water, dried (Na,SO,) 
and evaporated. The residue (0.38 g) was then chromatographed over a column of activated alumina 
(50 g). Elution with pet. ether gave a solid (0.3 g). which on crystallization from CHQ-MeOH 
gave a diene (0.04 g), m.p. 212-214”; [a]n +114” identical (mixed m.p. and IR) with diene A (III) 
mentioned above. 

Glut 5s~3p-yl toluene-psulfomate (Ib). Compound Ia (0.8 g), m.p. 206208” was added portion- 
wise to a mixture of toluene-psulfonyl chloride (2 g) and pyridine (20 ml) at 0” and the reaction 
mixture, after allowing to stand at room temp for 72 hr, was poured into ice. After working up as 
usual, the crude tosyl derivative was crystallized from acetone to furnish pure Ib, m.p. 119” dec. 
(Found: C, 7663; H. 9.51. C,,HI,O$ requires: C, 76.55; H. 9.65x.) 

Atfempted Soluolysis of Ib. A mixture of compound Ib (O-75 g), m.p. 119” dec, acetone (200 ml), 
water (4.6 ml) and anhydrous AcONa (084 g) was refluxed for 100 hr. The residue after distilling 
off the acetone was treated with water and taken up in ether. The ether layer was washed with water, 
dried (Na,SO,) and evaporated. The residue (0.7 g) was digested with pet. ether (150 ml). The pet. 
ether insoluble part (0.55 g) was found to be unreacted tosyl derivative (Ib). The pet. ether soluble 
part (0.15 g) was chromatographed over activated alumina (20 g). Elution with pet. ether did not 
furnish any hydrocarbon, but elution with benzene gave a solid (145 mg), m.p. 199~207”. which on 
crystallization from MeOH furnished Ia, m.p. 205-208”. identical (mixed m.p.) with an authentic 
specimen. 

Trearment of Id with PC&. Compound Id (0.8 g). m.p. 200-203” was added to a suspension of 
PC& (0.5 g) in dry pet. ether (45 ml) and the mixture was shaken for 35 min when a clear solution 
resulted. The reaction mixture was again shaken for 5 mm after the addition of hot water (5 ml) 
to decompose the excess PC],. After working up as above, the residue (0.6 g) was chromatographed 
over alumina (70 g) and elution with pet. ether furnished a crystalline solid (0.54 g). m.p. 128-143”. 
which on repeated crystallizations from CHCI,-acetone yielded diene B (VII), m.p. 150-153”, [aIn 
+47”. (Found: C, 88.13; H. 11.93. CIoHIs requires: C, 88.16; H. 1184x.) UV: no absorption 
maxima in the region 200 rnp to 300 rnp. IR: peaks at 1640 (ethylenic double bond), 890 (C===CHa 
and 825 cm-i (trisubstituted double bond). NMR: multiplet centered around 6 5.33 ppm (one 
vinyl H at C,); multiplet centered around 6 4.74 ppm (2H. -HI); singlet at 6 l-66 ppm (3H, 
C=C-CH,); signals at 6 1.17, 1.08, 1.03,099,0.95 and 0.72 ppm (six tertiary methyl groups) and a 
multiplet at 6 3 ppm (IH, doubly allylic H at C,). 

Solvolysis of glut-5-enJa-yl toluene-psul@ate (Ie). Compound Id (0.75 g), m.p. 200-203” was 
added to a mixture of toluene-psulfonyl chloride (0.87 g) and pyridine (20 ml) at 0” and the mixture 
was allowed to stand at room temp for 72 hr. After working up as usual, the crude tosyl derivative 
(Ie) was subjected to solvolysis. 

A mixture of the above crude tosyl derivative (Ie; O-7 g), anhydrous AcONa (0.34 g). acetone 
(16.6 ml) and water (1.6 ml) was refluxed for 60 hr. After working up as usual, the crude product 
(0.28 g) was chromatographed over a column of activated alumina (20 g). Elution with pet. ether 
furnished a solid (0.24g), m.p. 128145”, which on several crystallizations from CHCI.-MeOH 
yielded pure diene B (VII), m.p. 150-153”. identical (mixed m.p. and IR) with diene B described above. 

Trearmenf of IIa wirh PC],. Compound IIa (0.75 g), m.p. 242-244”. was added to a suspension of 
FCI, (0.5 g) in dry pet. ether (45 ml) and the mixture was shaken for 35 min. when the solution 
became clear. After working up as above, the residue (0.5 g) was chromatographed over a column 
of activated alumina (70 g). Elution with pet. ether gave a crystalline solid (0.47 g). m.p. 148-186”. 
which on repeated crystallizations from CHCl,-MeOH furnished pure diene C (XIII). m.p. 195-198”. 
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[aJo -70”. (Found: C, 88.03; H, 11.98. &I& requires: C, 88.16; H, 11*76x.) UV: no absorp 
lion maxima in the region 200 rnp to 300 m,u. IR: peaks at 885 cm-l (c=cH,). but none at around 
820 cm-’ (absence of trisubstituted double bond). NMR: multiplet centered around 6 465 ppm 
(2H, C==CHa; singlet at 6 1.58 ppm (3H, +=C-CH,) and a multiplet at 6 3.1 ppm (1H. doubly 
allylic H at C,). 

Solvolysk ofg!u&5(lO)-en-3@-yl roluene-p-sul/orrclle (11~). To a mixture of toluene-psulfonyl 
chloride (2 g) and pyridine (20 ml) cooled to 0” was added IIa (0.75 g), m.p. 195-198”, and the reaction 
mixture was allowed to stand at room temp for 72 hr. when the solution became clear. After working 
up as usual, the crude tosyl derivative (11~) was directly subjected to solvolysis. 

A mixture of Ilc, acetone (50 ml), water (4.6 ml) and anhydrous AcONa (0.84 & was refluxed 
for 60 hr. The residue (0.5 g), obtained after working up as usual was chromatographed over a 
column of activated alumina (70 g). Elution with pet. ether gave a solid (0.45 g), m.p. 166188”. 
which on repeated crystallizations from CHCl,-MeOH furnished pure diene C, m.p. 195-198” 
identical (mixed m.p. and IR) with diene C (XIII) described above. 

Treulmenr of IId with PC],. Compound IId (0.22 g), m.p. 256259” was added to a mixture of 
PCI, (0.15 g) in dry pet. ether (14 ml) and the mixture was shaken for 35 min when a clear solution 
resulted. The residue (0.21 9, obtained after working up as usual, was chromatographed over a 
column of activated alumina (20 g). Elution with pet. ether gave a solid (0.19 g). m.p. 124-160”. 
which on repeated crystallizations from CHCl,-MeOH gave pure diene A (III), m.p. 212-214”, 
[aID + 116” (CHCI,) identical (mixed m.p. and IR) with diene A describe-d before. 

Solvolysis ofglurJ(l0) en-3a-yl roluene-psul/onare (III). A mixture of IId (0.32 g), m.p. 256-259”. 
toluene-psulfonyl chloride (0.9 g) and pyridine (15 ml) was allowed to stand at room temp for 72 hr. 
After working up as usual, the crude tosyl derivative (IIf) was directly subjected to solvolysis. 

A mixture of IIf (0.3 g), anhydrous AcONa (0.35 g), acetone (25 ml) and water (2 ml) was refluxed 
for 60 hr. After working up as usual, the crude residue (0.3 g) was chromatographed over a column 
of activated alumina (30 g). Elution with pet. ether gave a solid (90 mg). m.p. 145-160”. which on 
repeated crystallizations from CHCl,-MeOH yielded a crystalline solid, m.p. 170-172”, [a]n $49”. 
(Found: C, 88.04; H. 1 l-72. CIDHIs requires: C, 88.16; H, 11*76x.) However, its UV absorption 
spectra showed dms, 248 m,u (8 1.980), which indicated that it was a mixture containing only 10% 
of a lrunsoid diene. This material could not be purified further. 

Elution with pet. ether and benzene (1:4) in the above chromatogram furnished a solid (0.2 g), 
m.p. 232-250”. which on repeated crystallizations from CHCl,-MeOH yielded IId, m.p. 256-259” 
identical (mixed m.p.) with an authentic specimen. 
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