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We have recently reported that the pale yellowtsh green powder simply obtained 

by stirring anhydrous ferric chloride (8%) and silica gel, without solvent at room tempera- 

ture for 24 hr is effective for dehydration of tertiary alcohols ’ as well as the MAZUR’ 

reagent, a yellowish brown powder obtained by mixing a solution of hydrated ferric chlo- 

ride ( FeClS , 6H201 and silica gel and removal of the solvent (ether, methanol, acetone . ..I 
2 

at 60’ under vacuum (0.1 torr) . Furthermore, we have found that tertiary cyclobutanols 1 

(n = 1) underwent dehydration and specific CL--, C 5 ring enlargement into cyclopentene 

derivatives 2. 

FeCl- /SiO., & / 
( ‘IT 

The synthetic applications of the rearrangement which occurs at room tempera- 

ture, in dry medium, was illustrated by the ready preparation of isolaurolene and deriva- 

tives, 1 campholenic ether and (‘I-cuparene . 

We report in this paper the behavrour of three, five, six and seven-membered 

~-t-butylcyc~oalkanols with the anhydrous FeClS -Si02 reagent and the formation of Spiro 

compounds and propella- x -1actones. 

Preparation and ring enlargement of 1-t-butylcycloalkanols 1 

The required tertiary cycloalkanols 1 fn = 1 - 41 were readily prepared by 

addition of t-butyllithium, at low temperature, to the corresponding cycloalkanones. 

Addition of t-BuLi to the cyclopropanone hemiacetal magnesium salt 3 provided the l-t- 

butylcyclopropanol 1. (n = 0) in 47% yield. 
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=o + tBuLi - I(n) c-- \ 

(4, / 

-COOMe + BrMg(CH2 JLMgBr 

n = 1 75% 

3 : :: 67% s L - 
L 50 

However, the addition of the two nucleophilic centres of l,l-difbromomagnesio) 

butane (L) to methyl privalate (5), following a Grignard reaction 4 recently renewed 

by Canonne and coworkers 5 gave a better yield 6 of 1-t-butylcyclopentanol 1 (n : 2). 

Unfortunately, thts alternative route to 1 was not convenient to prepare l-t-butylcyclobuta- - 
nol, cyclohexanol and -cycloheptanol (1, n = 1. 3. L). 

As previously reported for I-t-butylcyclobutanol (1, n = 11, when neat l-t-butyl- - 
cyclopentanol (1, n = 2) was added to the pale yellow green anhydrous FeC13 -SiO, powder 

in dry medtum, the color of the stirred mixture turned to yellow-orange and after few 

hours to yellowish-brown. As monitored by thtn layer chromatography, the reaction was 

complete wtthtn 3 hours. Then the product of the reactton was either distilled directly 

into a cold trap or eluted from stltca gel with ether. As expected, a specific ?5-‘6 
ring enlargement induced by anhydrous FeC I3 /SiO, was observed, leadtng exclusively to 

1,6.6-trimethylcyclohexene (6, n = 2) in 92% yteld; whtle, in the presence of iodine as 

reported by 7 the cycloalkanol (1, n = 2) underwent dehydration into a mixture of (6, - 
n = 2) and I-t-butylcyclopentene (7. n = 2). in 16 and 82% yield, respectively. 

FeC13 /Si02, 20” 

1 - 
(DMSO, 160”ja 

n 

6 - 

n=O Ob 

lC 90 (5) 

2 92 (0) 

3 38dfO) 

L 0 

I/ 

rf - ( ) 
I 

n 

1 

Ob 

0 (90) 

CJ (96) 

57 (97) 

94 

Scheme I. - Dehydratton and ring enlargement of tertiary cycloalkanols. 

a) The yields of the reaction in DMSO at 160” are noted In parentheses. b) When n = 0 
the product of the reaction was a ring-opened compound. c) See ref. 1. d) Formation of 
a reduction product (ht. wt = M + 2). 

On the other hand, upon treatment with anhydrous FeC13 -Si02 under the same 

conditions, 1-t-butylcyclohexanol (1, n = 3) underwent either dehydratton to l-t-butylcyclo- 

hexene fz, n = 3) (57%) or ring enlargement and reduction to 1.1.2-trtmethylcycloheptane. 

It was known that 1.2.2-trimethylcycloheptanol 8 led by action of iodine at 80-1OC0 
8 

or 

by action of thionyl chloride-pyrtdine at 45” 9 to the olefins (6, n = 3) (and its exo 

isomer) and (1, n = 3) derived from the tautomeric carbocations 2 and SC, respectively. 

So, the formatton of (7 n = 3) from the I-t-butylcyclohexanol (1, n = 3) and the anhydrous 

FeC13-Si02 reagent was not surprising. 
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a 

a) 12. ao-1000 ; b) SOCl2-pyridtne-45°C; c) Anh. FeC$-St02, ZOO. 

Nevertheless, the formation of 1.1,2-trimethylcycloheptane conftrmed by tts 13C 

NMR and mass spectra was unexpected. Thus tn these conditions qa, tf such a spectes - 
is really involved, prefers to take a hydrtde from the silica gel medium, rather than 

to undergo proton eltmination to give a cycloheptene. Upon treatment with anhydrous 

FeCl 3 -SiO 2 reagent I-t-butylcycloheptanol (1, n = 4) underwent exclusively dehydration 

leading to l-t-butylcycloheptene (1. n = 41, no product tnvolving a C7_*Ca rtng enlarge- 

ment being obtained. Finally, the 1-t-butylcyclopropanol CL_. n = 0) gave with FeC13-Si02 

only the t-butyl (Z-chloroethyl) ketone 10. - 

OH 
FeCS /SiO2 s 

W ClCH2 - CH2 - C 

1 (n=O) 10 - 

Ltke cyclopropanols tn actdtc medium or in the presence of metallic haltdes, (1, 

n = 0) underwent also tn these condittons a FeCl Induced ring-opening. IO 3 

As shown in Scheme 1, on heating for instance in DMSO at 160” I’ , the tertiary 

cycloalkanols (1, .I = l-4) led to the corresponding 1-t-butylcycloalkenes 7 in excellent - 
yields as noted tn parentheses; only 5% of rtng enlargement product (6, 11 = 1) being for- 

med from the stratned 1-t-butylcyclobutanol (1, n = 1). ’ Among the numerous methods deve- 

loped to prepare cycloalkane dertvatives, the C4 -t C5 l*, c 5 +C613and C6-51’ 

rtng expansions have only quote recently beet1 taken Into account, so this spectftc rearran- 

gement whtch occurs in mild condttions opens a new and convenient route to these systems. 

Preparation and ring-enlargement of 1-cycloalkylcycloalkanols into Spiro-compounds 

The discovery of a growtng number of naturally occurtng sptro-compounds has 

recently sttmulated considerable effort to achteve sptro-annelatton of cycloalkanes. 15 

So tt was interesttng to test the ability of the anhydrous ferric chlortde dispersed on 

siltca gel to induce rtng enlargement of 1-cycloalkylcycloalkanols such as 12 to provide - 
the Spiro system under mtld conditions. 

OH + 3 1Q-Q n 

11 a n = 1 - za,b 
b = 2 

-Addttion of 1,4-di(bromomagnesio)butane 3 In THF at -65” to the methyl l-methyl- 

cycloalkylcarboxylates 11 16, - readily available by methylation (LDA, ICH3) of the cycloal- 

kylcarboxylates, led after ltqutd chromatography to the expected tertiary cycloalkanols 

12 tn 80% ytelds. Upon addttion to the anhydrous FeC13-Si02 reagent at O’, 12a underwent - 
dehydratton and double ring enlargement to provide, after stirring for 4 h at loo, the 
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6-methylbicyclo[4.4.O]dec-I-ene 13, in 93% yield. 

12a - 
Anh. F&13-Si02 

) 
00 - 100 

1. SALAUN 

cb 0 

13 

On the other hand, upon addition to FeC13-Si02 at 0’ and stirrtng for 4 hr at 

10”. 12b underwent dehydration and ring enlargement to provide the 1-methylspiro [5.5J 

undecxne 11 and the 7-methylbicyclo[5.4.0] undec-l(ll)-ene 15 in 74 and 12% yrelds, res- - 
pectively. The’ same treatment at 20’ for 4 hr led to a mixture of 14 and 15 in 58 and - - 
7% yields, respectively. The reactions produced also 6 and 19% of saturated compounds. 

12b 
Anh. FeC13-Si02 

D - 
& + & +(M+2) 

14 15 

0 - 10” G 12 6 

200 58 7 19 

The spirocyclic olefin 14 was unequivocally synthesized from the 1-methylspiro - 
15.51 undecan-l-01 lJ, obtained by addition of methyllithium to the sptroketone 16. l7 On - 

heating in DMSO at 160°, _ 16 underwent dehydration to give 14 and 15 in 76 and 12% yields, - - 
respectively. 

HO 

CH3Li 
* l 14 + 15 - - 

16 17 DMSO, 160” 76 12 - - 
FeC13 -Si02 , 20’ 73 19 

It is interesting to note that, by the action of FeClg-SiO2 , 17 underwent dehydra- 

tion and rearrangement leading to 14 and ‘5 in roughly comparable yields to those obtained - 
from 12b. After 45 mn at OO. 70% of dehydration occured, and the reaction was complete - 
within 4 hr at 20°. + Pb *a=1 

(J) 
n b =2 

In both cases, the same species, likely Is, was formed after ionisatton of the 

hydroxyl group, methyl transfer and ?j -‘6 ring enlargement of cycloalkanols 12. 

When n = 1. 18a underwent a second favored C5 -C 6 
ring expansion (see Scheme -G - 

leading to 2, exclusively. However, when n = 2, the carbocation 18b prefers to undergo - 
a proton elimination leading to 2 rather than a less favorable C6 +C 

7 
ring enlarge- 

ment (see Scheme 1) leading to lJ. 

Preparatton of propella- V -1actones from Spiro-ketones 

Propellalactones have been prepared from the Baeyer-Villiger oxidation of the 

corresponding propellane ketones 
18 and have been transformed into other important poly- 

carbocyclic ring systems, such as dtspirolactones 19 . Recently, the acid-catalyzed reaction 

of the 3-hydroxy acid 19 obtained by addition of acetate dianion to the spiro[5.4.]decan- 

2-one has been described. 20 
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97% H2S04, C6H6 reflux 
SnCl4, 5H20, C6H6 reflux 
ZnC12, C6H6 reflux 
FeC13-Si02, RT 

98% 20 
63 
39 

88 

From the reaction of 19 with 97% sulfuric acid in boiling benzene for 8 hr the - 
propella- y-lactone 20 was obtained in 98% yield: - with a Lewis acid such as SnC14 ,5H20 

or ZnC12 20 was formed in 63 and 39% yields, respectively. 
20 We have found that upon 

treatment with FeCl -SiO 
3 2 

reagent at 40” for 3 hr (or at r.t. for 60 hr) 19 underwent - 
dehydration and lactonisation to give 20 tn 88% yield. We have obtained, under the same - 
conditions, the formation of an oxacamphane, viz. the campholenic ether, from the FeC 

induced dehydratton and cyclisation of a 2(-Z-hydroxyethyl)cycloalkanol .I 
5 

-Si02 

Cleavage of tetrahydropyranyl ethers 

The anhydrous FeClg-SiO2 reagent was also effective in cleaving tetrahydropyranyl 

ethers, in dry medium. For instance, upon treatment at 20° for 45 h the neat ethers 

gave the corresponding alcohol 22a in 98.5% yield; while at 40” for 90 min. 22a was - - 
tatned In 95% yteld. In the same way, 2-pentyn-l-01 22b was obtatned from 21b in - - 
yield. 

21a - 

ob- 

92% 

R - CH20THP 
FeC13-Si02 

l R-CH20H 

21a R = C5Hll - 
b C2H5 CEC 

22a.b - 

For another example of ether cleavage see reference 1. Further synthetic applica- 

ttons of this anhydrous FeC13-SiO2 reagent are currently under investigation and will 

be reported in due course. 

EXPERIMENTAL 

Preparation of the anhydrous FeC13 -SiO2 reagent, see 

General dehydration procedure, see reference 1. 

Syntheses of cycloalkanols 1 : 

reference 1. 

1-t-butylcyclopropanol (1. n = 0) from cyclopropanone hemiacetal. To an oven-dried, nitro- 
gen-flushed, 250 ml. three-necked flask fitted with a mechanical sttrrer. a nressure-eoua- 
lizing dropping funnel, and a reflux condenser topped with a connecting’ tube leading 
to a bubbler, were added magnesium (0.48 g, 
this stirred suspension methyl iodide (2.85 g, 

20 mmol) and dtethyl ether (40 ml). To 
20 mmol) in ether (40 ml) was added drop- 

wise. After all the magnesium was dissolved, the flask was cooled in an ice bath. Then, 
a solution of 2.04 g (20 mmol) of 1-ethoxycyclopropanol 3.21 in 40 ml of anhydrous ether 
was added dropwise. A gas. presumably methane, evolved, 
formed. To the stirred suspenston cooled at -60”. 

while a white suspension was 
14 ml of a 1.6 N solution of t-BuLi (22 

mmol) was added dropwise over 2 h. The reaction mixture was stirred at -50’ for 1 h 
and at room temperature overnight. Then, 
was added. 

40 ml of a cold saturated solution of NH4Cl 
The organic layer was decanted and the aqueous layer extracted three times 

with 75 ml of ether. The combined organic layers were washed quickly with a 0.2 N solu- 
tion of HCl and then with 2 ml of saturated brine, dried over MgSO4, filtered, concentra- 
ted on a rotary evaporator (room temperature) to give 1.6 g of a crude product. Purifica- 
tton by chromatography on 50 g of silica gel: elutton with pentane-ether (9O:lO) gave 
7.07 g (47%) of 1-t-butylcyclopropanol (1, n = 0) : YMR (CC141 : 6 2.3 (s, OH) ; 0.9 (s. 
9H) ; 0.52 (s, 4H). 1R (CC14) : 3620 and 3500 cm- ( ” OH), 1235 and 1002 cm-’ . M.S. 
m/e (rel. intensity) : 114 CM+, 3.71) 57 (100). 41 (67). 
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1-t-butylcyclopentanol (1, n = 1) from cyclopentanone: 
by Buhler in 27% yield-. 6 

the preparation has been reported 
We Improved the yield (37%) by adding dropwlse t-BuLi and 

cyclopentanone. simultaneously. 

1-t-butylcyclohexanol (1, n = 2) from cyclohexanone: the preparation has been reported 
in 53% yteld. 0 -improved the yield to 72%. as for (1, n = 1). 

1-t-butylcyclopentanol (1, n = 1) from methyl pivalate: a 250 ml three-necked, round-botto- 
med flask, equipped wtth a nitrogen Inlet, a reflux condenser, a magnetical sttrrer, and 
a pressure-equalizing dropptng funnel was charged with 3.6 g (150 mg.at.) of magnestum 
and 60 ml of anhydrous THF. Under rapid stirring, a solutton of 11.9 g (50 mmol) of 
1.4-dibromobutane in THF (60 ml) was added dropwise for 3 h. Then, the reaction mtxture 
was stirred at room temperature for an additional 3 h and cooled to-35 - -40”. A solutton 
of 5.8 g (50 mmollof methyl pivalate 5 in 50 ml of THF was added, dropwise, within 3 h. 
The mixture was stirred at -15” for T h and at room temperature overnight. After hydro- 
lysts with saturated aqueous ammontum chloride, the organic layer was separated, the 
aqueous layer was extracted three times with ether (80 ml) and the combtned layers were 
;1;2eimp; ,EgSt4. -After removal of the solvents, the residue was disttlled (b.p. 93-97” 

95 18” (15 mm) to gave 4.75 (67%) of 1-t-butylcyclopentanol . 

!& 3:dpp;b 
the same treatment, the reaction of methyl pivalate (5) with 1.1 equtvalent 

romomagnes~o)propane 23 , and 1,5-di(bromomagnesio)pentGne 5 gave very poor 
yields (-2%) of the expected 1-t-butylcycloalkanols (L, n = 1 or 3). 

Ring-openin g of 1-t-butylcyclopropanol (1, n = 0): a mixture of 170 mg (1.5 mm011 of (1, 
n = 0) and 1.8 g of anhydrous FeCl3-SiO2 was stirred at 20° for 6 h, while the color 

of the medium turned from yellow to- white. Elutton wtth ether and chromatography on 
6 g of silica gel yielded 197 mg (88.5%) of t-butyl (2-chloroethyl) ketone 10 : NMR fCCl4): 
63.69 (t, J = 6 Hz, 2H) : 2.9 (t, J = 6 Hz, 2H) : 1.15 (s, 9H). 1R CCCl4?-: 1715 (YC=~ 

1478 cm-l. M.S. : m/e (rel. intensity) : 150 CM+. 5.61, 57 (loo), 41 (43.7). 
Anal. talc. for C7HnOCl: C, 56.6 ; H, 8.8 ; Cl, 23.85. xuni C, 55.4 : H. 8.8 ; Cl.23.7% 

Dehydration and ring enlargement of I-t-butylcyclopentanol (1, n = 2): to 2.4 g of anhy- 
drous FeCl3-Si02 In a 10 ml flask was added 0.3 g of 1 m = 2) and the mixture was 
stirred at room temperature for 3 h. The product was then distilled directly under vacuum 
(15 mm) Into a trap cooled by liquid nitrogen to yield 230 mg (92.7%) of71,6.6-trimethyl- 
cyclohexane (6, n = 2). wtth spectral data identtcal with those reported for thus com- 
pound. 

Dehydration and ring enlargement of 1-t-butylcyclohexanol (1, n = 3): a mtxture of 468 
mg (3 mmol) of (2, n = 3) and 3.6 g of FeClg-Si02 was stlrred at room temperature for 
12 h. while the color turned from ltght yellow to brownish yellow. Elution with ether gave 
400 mg (94% yield) of a mtxture of 1-t-butylcyclohexene (7, n = 3) and a compound whtch 
was not (6, n = 3). Purification by gas chromatography (D.C. 710. 3 m, 110”) gave 200mg 
(57% yielZ) of (7 n = 3) and 
spectral data ( ‘OC NMR in CS2 

1 0 
d 

mg of 1.1,2-trimethylcycloheptane as determined from 
). The spectral data of (2, n = 3) were also identtcal 

with those reported. 7 

Dehydration of 1-t-butylcycloheptanol (1, n = 4): a mixture of 340 mg (2 mmol) of (1, n = 4) 
and 3 g of anhydrous FeC13 -SiO2 was stirred at room temperature for 1 h. Elutton wtth 
ether gave 286 mg (94% yleld) of I-t-butylcycloheptene (7, 
ttcal wtth those reported 24. NMR 13 C fCDC13) 6 : 

n = 4) with spectral data iden- 
153.a (s), 122.26 cd), 36.54 (5). 33.44 

ft). 29.07 (t), 28.77 (q), 28.40 ft), 27.67 (t), 27.37 ft). 

Dehydration in DMSO at 16OO: 4 mmol of 1-t-butylcycloalkanol (1) in 6 ml of anhydrous 
DMSO was heated at lbO-lmlJ for 3 h. Then the reaction mixture-was extracted with pen- 
tane and the organtc layer was washed with 3 x 1 ml of water. Removal of the solvent 
on a rotary evaporator yielded the expected olefins 7 in high yields: from (1. n = 2) the 
I-t-butylcyclopentene (1, n = 1) was obtatned in 96%-yield. 
tical with those reported 7 ; from (1, 

wtth spectroscopz data iden- 
n = 3) the I-t-butylcycloheptene (7. n = 2) was 

obtatned in 97%yield : NMR fCCl4)X j.40 (m, lH), 198 ( 
1653 cm-l ( Y C=C ) ; M.S. m/e (rel. 

m, . . 4H) 1 55 (ni, 41~1, 1.0 fs, 
9H) ; IR (CC14) : Intensity) : 138 CM+, 251, 123 
(80). 81 (100, M-t-C4Hg), 67 (58), 57 (97). 41 (64). 

Methyl 1-(l-methylcyclopentane) carboxylate (lla): to a solution of lithium diisopropylamide. 
oreoared bv addition of a solution of 17.7 ?iiT of 1.5 N (26.5 mmol) n-BuLt in hexane to 
2.65 g (2615 mmol) of ditsopropylamtne in 20 ml of THF was added dropwise at O”, a 
solution of 3.2 g (25 mmol) of methyl cyclopentanecarboxylate in 10 ml of THF. After stir- 
rtng for 15 mn, was added a solution of 4.26 g (30 mmol) of methyl Iodide in 10 ml of 
THF. The mixture was stirred at room temperature for 2 h, cooled to 0’ and treated with 
a NH4Cl solution to neutrality. The mixture was extracted with ether (3 x 50 ml). washed 
with water (2 x 3 ml) and dried over MgSO4. After removal of the solvent, distillatton 
of the residue gave 3.42 g (90% yield) of methyl 1-(l-methylcyclopentane) carboxylate 
(lla) (b.p. 77” (50 mm). NMR (CC141 : 6 3.63 (s. 3H), 2.35 - 1.93 (m, 2H). 1.93 - 1.23 
(c6H). 1.23 (s, 3H). IR (neat) : 1723 cm-l ( Y c=o). 
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1-(I-Methylcyclopentyl) .cyclopentanol (12a): to a solution of 1,4-di(bromomagnesio)butane 
prepared from 3.33 g (15.4 mmol) of I.mibromobutane and 1.2 g (50 mg.at.1 of magne- 
sium in 50 ml of anhydrous THF was added dropwise over 3 h a solution of 1.42 g (10 
mmol) of lla in 30 ml of THF. The mixture was stirred at -10” for 1 h and at room tem- 
perature overnight. After hydrolysis with 10 ml of saturated aqueous NHLCl and extraction 
with ether (3 x 50 ml) the solution was dried on Na2SO4 and concentrated in vacuum. 
Chromatography on 40 g of silica gel and elution with pentane-ether 
(82%) of I-(l-methylcyclopentyl)cyclopentanol (12a). NMR (CC1 4 1 

(92/8) gave 1.38~ 
: 6 0.98 (s, 3H). 1.16 

(s. OH), 1.1 - 2.3 ppm (m, 16H). 1R (neat):3620 and 3480 cm-’ (Y OH). Anal. talc. 
for C 11H200: C, 78.5 ; H, 12.0. Found: C. 77.4 : H, 12.0%. 

Methyl 1-(l-methylcyclohexane)carboxylate (Ilb) was prepared In 75% yield from the methyl 
I-cyclohexanecarboxylate following the reposd procedure. 16 

1-(l-Methylcyclohexyl) cyclopentanol (12b): to a solution of 1,4-di (bromomagnesio) butane 
prepared from b.48 p ,30 mmol) of lxdibromobutane and excess of magnesium 2.4 (z (0.1 
mg.at. ) in 80 ml 07 anhydrous THF was added dropwise over 3 h a -solution of 5.12 g 
(20 mmol) of methyl l-methylcyclohexanecarboxylate (lib) In 40 ml of THF. The mixture 
was stirred a -12” for 1 h then a room temperaturexernight. Hydrolysis as described 
for 12a and purification by chromatography on 125 g of silica gel (elution with pentane- 
ether92:8) gave 2.91 g (80%) of 1-(l-methylcyclohexyl) cyclopentanol (12b). NMR (CCl4) 
6: 2.2 - 1.5 (m, 9 CH 1, 1.13 (s. OH) and 0.93 ppm (s, 3H). IR (neat): 3625 and 3480 

cm -1 (Y OH). M.S. m/e (rel. intensity): 182 CM+. 0.2). 164 (M+ -H20, 8). 85 (1001, 84 
(461, 67 (67). 55 (65), 41 (58). Anal. talc. for Cl2 H22 0: C. 79.0 ; H, m2.xund: 
C, 88.2 ; H, 12.0%. . 

Dehydration and ring enlargement of 1-(I-methylcyclopentyl)cyclopentanol (12a): a mixture 
of 336 (2 

theIgat 
1) f12 

10tmfqor J h3ftz 
d2.4gof hd FCl s 

and filtration on”“F~r~~? 28: r& 
reagent wasstirred at O” 

of 6-methylbicyclo[L.L.O] 
dec-I-ene (13) were obtained. NMR (CCl4) 6 : 5.35 (m. H), 2.5 - 1.0 (m, 14H) and 1.08 
ppm (5, 3Hr 1R (neat) : 1662 ( Y CCC). M.S. m/e.(rel. Intensity): 150 (49.5), 135 (91.5). 
121 (43), 108 (49), 107 (43), 91 (53.5). 79 (89), 77 (48). 67 (93), 55 (37). 41 (100). Ana- 
lysis for CllH18: C, 87.9 ; H, 12.1. Found: C, 88.2 ; H. 12.0%. 

Dehydration and ring enlargement of 1-(I-methylcyclohexyl) 
mg (2 mmoll of 12b was added at 0” 2.4 g of anhydrous ~-Fe~~e~~~’ ,:“,t,“!f 
was stirred at O-10°C for 10 minutes, while the color turned eep green. Then the mix- 
ture was filtered through 6 g of Florlsil eluted with 50 ml of pentane. The solvent was 
distilled to yield 308 mg of a mixture of l-methyl spiro(5.5]undec-1-ene 14 and 7-methyl 
bicycloL5.4.O]undec-l(ll)-ene15 and a third compound in 74, 12 and 6% ylems respectively 
as shown by gas chromatography. 
710, (3 m) at 155”. 

The products were separated by preparative G.C. (D.C. 
The spectral data of 14 were : NMR (CC14) 6 : 5.31 (m, HI. 2.3 - 

0.8 (m, 16H: and 1.58 ppm cd. J = 2 IL, 3Iv. IR (neat): 1660 ( Y C=C 11. id.S.: m/e (rei. 
intensity) : 164 M + , 73.71, 121 (75). 107 (100). 93 (84.5). 79 (46). Anal. talc. for 
C12 H 
(CC14 ? 

0:C. 87.8 ; H, 12.3. Found: C. m :-A; 12.2. The spectral data of 15 were: NMR 
ti : 5.30 (m, H), 2.8 - 1.0 (m, 16H) and 1.10 ppm (s, 3H). 1R (neat) Ia0 cm-l 

( YCCr_ ). M.S. m/e (rel. intensity) 164 CM+ , 35), 149 (38). 121 (53). 108 (76), 93 (82). 
81 (62). 79 (64), 67 (loo), 55 (69), 43 (53). Anal. talc. for C12H20: C, 87.7 : H, 12.3. 
Found: C, 87.7 ; H, 12.0%. 

The mixture of 12b and FeCl3-Si02 , 
14 and 15 in 57 and 7% ym. respectively; 

stirred at room temperature for 4 h led to 

Errned. - 
19% of a saturated compound (M = 166) being 

Unequivocal synthesis of 14 from 1-methylspiro[5,5]undecan-l-01 (17): to a solution of 4.98 
g (30 mmol) of spiroL5.Tldecan-l-one 16 I/ in 40 ml of anhvfius ether cooled at -60” 
Gas added dropwiie ilthin 3 h, under-an argon atmosphere: 27 ml of a 1.2 N solution 
of MeLi (33 mmol). The reaction mixture was stirred at -50” for 1 h and at room tempera- 
ture overnight. After usual work up the residue was chromatographied on 220 g of silica 
gel: elution with hexane-ether (92:8) gave 4.48 g (82%) of 1-methylspiro 6.51 undecan-l- 
01 (17). NMR (CCIL) 8 : 2.2 - 0.8 (m, 18H), 1.2 (s, OH), 1.11 (s, 3H). IR (neat): 3620 
and3475 cm-l (Y ). M.S. : m/e (rel. intensity): 182 (M+ 
(851, 122 (85). 82 %4), 71 (921, 67 (67.8), 43 (loo), 41 CSi). 

191, 164 CM+-H20. 65). 135 

c, 79.1 ; H, 12.2. Found: C, 78.3 : H, 12.2%.- - 
Anal. talc. for C12H220: 

A solution of 364 mg (2 mmol) of 17 in 2ml of anhydrous DMSO 
11 

was heated at 
160” for 3 h. Then the reaction product wasextracted with ether and washed with 3 x Iml 
of water. The organic phase was dried over Na2SO4 and concentrated in vacuum to give 
300 mg (91.5% yield) of a mixture of 4 and 15 in 85 and 13% ratio, 
identical this those of the compounds lL<nd 15obtained from 12b. 

with spectral data 

- - - 

at O0 
A mixture of 364 mg (2 mmol) of 17 and 2.4 g of anhydrous FeCl3-SiO2 was stirred 

for 45 mn (as monitored by B.C. 
temperature for 4 h. 

m% of dehydration was .obtained), then at room 

yield, 
After work-up was obtained a mixture of 14 and 15 in 73 and 19% 

respectively, and 7% of saturated compounds (M+ = 166). - - 
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Rearrangement of the (6-hydroxyspiro [4.51decane)-acetic 
A mixture of 414 mg (2 mmol) of lg ‘Lu 

acid 19 and lactonisation to 
20. 
(contalntng 10% of FeC13 to improve 

and 2.4 g of anhyzous FeC13-Si02 reagent 

rature for 60 h. Then, 
theFate of the reaction) was stirred at room tempe- 

the product was filtered on 2 p of Florisil and eluted with ether 
to give 340 mg (88% yield) oi the r-propellalactone 
those re orted 20. On 

20, with spectral data identical with 
heatin 

3 hr, 26P mg of 20 (87% yield $ 
333 mg of 19 with 2 g oranh. 
were obtained. 

FeC13-Si02 (lo-901, at 40” for 

A mixture of 372 mg (2 mmol) of ether 21a 
As monitored by tic the reaction 

was completed within 45 h. Then, the solid was pourred into a column containing 2 g 
of florisil and the uroduct eluted with 20 ml of ether to give. after solvant removal in 
vacuum, 240 m 
for 90 min. 

(98.5% yield) of I-hexanol 22a. On heatins th: mixture &la+FeC13-Si02 at 40” 

A 
2 a was obtained in 95% yield. 4 
Xxture of 10 g (0.06 mole) of ether 21b and 72 g of anhydrous FeCll-SiO:, 

was stirred in a flask fo; 4 days. The solid mixture was -then p&red into z colimn 
containing 20 g of florisil and the product was eluted with 200 ml of ether to give 4.6~ 
(92% yield) of pratically pure 2-pentyn-l-o1 22b. - 

1) 
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3) 

4) 

5) 

6) 

7) 

8) 

9) 
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