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Abstract - Starting from the ketones 3 and 4 the synthesis of

six spiro ethers with an l-oxaspiro(4.5)decane skeleton 18 de-
scribed. Five of them, 9a,b, 10a,b and 19 represent typical
partial structures of the sesquiterpenoid spiro ether 1. The

unambiguous synthesis of 1 shows a previous assignment of “bi-
sabolenc oxide™ to structure 1 to be wrong.

INTRODUCTION
More than ten years ago the isolation of a new sesquiterpene spiro ether "bisabo-
lene oxide™ with a pleasant apple floral odour from the essential oil of the cot-
ton plant (Gossypium hirsutum L.) was described [2]). The assignment for structure
1 was based on the 1H-NHR spectrum (CC14) as follows: 6 = 0.90 (d, 4-Me), 1.20
(s, br.; 10-CH2), 1.55 (8; 3 MeC=), 1.35-2.20 (m; 7 H), 3.11 (m; 2-H), 4.92 (s,
br.; HC=), 5.07 (s, br.; HC=). Furthermore, 1 on reduction yielded a compound with

a mass spectrum nearly identical to tetrahydro-f-bisabolol (2) [(3]). Finally, a
synthesis of 1 was announced (2] which until now has not been published.

In addition, } was once more cited in Chemical Abstracts, but this must be a
misprint, because the original publication (4] to this C. A. citation did not men-
tion bisabolene but bisabolone oxide.

In the framework of our investigations about structure-odour relationships we
were interested in the synthesis of 1-oxaspiro(4.5]decanes with 1 as the target
molecule as well as in some important partial structures of 1. In this connection
we did not believe a priori in the assignment of ref. [2]) because &§ = 3.11 for an
allylic ether proton at C-2 seems to be impossible
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SYNTHESIS OF THE SPIRO ETHERS 9a,b and 10a,b

For the synthesis of the spiro ethers 9a,b we started accordinc to ref. [Sj with
the Grionard reaction of 4-rethylcyclohexanone (3) to ¢ive the homoallylic alcohols
Sa and b. Maximum yields can be achieved by the method using addition of a mixture
of allyl halide and ketone to the Mo turnings in THF.

5a and b are formed as cis,trans-mixtures. The "h-we spectra for both isomers
show the 4-Me oroups to be unchanged indicating an eq conformation, the allylic
protons however are quite different for the ax and eq position.

Direct cvclization of 5a to 9a by treatment OCHO
with formic acid could not be accomplished de-
spite some variations of reaction time and | ‘/I:::]/’\n
temperature. We obtained always a mixture of
the formate 11 and the diene 12. n 12

Therefore hydroboration of Sa and b with equirolar amounts of 8286 to cive 7a
and b in reasonable yields was performed. The diols 7a and b were readily cyclized
to 9a and b by treatment with tosyl chloride in pyridine (5).

Similarly to the steps 3 — 5 —+ 7 — 9 we obtained the spiro ethers 10a and b
via 4 — 6 — 8 — 10. The B,y-unsaturated ketone 4 was prepared by Birch reduc-
tion of p-cresol and subsequent hvdrolvsis of the intermediate enol ether with
oxalic acid (6]. 4 contained always srall amounts of the saturated ketone 3. This
did not touch the followinc steps, purification of the end products 10a and b from
contaminations of 9a and b is possible by chromatocraphy.

SYNTHESIS CF THE SPIRO ETHERS 19 and 1

The diols 7b and 8b are well suited startino materials for the synthesis of the
isobutenyl substituted spiro ethers 19 and 1. Cxidation of 7b and 8b with PCC (7]
yielded the lactones 13 and 14 both as mixtures of two diastereomers as clearly
indicated by both ‘H- and ‘JC-NIR spectra. Reduction with diisobutylalurinium hy-
dride furnished the lactoles 15 and 16. Conditions for a selective oxidation of 7b
and 8b to 15 and 16 could not be found.

Grionard reaction of the lactoles 15 and 16 with isobutenylmagnesium bromide
gave the crude diols 17 and 18, which were directly cyclized as described above to
obtain the spiro ethers 19 and 1. The chiral centres of both 1 and 19 lead to the
formation of four diastereomers each as indicated by both the ‘H- and 13C-NMR
spectra. The best evidence for the presence of all four diastereomers of 1 is
given by the 13C-NHR signal for the allvlic ether C-atom (C-2) with four clearly

separated dublets (72.2, 72.8, 72.9, 73.7) of the relative intensity 1:3:4:7,
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CONCLUSIONS

The unambicuous reaction secuence for all the prepared sniro ethers %a,b, 10a,b,
1 and 19 with no doubt on each ster allows to assicn structure 1 to the corpound
with the spectroscopic data described below. Particularly, the H-KMR values of
the allylic ether proton 2-H &6 = 4.58/4.63,4.74 contrarv to 3.11 of ref. [2] rep-
resent the final evidence.

Therefore, the gso-called bisabolene oxide from cotton oil (2]
does not possess structure 1, and with respect to ref, (4] the
real 1 has not yet been found in the nature. The spectral data o)
of ref, (2] are in a ¢cood acreement with an epoxide structure
1H-NM8 spectrum have l
not been exactly recorded (e.a. s 1.20: 3 instead of 2 H, 8 1.55
and m 1.35-2.20: together 15 H, but only 2 MeC=). KNe will inves- 20
tigate this class of unknown epoxides.

as 20 assuming that the intecrals of the

OLFACTIVE PROPERTIES

The spiroketones 9a,b and 10a,b have a sixilar olfactive character. 3a possesses
a flowery-fruity odour with a turpentine undertone, which dominates in 10a. The
additional methyl oroup introduces a tonality of herbal-green accompanied by anis
(9a) and eucalyptus (10b). Contrary to these four compounds, the sescuiterpenoids
19 and preferably ! exhibit a surprisingly unpleasant odour with sticky, carbide-
like tonalities and backorounda of rose (19) and anis (1).

EXPERIMENTAL

lH-NHR spectra (TMS as internal standard): in cocls, Bruker WHB-400, unless other-
vise stated. - 13c-nmr spectra (off resonance, TNS as int. standard): in CDClj,
Varian CFrT-20, only typical sicnals are published. - IR spectra: Perkin-Elmer 257.
MS: Varian MAT 711 (70 eV). - For kugelrohr dist., all b.ps mean the air bath temp.
- Column chromatography (CC): on silica gel desactivated with 3% water. - Purity
was checked by TLC and GC (Perxkin-Blmer F-7, glass columsn 82 §.%57, Np). - TBF and

pyridine were dried over molecular sieve. - All organic solns after work-up were
dried over MgSOq. - PE = petroleum ether. -
Grignard reaction of ) and 4 to alcohols S5a,b and 6a,b. - General procedure. -

To a suspension of 12.1 ¢ (0.50 mol) of Mg turnings in 75 ml of TBP under N were
added some crystals of fodine and a few drops of the allyl halide. After starting
the reaction a soln of 0.25 mol of allyl halide and 0.25 mol of ketone in 180 el
of THP was added in such a manner that under cooling with ice-water the reaction
temp. was maintained at 15 °C. After stirring for another 2 hrs at !S5 °C the mix-
ture was refluxed for 1 hr. After usual work-up with an NH4Cl soln the residue
was fractionated using a Vigreux column.

4-Methyl-1-(2-propenyl)-cyclohexanol (5a)

30.3 g of allyl broaide and 28.0 g of 4-methylcyclohexanone (3) gave 24.3 g (63%)
of 58 (cis-,trans-mixture), b.p. 92-94 °C/17 torr (1lit,{8 86-89 °C/15 terr), -

IR (CHCl3): 3600, 3450 cm-1 (OH). - !B-NMR:6 0.86/0.87 (4, J = 6.5 Hzy 4-Me), 0.9-
1.7 (m; 9 H), 2.17 (8ax%)/2.27 (eq) (4dd, J = 7, 1, 1 Bz) 1'-B), 5.08/8.11 (44at, J =
17; 2, 1 Hzy 3'-B), 5.13/5.15 (d4dt, J = 10, 25 | ®He; 3'-H), 5.86/5.87 (ddt, J =
17; 10, 7 Bz; 2'-H).

4-Methyl-1-(1-methyl-2-propenyl)-cyclohexanol (5b)
22.6 ¢ of 3-chloro-l-butene and 28.0 g of 3 gave 30.2 g (72%) of 5b (cis

mixture), b.p. 97-98 °C/14 torr. - IR (CECl3): 3610, 3570, 3460 cms-1 (OB). - 18-
NMR:1® 0.92/0.93 (4, J = 6.5 Bz; 4-Me), 1.02/1.03 (d, J = 7 Hz; 1'-Me), 1.0-1.9 (m,
9 B), 2.10 (ax)/2,43 (eq) (dq, J = 7; 7 Hz; 1'-H), 5.03/5.05 (dad, I * 16.5; 25 1
Be) 3'-B), 5.05/5.06 (dd4d, J = 11; 2; | Bzy; 3'-H), 5.80/5.84 (ddd, J = 16.5; 11,

7 Hz; 2'-H). - V3C-NMR:& 13.7/14.3 (q; 1'-Me), 20.5/22.4 (qs 4-Me), 42.6/49.5 (4,
C-1'), 71.9/72.7 (s; C-1), 115.3/115.7 (t; €-3'), 140.5/140.7 (d; C-2'). -

Found: C, 78.66, B, 11.83) calc. CyyBy90: C, 78.51, B, 11.98.

4-Methyl-1-(2-propenyl) -3-cyclohexen-1-0ol1 (6a)

30.3 g of allyl bromide and 27.8 g of 4-methyl-3-cyclohexen-l-one (4) gave 20.5 g
(S4%) of 6a, b.p. B4-85 °C/9 torr. - IR (CEClj): 3600, 3450 om~! (OB). - lE-NMR:g
1.68 (s, br.) 4-Me), 1.5-2.2 (m) 6 W), 2,25, .28 (ABAAA, Japg = 175 3 = 7y 14 2
Hz) 1°'-RB), 5.17 (4444, J = 16; 2; 1; 1 Rey 3'-8), S5.19 (44448, J = 10y, 2; 1; 1 Bz,
3'-8), 5.33 (my 3-H), S.93 (4ddd, J = 16; 10; 7y 7 Bay 2'-8). ~ l3c-Nmr:4s 23.2
(q: 4-Me), 27.6 (t; C-S), 33.5 (t; C-6), 38.0 (t; C-2), 46.5 (t; C-1'), 69.7 (9
Cc-1), 118.3 (t; C-3'), 118.6 (4) C€-3), 133.5 (s) C-4), 134.0 (d; C-2'). - M8: 5/1
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i52 (M*, 26V), 111 (100), 93 (86), 84 (16), 69 (47), 68 (34). - Found: C, 79.74,
H, 10.45; calc. clO“lGO: C, 79.90, H, 10.59.

4-Methyl-1-(l1-wethyl-2-propenyl)-3-cyclohexen-1-0l1 (6b)

22.6 g of 3-chloro-1l-butene and 27.8 g of 4 gave 22.0 g (S53\) 6b (epimeric mixture)
b.p. 103 °C/15 torr. - IR (CBClj): 3600, 3470 cm-! (OH). - lH-NMR: 6 1.09/1.11 (4,

J = 6.5 Hz; 1'-Me), 1.71 (s, br.; 4-Me), 1.5-2.3 (m; 6 H), 2.45 (dt, J = 8; 6.5 Hr,
1'-H), 5.05-5.15 (m; 3'-#y, 5.31 (m; 3-H), 5.85/5.€9 (ddd, J = 17; 10.5; & Hz; 2°'-
). - 13c-NMR: 613.6/14.1 (gq; 1*'-Me), 20.5,/23.3 (q:; 4-Me), 27.1/27.2 (t; C-5),
31.4/31.5 (t; C-6), 35.5/35.6 (t; C-2), 47.2/47.4 (d; C-1'), 71.1/72.6 (s; C-1),
115.3/115.5 (v; C-3'), 116.4 (d; C-3), 133.6 (#; C-4), 140.4/140.6 (d; C-2'). -

MS: mse 166 (n*, 16v), 111 (100), 110 (59), 93 (100), 83 (B4), S5 (100). -

Found: C, 79.22, H, 10.70; calc. cll"lao: C, 79.46, H, 10.91.

Reaction of Sa with formic acid
A soln of 0.51 g (3.3 mmol) of 5a in formic acid (100%) was stirred for S hrs.
After neutralization with NaBCO3 and usual work-up CC (PE/ether 9:1) yielded

4-Methyl-1-(2-propenyl)-1-cyclohexene (12) as 1. fraction, B0 mg (1€%), b.p. 42°C/

12 torr. - lH-NMR:§ 0.9€ (d, J = 6.5 Rz; 4-Me), 1.2-2.2 (m; 7 B), 2.68 (4, br., J
= 6.5 Hz; 1'-K), 5.03 (ddt, J =~ 10; 2; | Hz)/5.06 (ddt, J = 16.5; 2; 1| Bz; 3'- H,),
5.42 (m; 2-H), 5.860 (ddt, J = 16.5; 10; 6.5 Hz; 2'-H). - 13c-NMR: & 21.8 (q: 4-Me),
28.5 (d; c-4), 28.5, 31.3, 34.0 (3 t; C-3, -5, -6), 42.2 (r; C-1'), 115.4 (t; C-
3'), 121.5 (4; C-2), 136.0 (8; C-1), 137.C (d; C-2'). - MS: m/e 136 (M*, 25V),

121 (18), 95 (87), 94 (26), 79 (100). - Found: C, B€.34, H 11.97; calc. €i0816°

Cc, 68.16, H, 11.84.
4-Methyl-1-(2-propenyl)-cyclohexanol formate (11) as 2. fraction, 0.40 g (67V\),

b.p. 75°C/12 torr. - IR (CHCly): 1720 cm~!. - !H-NMR:& 0.95/0.96 (d, J = 6.5 Hz;
4-Me), 1.1-2.4 (m; 9 H), 2.65/2.73 (ddd, J = 7; 1; 1 Hz; 1'-#), 5.11 (ddt, J = 16;
2: 1 Hz; 3'-H), 5.13 (ddt, J = 10; 2; 1 Bz; 3'-H), 5.77 (ddt, J = 16; 10; 7 Bz; 2-
H), 8.01/8.05 (s; HCOO). - T3C-NMR:b 20.9/22.2 (q: 4-Me), 38.6/743.4 (t; C-1'),
84.0/85.4 (3; C-1), 118.5/11€.6 (t; C-3°'), 132.6 (d; C-2'), 160.2 (s; CO). - MS:
2/3 141 (M* - CJHS, 218), 136 (M - HCOOH, 8), 1113 (72), 9% (100). - Found: C,
72026, B, 9.80; calc. C, H, 0,: C, 72,49, H, 9,95.

Hydroboration of the alcohols Sa,b, 6éa,b to the diols 7a,b, 8a,b. - General proce-
dure

To a soln of 0.14 mol of 5a,b, 6a,b in 70 @l of THF 140 ®l of 1.0 molar BH3/THF
8oln were added dropwise at 0°C over 1 hr. After 2 hrs stirring at 0°C 70 ml of

2 N NaOH were added rapidly, followed by slow addition of 36 ml of H307 (30%).
After 1 hr stirring K2C03 was added to saturation. Separation, usual work-up and
kugelrohr distn in vacuo yielded the diols.

4-Methyl-1-(3-hydroxypropyl)-cyclohexanol (7a) (9]

21.6 g of S5a gave 9.3 g (39%) of 7a (cis-,trans-mixture), b.p. 110-150°C/4 torr. -
IR (CCl4): 3320 co”! (ow). - ly-NMR: & 0.947/0.95 (d, J + 6.5 Hz; 4-Me), 1.0-1.9 (m;
13 H), 3.67/3.69 (v, J r 6 Hz; 3'-H). -

4-Methyl-1-(3-hydroxy-1-methylpropyl)-cyclohexanol (7b)

23.5 g of 5b gave 11.0 g (49%) of 7b (cis-,trans-mixture), b.p. 70-120°C,0.1 torr.-
IR (CClg): 3320 cm~! (OH). - 1H-NMR:6 0.81 (d, J = 6 Hz; 1'-Me), 0.83/0.64 (a, J =
6.5 Hz; 4-Me), 0.9-2.0 (m; 12 W), 3.61, 3.76 (ABAd, Jyg = 10.5; J = 5.5; 5.5 Bz
3'-H), 3.63, 3.78 (ABAA, Jpp - 10.5; J = 6; 6 Hz; 3'-H). - 13C-NMR:b 13.0/14.7 (q;
1'-Me), 20.3/22.4 (qs 4-Me), 41.3 (d; c-1'), 60.1/60.9 (t; C-3'), 72.9/73.4 (s; C-
1). - MS: m/e¢ 186 (M*, 0.3%), 113 (100), 95 (84), 55 (8O). - Found; C, 70.68, B,

11.84; calc. cll"22°2: c, 70.92, B, 11.90.
4-Methyl-1-(3-hydroxypropyl)-3-cyclohexen-1-ol (8a)

21.3 g of 6a gave 9.3 g (39%) of Ba, b.p. 100-140°C/2 torr. - IR (CClg): 3450 ca-!
(OH). - 1H-NMR:& 1.62 (8: 4-Me), 1.5-2.3 (m; 10 H), 3.69 (t, J = 6 Hz; 3'-R), 5.32

(s, br,: 3-H}). - Found: C, 70.23, H, 10.49; calc. c, 70.55, 4, 10.66.

C10¥18%2°
4-Methyl-1-(3-hydroxy-1-methylpropyl)-3-cyclohexen-1-0l (8b)
23.2 g of 6b gave 11.5 g (45%) of 8b, b.p. 80-120°C/0.05 torr. - IR (CClg): 3620,
3350 cm” (OH). - la-NMR (90 MH2, CClg):; 0.90 (4, J = 7 Hz; 1'-Me), 1.0-2.3 (m;

9 H), 1.68 (8; 4-Me), 3.4-3.6 (m; 3'-H), 5.20 (mc; I-H). - Found: C, 71.45, H,
10.80; calc. C11B2002: c, 71.70, ¥, 10.94.
PCC-Oxidation of diols 7b and 8b to lactones 13 and 14. - General procedure.

To a suspension of 19.0 g (B6 mmol) of pyridinium chlorochromate (PCC) in 110 wml
of CH3Cl,; a soln of 40 mmol diol in 50 ml of CRB3Cl,; was added rapidly. After stir-
ring for 2 hrs the mixture was dil. with 150 ml of cther and decanted. The residue
was 3 times washed with ether. The combined ether solns were filtered by a short
silica column, evaporated and fractionated in vacuo using a short Vigreux coluomn.

4,8-Dimethyl-1-oxaspirojd4.5]decan-2-one (13)

7.45 g of 7b gave 4.9 g (68%) of 13 (isomeric mixture, GC 73:27), b.p. 128°C/4
torr. - IR (CHCl3): 1760 cm~! (co). - 1H-NMR:6 0.62/0.84 (4, J = 6.5 Hz; 8B-Me),
0.94/0.96 (4, J = 6.5 Hz; 4-Me), 1.0-1.86 (®; 9 H), 2.07 (44, J = 17.5; 4 Bz; 3-H,
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cis to 4-Me, isomer a), 2.14 (m; 4-B, isomer b), 2.16 (dd, J = 21; 10.5 Hz; 3-H,
cis to 4-Me, isomer b), 2.31 (ddq, J = 8; 4; 6.5 Hz; 4-H, isomer a), 2.56 (dd, J =
21; 12 Bz; J)-H, trans to 4-Me, isomer b), 2.73 (dd, J = 17.5; 8 Bz; 3-H, trans to
4-Me, isomer a). - T3C-NMR: 6 14.3/15.4 (q; 4-Me), 20.1/22.2 (q: B-Me), 36.2/36.6
(t; C-3), 37.3/39.7 (d4; C-4), B87.6 (s; C-5), 175.9 (s; C-2). - MS: m/e 182 (M*,
7%), 154 (4), 125 (100), 124 (84), 113 (72), 112 (26). - Found: C, 72.39, H, 9.94;
calc. C11818°2: C, 72.49, H, 9.95.

4,8-Dimethyl-1-oxaspiro{4.5]dec-7-en-2-one (14)

7.36 g of 8b gave 4.25 g (59%) of crude 14, b.p. 134°C/4 torr. - Purification by
repeated CC (PE/ether 7:3) ylelded 1.80 ? (258) of 14 (isomeric mixture, GC 99%

purity). - IR (CClg): 1775 ca~! (co). - lH-NMR: 5 1.10/1.11 (4, J = 6.5 Bz; 4-Me),
1.6-1.7 (m; 10-H,) 1.70/1.71 (8, br.; 8-Me), 1.75-2.0 (m; 6-, 9-H,), 2.2-2.6 (@
3-H,, 4-H), 2.79 (dd, J = 16.5; 7.5 Hz; 3-H of one i1somer, trans to 4-Me), 5.00

8, br.; 7-H).- 13C-NMR: ©13.9/15.5 (q; 4-Me), 23.0/23.2 (q; 8-Me), 26.8 (t; C-9),
27.9/31.1 (v; C-10), 32.9/35.9 (t; C-6), 36.4/37.1 (t; C-3), 38.4/38.7 (d; C-4),

86.3/86.4 (s; C-5), 117.2/117.5 (4 C-7), 133.8/134.2 (8; C-8), 175.9/i76.0 (s8;

C-2). - MS: m/e 180 (M*, 29%), 119 (90), 112 (40), 68 (100). - Found: C, 73.17,
H, 8.79; calc. C11516°2’ c, 73.30, B, B.95.
DIBAH-Reduction of lactones 13 and 14 to lactols 15 and 16. - General procedure.

To a soln of 12 mmol of lactone in 20 ml of toluene under N, at -78°C 13 ml of
DIBAH soln (20%) in toluene were dropped within 1 hr. After 2 hrs stirring at -78
°C the mixture was allowed to warm to 0°C and was poured to a mixture of 30 g of
ice and 20 ml of acetic acid (20%). After usual work up it was distd in vacuo (ku-
gelrohr) and used without further purification for the following Grignard reaction.

4,8-Dimethyl-1-oxaspiro(4.5]decan-2-0l1 (15)

2.18 g of 13 gave 1.57 g (71%) of 15 (isomeric mixture), b.p. 60-90°C/0.05 torr. -
IR (CClg): 3620, 3410 cm~! (OH). ~"TH-NMR (90 MHz, CDCl3): 4 0.8-1.0 (m; 4-, 8-Me),
1.0-2.3 (m; 12 H), 2.4/2.7/3.0/3.1 (4, J = 4 Hz; OH), 5.2-5.4 (m; 2-H). - MS: m/e
184 (M*, 0.1%), 166 (32), 151 (20), 95 (77), 81 (100).

4,8-Dimethyl-1-oxaspiro(4.5)dec-7-en-2-01 (16)

2.16 g of 14 gave 2.16 g (99%) of 16 (isomeric mixture), b.p. 60-90°C/0.06 torr. -
IR (CClg): 3620, 3415 cm~! (OH). - TH-NMR (90 MHz, CClg):60.9/1.0 (d, J = 6 Hz;
4-Me), 1.1-2.5 (m; 9 H), 1.7 (8; 8-Me), 4.0/4.1/4.)3 (8, br.; OH), 5.1-5.5 (m: 2-,
7-8B). - MS: m/e 164 (M* - H,0, 62%), 149 (15), 95 (100), 78 (92).

Grignard reaction of lactols 15 and 16 to diols 17 and 18. - General procedure.

To a suspension of 1.2 g (50 mmol) of Mg turnings in 15 ml of TAF were added some
crystals of fodine and 0.5 ml of a soln of 6.7 g (50 mmol) of l-bromo-2-methyl-1-
propene in 15 ml of THF. After starting the reaction the halide soln was added
dropwise in such a manner that the reaction temp. was maintained at 40750°C. Stir-
ring was continued at 75°C for | hr. After cooling to r.t. a soln of B mmol of
lactol in 15 ml of THF was added dropwise and refluxed for 24 hrs. After usual
work-up with NH4Cl soln the crude diols remained.

6- (1 -Hydroxy-4-methylcyclohexyl)-2-methyl-2-hepten-4-0l (17)

1.47 g of 15 gave 1.9 g of grude 17 (isomeric mixture). - IR (CClg): 3620, 3360
cm'l (OH). - !H-NMR (90 MHz, CDClj3):& 0.8-1.0 (m; 2 Me), 1.7 (mc; 2 MeC=), 1.0-2.3
(m; 14 A), 4.3-4.7 (m; 4-8B), 5.2 (mc; 3-H).

6-(1-Bydroxy-4-methyl-3-cyclohexen-1-yl)-2-methyl-2-hepten-4-0l1 (18)

1.46 g of 16 gave 1.8 g of crude 18 (isomeric mixture). - IR (CCl,): 3615, 3370
con~! (oH). - lu-nMurR (90 mMHz, CCl,y4):6 0.9-1.1 (m; Me), 1.3-2.6 (w; 9 H), 1.7 (mc:
3 MeC=), 2.9 (mc; 2 OH), 4.2-4.6 (m; 4-H), 5.1-5.3 (@; 3-, 3'-H).

Cyclization of diols 7a,b, 8a,b, 17 and 18 to spiro ethers 9a,b, 10a,b, 19 and 1. -
General procedure.

To a soln of 20 mmol of diol i{n 10 ml of pyridine was added dropwise a soln of 4.1
g (22 mmol) of tosyl chloride in 40 ml of pyridine at 0°C under N;. After stirring
for 24 hrs at r.t. the mixture was poured into 200 ml of ice-water and extracted
with ether for several times. The combined ether solns were washed as usual and
evaporated. Further purification see below.

8-Methyl-1-oxaspiro(4,5)decane (9a) (9]

3.44 g of 7a gave 2.09 g (68%) of 9a (cis-,trans-mixture, GC 60:40) after slit-tube

distn at 79°C/18 torr. - 'H-NMR:6 0.9470.95 (d, J = 6.5 Hz; 8-Me), 1.01 (dddd, J =
12; 11; 11; 3 Hz;3-,9-Hax), 1.25-1.75 (m; 9 H), 1.90/1.92 (tt, J = 6.5; 6.5 Bz 3-
H,), 3.80/3.81 (t; J = §.5 Hz; 2-H,). - !3C-NMR:§ 21.8/22.2 (q; 8+Me), 31.9 (d; C-
8), 66.4/66.6 (t; C-2), 81.0/83.0 (s; C-5). - MS: m/e 154 (M*, 6%), 125 (2), 97
(100), B84 (25), 55 (75). - Found: C, 77.72, H, 11.65; calc. C .8 _O: C, 77.87, H,
11.76. . 10718

4.8-Dimethyl-1-oxaspiro[4.5]decane (9b)

3.72 g of 7b gave 2.72 g (81%) of 9b (cis-,trans-mixture, GC 86:14) after slit-tube
distn at 91°C/14 torr. - CC (PE/ether 7:1) yielded the pure (GC 99%) wmain isomer. -
H-NMR:& 0.94 (4, J = 6 Hz; 8-Me), 0.98 (4, J = 7 Rz; 4-Me), 1.1-1.6 (m; 9 B), 1.61

(dddd, J = 12; 9; 7; 7 Hz; 3-H, cis to 4-Me), 1.82 (ddq, J = 9; 7; 7 Hz; 4-H), 2.07
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(dddd, J = 12; 7; 7; 3.5 Rz; 3-H, trans to 4-Me), 3.73 (444, J = 8; 7; 7 Hz; 2-H),
3.81 (ddd, J = 8; 7; 3.5 Hz; 2-B). - T3c-NMR: 5 14.6 (q; 4-Me}, 22.4 (q; B-Ne),
29.9, 30.6, 32.5, 33.8, 36.1 (5 t, Cc-3, -6, -7, -9, ~-10), 31.8 (d4; C-B), 42.8 (4;
C-4), 64,4 (t; C-2), B2.1 (9 C-5). - NS: m/e 168 (M*, 4%), 111 (100), 98 (12),
55 (3B). - Found: C, 7B.45, H, 11.96; c¢alc., C, H,O: C, 78.51, H, 11.98.

11720
8-Methyl-1-oxaspiro[4.5)dec-7-ene (10a)

3.40 g of ea gave 2.46 g (B81%) of 10a after kugelrohr distn; purification by CC
(PR/ether 7:1), b.p. B2 °C/12 torr. - 'B-NMR: b61.58, 1.61 (ABdd, Jap = 7: J = 6; !

HE; xo~a,>. 1.65-1.8 (m; ¢ H), 1.68 (s, br.; B-Me), 1.9-2.0 (m; 2 H), 2.05, 2.12
(ABAtq, Jap = 165 J = 1.5; 1.5; 1.5 Hr; 6-H,), 3.84, 3.86 (ABt, Jap = 8; J = 6.5,

2-4,), 5.29 {ttq, J = 1.5; 1.5; 1.5 Hz; 7-B). - 13C-NMR:&23.3 (q; 8-He), 25.7,
28.9, 33.2, 36.2, 37.5 {5 t; C-3, -4, -6, -9, -10), 66.9 (t; C-2), 80.6 (s; C-5),
119.5 (d; C-7), 133.7 {(s; C-8). - WS: m/e 152 (M*, 22%), 135 (5), 97 (21), B4

(100), - Found: C, 78.77, H, 10.51; calc. CIOHIGO: c, 78.90, H, 10.59.
4,8-Dimethyl-1-oxaspiro{d4.5)dec-7-ene (10b)

3.68 g of 8b gave 2.32 g (70%) of 10b (isomeric mixture, GC 51:49) after kugelrohr
distn; purltication by C¢C (PE/ether 7:1), b.p. 83°C/11 torr. - Ty-NMR: 6 0.96 (a, 3
= 7 Bz; 4-Me), 1.5-2.3 (m; 9 H), 1.68 (s, br.; 8-Me), 3.77 (ddd, J = 8.5; 7.5; 7.5
Hz; 2-R), 13.86 (ddd§ = 8.5; 8.5; 3.5 B2)/3.88 (ddd4, J =« 8.5; 8.5; 4.5 Rz: 2-H},
5.33 {(mc; 7-H}. - C-NMR: 6 14. 2/15.7 (q: 4-Me), 23.3/23.4 (q; 8B~Me), 26.8/27.3,
28.5/31.4, 33.0/33.6, 34.4/36.4 (v; C-3, -6, -9, -10}, 41.7/41.8 (d4; C-4), 64.8/
64.9 {t; C€-2), 81.1/81.5 (s; C-5), 119.0/119.2 (d4; C-7), 133.6/134.2 (4; C-8). -
Ms: m/e 166 (m*, 22%), 151 (4), 110 (12), 98 (100), 68 (13), - Found: C, 79.25,

H, 10.78; calc. C ¥, g0t €/, 79,46, H, 10.91.

4,8-Dimethyl-2-(2-methyl-i-propenyl)-1-oxaspiro[4.5])decane (19)

4.8 g of crude 17 gave 1.47 g (338 overall yield from 15) of 19 (isomeric mixture,
GC $:5:34:34:3:3:10:6) after CC (PE/ether 10:1), b.p. 112°C/15 torr. - lH-NMR: &
0.93/0.94/0.95/0.97 (d, J = 6.5 Hz; Me), 1.0-2.1 (m; 12 H), 1.66/1.67/1.70/1.71

(d, J = 1.5 Hz;3 MeC+),4.60 (ddd, J - 9; 8.5; & Hz; 2-H, wain isomer al, 4.66 (dddq,
J.» 8.5; 6.5; 6.5 Hz: 2-H, main isomer b}, 5.16/5.21 (4, br., J = 8.% Hz; 1'-H). -
T3coNMR: & 14.6 (q:; 4-Me), 22.3 (q: B-Me), 1B.1, 25.9 (2 q: Me,C=), 32.4,32.6 (d;

C-8), 40.6,/41.2 (t; C-3), 42.5/43.8 (d4; C-4), 72.0/73.4 (4; C€-2)}, £2.1/82.7 (=,

C-5), 126.4/128.8 (d; C-1*'), 133.0/133.4 (3; C-2'). - MS: ms/e = 222 m*, 12%), 207
(16), 167 (21), 123 (59), 95 (70), €1 (€4}, 55 (100). - Found: C, 80.68, H, 11.65;
calc. Clsﬁzsoz c, 81.02, H, 11.79.

4,8-Dimethyl-2-(2-methyl-1-propenyl)-l1-oxaspirof4.5)}dec-7-ene (1)

4.8 g of crude 1€ gave 1,72 g (39% overall yield from 16) of | (isomeric mixture)
after repeated CC (PE/ether 10:1), b.p. 132°C/14 torr. - IR (CCly): 1675 ce”t. -
- ly-NMR(main isomers underlined): & 0. 0.95/0.955/0.96 (d, J = 7 Bz; 4-Mej}, 1.25-2.35
(m; 9 HY, 1.61/1.64/1.65%/1.66 (4, J = l Hz; Me,C= }. 1.69 69 {8, br.; B-Me)., 4. 58/4.63
{ddd, J = 9; 9; 6 Hz; 2-H), 4.74 (ddd, J = 9: 7; 7 Hr, x; 2-H), 5. 5.13/5.16/5.18/5. 20

(dqq, J = 935 1; 1 Hz: 1'-B), 5.30 {(mc; 7-H}. - i1H-NMR (90 MHZ, CCl‘): 60.94 (a, J
= 7 Bz), 5 1-2.4 (m), 1.70, 1.73 (s, br.), 4.5 (mc), 5.10 (4, br., J = 9 Hz), 5.25
(mc). - C-NMR (main isomers underlined): & 14.0/14.3/15.6/16.3 (q; 4-Me), 23.3/

23.5 (q; €-Me), 18.1, 25.8 (2 q; Me,C=), 40.2/40.7/40.9 (v; C-3), 41.1/42.2/42.6/
42.9 (d; Cc-4), 72.2/72.8/72.9/73.7 (d; C~-2), B81.1/61.4/82.1 (s; C-5),119.2/119.3/
119.5 (da; ¢-7), 127 6/128.3/128.5 (d4; C-1"), 133.3/133.6/134.3/134.4 (s; C-2', -8).
- MS: m/e 220 (M*, 29%), 202 (18), 138 (100}, 121 (45), 119 (72), 110 (48), 109

(53), 96 (64), 95 (56}, 93 (40), 91 (46}, 67 (43}, S5 {(4S). - Found: C, 81.54, H,
10.91: calec., C,_H_,0: C, 81.76, H, 10.98.
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