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Abstract - Starting from the ketones 2 and 4 the synthesis of 
six splro ethers with an I-oxssplroI4.5jdecsne skeleton 18 de- 
scribed. Five of thorn, 9a.b. 1Oa.b and 19 represent typical -- -- 
partial structures of the sesqulterpcnold splro ether 1. The 
unamblguoua synthesis of 1 shows d prcvlous assignment-of ‘bl- 
sabolenc oxide” to structure 1 to be wrong. 

INTRODUCTION 

Wore 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 (Cossypium hirsutum &.) was described 121. The assignment for structure 

1 was based on the ‘H-NWR spectrum (Ccl41 as follows: 6 = 0.90 (d, I-He), 1.20 

(8, br.; IO-CH21, 1.55 (a; 3 MeC=l, 1.35-2.20 (m; 7 H), 3.11 (m; 2-H), 4.92 (8, 

br.; HC=), 5.07 (8, br.; HC=). Furthermore, 1 on reduction yielded a compound with 

a mass spectrum nearly identical to tetrahydro-B-bisabolol (11 131. Finally, a 

synthesis of 1 was announced I21 which until now has not been published. 

In addition, 1 was once more cited in Chemical Abstracts, but this must be a 

misprint, because the original publication I41 to this C. A. citation did not rn- 

tion blsabolene but bisabolone oxide. - 
In the framework of our investigations about structure-odour relationships we 

were interested in the synthesis of 1-oxaspiroI4.5ldecanes 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. 121 because 6 = 3.11 for an 

allylic ether proton at C-2 seems to be impossible. 

/o 
XT 

3 

--J-9 

// 
D 

0 

I 

HO 
R 

ti 
I 

Sa,b -- 

HO R 

ti 
I I 

R 
HO I m 

h,lJ Ho 
HO : 

R 

x9 
0 

9a,b -- 
& R 

ZA ! -- 6a.b k,b lOa,b 

a: R = H 
11 H2c=CHCH(R)MgX; II) B2H6, H202/NaOH; 1111 TsCl, Pyr 

b: R = We 

3393 



3394 

SYNTKESIS 

For the synthesis of the 

the GriCnard reaction of 

Sa and h. Paximum yields - 

B. BUCUMANN et al. 

OF THE SPIRO ETHERS 9a,b and lOa,b -- -- 

Spiro ethers 9a,b we started accordin? to ref. [Sj with -- 
4-mthylcyclohexanone (3) to give the howallylic alcohols 

can be achieved by the method using addition of a mixture 

of ally1 halide and ketone to the Ma turnings in THP. 

Sa and b are formed as cis,trans-mixtures. - -- The ‘H-NM? spectra for both 

show the I-Me groups to be unchanged indicating an 3 conformation, the al 

protons however are quite different for the E and = position. 

Direct cycllsatlon of 5s to 9a by treatrent - - OCHO 

isomers 

lyllc 

with formic acid could not be accomplished de- 

spite sope variatlons of reaction time and 

temperature. We obtained always a mlxture of 

the formate 11 and the dlene 12. 12 - - JL - 
Therefore hydroboratlon of Sa and 5 with equlmlar amounts of B286 to rive s - 

and h in reasonable yields was performed. The dlols la and b were readily cyclited - 

to 9a and b by treatment with tosyl chloride in pyridine [Si. - 
Similarly to the steps 2 - 2 - 1 * 2 we obtained the splro ethers 10a and a - 

via r * 6 - fi + 10. - The @,y-unsaturated ketone i was prepared by Birch reduc- 

tlon of p-cresol and subsequent hydrolysis of the lnternediate enol ether with 

oxalic acid [61. i contained always small awunts of the saturated ketone 2. This 

dld not touch the followin? steps, purification of the end products 10a and b from - 
contaminations of g and E is posslble by chromatvraphy. 

SYNTHESIS CF THE SPIRO ETHERS 19 and 1 - 

The dials 7b and 0b are well suited startin? materials for the synthesis of the - - 
lsobutenyl substituted soiro ethers 19 and 1. - Cxldatlon of E and e with PCC I71 

yielded the lactones 13 and 14 both as mixtures of two dlastereouers as clearly - - 
indicated by both ‘H- and 13C-NNR spectra. Reduction with dilsobutylalurlnlun hy- 

dride furnished the lactoles 15 and 16. Conditions for a selective oxidatlon of 7b - - - 

and 6b to 15 and 16 could not be found. - - - 
Irlgnard reaction of the lactoles 15 and 16 with lscbutenylmagnesium bromide - - 

gave the crude dials 17 and c, which wre directly cycllzed as described above to - 
obtaln the splro ethers 19 and 1. The chlral centres of both 1 and 19 lead to the - 
formatlon of four dlastereoaers each as indicated by both the 

-1 
H- aii “C-NMR 

spectra. The best evidence for the presence of all four dlastereomers of 1 is 

given by the 
13 

C-NMR slgnal for the allyllc ether C-atom (C-2) with four clearly 

separated dublets (72.2, 72.8, 72.9, 73.7) of the relative lntenslty 1:3:1:7. 

13 15 17 19 - - - - 

Iv 
V VI III 

IV) PCC, CH2C12; VI DIBNi, toluene, -78 n VI) Ne2C-CHMgBr, H30* 



Terpncr and terpcnc dc+ativtiXV 3395 

CONCLUSIONS 

The unambiwoue reaction sequence for all the prepared eglro ethers Oa,b, lOa,b, -_ -- 

1 and 19 with no doubt on each step allows to assign structure 1 to the conpound 

with the spectroscopic data described below. Particularly, the 
-7 

II-hTZR values of 

the allylic ether proton 2-H t - 4.58/4.6314.74 contrary to 3.11 of ref. [21 rep- 

resent the final evidence. 

Therefore, the so-called bisabolene oxide from cotton oil 121 

does not possess structure 1, and with respect to ref. 141 the 

real 1 has not yet been found in the nature. The spectral data 
0 I 

of ref. [2] are in a coed agreement with an epxlde structure 

as 20 ansuming that the lnte?rals of the 1 i!-NHJ? spectrum have 
q 

I 
- 

not been exactly recorded (a.?. s 1.202 3 lnstead of 2 R, 8 1.55 

and m 1.35-2.20: together 15 It, but only 1 MC-). Ke wlll lnvee- 20 
tlgate this class of unknown epoxidee. 

OLFAmIVE PROPERTIES 

The spiroketones 9a,b and lOa,b have a sir.ilar olfactlve character. 2 possesses -_ -- 

a flowery-fruity odour with a turpentine undertone, which dominates in 10a. The - 
additional methyl group introduces a tonality of herbal-green accompanied by anls 

(9a) and eucalyptus (lob). - - Contrary to these four compounds, the sesqulterpenolds 

jj and preferably 1 exhibit a surprisingly unpleasant odour with sticky, carblde- 

like tonalities and backgrounds of rose (2) and anis (1). 

1 
II-NMR spsct 

wlma l tetod. 

EXPERIMENTAL 

ra (TMS aa internal standard): ln COCl Broker lie-400, unloas othar- 
- 13C-Nl(R spectra (off ramonanca, TRS’6* int. l tandsrd) t In COCl3, 

Varlan CPT-20, only typical l i~nalm are publlohad. - IR l pmctrar Perkln-Blmr 257. 
ns: ‘Jarian NAT 711 (70 l V). - For kugelrohr dlst. all b.po maan the air bath temp. 
- Column chromatography (CC) I on silica gal dossctivsted with 3N rater. - Purlty 
Y.B checked by TLC and CC (ParRin-llmmr F-7, glass column 82 S.S57, N2). - TBP and 
pyrldlns wmre drlod over molecular slove. - All organic solns after work-up ware 
dried over MgSO4. - PE - potrolaum ether. - 

Grlgnard reaction of 3 and 4 to alcohols Sa,b and bs,b. - General procedure. - 
To a l umponslon of 12.1 g (0.50 mol) of Mg turnlngs In 75 ml of TEP under N2 were 
l dded so;e cryatala of lridlne crnd l few d;opo of the ally1 halldo. After xtartlng 
the reaction a soln of 0.25 mol of ally1 hallde and 0.25 mol of ketone ln 180 ml 
of Tli? ~a* added In such a manner that under cooling vlth lcm-WatOr the roactlon 
tamp. was l alntalnmd at 15 l C. Aftor atlrrlng for another 2 hrs at 15 l C the mix- 
ture was refluxod for 1 hr. After usual work-up vlth an NE4Cl soln the realdue 
was fractlonatsd umlng a Vlgreux column. 

4-Nethyl-1-(2-proponylj-cyclohaxanol (5s) - 

10.3 g of rllyl bromide and 28.0 g of &mothylcyclohoxanone (1) gav* 24.3 g (63%) 
of 2 (e-,tranm-¤lxturo), b.p. 92-94 *C/17 torr (llt.{d 86-89 *C/l5 torr). - 
IR (CUC13): 3600, 3450 cm-1 (OE). - la-NMRtb 0.66/0.87 (d, J - 6.5 Rz# 4-M.,, 0.9- 
1.7 (II 9 a), 2.17 (~,/2.27 (9) (ddd, J - 71 1, 1 Er, I’-v. 5.0815.11 (ddt. J - 
17; 2, 1 HZ) 3’-II), 5.12/5.15 (ddt. J = 10, 21 1 Bet 3’-a), 5.86/5.87 (ddt, J - 
17; 10, 7 EZ, 2’-8). 

4-Methyl-1-(l-methyl-2-propenyl)-cyclohoxanol (a) 

22.6 g of 3-chloro-1-butsno and 28.0 g of 1 gave 30.2 g 02a) of 2 (G-,trans- 
mlxturo), b.p. 97-98 Oc/l4 torr. - IR (CECl3): 3610, 3570, 3460 ce-1 (08). - le- 
NMRtO 0.92/0.93 (6, J - 6.5 Et8 4-I(m). 1.02/1.03 (d, J - 7 Btr !‘-II.), 1.0-1.9 (=I 
9 R), 2.10 (~)/2.43 (~1 (dq, 2 - 7, 7 828 I’-81, 5.03/5.05 (ddd, J - 16.58 21 1 
ELI 3’-81, 5.05/5.06 (ddd. J = llr 2r 1 Ett 3’-8). S.80/5.64 (ddd. J - 16.51 111 
7 8X1 2’-8). - 13C-NMlt:b 13.7/14.3 (q; I’-aa), 20.5/22.4 (qt 4-M.). 42.6149.5 (d, 
C-l’), 71.9/72.7 (ml C-l), 115.3/115.7 (tt C-3’), 140.5/140.7 (dr C-2’). - 
?oundr C, 78.66, I, 11.83, talc. CllB200: C, 78.51, 8, 11.90. 

4-lothyl-l-(2-proponyl)-3-cyclohex~n-l-o1 (e) 

30.3 g of ~11~1 bromldo and 27.6 g of 4-methyl-3-cyclohoxon-l-on. (1) gave 20.5 g 
04U) of &, b.p. 84-85 *C/9 torr. - XI (CICl )I 3600, 3450 am-1 (08). - ~B-WUPI~ 
1.68 (r, br. 8 ~-NO), 1.5-2.2 (ml 6 I), 2.25, 3. 28 (Amddd. b,r l 171 J - 7# lr l 
821 l’-111, 5.17 (dddd, 2 - lbr 2; 1; 1 Ert 3’-81, 5.19 (d&Id, J - 101 2r 11 1 EXI 
3’-81, 5.33 (m, 3-E). 5.93 (dddd, J - 16, 101 78 7 8s# 2’-11). - 13C-Nl’lR:(j 23.2 
(qr 4-M.), 27.6 (tr C-5), 33.5 (tr-C-61, 38.0 (tr C-21, 46.5 (t, C-l’). 69.7 (mi 
C-1), 118.3 (tj C-3’). 110.6 (d, C-3). 133.5 (a, C-41, 134.0 (di C-2’). - IiS: I/O __ 
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152 (Mr. 2681, 111 (loo), 93 (861, 84 (161, 69 (47). 68 04). - Found: C, 79.74, 

H, 10.45; talc. c 
lO”l6’: 

c, 79.90, H. 10.59. 

4-~ethyl-l-~l-~ethyl-2-propsnyl)-)-3-cycloh~x~n-l-ol (6b) - 

22.6 g of 3-chloro-I-butene and 27.8 g of 1 gave 22.0 g (538) 6b (eplmarlc mlxtur.) 
b.p. 103 OC/lS torr. - IR (CRCl31: 3600, 3470 cm-l (OH). - lH-iiR:6 1.09/1.11 Cd, 

J - 6.5 HZ; I’-He). 1.71 (8. br.; 4-W*), 1.5-2.3 (m; 6 ii), 2.45 (dt, J - 8; 6.5 Rx; 

iv-H) , 5.05-5.15 (m; 3’-&l, 5.31 (m; 3-H). 5.85/5.69 (ddd. J - 17; 10:s‘ 8 IL; 2’- 

I). - 13C-NW: 613.6/14.1 (q; l’-He), 20.5/23.3 (q; 4-We). 27.1127.2 (t; C-S), 

31.4/31.5 (t; C-61, 35.5/35.6 (t; C-2), 47.2147.4 (d; C-l’). 71.1172.6 (s; C-l), 
115.3/115.5 (t; c-3’). 116.4 (d; C-3), 133.6 (a; C-4). 140.41140.6 (d; C-2’). - 

us: m,* 166 (II*, ICI), 111 (100). 110 (59), 93 (100). 03 (84). 55 (100). - 
Found:-C, 79.22, H, 10.70; talc. CllHlOO: C. 79.46, H. 10.91. 

Reaction of Sa with formic acid 

A soln of 0.51 Q (3.3 mmol) of Sa in forrlc acid (1008) was stirred for 5 hrs. 

Aftor neutralization wlth NaRCOTand usual work-up CC (PE/ather 9:l) yleldod 

4-Methyl-1-(2-propsnyll-1-cyclohexene (12) as 1. fraction. 80 mg (lI?8). b.p. 42’C1 - 

12 torr. - ‘H-NMR:b 0.3F (d, J - 6.5 Rx; 4-lte), 1.2-2.2 (=I 7 E), 2.68 (d, br., J 

- 6.5 Hz; ‘l-9, 5.03 (ddt, J n 10; 2; 1 Hz)/5.06 (ddt, J . 16.5; 2; 1 EL; 3’- tl;), 

5.42 (I; 2-H). 5.60 (ddt, J a 16.5: 10; 6.5 HZ; 2’-A). - -“C-NMR:b 21.8 (9; ~-MO), 

28.5 (d; C-4). 28.5, 31.3, 34.0 0 t; C-3. -5, -6), 42.2 (t; C-l’), 115.4 (t; C- 

3’), 121.5 (d; C-2). 136.0 Is; C-11, 137.0 (d; C-2’). - MS: m/e 136 (l4+, 258), 
121 (181, 95 (t37), 94 (26). 79 (100). - Found: C, 6C.34. H li.57; talc. c 
C, CB.16, H, 11.@4. 

lORl6: 

4-l4sthyl-l-(2-propenyl)-cyclohexanol formate (11) as 2. fraction, 0.40 g (678), 

b.p. 7S°C/12 torr. - IR (CHC13): 1720 cm-‘. - r_ H NPlR:b 0.95/0.96 (d, J - 6.5 Hz; 

4-Ne), 1.1-2.4 (mu 9 H). 2.65/2.73 (ddd, J - 7; 1; 1 Bz; I’-i$I, 5.11 Tddt, J - 16; 

2; 1 HZ; 3’-Ii), 5.13 (ddt, J . 10, 2; 1 ET; 3’-RI, 5.77 (ddt, J - 16; 10; 7-R=; 2- 

H), 8.01/8.05 (9; HCOO). - T3C-NMR:b 20.9/22.2 (qr ~-WC), 3e.6743.4 (t; C-l’), 
A4.0/85.4 (Pi C-l), 118.5/llE.6 (t; C-3’), 132.6 (d; C-2’), 160.2 (8; CO). - MS: 
m/e 141 (M+ - C3H5, 218). 136 (I( - HCOOH. 8), 113 (721, 95 (100). - Found: C, 

i2,26, 8. 3.eor talc. c 
11”1e02: 

c, 72.49, 8, 9.95. 

Hydroboratlon of the alcohols Sa.b, 6a,b to the dlols 7a.b. 8a.b. - Cenoral procs- _- 
dure 
To a soln of 0.14 mol of Sa,b, -- e,h in 70 ml of THF 140 ml of 1.0 molar BH3/TRF 

sol” were added dropwlse at O’C over 1 hr. After 2 hra stirring at O’C 70 ml of 

2 N NaOB were added rapidly, followed by slow addition of 36 ml of H202 008). 
After 1 hr stlrrlng K2C03 was added to saturation. Separation. usual work-up and 

kugslrohr distn in vacua yielded the dlols. 

4-Methyl-l- [3-hydroxypropyl) -cyclohexanol (7s) 191 - 

21.6 g of 5a gave 9.3 g (398) of 7a (cls-,trans-mixture), b.p. llO-150°C/4 torr. - 

IR (CC14) :?320 cm-’ (OH). - ‘H-NiiTi:6794/0.95 cd, J L 6.5 Hz; ~-MU), 1.0-1.9 (m; 
13 H), 3.67/3.69 CC, J r 6 HZ; 3’-H.). - 

4-~tthyl-l-~3-hydroxy-l-methylpropyl)-cycloh~xanol (7b) - 

23.5 g of 5b gave 11.0 g (498) of 7b (clx-,trans-•lxturs), b.p. 70-120°~,0.1 torr.- 
IR (CC14) :?320 cm-l (OH). - ~H-NIIR:~ ,.el (d, J - 6 Hz; I’-MS,, 0.83/0.64 (d, J . 
6.5 HZ; 4-ncj, 0.9-2.0 (m; 12 H), 3.61, 3.76 (A<dd, hAB - 10.5; J . 5.5; 5.5 Ez; 

3’-H), 3.63, 3.70 (ABdd, hAe - 10.5; J - 6; 6 HZ; 3’-Ii). - 13C-NIIR:b 13.0114.7 (qr 

I’-MC,, 20.3/22.4 (q; 4-t@), 41.3 (dr-C-l’), 60-l/60.9 (t: C-3’). 72.9/73.4 (6; C- 

l) 1 - us: m/o 186 (PI*, 0.381, 113 (loo), 95 (84). 55 (80). - Pound; C. 70.68, Ii, 

11.84; cal:.-CllH2202: C, 70.92, 8, 11.90. 

4-Methyl-1-(3-hydroxypropyll-3-cyclohexen-l-01 C&j 

21.3 g of $a gave 9.3 g (398) of &, b.p. lOO-140°C/2 torr. - IR (CClq): 3450 cm-1 
(OH). - IH-NI(R:C 1.62 (8; 4-Me), 1.5-2.3 (mr 10 HI, 3.69 (t, J . 6 Hz; 3’-53, 5.32 
(a, br,: 3-M). - Found: C, 70.23, H, 10.49; talc. C 

1oR18°2: 
c, 70.55, H, 10.66. 

4-~sthyl-l-~3-hydroxy-l-methyl)_)-cycloh~x~n-l-ol (e) 

::;i z,“r ~,B”‘r 
11.5 g (458) of 8J, b.p. 80-120°C/0.05 torr. - IR (CClq): 3620. 

‘II-NMR (90 MHz, CC14):;; 0.90 (d, J n 7 ML; I’-Me), 1.0-2.3 (m; 

9 HI. 1.68 (s; ~-WC), 3.4-3.6 (m; 3’-ty, 5.20 (me; j-A). - Found: C. 71.45, H, 

10.80: talc. CllR2002: c. 71.70, H. 10.94. 

PCC-Oxldatlon of dlols 7b and Bb to lactones 13 and 14. - General procedure. 

To a suepenslon of 19.0 g (86 mmol) of pyrldlnlum chlorochromate (PCC) ln 110 ml 

of CH2C12 a 801” of 40 mm01 dlol in 50 ml of CA2C12 wan added rapidly. After stlr- 

ring for 2 hrs the mlxtura was dll. rlth 150 ml of ether and decanted. The residue 
was 3 tlree washed with ether. The combined ether solns were flltared by a short 
ail1ca colusn, evaporated and fractionated In vacua using a short Vlgreux column. 

4,8-Dlmsthyl-l-oxaxplroi4.5]decan-2-ons (13) - 

7.45 g of 7~ gave 4.9 g (688) of 1_2 (lsomerlc mixture. CC 73:27), b.p. 128*C/4 

torr. - IR (CHCl3): 1760 cm-’ (CO). - ~H-NMIR~~ O.C2/0.84 (d, J - 6.5 Hz; S-Me), 

0.94/0.96 (d, J = 6.5 Hz; 4-Me), 1.0-1.0 (a; 9 Ii), 2.07 (dd, - - 17.51 4 Rx; 3-H, 
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ClS t - 
ClS t 

z: 1 
4-kZ. 

0 4-b. isomer 51, 2.14 (I; 4-R. lAomAr El, 2.16 (dd, J - 21; 10.5 ii?.; 3-H, 

.o 4-ne. isomer b), 2.31 (ddq, J - 81 4; 6.5 Rt; 4-H, lromer :I, 2.56 (dd. J . 
2 Err 3-H, trans to ~-MU, lso&r b), 2.73 (dd, J - 17.5; S 8x1 3-H, trAnA t0 

Isomer A).xC-NMR:b14.3/15.4-(q, ~-MO), 20:1/22.2 (qr S-Me,. 36.2/36.6 

(tr c-31, 37.3/39.7 (d; C-4). 87.6 (a; C-S), 175.9 (8; C-2). - MS: m/U 182 (l4’. 

78), 154 (4), 125 (IOO), 124 (841, 113 (72). 112 (26). - Found: C. 72:39. H. 9.94; 

CAlC. C llH,802: C, 72.49, H, 9.95. 

4,8-tllmsthyl-l-oxAAplro[4.5)dsc-7-sn-2-onA (14) - 

7.36 g of 8b ‘JA"e 4.25 g (598) of crude fi, b.p. 134*C/4 torr. - PUrifiCAtiOn by 

repeated Cr(PE/ether 7:3) yielded 1.80 
P 

(258) of fi (lsomerlc mixture, CC 998 

purity). - IR (CClq): 1775 cm-l (CO). - H-NMR:~l.lO/l.ll (d, J - 6.5 ELZ O-Me). 

1.6-1.7 (m; IO-H,) 1.70/1.71 (a, br.1 S-He), 1.75-2.0 (m; 6-, 9-H,), 2.2-2.6 (ml 

3-H,, Q-H), 2.79 (dd, J - 16.5; 7.5 Hzt 3-H of one isomer. crane to 4-Me), 5.00 

8, br.r 7-H).- 13C-NI’iR:~ 13.9/15-S (q; ~-I(E), 23.0/23.2 (qr S-He,, 26.6 (t; C-91, 

27.9/31.1 (tt C-10). 32.9/35.9 (t; C-6), 36.4/37.1 (tr C-31, 38.4/38.7 (dr C-41, 

86.3/86.4 (s; C-5). 117.2/117.5 (d, C-71, 133.8/134.2 (At C-S), 175.9/;76.0 (A; 

c-21. - MS: m/e 180 CM’, 2981, 119 (901, 112 (401, 68 (100). - Found: C, 73.17, 

H, 8.79; CAl:.-C1,E1602: C, 73.30, H, 8.95. 

DIBAH-Reduction of lsctones 13 And 14 to lsctols 15 And 16. - General procedure. 

To A soln of 12 mmol of lactonc ln 20 ml of toluene under N-, At -78’C 13 ml of 

DIBAH soln (208) in tolucne were dropped ulthln 1 hr. After-2 hrs Atlrrlng At -78 
l C the mixture YAA allowed to warm t0 O*C And WAS poured t0 A rlXtUre of 30 g of 
ice And 20 ml Of ACetiC Acid (208). After usus work up lt YAA dlatd ln VACUO (ku- 
gelrohr) And used without further purlflcation for the follovlng CrlgnArd reaction. 

2.18 g of s gave 1.57 g (718) of 15 (isomerlc mixture), b.p. 60-90°C/0.05 torr. - 
IR (CC14): 3620, 3410 cm-1 (OH). -TH-NMR (90 MHz, CDC13):60.8-1.0 Cm: 4-, ~-MC), 
1.0-2.3 (m; 12 H), 2.4/2.7/3.0/3.1 (d, J n 4 Ez; OH), 5.2-5.4 (my 2-A). - MS: m/e 

184 CM*, 0.181, 166 (321, 151 (20), 95 (771, 81 (100). 
-- 

2.16 g of ti gave 2.16 g (998) of 16 (lsomerlc mixture), b.p. 60-90°C/0.06 torr. - 

IR (CC14): 3620, 3415 cm-l (OH). -7E-NMR (90 MHz, Ccl41 :6 0.9/1-O (d, J - 6 HZ; 
4_WA), 1.1-2.5 Cm; 9 H), 1.7 1s~ S-Me), 4.0/4-l/4.3 (a, br.r OHI, 5.1-5T5 (m: 2-. 

7-R). - MS: m/e -- 164 (M’ - H20, 6281, 149 (151, 95 (1001, 78 (92). 

Crlgnard reaction of lactols 15 And 16 to dlols 17 And 18. - General procedure. 
To A auspenalon of 1.2 g (50 mm011 of Mg turnings in 15 ml of TRF were added some 

crystals of lodlns And 0.5 ml of A soln of 6.7 g (50 mmol) of I-bromo-2-methyl-l- 

propenc ln 15 01 of THF. After starting the rsActlon the hAlids soln WAS added 

dropulse in such A manner that the rcactlon temp. *AA mAintAined At 40:50°C. Stlr- 
ring YAA continued At 75*C for 1 hr. After cooling to r.t. A SOln of 8 mm01 Of 
lactol In 15 ml of TBF WAS Added dropviA And rafluxed for 24 bra. After usual 

work-up ulth NH4Cl Aoln the crude dlols rsmalnsd. 

1.‘: g of E A”A 1.9 g of orude 17 (iAomsric mixture). - IR (CC14): 3620. 3360 
cm (OH). - bN”R (90 MHz , cDclT:b 0.8-1.0 (m8 2 Me), 1.7 (mc; 2 MAC-). 1.0-2.3 
(m: 14 R), 4.3-4.7 (m; 4-81, 5.2 (mc; 3-E). 

6-(l-Hydroxy-4-methyl-3-cyclohAxAn-l-yl~-2-methyl-2-hepten-4-oI (18) 

‘*f? g Of = cm (OH). - 
f”,y;,;.;,; ;:Ayrude fi (lsomerlc mixture); .;_:“6’$:t~:H:“l::73~~~~ 

CC14):6 0.9-1.1 (ml Me). 

3 MAC-), 2.9 (mc: 2 OH), 4.2-4.6 (ml 4-H). 5.1-5.3 lmt 3-. 3’-ii). 

Cycllzstlon of dlols 7A,b, 8A,b, 17 And 18 to splro ethers 9A,b, lOA,b, 19 And 1. - 
CAnorAl procedure. 
To A soln of 20 mm01 of dlol ln 10 ml of pyrldlns YAA Added dropulse A soln of 4.1 
g (22 mmol) of tony1 chloride In 40 ml of-pyrldlne at 0-C under N2. After stirring 
for 24 hrs At r.t. the mixture YAA poured into 200 ml of lee-water And extracted 
with ether for AAVArAl times. The cooblned ether AolnA were washed AA usual And 
l VApOrAtAd. Further purlflcatlon see below. 

8-Hethyl-l-OXAAplrO[4,5~deCAne (21 191 

3.44 9 of 7A gave 2.09 g (688) of 9A (cls-,trAns-mlXtUre, CC 60:40) After alit-tube 

dlatn At 7FC/18 torr. - ‘H-N&lit:6 c94/o.95 (d, J - 6.5 Hz; S-Me), 1.01 (dddd, J = 

121 11; 11; 3 Hz:>-,9-H,,), 1.25-1.75 [mr 9 Hl, i.90/1.92 (tt. J l 6.51 6.5 Et‘-3- 

H, 1 , 3.80/3.81 (t; J = r5 HLZ 2-H,). - 13C-NMR:6 21-S/22.2 (qr-&Me), 31.9 (d; C- 

81, 66.4/66.6 ttr C-21, 81.0/83.0 (at C-5). - MS: E/E 154 tn*, 681, 125 (21, 97 
(1001, 

11.16. 

84 (251, 55 (75). - Found: C, 77.72, H, 11.65; c~lc. CloHISO: C, 77.87. H, 

4,8-Dimethyl-1-oxAsplro[4.5]decAn~ (9b) - 

3.72 9 of 7b pave 2.72 9 (818) of 9b (cla-,trAn*-mlxtura, CC 86:14) after slit-tube 

dlstn At 9FC/l4 tOrr. - Cc (Pl?./etGr -1 ylalded the purA (CC 998) main lsomer. - 
l~-~~~:& 0.94 (d. J - 6 HZJ a-no), 0.98 id, J - 7 Rtt 4-l(s), 1.1-1.6 (08 9 El, 1.61 

(dddd, J - 121 9; 7, 7 Htf 3-H, clA to 4-Ne,: 1.82 (ddq. J . 98 7; 7 fit; 4-B), 2.07 - 



(ddd, J - 6; 7; 7 @lx; 2-8). 
4-l(e), 22.4 (q; 8-Me), 

1, 31.8 (d; C-8). 42.8 td; 
4$), 1 11 (100). 98 (12), 
78.51, 8, 11.98. 

3398 B. &JCHMANN fi ai. 

(dddd, 3 - 12; 7; 7i 3.5 Rt; 3-H. trans to 4-Ret, 3.73 
3.81 (d’;id, J - 8; 7; 3.5 Rx; 2-E1.-13C-NHR:Lil4.6 Iqr 
29.9, 30.6,-32.5. 33.8, 36.1 (5 t; C-3, -6, -7, -9. -10 
C-4) 0 64.4 (t; C-21, 82.1 Is; C-5). - MS: ~1: 168 CM’, 
55 138). - Found: C, 78.45, H. 11.96; talc. CllH20D: C, 

8-Methyl-1-oxaspiro(4.Sldee-7-en0 (lOa) - 

3.40 g of 84 gave 2.46 g (81&j of 10s after kugelrohr dlstnc purification by CC 
(Pit/ether Kl), b.p. 82 ‘C/I2 torr. l~-NII~:b1.56. 1.61 (ABdd, JAB = 7; J = 6; 1 
Hz; 10-H; ). 1.65-1.8 (m; 4 81, 1.68 (0, br.; 8-&s). 1.9-2.0 1~; 2 Hf, 2.05, 2.12 
fABdtq, hB = 16; J l 1.5; 1.5~ 1.5 Htt 6-8,). 3.84, 3.86 (Mt., AB - 8; J * 6.5; 
2-H, ) * 5.29 cttq, .7 = 1.5; 1.5; 1.5 HZ; 7-B). - 13C-NWRtb23.3 Iq; 8-X0), 25.7, 
28.9, 33.2, 36.2, x7.5 (5 t; C-3, -4, -6, -9, -10). 66.9 (t; C-Z), 80.6 (8; C-5). 
119.5 (d; C-7). 133.7 (m; C-8). - MS: m/t 152 tn+. 2211, 135 (5). 97 (211, a4 
(100). - Found: C, 78.77, H, 10.51; c.icT C 

10H16’: 
C, 78.90, H, 10.59. 

4,8-Dlmcthyl-l-oxaapIro(0.5]dec-7-ene (lob) - 

3.68 g of 8b gave 2.32 g (?Ot) of lob (lsomerlc mixture, CC 51:49) after kuqalrohr 
diatn; purficatlon by CC (PE/ether:l), b.p. 83*C/ll torr. - ‘B-Nl(R:00.96 (d, J 
- 7 AZ; 4-He), 1.5-2.3 fm: 9 H), 1.66 (8, br.; 8-M), 3.77 fddd, J - 8.5; 7.5; 7.5 
HZ; 2-H), 3.86 fddd J = 

l$ - 
8.5; 8.5; 3.5 ez1/3.88 (ddd, J = 8.5; 8.5; 4.5 Rx; 2-H). 

5.33 imc; 7-H). - C-NNR: 6 14.2115.7 (q; 4-Me), 23.3153.4 fq; ~-NO), 26.8/2?.3, 
28.5/31.4, 33.0133.6, 34‘4136.4 (t; C-3, -6, -9. -101, 41.?/41.8 cd; C-41, 64.81 
64.9 (t; C-2), 81.1/81.5 (si C-5). 119.0/119.2 (d; C-71, 133.6/134.2 (dr C-8). - 
MS: m/e 166 (?I’, 22%), 151 (41, 110 (12). 98 (1001, 68 (13). - Found: C, 79.25, 
H, lij.78; talc. C11B180: C, 79.46. H, 10.91. 

4,8-Olmethyl-2-~2-methyl-l-propenyl~-l-ox~~p~ro[4.5]decanc (19) -~ - 

4.8 9 of crude 17 gave 1.47 g (338 overall yield from 15) of 19 (lsomeric mixture, 
CC 5:5:34:34:3:510:6) after CC (PE/ether 1O:l). b.p. T-iZ’C/l~torr. - ‘H-NIIR:b 
0.93/0.94/0.95/0.9? (d, J l 6.5 HZ; He), 1.0-2-l (a; 12 HI, 1.66/1.67/1.70/1.?1 
cd, J - 1.5 Hz;3 xeC=),4.60 iddd, J = 9: 8.5; 6 Hz: 2-H. main isomer at. 4.66 (ddd. 
J = 8.5; 6.5; 6.5 Hz; 2-H, main isomar bf, S.ldf5.21 (d, br., J = 8.5-H=; l’-HI. - 
T3C-NnR: b 14.6 (q; 4-Nt), 22.3 tq; 8-nel, 1e.1, 
C-81, 

25.9 (2 q; @M2F-i, 32.4/32.6 (d; 
40.6i41.2 (t; C-3), 42.5/43.8 Id; C-41, 72.0173.4 Id; C-2). E2.1/82.? (8; 

C-5) 0 128.4/128.8 (d; C-l’), 133-O/133.4 (81 C-2’). - MS: m/e = 222 (M’, 121), 207 
(161, 167 (21). 123 (59). 95 (701, 81 (84). 55 (100). - Foinii: C, 80.88, H, 11.65; 
talc. C 

15’26’: 
c, 81.02, H, 11.79. 

4,8-Olmethyl-2-~2-methyl-l-propenyl~-l-oxaapiro~4.5)dac-?-ene (1) 

4.8 9 of crude 18 gave 1.72 g 09s overall yield from 16) of 1 (ieooeric mixture) 
after repeated z tP&/ethar lO:lf, b.p. 132*C/14 torr.: IR (sCk4): 1675 cm-‘. - 
- IH-NXR(maln isomers underlined):&0.95/0.955/~ (d, 2 = 7 8x1 i-Net, 1.25-2.35 
(ml 9 H). 1.61/1.64/1.65/1.66 fd, 3 - 1 HZ: ne2c-t, t.69 Is, br.r B-Xa) + 4.58/G 
(ddd, 2 - 9; 9; 6 HZ; 2-H). 1.74 (add, 2 g 9; 7; 7 Hz; 2-H), 5.13/5.16/5.18/5.20 

(dqq. 3: x 9; 1; 1 HZ: I’-A), 5.30 (mc; 7-A). - lH-NWR (90 MHz, CC14):60.94 (d, J 
- 7 62). 
(BC). - 

lj.l-2.4 (I), 1.70, 1.73 (8, br.), 4.5 tmc). 5.10 (d, br., J - 9 Et). 5.25 
C-NM (rain isomers underlined) : ~~/14.3/15.6/16.3 lqr 4-Me), 23.3/ -- 

23.5 (qr C-Mel, 16.1, 25.8 (2 q, Me2C=), 40.2/40.7/40.9 (t: C-31, 41.1/42.2/42-b/ --- 
42.9 Id; C-41, 
55 (d; C-71, 

?2.2/?2.0/?2.9/?3.? (d; C-21, 81,1/81.4/82.1 (II; C-5),119.2/119.3/ 
12?.6/128,3/128.5(d; C-l’), 133.3/133.6/134.3/134.4 Gc-T-8). 

- MS: m/e 220 (X’, 29-020, 138 (1001, 121 (45). 119 (72). 110 (481, 109 
(531, ‘ij6-(64), 95 (561, 93 (40). 91 (46), 67 (43), 55 (45). - Found: C, 81.54, H. 
10.91; talc. C15H240: C. 81.76, H, 10.98. 
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