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Abstract: Wittig and Homer-Wittig coupling rscctiom of tetrahydropyvm OF tetrchy&ojImzn 
2-triphenytphoephoniwn salts or 2-diphenytphosphine oxide8 with atiehydes and ‘&to18 
afforcla pd yields of the corresponding enol ethere. In seteoted emmptes these enot 
ether product8 my be father converted to apiroketats Bane of which are natural pheromones 
derived from Dccrce oteae and Rzravespulu vulgaris. 

The preparation of enol ethers using Wittig related procedures is of course 

and is an important synthetic transformation.' 

Remarkably however, the use of phosphoranes or diphenylphosphinoxy carbanions at 

of cyclic ethers has not been exploited.2 

well known 

the 2-position 

In view of the developing interest, for natural product synthesis, in being able to form 

new carbon-carbon bonds at this position, we have undertaken a more detailed study of these 

potentially very versatile systems. 3,4 

The preparation of the initially required tetrahydro-2H-pyran-2-yl triphenylphosphonium 

salt (1) by reaction of PPh3 with the corresponding anomeric chloride resulted in a poor 

chemical yield, probably due to the instability of the starting material. However this problem 

was overcome by using conditions which formed the anomeric chloride in situ, either by treating 

the lactol with PPh3 in benzene with gaseous hydrogen chloride for 5 h which gave the salt 

in 85% yield, or alternatively by reacting 2,3-dihydropyran under the same conditions give 

the salt in 90% yield. (Scheme 1) 
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Owing to the fact that the phosphonium chloride (1) could not be purified to acceptable 

microanalytical levels alternative methods to more stable salts were investigated. For 

example, when the same starting materials were subjected to gaseous hydrogen bromide under 

the previous conditions, the pure phosphonium salt (2) was obtained in 80% yield. Although 

the best procedure involved treating 2-methoxy tetrahydropyran with triphenylphosphonium 

tetrafluoroborate in acetonitrile for 4 h which gave the salt (3) in essentially quantita- 

tive yield. (Scheme 2) In this case compound (3) was easily purified by recrystallisation 

and appeared much more stable to heat than the corresponding chloride or bromide. 

Me Ph3PH BF4 @ 0 
PPh3 BF,, 

(3) 
Scheoe 2 

The phosphonium chloride and bromide salts were readily deprotonated with n-butyllithium 

in THF at -10°C over 30 min to generate the deep red phosphorane although subsequent Wittig 

coupling reactions of the phosphorane with either aldehydes or lactols afforded only low 

yields of product (Table 1). This was probably due to other by-products being formed which 

were derived from ring opening of the tetrahydropyran unit. It is also possible that the 

reaction with n-butyllithium at -10°C leads to some decomposition of the salt. Attempts 

to improve the reaction by adding HMPA as a cosolvent were not successful. On the other 

hand results using the phosphonium tetrafluoroborate salt (3) where much better. Generation 

of the phosphorane by treating the salt (3) with n-butyllithium at -78°C and quenching with 

an aldehyde or lactol at this temperature, gave after work-up, the desired enol ethers in 

good yields (Table 1). Elimination of the triphenylphosphine oxide during these reactions 

was rapid as the mixture was warmed to room temperature and gave a mixture of three possible 

isomers (E, 2 and endo) which were not separable by chromatography but could be identified 

by their NMR data. 

Since it was known that phosphoranes with a B-oxygen substituent are thermally unstable 

and do not react particularly well in the Wittig reaction,5 the use of phosphine oxide anions 

Iliorner-Wittig couplings] have been recommended in some cases.lc This modification has also 

been applied to this work. 

The triphenylphosphonium salt (1) was first converted to the corresponding diphenylphosphine 

oxide (4) by treatment with aqueous sodium hydroxide at reflux in 80% yield. Subsequent 

deprotonation of the diphenylphosphine oxide was achieved with lithium diisopropyl amide 

at -78°C. to form a deep red anion which reacted rapidly with the aldehyde or lactol. Treatment 

of the crude phosphine oxide adduct with either potassium t-butoxide in tetrahydrofuran at 

room temperature for 1 h or sodium hydride in dimethylformamide for 2 h at 50°C. resulted 

in the elimination of the diphenylphosphinic acid to give the coupled product again as a 

mixture of isomers (E. Z and endo) as in the previous Wittig method (Table 1) (Scheme 3). 
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We have also studied the related Wittig and Horner-Wittig coupling reactions of the 

corresponding tetrahydrofuran derivatives. Treatment of 2.3-dihydrofuran with triphenylphosphine 

and gaseous hydrogen chloride gave the tetrahydrofuran-2-yl-triphenylphosphonium chloride 

(25) in 88% yield. As this salt could not be satisfactorily purified the deprotonation studies 

were not investigated. However, hydrolysis with aqueous sodium hydroxide at reflux gave 

the tetrahydrofuran- 2-yl diphenylphosphine oxide (26) in 82% yield. Deprotonation with 

lithium diisopropylamide at -78°C produced a deep red anion which could be quenched by various 

aldehydes and lactols. (Table 2)+ 

Other phosphine oxides were similarly studied, these included Smethoxytetrahydrofuran- 

2-yl diphenylphosphine oxide, (27) prepared by adding chlorodiphenylphosphine to 2.5 dimethoxy 

tetrahydrofuran at 0°C in dichloromethane (67%) and 5-methoxy-tetrahydrofuran-2-yl diethoxy 

phosphine oxide (28) prepared by treating 2,5-methoxy tetrahydrofuran with diethylchloro- 

phosphite under the same conditions (48%).These salts carry additional functionality which 

could be usefully elaborated at a later stage in a synthetic scheme. 

@ 

0 PPhpe 3N NaOH 
R 

(O+? 
C 

\ 

8 

Me0 -e- OMe 

-Y Md(oEt)2 

(24 



3828 

,au,r I 

Phosphonium salt/ 

Phosphine oxide 

Aldehyde or 

Lactol 

Product Yield% 

(1) 

0" C 

"0 (5) (0J-Q (15) 24* 

(2) (5) (15) 31 

(3) (5) (15) 79 

(4) (5) (15) 76 

(2) 

(3) 

_6”Li (6) m (“) l2 

(6) (16) 33 

(4) (6) (16) 59.5 

(1) (7) (17) 0 

CC+"*@"0 

(2) (7) 0-( " cH&c?In,71 0 

(3) (7) (17) 40 

(4) (7) (17) 71 

('I (8) (18) 0 

(3) @"' (8) @--O (18) 53 

(4) (8) (18) 68 

(3) o""g" @wQU9, 0 

(4) (9) (19) 78 

(3) (10) 

(4) 

o^"""l,o~ @ql (20) O 

(20) 68 

(3) (11) (21) 60 

(4) 

(3) 

(4) 

(4) 

(4) 

@Hotllj 0-0 (21) 41 

cr" 'I 

"0 (12) 

(0J-Q (22) 41 

(12) (22) 64 

OH-CT 

(13) m (23) 65 

O"wT"P (14) 

* All yields are of pure products, purified by Kugelrohr distillation 
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Table 2 

Phosphine oxide 

Phosphonium salt 

(26) 

(27) 

(28) 

(30) 

(26) 

(26) 

(29) 

(27) 

(28) 

(30) 

Aldehyde or Product I 

tactol i 
I 

(51 (321 

(5) (321 

(61 

(6) "_ (34) 

(14) 

(14) 

(14) 

(14) 

(141 

Yield% 

60.5 

71 

37 

32 

65 

As before the phosphine oxides were deprotonated at -78OC in THF using diisopropylamide 

and reacted with several aldehydes and lactols to give coupled products (Table 2). These 

enol ether products were extremely hydroscopic and are best used rapidly after preparation. 

The phosphonium tetrafluoroborate salts (29) and (30) were also prepared and could be 

readily purified by recrystallisation. These salts too could be deprotonated and coupled 

to aldehydes and lactols to give a range of enol ether products. (Table 2) Attempted isolation 

of the enol ethers derived from condensation with benzaldehyde suggested that some ring opening 

of the tetrahydrofuran unit had also occurred. 
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Ph3PHBG 
c 

(30) 

A key objective behind the above study is that many of the enol ethers which have been 

prepared are useful precursors for spiroketal synthesis. The spiroketal functional group 

occurs in many natural products, ranging from simple insect pheromones to complex ionophore 

antibiotics. In the examples we have investigated the enol ethers (16) (24) (23) (33) (35) 

and (36) upon treatment with camphor sulphonic acid in methanol or dichloromethane gave excellent 

yields of the corresponding spirocyclic products (37)-(42) respectively.6 The spiroketal 

(381 being identical to the natural pheromone derived from the olive fly Dacus oleae7 while 

(40) was equivalent to the pheromone from the comnon wasp Paravespula vulgaris.' Enol ethers 

derived by these Wittig strategies should find many further applications in organic synthesis. 

0 
82% -fir 0 

(371 

0 
93% 

-f? 
0 

(381 

76% 
(34 - 

83% 
(35) - 
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Cxpcrlmental 
H NMR soectra were obtained on Bruker WH-250. Jeol FX9OO and Varian EM-JCOA soectrometers 
in deut&Ghloroform solutions with tetramethylsilane ai internal standard. iR spectra 
were recorded on a Perkin-Elmer 983 G spectrophotometer as liquid films or chloroform solutions. 
Mass spectra were obtained on a VG Hicrcmass 70708 Instrument. Melting points were determined 
using a Kofler hot-stage apparatus and are uncorrected. Column chrcnnatography was performed 
on MN-silica gel 60 230-400 mesh, under pressure. Light petroleun refers to the fraction 
boiling in the range 40"-60°C and ether to diethyl ether. Solutions were dried over anhydrous 
sodium sulphate, and solvents by standard methods. 

Preparation of Tetrahydro-2-Ii-pyran-2-yl triphmyl phosphoniu chloride (1) - NtJtod A) 
2-Hydroxytetrahydropyran (128mg. 1.271mnoi) was added dropwise to a solution of triphenylphosphine 
(334 ma. 1.27 mnol) in drv benzene (4 cm ) at room temoerature. Drv hvdroqen chloride was 
bubbls-through the solut?on for 3 h, and the solvent kemoved to gibe a white solid, which 
could be semi-purified from dichloromethane-ethyl acetate, to give tetrahydro-2H-pyran-2-yl 
triphenylphosphonium chloride (1) (413 q, 85%) as a white amorphous solid, mp 113-116°C; 
IR (CHCl ) 3369, 1439, 1113, and 691 cm ; 
8.00-7.53 (ISI& 

NMR 6 (90 MHz): 8.95 (3.5H, br. s, impurity), 

ml; m/z (no M 1, 
m, Ar H). 6.15-5.85 (1H. m. H2), 4.20-3.80 (2H. m, H6), and 2.20-1.50 (6H, 
85. 

Preparation of Tetrahydro-2H-pyran-2-yl triphenylphosphoniu chloride (1) (Wethod 6) 
2,3-Dihydro-4H-Dyran (40.0 Q. 0.48 mol) was added dropwise to a solution of triphenylphosphlne 
(i20 g,-0.46 moii in dry beiiene (11). and dry hydrogen chloride bubbled through the resuiting 
solution at room temperature for 5 h. The solvent was removed under reduced pressure to 
give a solid, which could be semi-purified by recrystallisation from dichloromethane-ethyl 
acetate, to gfve tetrahydro-2H-pyran-2-yl triphenylphosphonium chloride (1) (1589. 90%) identical 
to the material prepared earlier. 

Preparation of Tetrahydro-2H-pyran-2-yl triphmyl phosphonim braik (2) 
2.3-Dihydro-4H-pyran (27.0 g. 0.32 8101) wgs added dropwise to a solution of triphenylphosphine 
(83.8 a, 0.32 mol) in dry benzene (350 cm 1. Dry hydroqen bromide was bubbled through the 
resultino solution at room temoerature for 5 h. -The soivent was removed under reduced oressure 
and the product recristallised'from dichloromethane-ether to give tetrahydro-2H-pyran-2-)1 
triohenvlohosohonium bromide (21 (109 a..80%) as a white crystalline solid, mo 173-175'C; 
IR ICHCi '1 33'96, 1438, 1112. and 692 &I-'; NMR 6 (90 MHz):-8.15-7.60 (15H. m' ArH), 6.65-6.40 
(lH, m, fi ) 4.40-3.90 (2H m, H ) and 2.50-1.40 (6H m); m/z (FAB) 347 (i'): 263. 85, 57 
and 43. (?o;nd: C. 64.44; i. 5.68.'8r, 18.79; P, 6.83: C23H248rOP requires C, 64.65; H, 
5.66; Br, 18.70; P. 7.25%). 

General Procedure for the Wttig-Reaction of TetrahydroGH-pyran- 2-yl Tripknylphosphoniu 
salts with aldehydes or lactols 
The phosphonium salt was dissolved in dry THF at -1O'C under argon. n-Butyllithium was added 
dropwise, the mixture stirred at -10°C for 30 min. then a THF solution of the aldehyde or 
lactol added and the solution warmed to room temperature. It was paused into saturated aqueous 
sodium chloride solution, and extracted with diethyl ether (3 X 10 cm 1. The ether extracts 
were dried and evaporated to give the crude adduct which was purified by Kugelrohr distillation. 

Preparation of Enol Ethers (15). 
To a solution of the anion of (1) (2.0 mnol) was added benzaldehyde (5) (0.204 cm3, 2 mnol). 
Distillation after work up gave (15) (84 mg. 24%) if a mixture of three alkene isomers, 

bp. llO"C/O.3 mnHg; IR 2925, 1645. 1048. and 694 cm ; NMR b (60 MHz): 7.60-6.93 (5H. m. 
ArH), 5.98 (0.5H, s, C=CHPh E isomer), 5.23 (0.25H, s, C=CHPh 2 Isomer). 4.41 (0.25H, t, 
J = 4Hz, C=CH egdo), 3.87 (2H, m, OCH 1, 3.25 (0.5H, s, CH Ph endo), and 2.60-1.53 (5.5H. 
ml. m/z 174 (M 1 91, 90, 83 and 55 (Pound: C, 82.66; H. 8?31; C12H140 requires C. 82.72; 
H. 8.10%). 

To a soluton of the anion of (2) (2.0 mnol) was added benzaldehyde (5) (0.204 cm'. 2 mnol). 
Distillation after workup gave (15) (108 mg, 31%) identical to the material prepared above. 

Preparation of En01 Ethers (16). 
To a solution of the anion of (2) (2.0 -1) was added the anion of 2-hydroxy 5-methyltetrahydro- 
furan (6) (0.204 g. 2.0 mnol) (generated from n-butyllithium at 0°C in THF] and after workup 
gave the adduct (16) (0.10 g,112%) as a mixture of alkene isomers, bp 100°C/0.005 nmdig, IR 
3400. 2928, 162> and 1059 cm ; NMR b (60 MHz): 4.87 (0.3H. t. J = 8Hz C=CH 2 isomer), 4.42 
(0.7H, t. J = 7 Hz, C=Clj endo), 4.10-3.20 (3H, ml and 2.40-0.80 (14H. ml; m/z 170 (M 1, 111, 
98, 85 and 55, (Found H 170.1305, C10H1802 requires 170.1307). 

Preparation of Tetrahydro-2H-pyran-2-yl triphmylphosphadu tetrafluomborate (3) 
2-Hethoxy tetrahydropyran (0.50 g, 4.3 ma011 was added dropwise to a sglution of triphenylphos- 
phonium tetrafluoroborate (1.50 g, 4.3 rmol) fn dry acetonitrile (5 cm ) at room temperature 
under argon, and stirred for 4 h. Removal of the solvent under reduced pressure gave tetrahydro- 
-2H-pyran-P-y1 triphenylphosphonium tetrafluoroborate 
solid, mp 171-173°C; IR (CHC13) 1321, 1056m and 690 cm 

_(3), (1.87 g 100%) as a white crystalline 
; NMR 6 (90 MHz): 7+76 (15H. m, ArH), 

5.61 (1H. m, H 1, 4.05 (2H. m. H 1, and 2.10-1.50 (6H, ml: m/z (FAB) 347 (H 1, 263, 85 and 
43 (Found: C, 83.51; H, 5.50; P,67.57. C23H24BF40P requires C, 63.62; H. 5.57; P, 7.13%). 
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General Procedure for the Yfttfg reaction of tetrahydro-W-pyran- 2-yl trfphe&ylphusphonfu 
tetrafluomborate (3) Vrth aldehydes and lactols 
The phosphonium salt (3) was suspended in dry THF at -78°C under argon, n-8utyllithium was 
added dropwise and the solution stirred at -78Y for 1 h, then the aldehyde or lactol in 
a THF solution added and the solution warmed to room temperature over 2 h, then poured into 
a saturated aqueous sodium chloride, and extracted with diethyl ether (3 x 10 cm 1. The 
ether extracts were dried and evaporated to give the crude adduct which was purified by Kugelrohr 
distillation. 

Preparatfon of the Enol Ethers (15) 
To a solution of the anion of (3) (0.87 g, 2 ~1) was added benzaldehyde (51 (0.204 cm3, 
2 lmlol1. Distillation gave (15) (280 mg. 79%) identical to that prepared above. 

Preparatfon of the Enol Ethers (18) 
:; ~4~~~~io~ ~f~~,anion of 131.(0.87 g, 2 ma011 was added cyclohexanecarboxaldehyde (81 

Distillation gave (18) (184 rag, 53%) as almixture of three alkene 
isomers, bi 9DWO.l &Hg: IR 2925, 2850, 1676, 1067 and 1048 cm ; NNR 6 (250 MHz): 4.74 
(0.45 H, d, J = 9.8 Hz, C=CH E isomer), 4.41 (0.33 H, t J = 8.3 Hz, C-CH Z isomer), 4.05 
(0.16 H, t, J = 6.25 Hz, C=CH endo), 3.85 (2H, m, OCH 1, 2.21 (0.32 H, m, CH endo), 1.65-1.55 
(6H, ml, 1.36-1.12 (23 H, ml, m/z 180 (M I. 137, 96, $5, 83 and 55. (Found iii' 180.1511, 
C12H200 requires 180.1514). 

Preparation of the Em1 Ethers (17) 
To a solution of the anion of (3) (0.87 g, 2 mnoll was added dodecanal (7) (0.442 cm3, 2.0 
mlloll. 
mnHg; 

Distillation gave (17) (203 mg, 4DXl,as a mixture of three alkene isomers, bp 12O"C/O.l 
IR 2925, 2854, 1677, 1069 and 1047 cm , NHR b (250 MHz): 4.84 (0.5 H, t J = 8.3 Hz, 

C=CH E isomer), 4.41 (0.33H, t, J = 8.3 Hz, C=CH Z-isomer), 4.05 (0.16 H, t, J = 6.25 HZ, 
C=CH endof, 3.85 12H, m, OCH2), 2.21 (0.32 H, 9, CH2 endo) 1.65-1.55 (6H, ml, 1.36-1.12 (23 
H, m); m/z 252 @4 ), 167, 85 and 55. (Found M 252.2448, C,7H320 requires 252.24531. 

Preparatfon of Enol Ethers (21) 
To a solution of the anion of (3) (0.87 g, 2.0 mnol) was added furfural (111 (0.166 cm3, 
2.0 mnol). Distillation gave (21) (203 mg 62%],as a mixture of three alkene isomers, bp 
9OWO.08 mnHg; IR 2943, 1663. 1493 and 1051 cm NMR 6 (250 MHz): 7.35 (lH, m H 1, 6.32 
flH m H ) 6.15 (1H m H ) 5.85 (0.5 H, s, &H E-isomer), 5.45 10.3 H, s, C=ZH Z isomer), 
4.6; (&24H: m C=C e:doi, a.6 (2H, m 
m); m/z 164 (M1) 85, 81 and 55. 

O$H 1, 2.91 (0.4 H, m, CH endol, 1.98-1.72 (5.6H, 
(Fou;d M ?64.0831. C,0H,202 reqsires 164.0837). 

Preparation of the Enol_Ethers (22) 
;; ;,c);;sio; ;fdi;lanion of (31.10.87 g, 2.0 am1011 was added 3-Pyridinecarboxaldehyde (12) 

Distillation gave (221 (140 mg, 41x11"s a mixture of three alkene 
isomers, bi 9~°C/0.03*~Hg: IR 2927, 1673, 1061 and 1047 cm ; NMR 6 (250 MHz): 8.41 (1.6H, 
m, a-Pyr), 8.22 10.4H, m, d-Pyr E-Isomer), 7.91 (0.4 H, dt, J = 10, 7.5 Hz, p-Pyr, E isomer), 
7.48 (0.6 H, dt, J = 10, 7.5 Hz, p-Pyr endo iosmer), 7.1 (lH, m, m-Pyr), 5.23 (0.4 H, S, 
C=CH E isomer) 4.41 (0.6 H, t, J = 11 Hz, C=Cy endol, 3.95-3.87 (2H. m,+OCH 1, 3.2 (1.2 H, 
s, CH end01 2.3-1.72 (4.8 H, ml; m/z 175 (H I, 91,85 and 55 (Found M 173.0994, CllH13ND 
requiges 175109971. 

Preparation of the Em1 Ethers of (16) 
To a solution of the anion of (3) (0.435 g, 1.0 mnol) was added the anion of 2-hydroxy-5-arethyl- 
:e$h;drofuran [generated as previouslyl. The solution was stirred at room temperature 

. Distillation gave (16) (56 mg, 33%) identical to that prepared earlier. 

Preparation of Tetrahydro-2H-pyran-2-yl dfphenyl phosphfm oxide (4) 
Ph~sphoni~ salt (11 136.3 g. 94.9 ~oI) was dissolved in 3N aqueous sodium hydroxide (180 

540 nznol) and the resulting solution heated under reflux for 30 min. After cooling 
i! ;oom temperature, the mixture was extracted with chloroform 13 X 100 cm31 and the organic 
extracts dried and evaporated, to give a solid which was recrystallised from dichloromethane- 
-ethyl acetate to give tetrahydro- 2H-pyran-2-yl diphenylphosphine oxide (41 (21.0 g, 85%) 
as a white crystalline solid, mp 154°C. IR (CHCl 1 2939, 1437, 1183 and 696 cm ; NMR b (90 
MHz): 8.10-7.70 f4H, m, ArH), 7.10-7.20 (6H, m, &HI, 4.40-3.90 (2H, ml, 3.60-3.25 (lH, ml 
and 2.15-1.30 (6H, ml: m/z (no M 1 203, 202, 201, 155, 85, 77, and 47 (Found: C, 71.13; 
H, 6.70; P, 10.55; C17Hlg02P requires C, 71.32; H, 6.69; P, 10.82%). 

6eneral Procedure fur the Rorner-Yfttfg Reaction of the Compound (4) ufth aldehydes and lactols 
The phosphine oxide was dissolved in dry THF under argon and added to a stirred solution 
of lithium diisopropylamide [from diisopropylamine (1.1 eq.) and n-Butyllithium (1.1 eq.11 
at -7VC in THF under argon. The anion was stirred for 1 h at -78"C, then a THF solution 
of the aldehyde or lactol was added and the solution warmed to room temperature. It was 
poured intg saturated aqueous aazaonium chloride solution, and extracted with chloroform 
(3 X 10 cm 1. The organic extracts were dried and evaporated to give the crude adduct. This 
was immediately dissolved in dry THF and a solution of potassium t-butoxide (1 eq) in THF 
added and stirred at room temperature for 1 h. The solvent was removed and the residue dissolved 
in dichloromethane, then extracted with diethylether, filtered through a celite pad and the 
solvent removed under reduced pressure to give the crude product which was purified by Kugelrohr 
distillation 



Wittig and Homer-Wittig couplingreactlons 3833 

Preparation of the En01 Ethers (15) 
TQa;;;tion of the anion of 14) (I.40 g. 4.9 nrnol) was added benzaldehyde (5) (0.50 crn3 

. . Distillation gave (15) (650 mg, 76%) identical to that prepared above. 

Preparation of En01 Ethers (16) 
To a solution of the anion of (4) (0.286 g, 1 mnol) was added the anion of 2-hydroxy, Smethyl- 
tetrahydrofuran (61 (0.102 g, 1 nrnol). Distillation gave the adduct (16) (101 mg, 59.5X1, 
identical to that prepared above. 

Preparation of Enol Ethers (17) 
To a solution of the anion of (4) (0.286 g, 1 nm~11) was added dodecanal (7) (0.221 cm3, 1 
lmlol). Distillation gave the adduct (17) (178 mg, 71%) as above. 

Preparation uf En01 Ethers (181 
To a solu$ion of the anion of (4) (0.286 g, I nm101) was added cyclohexane carboxaldehyde 
(0.121 cm , 1 mnol). Distillation gave (18) (122 mg, 68%) identical to that prepared above. 

Preparation of En01 Ethers (19) 
To a solution of the anion of (4) (0.286 g, lnnoli was added cinnamylaldehyde (0.126 cm3, 
1 lmnol~. 
=Hg; 

Distillation gave (191 (156 mg, 78%1 as a mixture of six isomers, bp 13O"C/O.O8 
IR 2947, 1643, 1594, 1273 and ,044 cm ; NMR 6 (250 MHz): 7.55-7.07 f5H, m, ArH), 

6.72-6.58, 6.45-5.8$. 5.25, 4.35 (3H. m, C=CH) 3.87-3.72 (2H, m, 0CH2), 2.56-2.22 and 1.87-1.54 
(6H, ml; m/z 200 (M 1, 116, 85, 77 and 55. (Found M 200.1207. C14H160 requires 200.1201). 

Preparation of the En01 Ethers (20) 
To a solution of the anion of (4) (0.286 g, 1 nrnol) was added phenylacetaldehyde (10) (0.120 
g, 1.0 imnol1. Distillation gave (20) (lZ{ mg, 68%) as a mixture of isomers, bp 60°C/0.005 
nmHg; IR 2939, 2861, 1676, 1087 and 1045 ; NMR 6 (250 MHz): 7.28-7.15 15H, m, ArH), 5.15 
(0.4 H, t J = 9.1 Hz, C=CH E-isomer), 4.65 (0.4 H, t, J = 9.1 Hz, C=CH 2 isomer), 4.45 (0.2 
H, m, C=CH endo), 3.82 (ZH, m, OCH ), 2.35-2.15 (2.4 H+ m, -CH - E, 2 and endo isomr), 1.85-1.7 
(5.6H, ml. m/z 188 (M 1, 104, 97, 31 and 55. (Found H 188.1283, C,3H,60 requires 188.1201) 

Preparation of the Enol_Ethers (211 
zo;)solution of the anton of (4) (0.286 g, 1 mnol) was added furfural (1,) (0.083 cm3, 1 

. Distillation gave (21) (67 mg, 4,X) as prepared before. 

Preparation of the Enol.Ethers (22) 
:; ;gy;;$;o; of'o:e anion of (4) (0.286 g, 1 nm101) was added 3-pyridinecarboxaldehyde (12) 

. . Distillation gave (221 (112 mg, 64%) as prepared before. 

Preparation of Em1 Ether (231 
To a solution of the anion of (4) (0.36 g, 1.25 mnol) was added (13) (0.198 g, 1.25 mnol). 
Distillation gave (23) (183 mg, 65%). This was converted directly to the spiroketal (39). 

Preparation of En01 Ether (24) 
To a solution of the anion of (4) (I.40 g. 4.9 nnol) was added I-[(tetrahydro-2H-pyran-2-yl~oxy)- 
butanal (14) (0.84 g. 4.9 nnnol). Distillation gave 2-[4'-(tetrahydro-2H-pyran-Z-yl)oxy butan)- 
;iaC- dihydro-4H 

; NMR b 
-pyran (24) (0.73 g, 62X), bp. 12O"C/O.O4 mnHg; IR 2938. ,675, 1,,4 and 1050 

(250 MHz): 4.59 (1H. br. s OCHO), 4.08 (lH, t. J = 6.5 Hz, C=CH) 3.91-3.71 (4H, 
m) 3.57-3.37 (2H. m). 2.42 (lH, br. t), and 1.99-1.25 (15 H, m); m/z 240 (M+), 155, 101. 
98, 85 and 55. (Found: C, 70.11; H, 10.17. C,4H2403 requires C, 69.96, H, 10.07%). 

Preparation of Tetr~~~furan-2-yl trip~l~sp~i~ chloride (251 
2,3+ihydrofuran (20.0 g. 0.29 nmol) was agded dropwise to a solution of triphenylphosphine 
(74.9 g, 0.29 tmaol) in dry benzene (300 cm 1. Dry hydroqen chloride was bubbled throuah 
the solution for 3 h at rbom temperature. The soivent wai removed under reduced pressure 
to give a solid, which could be semi-purified by dissolving in dichloromethane and trituration 
of the solution with ethyl acetate giving tetrahydrofuran-2-yl triphenylphosphonium_fhloride 
(25) (94 
6 (90 MHz 91 

88%) as a white amorphous solid, IR (CHCl 1 3358, 1438, 1113, and 691 cm ; NMR 
. 8.90-8.30 (1.5 H, br. s. impurity), 8.00-3.50 115 H, m, ArH), 6.50-6.15 (,H, 

m, H 1, 4.15-3.85 (IH. m), 3.70-3.45 (IH, ml, 3.30-2.70 (lH, m) and 2.50-1.40 (3H, ml; m/z 
(no 4 1, 71. 

Preparation of Tetrahydrofuran-2-yl diphenylphosphine oxide (26) 
The phosphonium3salt (25) (10.0 g, 27.1 mnol) was dissolved in 3N aqueous sodium hydroxide 
solution (60 cm , 180 am1011 and the solution was heated at reflux for 30,min. After coolina 
to room temperature, the mixture was extracted with chloroform (3 X 50cm') and the organic * 
layers dried and evaporated to leave a solid. Recrystallisation from dichloromethane-ethyl 
acetate gave tetrahydrofuran-2-yl diphenylphosphinp oxide (26) (6.1 g, 82%) as a white amorphous 
solid, mp 115°C; IR (CHCl 1 1437, 1120 and 697 cm ; NHR 6 (90 MHz): 8.10-7.70 (4H. m. ArH), 
7.60-7.20 (6H m, ArH), a.70 (1H q J = 7 Hz H 1 4 00-3 50 (2H m) and 2 45-1.50 (4H 

m); m/z (no M'f, 202, 155, 77, 7; a;d 43 (Fouid:'C: 76.50;'H, 6.3i; P 11.30: C,6H1702P' 
requires C, 70.56; H, 6.29; P, 11.38%). 
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Preparation of Tetrahydrofuran-P-yltri~lphosphoniutctrafluoroboratc (29) 
2Methoxytetrahydrofuran (0.51 g, 5 maol) was added dropwise to a solutiog of triphenyl- 
phosphonium tetrafluoroborate (1.75 g. 5 avnol) in dry acetonitrile (10 cm 1 at room temperature 
under argon and stirred for 4 h. 
-2H-furan-2-yl 

Removal of the solvent under reduced pressure gave tetrahydro- 
triphenylphosphonium tetrafluoroboratg1(2!l), (1.89, 88%) as a white crystalline 

solid, mp 130°C; IR (CHCl 1 1438. 1287, 1052, 665 cm ; NMR b (250 NHz): 7.85-7.6 (15 H, 
m ArH), 5.85 (1H. dt J = 31.5 Hz, H ), 3.95 (1H. m, H ), 3.55 (1H. m, H ), 2.87 (1H. m), 
2.18-1.95 (2H, m), 1.65 (lH, m) m/z2 (no H ), 333. 715 (Found: C, 62.65; H, 5.37. C22H22 
8F40P requires C. 62.88; H, 5.27). 

Preparation of 5lethoxy tetraNyd5afuran-2-yl diphenylphosphine oxide (27) 
Chlorodiphenylphosphine (A.795 cm , 
tetrahydrofuran (1.295 cm , 

10 maol) was added dropwise to a solytion of 2.5-dimethoxy- 
10 tmnol) at O°C in dry dichloromethane (3 cm 1 under argon. 

The reaction was left to warm to room temperature and stirred for 12 h. The solvent was 
removed under reduced pressure to give an oil which could be purified by dissolving in toluene 
and trituration of the solution with petroleum ether giving 5-methoxy tetrahydrofuran-2-yl 
diphenylphosphine oxide (27) (2.02 g, 67%) as a white amorphous solid, mp. 98OC IR (CHC13) 
2862, 1442. 1298 cm ; NMR 6 (250 MHz): 7.85 (4H, m ArH), 7.50 (6H, m, ArH), 5.05 (lH, d, 
J = 6.25 Hz H )+ 4.9 (lH, br. q, J = 8.3 Hz H ). 3.35 and 3.10 (3H, s, OCH ), 2.5-1.5 (4H, 
;);6;;z 302 ?M 1 202, 101. (Found: C, 67.27: H, 6.26. C17Hlg03P require2 C, 67.54; H, 

. . 

Preparation of 5-&m tetrahydrofuran-2-yl diethoxyphosphinc oxide (28) 
Diethylchlorophosphite (0.714 ml, 5 mnol) was added dropwise to a stirred solution of 2.5- 
-dimethoxytetrahydrofuran (0.65 ml, 5 tnsol) at 0°C in dichloromethane under argon. TheSsolution 
was stirred for 12 h at room temperature, concentrated and purified by Kugelrohr distillation 
to give_(28) (0.475 g. 48%) as a colourless oil, bp 12O"C/O.O3 rmsHg. IR 2862, 1252 and 
1032 cm ; NHR 6 (250 MHz):5.1 (lH, dd, J = 4.2 Hz, 16.6 Hz H5), 4.3-4.2 (5H. m, -0CH , 
H 4 3.3 (3H. d J = 4.2 Hz OCH ), 2.3-1.9 (4H, m), 1.3 (6H, t, J = 6.94 Hz, -CH ). m/z*37 
(k ), 207, 138, and 101. (Faund: C. 45.41; H, 7.97; CgH1805P requires C, 45357; H, 7.65). 

Preparation of 5-Methoxy-tetrahydro-2H-furan-2-yl triphemylphosphoniu tetrafluoroborate (30) 

2,5-dimethoxy tetrahydrofuran (0.648 cm' 5 mnol) WAS added to triphenylphosphonium tetrafluoro- 
borate (1.75 g, 5 nznol) in dry acetonitrile (10 cm 1 at room temperature under argon and 
stirred for 4 h. Removal of the solvent under reduced pressure gave 5-methoxy-tetrahydro-2H- 
furan-2-yl triphenylphosphonium tetrafluoroborate (30) (!,57 g, 68%) as a white amorphous 
solid mp 50°C; IR (CHC13) 2839, 1438, 1286, 1063. 665 cm 
m, ArH), 4.05-5.85 (lH, m, H ), 

; NMR b (250 MHz): 7.85-7.6 (15H, 
5.05 (1H. m, H 1 3.35 (1.5H, s, OCH ), 2.30-1.75 (4H. m). 

m/z (no M ) 363, 101. (Found? C, 61.35; H, 5.43%. C23H248F402P reqaires C, 61.35; H. 5.37%). 

Following the general Horner-Wittig procedure the following enol ethers were prepared. 

Preparation of Enol Ethers (31) 
To a solution of the anion of (26) (0.271 g. 1 mnol) was added benzaldehyde (0.102 cm', 1 
tnnol) stirrin the resulting solution for 15 h at room temperature. Distillation gave (31) 
(86.5 ag, 54x7 a_sla mixture of alkene isomers, bp: 8OYYO.02 nvsHg, IR 3023, 2926, 1672, 1595, 
1077 and 1028 cm ; NMR b (250 MHz): 7.55-7.20 (5H. m. ArH), 5.23 (0.33 H, s+ E or i! isomer), 
4.$57i0.67, m, endg), 3.90- 3.75 (2H. m. OCH ). 2.05-1.70 (4H, m); m/z 160 (M ), 91, 77, 

. (Found M 160.0887, CllH120 requirzs 160.0868). 

PreDaration of Enol Ethers (32) . 
To b solution of the anion of (27) (0.302 g, 1 nanol) was added benzaldehyde (0.102 cmJ, 1 
mnol) and stirred for 15 h at rocm temperature. Distillation gave (32) (115 mg, 60.5%) as 
a mjxture of alkene isomers, bp: 9O"C/O.O2 tmaHg; IR 3383, 2926, 1674, 1599, 1025 and 695 

:tdo). 4.41 (1H. m, OCl$lCH ). 3.35 (3H. s, OCH ), 2.0-1.65 (4H, m); m/z 190 (M ), 159, 91, 
; NMR b 7.55-7.20 (5H, m, ArH). 5.30 (0.5H. s. C-CH E or Z isomer). 4.72 ($!.5H, s. C-CH 

77 and 71. (Found: M 19a.1002, C12H1402 reqaires 190.0994). 

Premration of Em1 Ethers (32) . 
To b solution of the anion of (28) (0.237 g, 1 mnol) was added benzaldehyde (0.102 cm', 1 
mnol) and stirred for 15 h at ram temperature. Distillation gave (32) (98 mg. 51%) as prepared 
previously. 

In the following examples the enol ether was prepared following the general Wittig-Horner 
procedure and the crude product cyclised directly to the spiroketal. 

Preparation of Enol Ether (33) 
To a solution of the anion of (26) (3.09 g, 11.4 tmnol) was added the anion of (6) (1.16 g, 
11.4 azaol) and the reaction stirred over 15 h. Distillation gave (33) (1.53 g. 86%). 

Preparation of Enol Ethers (35) 
To a solution of the anion of (26) (0.271 g, 1 nsnol) was added (13) (0.172 g, 1 ntnol) and 
the reaction stirred over 15 h. Distillation gave (35) (159 mg. 70.3%) bp. 80°C/0.02 am+lg. 
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Reparation of En01 Ethers (36) 
To a solution of the anion of (27) (0.302 g, 1 ml) was added (13) (0.172 g. 1 mnoll and 
the reaction stirred over 15 h. Ofstillation gave (36) (96 mg, 37%) bp. 90°C/0.02 AmHg. 

Pmparation of En01 Ethers (36) 
To a solution of the anion of (28) (0.237 g, 1 -1) was added (13) (0.172 g, 1 ml) and 
the reaction stirred over 15 h. Distillation gave (36) (83 mg, 32%) as prepared above. 

Following the general procedure for Wittig type reactions. 

Preparation of Enol Ethers (35) 
To a solution of the anion of (29) (0.420 g, 1 mnol) was added (13) (0.172 g, 1 mnol) and 
the reaction stirred over 6 h. Distillation gave (35) (161 mg, 71%) as a mixture of ring 
open and ring closed products. 

Preparation of Em1 Ethers (36) 
To a solution of the anion of (30) (0.69 g, 1.53 mnol) was added (13) (0.263 g, 1.53 mn01). 
Distillation gave (36) (166 mg, 65%) as a mixture of ring open and ring closed products. 

Preparation of 2-kthyl-1,7-dioxaspiro[5,5lundacane (37) 
The compound (16) (138 mg. 0.81 mnol) was dissolved in dry dichloromethane (2 cm31 containing 
cwrphor sulphonic acid (2 mg), and the resulting solution stirred overnight. After passing 
through a silica pad (to remove the CSA), the solvent was evaporaipd to give 2-methyl-1,7- 
-dioxaspiro[5,5lundecane (37) (113 mg. 82%). IR 2932 and 1058 cm . NMR a+(90 MHz): 3.8-3.55 
(3H. m. O$H 1. 1.92-1.35 (12 H, ml, 1.15 (3H, d J = 6.3 Hz, CH3) m/z 170 (H 1, 101, 85. 
(Found: H P70.1303, C10H1802 requires 170.1307). 

Preparation of 1.7-Dioxaspiro[5.5lundecane (38) 
Compound (24) (0.49 g, 2.0 mnol) was dissolved in dry methanol (3 cm31 with camphor sulphonic 
acid (2 mg), and the solution stirred at room temperature for 5 h. Removal of the solvent 
under reduced pressure followed by Kugelrohr distillation of the crude product gave 1,7- 
dioxaspiro[5,5lundecane (38),(0.29 g. 93%) as a colourless oil, bp 100°C at 28 mnHg, IR 
2940, 1171, 1045 and 984 cm ; NMR 6 (250 MHz): 3.77-3.55 (4H, m, OCH 1, 1.95-1.73 (2H, 
m) and 1.68-1.36 (lOH, m); m/z 156 (M+), 101, 100, 98, 83, 55 and 41 aid was identical to 
the natural product. 

E-2-HydroxymaMwl-l.7-dioxaspiro[5.5lundecane (39) 
The enol ether (23) (0.14 g, 0.65 mnol) was added to a solution of CSA (2 mg) in methanol 
and stirred at room temperature for 6 h. 
(39) (70 

The residue was purified by_fhromatography to give 

3.82-3.47 "9' 
61%) as a colourless oil; IR 3430, 2930, 1045 and 990 cm ; NMR 6 (250 MHz): 

5H, m), 2.21 (1H. br s. OH) 1.99-1.74 (2H. m). and 1.69-1.18 (lOH, ml; m/z 186 
(M 1, 155, 111, 101 and 55 (Found: C, 64.49; H, 9.68; C10H1803 requires C, 64.34; H, 9.94). 

~E)-7-~thyl-l.6-dioxaspiroC4,5ldecana (40) 
The enol ether (33) (1.53 g, 9.8 mnol) was dissolved in dry dichloromethane containing CSA 
(5 mg) and stirred at room temperature for 5 h. Removal of solve!) and Kugelrohr distillation 

9 
ave (40) (1.16 g. 76%) as a colourless oil; IR 2940 and 1050 cm ; NM$ b (250 MHz): 3.92-3.60 
3H, m). 2.07-1.21 (lOH, m) and 1.11 (3H, d, J = 6.3 Hz Me); m/z 156 (M ), 141 and 97. which 

was identical with the natural product. 

1,6-dioxaspiroC4.5ldecane (41) 
The enol ether (35) (159 mg, 0.70 mnol) was dissolved in dry dichloromethane containin 

3 
CSA 

and stirred overnight. Removal of solvent and purificatig? by chromatography gave (41 (83 
mg, 83%) as a pale yellow oil; IR 2940, 1079 and 1035 cm , NHR 6 (250 MHz): 3.95-3.35 (4H, 
m, OCH 1, 2.05-1.45 (lOH, ml. m/z 142 (M 1 85, 71 and 55. 
142.0944). 

(Found: M 142.0996 C8H1404 requires 

(El-Pmethoxy,l,6-dioxaspiro[l.Sldecane 02) 
The enol ether (36) (96 mg, 0.375 mnol) was dissolved in dry dichloromethane containg CSA 
and stirred overnight. 
oil: IR 2927. 1452. 

Purification_ty chromatography gave 02) (51 mg, 79%) as a colourless 
1369 and 1065 cm ; NMR 6 (250 MHz): 4.50 (lH..m. OCH OCH,). 3.95-3.55 

(2i. m, gCH_), 3.35 (3H. s, OCH 1, 1.95-1.45 (lOH, m); m/z 172 (AT); 141, lot,-85 and 71. 
(Found M 132.1094. CgH1603 reqaires 172.1099). 
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Footnotes 

The enol ethers generated are labile and rapidly add water to give hemiethers, consequently 
they should be used soon after preparation. 
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