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Allenes. Part X X I W  Preparation of a-Allenic Alcohols from the Mono- 
O-tetrahydropyran-2-yl Derivatives of Butyne-I ,4-diols 
By James S. Cowie, Phyllis D. Landor, and Stephen R. Landor," t Woolwich Polytechnic, London SE18 and 

Makerere University, Kampala, Uganda 

a-Allenic alcohols are obtained in high yield by the ready reductive elimination of the tetrahydropyranyloxy-group 
from the mono-O-tetrahydropyran-2-yl derivatives of butyne-1.4-diols with lithium aluminium hydride. Attempted 
reduction of the mono-O-tetrahydropyranyl derivative of an enynediol gave an isomeric mixture of an allenic and 
an acetylenic alcohol. O-Tetrahydropyranyl groups on secondary or tertiary alcohol functions have been shown 
to migrate to primary systems. 

METHODS hitherto reported for the preparation of 
a-allenic alcohols include the reaction of allenic organo- 
metallic reagents with carbonyl compounds,2 the reaction 
of alkyl-lithium compounds with alk-4-en-2-yn-l-01~,~ 
the replacement of bromine in 2-bromoallenes by acetate 
and then hydroxy? and addition of dibromocarbene to 
an olefinic alcohol followed by treatment with butyl- 
lithium.6 These methods give low yields of allenic 
alcohols, mixtures with acetylenic alcohols, or branched- 
chain compounds. 

The new method described here6 overcomes these 
disadvantages : an a-allenic alcohol (111) can easily be 

shown by i.r. and n.m.r. spectra) on reduction with 
lithium aluminium deuteride. 

Mono-O-tetrahydropyranyl derivatives of butyne-1,4- 
diols (11) should be dried over potassium carbonate- 
magnesium sulphate and must be distilled at  low tem- 
perature and pressure ( e g .  mmHg) in order to avoid 
migration of the tetrahydropyranyl group from a second- 
ary or tertiary to a primary alcoholic function. Thus in 
an early experiment, when these precautions were not 
taken (4-tetrahydropyran-2-yloxyhept-2-yn-1-01 was dis- 
tilled at  124" and 1.3 mmHg), a mixture of allenic 
alcohols (IV) and (V) was produced on reduction 

R2 
i EtMgBr L ~ A L H L  1 c= 1 2  

R 1 2  R C ( O T h p ) - C r C H  i i  HCHO R' R2C ( OT hp)-Cd-CH;OH R'-C-C-C-CH - R R. C=C=CHCH~OH 

(In) C d T h p  H T  6 * 
( 1  1 (II) \ /  

A1 
H' 'H 

( Thp = t e t r a h y d r o p y r a n  - 2 - y l )  

SCHEME 1 

prepared by the reaction of a prop-l-yn-3-01 with di- 
hydropyran, followed by treatment with ethylmagnesium 
bromide and gaseous formaldehyde to give the mono-0- 
tetrahydropyranyl derivative of a butyne-l,4-diol (11). 
Reduction of this with lithium aluminium hydride gives 
the allenic alcohol (111) as the sole product in high yield 
(Scheme 1). The method has been applied to both 
straight-chain (111; R1 = Pr, R2 = H) and branched- 
chain (111; R1 = Me, R2 = Et; R1 = Pri, R2 = H) 
allenic alcohols and used to prepare dodeca-2,3-dienol 
(111; R1 = n-octyl, R2 = H), the key allenic alcohol 
in the synthesis of (&)-methyl tetradeca-trarts-2,4,5- 
trienoate, the allenic sex pheromone produced by the 
male dried bean beetle.' Yields of allenic alcohols from 
the monoprotected diols (11) were 73-94%. The 
mechanism of the reductive elimination step is seen as an 
intramolecular hydride transfer to C-2 with concerted 
elimination of the tetrahydropyranyloxy-group. This 
was supported by the observation of C-2 deuteriation (as 

(Scheme 2). Further investigation showed that this is a 
general reaction: when an equimolar mixture of 3- 
met hyl-3-t e trahydropyran-2-ylox ypent - 1 -yne and prop- 
2-yn-1-01 is heated at  170" under reflux, 75% exchange 
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SCHEME 2 

has occurred after 35 h ;  on addition of a trace of hydro- 
chloric acid at  room temperature exchange takes place 
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and equilibrium (4 : 96) is reached very rapidly (Scheme 

The exchange reaction was used to prepare the 0- 
tetrahydropyranyl derivatives of 3-chloropropan-1-01 
and 3-bromopropan-1-01, by use of the tetrahydropyranyl 
derivative of t-butyl alcohol; this could be the method 

3). 

M e  

of an enynediol should give a cumulenic alcohol. To 
test this, 6-t etrahydropyran-2-yloxyhex-2-en-4-yn-l-ol 
(VIII) was required. This was prepared from l-tetra- 
hydropyran-2-yloxyprop-2-yne and 2-chloromethyl- 
oxiran, A low boiling by-product was shown to be 
1-(2-fury1)-2-tetrahydropyran-2-yloxyethane (IX) by 

Me 

SCHEME 3 

of choice in cases where the direct reaction with dihydro- 
pyran is difficult. 

The reductive elimination has also been applied to the 
synthesis of terminal allenic alcohols (VII). The inter- 
mediate tetrahydropyranyl derivative (VI) can readily 

R ' R * C ( O H ) - C X - C H i O T h p  R 1 2  R C(OH)-CH=C=CH, 

(ln) cua, 
be prepared from the reaction of an aldehyde or ketone 
with 3-tetrahydropyran-Z-yloxyprop-l-yne,* followed 
by reductive elimination of the tetrahydropyranyloxy- 
group by lithium aluminium hydride. The allenic 
alcohols (VII; R1 = Pr, R2 = H; R1 - - Et, R2 = Me) 

analysis, i.r. and U.V. spectra, and hydrolysis to the known 
2-(2-furyl)ethanol,1° and was presumably formed by 
cyclisation of 6-tetrahydropyran-2-yloxyhex-cis-2-en-4- 
yn-l-ol.ll The desired alcohol (VIII) was reduced with 
lithium aluminium hydride but did not give the cumulenic 
alcohol (X); instead further reduction gave a mixture 
of hexa-4,5-dien-l-o1 (XI) and hex4-yn-1-01 (XII) 
(63 : 37 by g.1.c.). Hydrogenation of the mixture gave 
only n-hexanol, showing that the two components were 
isomeric. Separation was achieved by g.1.c. and 
identification by i.r. and n.m.r. spectra and analysis. 

The interpolation of a further methylene group be- 
tween the tetrahydropyranyloxy- and acetylene groups 
of compound (VIII) prevents concerted elimination 
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have been prepared in 78-87% yield. The tetra- 
hydropyranyloxy-group is much more easily displaced 
than a hydroxy-group, as is shown by the reduction with 
lithium aluminium hydride of but-2-yne-l,4-diol under 
comparable conditions. Only 2% of buta-2,3-dien-l-ol 
was obtained; the major product was but-2-ene-1,4-diol 
(Q80(o). However, when the displaced hydroxy-group 
was in a tertiary position, as in 2,5-dimethylhex-3-yne- 
2,5-diol, the allenic alcohol was obtained in 6% yield, 
and with a large excess of lithium aluminium hydride 
this was increased to 51%, with concomitant formation 
of tram-eJ5-dimethylhex-3-ene-2 ,5-di01.~ 

Finally, it was reasoned that the application of this 
react ion to the mono-0-tetrahydropyran yl derivative 

* P. D. Landor, S. R. Landor, and E. S. Pepper, J. Chem. 
SOC. ( C ) ,  1967, 186. 

A. C. Day and M. C. Whiting, J .  Chem. Soc. (B) ,  1967, 991. 

of the tetrahydropyranyloxy-group, and the expected 
allenic product (XIII) is formed. 

EXPERIMENTAL 

1.r. spectra were determined for liquid films (0.025 mm 
cell) and for 5% solutions in chloroform with Perkin-Elmer 
237 and 337 spectrophotometers. U.V. spectra were ob- 
tained for ethanolic solutions with a Bausch and Lomb 
Spectronic 505 spectrometer. N.m.r. spectra were deter- 
mined with Perkin-Elmer R10 and Varian A60 spectro- 
meters for solutions in deuteriochloroform with tetra- 
methylsilane as internal standard. G.1.c. was carried out 
with a Pye 104 instrument on glass columns (5  f t ) ,  with 
nitrogen as carrier gas a t  a flow rate of 2-5 1 h-l. 

10 E. D. Amstutz and J. Plucker, J .  Amer. Chem. Soc., 1941, 
68, 206. 

11 S. R. Landor and E. S. Pepper, J. Chem. Soc., 1966, 2283. 
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3-Tetraltydropyran-2-yloxyhex-l-yne (I ; K1 = l'r, R2 = 
H).-Hex-l-yn-3-01 (32.7 g, 0.33 mol) was mixed with 2,3- 
dihydropyran (30.7 g, 0.36 mol) and concentrated hydro- 
chloric acid (2 drops) was added. The mixture was shaken, 
allowed to cool t o  room temperature, dried (K,CO,-MgSO,), 
filtered, and distilled to  give 3-tetrahydro$~y~an-2-yZoxyhex- 1- 
yne (49.2 Q ,  81y0), b.p. 103" at 15 mmHg (Found: C, 72.7; 
H, 9.9. C11Hl,02 requires C, 72.5; H, 10.O~o), vmx. 3253 
(ECH) and 2100 ( E H )  cni-l, g.l.c., tR 5.6 (60%) and 6.2 
min (40%) (10% silicone oil on Chromosorb W ;  120') due 
to  diastereoisoniers. 

3-MethyZ-3-tet~~zhydro~yran-2-yloxypent-l-y~~e (I ; 13' = 
Me, R2 = Et) .12-3-Methylpent-l-yn-3-01 (32.7 g) was 
treated similarly with dihydropyran to give 3-methyl-3- 
tetrahydropyran-2-yloxypent-l-yne (51.3 g, 85y0), b.p. 
82-83' at 6 nimHg, vmx. 3250 (ECH) and 2100 (CXH). 
G.1.c. showed an unresolved doublet (diastereoisomers), 
tR 4.3 min (10% silicone oil on Chromosorb W; 120'). 

4-Tetrahydropyran-2-yloxyhept-2-yn-l-ol (I1 ; R1 = Pr, 
R2 = H) .-3-Tetrahydropyran-2-yloxyhex-l-yne (22-4 g, 
0.125 niol) dissolved in dry tetrahydrofuran (40 ml) was 
added dropwise with stirring to  ethylmagnesium bromide 
[from cthyl bromide (26.4 g, 0.25 mol) and magnesium (6 g, 
0.25 g atom) in tetrahydrofuran (100 ml)]. Gaseous form- 
aldehyde, generated from paraformaldehyde (6 g), was passed 
through a heated tube onto the surface of the stirred 
mixture. After 2 h the mixture was poured on aqueous 
ammonium chloride (10% ; GO ml) . The organic phase and 
ether extracts of the aqueous phase were dried (K2C03- 
MgSO,) and distilled at 5 x lop6 mmHg to give 4-tetra- 
Izydropyvan-2-yZoxyhept-2-yn- l-ol  (20 g, 80%) (Found : C, 
67.7; H, 9.4. C12H20O3 requires C, 67.7; H, 9-5%), vmX. 
3400 (OH) and 2200 ( E C )  cm-1, g.1.c. tR 27 rnin (loo/:, 
silicone oil on Chromosorb W;  150"). Heating a sample at 
160' for several h and monitoring by g.1.c. showed the gradual 
appearance of the isomeric l-tetrahydropyran-2-yloxyhept- 
2-yn-4-01, tR 30-6 min. 4-Tetrahydropyran-2-yloxyhept-2- 
yn-1-01 similarly prepared but distilled at 1.3 mmHg (b.p. 
124-1 26') gavc a mixture containing l-tetrahydropyraii-2- 
\-1oxyhept-2-yn-4-01 (37 %) . 

4-Met h.yl-4-tetrahydro~yran-2-yloxyhex-2-yn- l-ol (I1 ; R1 
= Me, R2 = Et) .-3-Methyl-3-tetrahydropyran-2-yloxy- 
pent-l-yne (17.6 g) was similarly treated with ethylmag- 
nesium bromide then gaseous formaldehyde to give 4-methyl- 
4-tetrahydropyran-2-yZoxyhex-2-yn-l-ol (19.2 g, 76%), b.p. 
104-106' at 0.5 mmHg (Found: C, 67.4; H, 9.4. CI2Hz0O3 
requires C, 67.8; H, 9-5%), vmX 3400 (OH) and 2200 ( C X )  
cm-l, g.1.c. tR 14.7 rnin (10% silicone oil on Chromosorb W; 
150'). 

Migration of the Tetvahydropyran-2-yl GrouP.-(a) An 
equimolar mixturc of 3-niethyl-3-tetrahydropyran-2-yloxy- 
pent-l-yne (6.0 g, 0-033 mol) and prop-2-yn-1-01 (1-9 g, 
0-033 mol) was refluxed (bath temp. 170") and the reaction 
was monitored by g.1.c. Migration of the tetrahydropyran- 
2-yl group took place from tertiary to  primary OH and 
equilibrium was reached in 35 h, when 75% 3-tetrahydro- 
pyran-2-yloxyprop-l-yne was present. 

(b)  3-Methyl-3-tetrahydropyran-2-yloxypent-l-yne (12.1 
g, 0.066 mol) and prop-2-yn-1-01 (3-7 g, 0.066 mol) were 
mixed and concentrated hydrochloric acid (2 drops) was 
added. The mixture was cooled to  room temperature, 
anhydrous K2C03 was added, and the mixture was filtered 

l2 D. N. Robertson, J .  Org. Chem., 1960, 25, 931. 
l3 W. E. Parham and E. L. Anderson, J .  Amer. Chem. SOL, 

1948, 'SO, 4187. 

and distilled to give 3-tetrahydropyran-2-yloxyprop-l-yne 
(7.9 g;  96% pure by g.l.c.), b.p. 42" at 1.5 mmHg, identified 
by comparison with an  authentic sample. 3-Methylpent- 1- 
yn-3-01 was recovered from the cold trap. 

l-Brom0-3-tetrahydro~yran-2-yZoxy~ropane.~~- 2-Methyl- 
2-tetrahydropyran-2-yloxypropane (15.8 g, 0.1 mol) (pre- 
pared from t-butyl alcohol and 2,3-dihydropyran), was 
mixed with 3-bromopropan-1-01 (13.9 g, 0-1 mol) and con- 
centrated hydrochloric acid (2 drops) was added. Work-up 
in the usual way gave l-bromo-3-tetrahydropyran-2-yloxy- 
propane (9.4 g, 42y0), b.p. 69" a t  1.2 miiiHg, g.1.c. t R  20 niin 
(loo/, silicone oil on Chromosorb W; loo'), z (CDCI,) 

8.39br (6H, s, CH*[CH,],*CH,), 7-88 (2H, 111, CH2*CH2CH2- 

Br), 5.92-6.7 (6H, m, OCH,, CH2CH2Br, CH*[CH,],*CH,), 

and 5.41 (lH, unresolved t, CH*[CHJ,*CH,). 
l-Chlo~o-3-tetrahyd~o~yran-2-yloxy~~o~ane.~~- 2-Methyl- 

2-tetrahydropyran-2-yloxypropane (3 1-6 g) was similarly 
treated with 3-chloropropan-1-01 t o  give l-chloro-3-tetra- 
hydropyran-2-yloxypropane (30 g, 84%), b.p. 56-57' a t  
1.0 nimHg, g.1.c. tR 12 min (10% silicone oil on Chromosorb 
W; 120°), T (CDCl,) 8.37 (6H, s, [CHJ,), 8-0 (2H, m, 

CH2*CH2), 6-33 (6H, m, CH2*0, CH2C1, CH*[CH,],*CH,), and 

5.42 ( lH,  unresolved t, CH*[CH,],*CH,). 
l-Tetrahydvopyran-2-yloxyhept-2-yn-4-01 (with J. 1'. 

REGAN) .-3-Tetrahydropyran-2-yloxyprop- 1-yne (22 g, 
0.15 inol) was added to  stirred ethylmagnesium bromide 
[from ethyl bromide (14.5 g, 0.15 mol) and magnesium (3.6 g, 
0.15 atom) in dry tetrahydrofuran (60 ml)] and after 1 h 
n-butyraldehyde (10.8 g, 0.15 mol) was added. The mixture 
was stirred under reflux for 2 h, poured into aqueous ammon- 
ium chloride, and worked up in the usual way. Distillation 
gave l-tetrahydropyran-2-yloxyhept-2-yn-4-01 (28.4 g, 
89y0), b.p. 97-98' at lo-* mmHg, vnuxe 3425 (OH) and 2200 
(m) cn1-l. G.1.c. showed one major peak (97%), tR 
25.8 rnin (10% silicone oil on Chroniosorb W; 150'). 

Tetrahydropyran-2-yloxyprop- l-yne (22 g) was treated 
similarly with butan-2-one (10.8 g) t o  give 3-methyZ-6-t&a- 
hydropyran-2-y2oxyhex-4-yn-3-01 (28.7 g, goyo), b.p. 104" a t  
0.2 mmHg (Found: C, 67.8; H, 9.2. C12H,00, requires C, 
67.8; H, 9.5y0), vmX 3425 (OH) and 2200 (C%) cni-l. 
G.1.c. gave a Single peak, tR 14.5 min (10% silicone oil on 
Chromosorb W ; 150'). 

Hepta-2,S-dien-l-ol (111; R1 = Pr, R2 = H).-4-Tetra- 
hydropyran-2-yloxyhept-2-yn-l-ol (1 1.5 g, 0.05 mol) in 
dry ether (20 ml) was added to  a slurry of lithium aluminium 
hydride (2.3 g, 0.054 mol) in dry ether (100 ml). The 
mixture was refluxed for 4 h, decomposed with the minimum 
amount of cold water (added dropwise until the grey slurry 
just turned white), and filtered; the solid was washed with 
ether (3 x 10 nil) and the combined extracts were dried 
(MgSO,). Distillation gave hepta-2,3-dien-l-oZ (5.7 g, 
%)yo), b.p. 82' a t  15 mmHg, nD21 1.4750 (Found: C, 74-8; H, 
11.1. C,H120 requires C, 74.9; H, 10.8%), vmX 3330 (OH), 
1965 (C=C=C), and 875 (C=C;=CH) cm-l, g.1.c. tR 17.4 min 
(20% Carbowax 20hI on Chromosorb W; loo'), T (CDCl,) 
9-1 (3H, t ,  CH,), 8.58 (2H, in, CH,*CH2*CH2), 8-08 (2H, m, 
=CHCH2), 7.36 ( lH,  s, OH, disappears on deuteriation), 
5.9 (2H, dd, CH2*OH), and 4-72-4-66 (2H, m, CH=C=CH). 

2-Deuteeriolzepta-2,3-dien-l-o1.- 4-Tetrahydropyran-2-yl- 

-- 
I 0 7  

-01 
-- 
I 0-7 

r - 0 7  

1 - * - - 7  

3-Methy Z- 6-tetrahydropyran-2-yloxylzex-4-yn- 3-02.- 3- 
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oxyhept-2-yn-1-01 (2.12 g, 0.01 niol) in dry ether (10 ml) 
was added dropwise with stirring t o  lithium aluminium 
deuteride (0.42 g, 0.01 mol) in dry ether (20 ml). The 
mixture was refluxed for 6 h and worked up as before. 
Distillation gave 2-deuteriohepta-2,3-dien-l-o1 (1.1 g, 99yo), 
b.p. 73' at 12 mmHg. G.1.c. showed two peaks, tR 12 
(7%) and 22-5 rnin (93%) (20% Carbowax 20M on Chromo- 
sorb W; 100') and these compounds were separated by 
g.1.c. (6 f t  Carbowax columns a t  150') to give (a) 3-deuterio- 
hepta-1,2-dien-4-01, v- 3350 (OH), 1950 (C=C=C), and 
840 Cm-l (x=C=CH,),  g.1.c. tR 12 min (20% Carbowax 
20M on Chromosorb W ; 100") , and (b) 2-deuteriohepta-2,3- 
dien-1-01, vmX. 3350 (OH), 1960 (C=C=C), and 865 (HC=C=CD) 
cm-l, g.1.c. tR 22.0 min (20% Carbowax 20M on Chromosorb 
W;  loo'), z (CDC1,) 9.08 (3H, t, J6,, 6.5 Hz, CH,), 8-58 
(2H, m, J5.6 6.6 Hz, CH,*CH,*CH,), 8.01 (2H, m, J5,6 6.5 Hz, 

CH,OH), and 4.76 (lH, m, J4,5 6, J1.4 3 Hz, CH,-CH=C=CD). 
4-Methylhexa-2,3-dien-l-oZ (111; R1 = Me, R2 = Et).- 

4-Methyl-4-tetrahydropyran-2-yloxyhex-2-yn- 1-01 (14.2 g) 
was similarly treated with lithium aluminium hydride to 
give 4-methylhexa-2,3-dien-l-ol (5-5 g, 73%), b.p. 56" at 
7 mmHg (Found: C, 75-2; H, 10.8. C7H120 requires C, 
74.9; H, 10.8%), vmax. 3325 (OH), 1970 (C=cFC), and 875 
(HC=C%H) cm-1 nD21 1.4779, g.1.c. tR 4.5 min (20% Carbo- 
wax 20M on Chromosorb W; €OOo), z (CDCl,) 9-05 (3H, m, 
CH,*CH,), 8.32 [3H, dt, CH,C(Et)], 8.26br (lH, s, OH, 
disappears on deuteriation), 8-16 (2H, qd, CH,*CH,) , 
5.95 (2H, d, CH,*OH), and 4.71 (lH, m, XH) .  

Hepta- 1,2-dien-4-01 (V) .-l-Tetrahydropyran-2-yloxy- 
hept-2-yn-4-01 (9.55 g) on similar reductive elimination 
gave hepta-1,2-dien-4-oZ (3-95, 78%), b.p. 56' at 10 mmHg 
(Found: C, 75.5; H, 10.9. C7Hl,0 requires C, 74.9; H, 
10-8%), vmX. 3350 (OH), 1960 (C=C=C), and 845 (C=C=CH,) 
cm-l, fiD21 1.4670, g.1.c. tR  8.4 min (20% Carbowax 20M on 
Chromosorb W; looo), T (CDC1,) 9-05 (3H, m, CH3*CH,), 
8-5 (4H, m, CH,CH,), 7.5 ( lH, s, OH, disappears on deuteri- 
ation), 5-75 (lH, m, CH-OH), 5-12 (2H, m, =CH,), and 4-72 
(lH, m, -CH=). 
3-Methylhexa-4,5-dien-3-oZ (VIII; R1 = Me, R2 = Et).- 

3-Methyl-6-tetrahydropyran-2-yloxyhex-4-yn-3-01 (9.5 g) 
on reductive elimination gave 3-methylhexa-4,5-dien-3-oZ 
(4.5 g ,  87%), b.p. 46-47' at 10 mmHg (Found: C, 74.6; H, 
11.0. C,H,,O requires C, 74.9; H, 10-8y0), vmx. 3390 (OH), 
1965 (C=C=C), and 845 (C%=CH,) cm-l, g.1.c. tR 2-5 rnin 
(20'7; Carbowax 20M on Chromosorb W ;  120°), nD21 
1.4679, z (CDCI,) 9.1 (3H, t ,  CH,*CH,), 8-7 (3H, S, CH,*C), 
8.45 (2H, m, CH,*CN,), 8.0 (lH, s, OH, disappears on 
deuteriation), 5.12 (ZH, dd, =CH,), and 4.77 (lH, dd, CH=). 

Reduction of But-2-yne-l,4-dioZ.-But-2-yne- 1,4-diol (8.6 
g, 0.1 mol) in dry tetrahydrofuran (20 ml) was added drop- 
wise with stirring to a slurry of lithium aluminium hydride 
(5.7 g, 0.15 mol) in dry ether (200 ml). The mixture was 
refluxed for 4 h and worked up as before and gave (i) buta- 
2,3-dien-l-o1 (0.14 g, 2%), b.p. 48-50' at 20 mmHg. A 
pure sample was prepared by g.1.c. (Carbowax 20M on 
chromosorb W;  120"), v,, 3300 (OH), 1960 (C=C=C), and 
840 (C=C=CH,) cm-1, g.1.c. tR 3 min (Carbowax; loo'), 
7 (CDCl,) 7.5 (lH, s, OH), 5-87 (2H, m, CH,*OH), 5.15 (2H, 
m, C%%H,), and 4-7 (lH, m, CH=C=CH,) ; data as for an 
authentic ~amp1e. l~  The other product (ii), but-Z-ene-1,4- 
diol (8.6 g, 98y0), had b.p. 84" a t  0-2 mmHg, vmaX. 3350 
(OH), 1660vw (C=C), and 980 (C=C, trans) cm-l. The di- 
acetate gave a single peak on g.l.c., tR 8.1 min; the diacetate 
of but-2-yne-1,4-diol tR 13.2 min. 

CH,-CH=), 7.78 (lH, S, OH), 5.92 (2H, d, J4.13, J1.5 0.75 Hz, 

Reduction of 2,5-Dinzethylhex-3-yne-2,5-dioZ.-(i) 2,5-Di- 
methylhex-3-yne-2,5-diol (14-2 g, 0.1 mol) in dry ether (20 
ml) was added t o  lithium aluminium hydride (3.8 g, 0.1 
mol) in ether (150 ml) and the mixture was refluxed for 4 h. 
Work-up in the usual way and distillation gave (a) 2,5-di- 
methylhexa-3,4-dien-Z-o1 (0.8 Q, 6%), b.p. 95' at 50 mmHg, 
vwx. 3350 (OH), 1960 (C=C=C), and 900 cm-l (HC=C=CH), 
g.1.c. tR 33 min (93%) (Carbowax 20M on Chromosorb W) 
with minor impurities, and (b) a mixture of 2,5-dimethylhex- 
3-yne-2,5-diol and 2,5-dimethylhex-3-ene-2,5-diol (1 1-5 g, 
80%), m.p. 101-102". Preparation and g.1.c. of the di- 
acetates of this mixture showed two peaks, tR 6 (56%) 
(2,5-dimethylhex-3-ene-2,5-diyl diacetate) and 10 min 
(44%) (2,5-dimethylhex-3-yne-2,5-diyl diacetate). 

(ii) Use of the Whiting conditions 9 but decomposing the 
excess of reagent with the minimum amount of cold water 
t o  avoid a constant ether extraction, and work-up with 
ether-chloroform gave (a) 2,5-dimethylhexa-3,4-dien-2-01 
(2.7 g, 51y0), b.p. 55" at 11 mmHg, vmX. 3350 (OH), 1970 
(C=C=C), and 880 cm-l (C=C%H), z 8-7 [6H, s, (CH,),C*OH], 
8.25 [6H, d, JJB1 3 Hz, (CH,),C=C%H], 8.10br (lH, s, OH), 
and 4-75 [lH, m, J1,4 3 Hz, (CH,),C=C=CH], and (b) a solid 
residue, 2,5-dimethy1hex-3-ene-2,5-diolJ m.p. 87' (from 
(petroleum-benzene) . 

6-Tetrahydropyran-2-yZoxylzex-2-en-4-yn-l-oZ (VIII) (with 
N. PUN JA) .-1-Tetrahydropyran-2-yloxyprop-Z-yne (140 g, 
1 mol) was added dropwise with stirring to sodamide 
[from sodium (23 g, 1 g atom)] in liquid ammonia (3.5 1). 
After 7 h, l-chloro-2,3-epoxypropane (46-5 g, 0.5 mol) was 
added and the mixture was stirred for ca. 12 h. Decomposi- 
tion was effected with ammonium chloride (60 g), excess of 
ammonia was evaporated off, and the residue was taken up 
in ether (200 ml). Distillation gave (a) unchanged l-tetra- 
hydropyran-2-yloxyprop-2-yne (74 g, 53%), b.p. 65-68' at 
9 mmHg, (b) 1-(2-fury1)-2-tetrahydropyran-2-yloxyethane 
(9 g, 9.2%), b.p. 84-90' at 0.9 mmHg, vlmx. 1640 (C=C), 
1600, 1510, 1440, 800, and 730 cm-l (aromatic C=C), A,= 
216 (E 5352) and 274 nni (823), g.1.c. tn 10 rnin (10% silicone 
oil on Chromosorb W; 150"), 7 (CDCl,) 8-39br (6H, s, 

CH*(CH.j,CH,), 7-8 (ZH, t, furyl-CH,), 5.8-6.6 (4H, m, 

CH*[CH,],.CH, and furyl-CH,*CH,) , 5.59 ( lH,  unresolved t, 

CHfCH,],*CH,), 3.92 ( lH,  dd, furan 3-H); 3-76 (lH, dd, 
furan 4-H), and 2-62 (lH, dd, furan-5H). Hydrolysis 
(HCl-MeOH) gave 2-(2-furyl)ethanolJ identical with an 
authentic sample.lo The third product (c) was 6-tetra- 
hydropyran-2-yloxyhes-2-en-4-yn-1-01 (27 g, %yo), b.p. 
108-llOo at 5 x 10-4 mmHg (Found: C, 67.1; H, 8.1. 
C1,H1,03 requires C, 67.3; H, 8.2%), v,, 3400 (OH), 2230 
(C=C), and 1640 (C=C) cm-1, Amax. 227 (E 13,500) and 236 nm 
(10,830) , g.1.c. tR 16 and 23 rnin (10% Silicone oil on Chromo- 
sorb W; 170") (cis- and trans-isomers). Treatment of a 
sample with base resulted in the disappearance of the 
isomer with tR 16 min, and more 1-(2-fury1)-2-tetrahydro- 
pyran-kyloxyethane was isolated ; hence the compound 
with tR 23 min must be the trans-isomer. 

Lithium Aluminium Hydride Reduction of 6-Tetrahyd.vo- 
pyran-2-yloxhex-2-en-4-yn-l-oZ (with N. PUN JA) .-6-Tetra- 
hydropyran-2-yloxyhex-2-en-4-yn-1-01 (6-7 g, 0.034 mol) 
in anhydrous ether (10 ml) was added dropwise with stirring 
t o  lithium aluminium hydride (1.3 g, 0.034 mol) in ether 

14 W. J. Bailey and C .  R. Pfeifer, J .  Org. Chem., 1966, 20, 96, 
1337. 
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(50 ml) . The mixture was refluxed (2 h) and cooled and the 
excess of lithium aluminium hydride was decomposed with 
the minimum amount of water. Ethereal extracts were 
distilled at atmospheric pressure and the residue gave a 
mixture of hexa-4,5-dien-l-ol and hex-4-yn-1-01 (2.7 g, 
79%), b.p. 42" at 1 mmHg, g.1.c. tR 4.2 (63%) and 5.4 rnin 
(37%) (20% Carbowax 20M on Chromosorb W;  100"). 
Separation by g.1.c. on Carbowax a t  160" gave (a) hexa-4,5- 
dien-1-01 (Found: C, 72.3; H ,  10-3. C,Hl00 requires C, 
73-4; H ,  10.3y0), v,, 3400 (OH), 1960 (C=C=C), and 845 
(C=C=CH,) cm-l, g.1.c. tR 14.5 min (20% Carbowax 20M on 
Chromosorb W ;  SO"),  T (CDCl,) 8.37 (2H, m, CH,*CH,*- 
CH,*OH), 8.1 ( lH,  S, OH), 7.8 (2H, dt ,  =CH*CH,CH,), 6.16 
(ZH, t ,  CH,*OH), 5.1 (2H, m, CH,=C=C), 4.6 (lH, m, 
C=C=CH), and (b) hex-4-yn-1-01 (Found: C, 72-15; H, 10.2. 
C,HloO requires C, 73.4; H,  10.3%), vmK 3350 (OH) cm-l, 
g.1.c. tR 19.8 min (20% Carbowax 20M on Chromosorb W; 
SO"),  T 8.2 (5H, m, CH,*CH,*CH,, CH,*C=), 8-12 ( lH,  s, 
OH), 7.7 (2H, m, 'CCH,), and 6.15 (2H, t ,  CH,*OH). 

7-Tetrahydropyran-2-yloxyhept-2-en-4-yn-l-ol.-(i) 4- 
Tetrahydropyran-2-yloxybut-1-yne (35.8 g, 0-233 mol) 
was added dropwise with stirring t o  sodamide [from sodium 
(6 g, 0-26 g atom)] in liquid ammonia (2 1). After 2 11, 
l-chloro-2,3-epoxypropane (1 1.4 g, 0.125 mol) was added 
and the mixture was stirred for ca. 12 11. Work-up as 
before and distillation gave (a)  unchanged 4-tetrahydro- 
pyran-2-yloxybut-1-yne (24 g), b.p. 42-44" at 1 mmHg, 
(b)  cis- and trans-7-tetra~tydro~yymn-2-yloxyhe~t-2-en-4-yn-l- 
ol (14-7 g, 30y0), b.p. 120-126" at 2 x lo-, mmHg (Found: 
C, 68-6; H,  8.5. C12HlBO3 requires C, 68.5; H ,  8.6%), vmX. 
3450 (OH), 2210 (C-C), 1640 (C=C), and 960 (C=C, trans) 
cm-l, A,, 227 (E 14,600), hbfl 236 nm (12,450), g.1.c. tR 
18 (450/) and 24 rnin (55%) (10% silicone oil on Chromosorb 

I 0-7 
W), T 8.35 (6H, S, CH*[CHJ,*CH,), 7.45 (2H, 111, CH,CH-- 

1-01 
CH-), 5.4 ( lH,  t ,  CH*[CH,],*CH,), 5.50-6.87 (7H, in, 

CH*[CH,],*CH,, CH,*O-CH*[CHJ3*CH,, CH,*OH and OH) , 
4.28 ( lH,  m, CH=CH*CH,), and 3.8 (lH, m, CH=CH*CH,). 

(ii) Use of lithium amide under essentially the same con- 
ditions gave (a) unchanged 4-tetrahydropyraii-2-yloxybut-l- 
y i e  (37 g, 68%), b.p. 40" at 0.7 mmHg, (b)  a fraction, b.p. 
114-130' at 5 x mmHg, which was separated by 
column chromatography on alumina into 1,2-epoxy-7- 

T--0-7 1-01 

tetrahydropyran-2-yloxyhept-4-yne (3 g, 8 yo), vmX. 3050 

(-CH-CH,) and 2210 cm-l ( E C ) ,  g.1.c. ta 15 min (10% 
silicone oil on Chromosorb W; 170°), T 8.35 (6H, m, 

CH[CH,],CH,), 7.10-7-7 (6H, m, CH,-EC-CH,-CH-CH,), 

6-95 ( lH,  m, CH-CH,), 6-6-7 (2H, m, CH*[CH.j,*CH,), 6.44 

(2H, t ,  O*CH,*CH,), and 5-39 ( lH,  t, O*CH*[CH,],*CH,), and 
cis- and trans-7-tetrahydropyran-2-yloxyhept-2-en-4-yn-1- 

The structure of the epoxide was confirmed by lithium 
aluminium hydride reduction to 7-tetrahydropyran-Z- 
yloxyhept-4-yn-2-01, b.p. 110-114" a t  5 x lod6 niniHg 
(Found: C, 67-8; H, 9-6. C12H2oO3 requires C, 67.9; H, 
9.5%), g.1.c. tR 14 (1076 silicone oil Chromosorb W; 170") 
and 31 min (20% Carbowax 20 M on Chromosorb W; 170°), 
T 8.74 (3H, d, CH,), 8-30br (6H, s, CH,*CH,*CH,), 7.5 (4H, 
m, CH2-C32*CH,), 7-05br ( lH,  s, OH, disappears on deu- 

teriation), 6.1 (5H, m, CH*[CH,J,*CH,, CH(OH)*CH,, 

CH,*O-CH*[CH,],*CH,), and 5-19 ( lH,  t, CH*[CHJ,CH,), 
identical with an authentic specimen synthesised from 
4-tetrahydropyran-2-yloxybut- 1-yne and 1 , 2-epoxypropane. 

7-Tetrahydropyran-2-yZoxyhe~ta-3,4-dien-1-01 (XIII) .-7- 
Tetrahydropyran-Z-yloxyhept-2-en-4-yn- 1-01 (5 g, 0.025 mol) 
in dry ether (15 ml) was added dropwise with stirring t o  
lithium aluminium hydride (1.82 g, 0.043 mol) in ether 
(100 ml). The mixture was refluxed for 4 h then worked 
up to give 7-tetrahydro~yran-2-yloxyhepta-3,4-dien-l-ol (4.7 
g, 93y0), b.p. 126-132" at mmHg (Found: C, 67.8; H, 
9.7. C12H20O3 requires C, 67.9; H, 9.5%), vmaK 3420 (OH), 
1970 (C=cFC), and 870 (CH=C=CH) cm-l, g.1.c. t R  16 min 
(10% silicone oil on Chromosorb W; 170°), T 8.35 (6H, s, 

-CH*[CH,],*CH,) , 7.94-7.55 (4H, m, CH,*CH=C=CH*CH,), 
7.6 (lH, s, OH, disappears on deuteriation), 6.3 (4H, m, 

CH,-OH and CH2*OThp), 6-7-5-9 (2H, m, CH*[CH,],CH,), 

5.4 ( lH,  t, CH*[CH,],CH,), and 4.7-5 (2H, m, CH=C=CH). 
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