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STEREOSELECTIVE SYNTHESIS OF UNSATURATED OXETANES 
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Ahstmct -Butynones 1 and 1 add on alkenes under UV i rmdiat ion to afford 

a-alkynylaretones. The oretanes obtained wtth cyclic alkenes have been shown to 

hove the tr ip le bond G o .  Adducts with fumn hove been converted to  an 

a-vinyloretone 6 having the double bond m. 

1 2 .  The Paterno-Buchi reaction has been well documented far i t s  synthetic and mechanistic implications. For 

instance, additmn of carbonyl compounds on alkenes gives oxetanes, which have been used as synthons for 

1 natural product synthesis (Equation 1). 

h V  synrhon 
Equation f 

R asteltoxln ( l a )  

R 

The stereoselectivity of  these reactions is usually high: the major oxetane is always the least hindered 

isomer, as a result of  minimization of  the steric interactions i n  the intermediate biradica12". Thus, 

reaction o f  an aldehyde or a methyl ketone on a cyclic alkene leads wi th  high stereoselectivity t o  bicyclic 

ox=tanes having the hydrogen or the methyl group endo (Scheme 1). With 3-alkyn--2-ones, s different 

stereoselectivity can be expected: the major oxetane should now be the isomer having an endo R chain. 

Because of the very small stericsl requirement o f  the t r ip le bond', the methyl group is now expected 

Scheme 1 



t o  be the more bulky srbstituent and to  occupy the ex0 position (Scheme I). Subsequent chemical 

modifications from the tr ip le bond should thus provide access to  new functionalired oxetanes, wi th a 

stereochemistry which is not accessible by another route. It is very surprising t o  note that this 

5 stereochemical study has never been envisaged i n  the reports dealing wi th synthesis of slkynyloxetanes . 
6 I n  this paper, we report a stereochemical study o f  [2+2l cycloaddition of 4-trimethylsilyl-3-butyn-?-one 1 

onto slkenes. 

Preparation o f  oxetanes 

The results of preparative experiments are reported in  Table 1. The ynone i r e a c t e d  with cyclohexene and 

fursn and gave the expected axetanes a end a as the major products isolated from the reaction 

mixture. Similarly, tetramethylethylene yields es the only product o f  the reaction, beside8 polymeric 

material. In contrast, no axetane was isolated from dihydropyrsn cycloaddition. 

rclohexene hexane 

fursn 1 0.8 1 97 1 cyclahexane 

:tramethyl 
ethylene 

dlhydro ' I I 97 

hexane 
w a n  

Table Irradiation of Alkynone 1 (0.15 M) with Alkenes 

(The yields refer t o  isolated and purif ied oxetanes) 

The structures of the oxetanes were established by spectroscopic techniques, and were consistent wi th 

Literature data1'3'5p7918: the C-0-C vibration band appears as the strongest band i n  the infrared spectrum 

around 980 cm-1 whereas the typical resonances of the r ing protons and carbons were present i n  the nmr 
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spectra (see Table 2). A l l  the assignment6 were confirmed by decoupling and COSY techniques. Reaction of 

ynane 1 with furan leads to  a mixture a( two isomers a end 3 whmh were separated by preparative th in 

layer chromatography (Table 1). With cyclohexene, a single oxetane was detected i n  the crude reaction 

mixture by spectroscopic o f  chromatographic technniques. Nevertheless, products resulting from hydrogen 

Ba abstraction processes were isolated . 
With dihydrapyran, hydrogen abstraction processes became so efficient that axetane format~on could not 

compete anymore. With cyclohexene, we also isolated in 7% yield 9-trimethylsilyinon-6-en-8-ynal, 

resulting from alef in metathesisBbpc. 

Despite the moderate y ie ld i n  isolated products, the reactions are convenient for the preparation o f  

axetanes 2-3 smce several grams can be obtained from a single irradiation on a 500 m l  scale, because of  

the high concentration of the reactants and the easy separation of the products. Furthermore, these 

1 b reactants are cheap, or easily accessible. The crude reaction mixtures can be used fo r  further reactions . 
Stereochemistry of  the oxetanes 

Determmation of  the stereochemistry of cyclic compounds is usually achieved with help of nmr spectra. 

But i n  contrast t o  sir-membered r ing  compounds, coupling constants are o f  l m l e  help for oxetanes, since 

the difference between the coupling constants S i s  end Jtrans of vicinal protons is often too small t o  be 

r e ~ ~ a b l e ~ ' ' ~ .  Other methods, l i ke  determination of pseudo-contact shifts3"' or analysis of  the shielding of 

r ing  protons by methyl groups12, are best used when a l l  stereoisomers are available, and that was not the 

1 1  
case wi th 2 . The stereachemistrieo of 5 2 and b were determined using nuclear Overhauser effect 

14 
(noe l  . 

2 33 u 
Scheme 2: Nuclear Overhauser Effect on Alkynyloxetaneg 



Oxetsnes 5 2 and were very suitable for this technique, because of their sharp methyl signal. We had 

to  f ind out solvent conditions where the Ha resonance (Scheme 2) was as far away as poss~ble from the 

irradiated methyl group. This was best achieved w ing  COZC12 for 2 and C6D6 for 2 and a. Irradiation o f  

the methyl resonances resulted in  a strong exaltation (30%) of the in tens~ty  of the signals of r ing protons 

Ha of 2 and a (Scheme 2). The effect on Hb was much smeller: 10% far Hb of 2 ;  for a the change in  

fir;ure 1 : Computed NOE on Oxetane 2 

signal area was too small as compared 

with the accuracy of the integration 

technique, and i n  that case, we used 

pulsed nmr t o  confirm the nOe. Flgure 1 

shows the computed drfference between 

the spectra obtained with and without 

irradlstion of the methyl a t  1.56 ppm ; 

the strong positive nOe on Ha (at  3.10 

ppm) is confirmed ; there is also a net 

effect on Hb (at 5.90 although it is 

much smaller than for Ha. In contrast, no 

effect could be detected an the protons 

of isomer neither by continuous wave 

nor by pulsed nmr techniques. 

These results are consistent with the stereochemtstries shown i n  Scheme 2 for 3 2 and 3b: the oxetanes2 

and a have their methyl  group on the same side of the four-membered r ing than Ha and Hb, their r i ng  

junction is thus as, and their alkynyl group is endo. The minor o x e t a n e x  has i ts methyl group too remote 

13 
from Ha and Hb to  inFluence them, and i ts alkynyl group is thus ex0 . 
The knowledge of the stereochemistries allows explanation of the large differences observed i n  the nmr 

spectra of our oxetsnes (Table 2): it appearr that the anisatropy o f  the t r ip le bond has l i t t l e  effect, end 

that the major factors influencing the chemical shifts are methyl anisotropy for r ing protans12 and 

y-gauche effects for carbons15 bound to  the four-membered ring. 

Proton NMR Carbon NMR 
I 

Ha Hb kk Hd Me - CCTMS 

3a 3.10 5.90 6.40 5.10 29.91 105.04 - 
3b 3.65 6.20 6.20 4.56 24.58 108.73 - 

Table 2: Chemical Shifts o f  Protons and Carbons of 2 and i n  C 6 0 s  ( in ppm) 
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The Paterno-Buchi reaction of a-alkynyl ketone 1 thus appears t o  proceed with a good stereoselectivity, 

giving, as we expected, the t r ip le bond endo. It seemed thus possible, starting from a-aikynyl oxetanes, t o  

prepare new oxetanes possessing the more bulky group endo. To check this pouibi l i ty ,  we explored the 

access t o  vinyloxetane 6 from 2. 

Synthesis o f  vinyloxetane 6 

Vinyl- or alkenyloxetanes are ususlly not obtained by photoaddition of enones on alkenes 1c916,17. Whereas 

the Paterno-Buchi reaction is compatible w i th  the  presence of several unsaturated groups conjugated with 

3 5 the reactive carbonyl, such as an aryl  . an other carbanyl18, or an alkynyl , alkenyloxetanes can only be 

obtained from conjugated enalsla*", from cyclopentenones and c y c i o h e x e n ~ n e s ~ ~ ,  but not from acyclic 

Scheme , 3  

Attempts t o  reduce the tr ip le bond of 2 by red-Ai or by catalytic hydrogenation resulted only i n  cleavage 

of the four-membered ring. We fe l t  that this situation might be the result o f  steric hindrance o f  the 

14 trimethylsi lyl group, and we converted Ja t o  5 i n  98% yield wi th Cesium fluoride . 
The oxetane 5 w a s  also obtained i n  low yield by photoaddition of b u t y n o n e ~ a n  furan, se an only oxetane 

(Scheme 3). Unfortunately, this reaction leads to extensive polymerization, resulting even i n  a deposit of  
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3b : oily ; H-nmr (C6D6) : 6.20 ( 1 4  and 3 4 ,  m), 4.56 ( 4 - 4  t, J=3 Hz), 3.65 (5-H, m!, 1.51 (&Me), 0.21 ( 9 4  - 
s). C-nmr (C6D6) : 149.57 (d, 1-0, 108.73 (s, 6-0 ,  105.72 (d, 1-C), 100.38 (d, 4-C), 90.80 (81, 82.80 (8). 

56.02 (d, 5-C), 24.58 (q, 6-Me), 0.16 (q). Ir (CHC13) : 3000, 2170, 1605, 1450, 1370, 1280, 1260, 1250, 1155, 

1130, 1095, 1045, 1015, 975, 940, 900, 850, 825. Mass : m l r  = 208, 193, 165, 125, 109, 97, 91, 83, 73, 68. 

2,3,3,4,4-PentamethyI-2-(2-trimethylsilyl?thyylxetane Q : isolated from 4.2 g of 1 i n  21% yield. This 

oxetane was chromatographed wi th  ethyl acetate (10%) i n  l ight  petroleum as mobile phase. Oi ly ; H-nmr 

(C D ) . 1 52 (s, 3H), 1.116 (s, 3H), 1.27 (s, 3H), 1.14 (s, 3H), 0.96 (s, 3H), 0.18 (s, 9H). C-nmr (C6D6) : 109.73 
6 6 "  

(s, 2 - 0 ,  90.98 (s), 84.54 (s), 79.32 (s, 4-C), 44.02 (s, 3 - 0 ,  26.12 (q), 26.05 (q), 25.71 (q), 22.44 (q), 19.77 (q), 

0.01 (q). Ir (CC14 : 3000, 2980, 2170, 1470, 1390, 1370, 1250, 1215, 1150, 1135, 1110, 1070, 935, 850, 840. 

Mass : m l r  = 224 (3%), 209, 166, 151 (TI%), 84 (loo%), 83, 75, 73, 69, 59. k m s  : calc. far C13HZ40Si : 

224.1594, found : 224.1582. 

Desilylatian of Oxetane : a solution o f  2 (100 mg) in  acetonitrile (5 ml) was added under an 

atmosphere of Argon to  dry Ceslum fluoride (75 mg). Af ter  stirr ing a t  room temperature for  2 h, a new 

compound was obtained i n  quantitative yield. It was isolated by f i l t rat ion fallowed by evaporation of the 

solvent : 6-ethynyl -6 -methyl -Z ,7 -d ioxabi~y~1~~3.2 .0hpt -3 -  2: K n m r  (CDCI3) : 6.67 (3-H, m!, 6.20 ( 1 - 4  

dd, JA.25 and 0.75 Hz), 5.35 ( 4 - 4  dd, J=3 and 3 Hz), 3.75 (5-H, ddd, J=4.25, 3 and 1.25 Hz), 2.70 (lH, s), 

1.85 (3H, s). Ir (CHC13) : 3310, 3030, 2990, 2940, 1605, 1450, 1370, 1275, 1230-1200, 1130, 1075, 1045, 

1020, 980, 955, 938, 900, 860, 845, 820, 640. Mass : m h  = 136 (2%). 119, 118, 107, 79, 77, 69, 68 (loo%), 57, 

53, 51. 

Irradiation of Butynone 6 with Furan : 6 (204 mg) was irradiated for 97 h a t  -30DC in a mixture o f  furan 

(1.1 ml)  and hexane (20 ml). The H-nmr spectrum of  the crude reaction mixture shows the presence of two 

oxetanes in a ra t io  of 9:l. The major isomer was isolated by thm layer chromatography, and was identif ied 

t o  2 by i ts chromatographic and spectroscopic properties. 

Hydroqenation o f  Oxetane 2 :  2 (150 mg) was stirred wi th Lindlar catalyst (25 mg), quinoline (6.5 mg) i n  

THF (5 ml), i n  Hydrogen atmosphere. After uptake of 1 equivalent of Hydrogen, the crude reaction mixture 

was f i l tered on celite, the solvent was evaporated, and the axetane 6 was rsolated by th in layer 

chromatography. 

6-Viny1-6-methyl-2,7-dioxabi~y~10~3.2.01hept-3- 5: oi ly ; H-nmr (CDCI3) : 6.50 (3-H, m), 6.20 (I-H, dd, 

J=5 and 1 Hz), 5.90 (6a-H, dd, J=10 and 17 Hz), 5.20 (6b -4  dd, J=17 and 2 Hz), 5.10 (6b-H, dd, J=10 end 

2 Hz), 4.98 (4.4 t, J=3 Hz), 3.70 ( 5 4 ,  m), 1.62 ( 3 4  s). Ir (CC14) : 3050, 1740, 1610, 1380, 1260, 1130, 1045, 

985. 930, 815. 

Nuclear Overhauser Effect Experiments : the oxetanes (12 mg) were dissolved i n  the appropriate solvent 

(0.9 ml) and the solution was degassed by three freeze-and-pump cycles, before the nmr tube was sealed. 

The values indicated i n  scheme 2 are the average obtained from 10 experiments. 
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