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Irradiation (A= 300 nm) of l,l,l-trifluoro-3-decyn-2-e in the pre- 

sence of olefins affords m-reduction products (tertiary alcchols) in 

additim to [2+2] -(oxetans) and [3+2] -(dtiydrofurans) cyclmdducts. 

Irradiation of conjugated acetylenic ketmes in the presence of alke- 

nes, e.g. 3-pentyn-2-e and 2,3-d.imethyl-2-but, affords oxetans as well 

as 2,3-dihydrofuxans, both products arising fran a cammn 1,4-biradical in- 

temediate which frequently differs in spin state for the two types of addi- 

tion (l-31. As we had already found a proncunced influence of an a.-fluoro 

substituenton the~otcchmicalbehaviour of cyclcalkanones [4] and 2-cy- 

cloalkenones [5,6] , we decided to investigate in what manner fluorine sub- 

stituents would affect the above rmzntioned reactims of ynones. We nm re- 

port results on the photcchemical behavior of 1,1,1-trifluoro-3-decyn-2-one 

(1) in the presence of various olefins. 

RESJLaTS AND DISCUSSION 

We fir&examined the r-&ion of lwith 2,3-dimthyl-2-but (31, 

2-methylpropene (2b) and 2-methoxypropene (2). Irradiatim (b= 300 m) Of - - 

a benzene solution of these addends yields the oxetans 1 - 2, the 2,3_dihy- 

drofurans~and~,aswell as the tertiaryalc&ols8and~ (the spectial 

data of a mixture of 8a and 2 have already been reported. [21). 'Ihe overall - 

0022-l 139/86/$3.50 0 Elsevier Sequoia/Printed in The Netherlands 



430 

yield of these products, determined by measuring the conversion of _l_ 

against an internal standard by GC, lies in the range of 25 - 45%. The 

relative prcduct distributicm is given in Table 1. Attempted gas chrcma- 

tographic isolation of the RH-reduction products 9b and 9c led to fom- - - 

tion of dienes lob and B, respectively. 
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TABLE 1 

Product yields in reactions 1 + 2 

Olefin Relative yield OVerall 

Product 3 4 5 6 7 8 9 ____ 

2a 36 a - 42 14 8 30% - 
2b 36 b 17 7 25 15 c 25% - 
2c 46 11 11 21 11 d - 45% - 

a 3a = 4a =s; b 3b=4b; ' 8b=9&; d 8c = 9c . -- - - -- 

The assignment of the structures of the photoproducts is based on 

their 'H-NMFt - (Table 2) and mass spectra (Table 3). The predcmiMnt ori- 

entationof additionof the alkenes 2b and 2c toexcited1leading topro- -- 
ducts with the CH2-group vicinal to oxygen is proven by the chemical shift 

and themagnitude of thegeminal coupling constant of themethylenehydro- 

gens ( 6= 4.7 - 4.1 ppm, J = 6 Hz for axetans 2 and 4, and J = 11 Hz for 

dihydrofurans 5 andz, respectively ). The corresponding AB-system for 

oxetan 5c appears at &= 3.5 ppm with J = 10.6 Hz. Differentiation between - 

E- and Z - dihydrofurans 5 and 1 is straightforward by analysis of the vi- 

cinal coupling constant of the olefinic protons, J = 17 and 10 Hz, respec- 

tively. As for the mass spectra, the oxetans arecharacterissdbybase 

peaks corresponding to the mass of the alkene radical cation formad via 

retro [2+2] cleavage. 

Canparing the results obtained fran1and2with those of similar me- 

thyl ketones (3-pentyn-2-one, 3-decyn-2-one, 5,5-dimsthyl-3-heqn-2-one) 

[1,2] with the same olefins shows that the relative amount 

2,3-dihydrofurans increases for the trifluoroalkyna, and 

of product (g and 9, is fonted fran 1. The first effect is 

influence of CF3 vs. C!H~ on the bahaviour of 1,4-biradical 

tensiblybeing favoured forX = F. 
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TABLE 2 

1 
H-NMR Spectroscopic Data of Photoproducts (in cDc13) 

3a - 

3b - 

3c - 

4c - 

5b - 

6b - 

6c - 

7a - 

-?C - 

8a - 

9a - 

lob - 

1Oc - 

13a - 

13b - 

14a - 

14b - 

17 - 

X; 1.38, 1.19, 1.05, 0.81 (s, CH3). 

4.50 and 4.11 (AS, J = 5.2): X); 1.00, 0.86 (s, CH3'. 

4.55 and 4.38 (AB, J = 6.4); 3.32 (s, W13); X); I.26 (s, CH3). 

4.73 and 4.20 (AB, J = 6.0); 3.32 (s, EH3); Xl; 1.47 (s, CH3). 

3.62 and 3.47 (AB, J = 10.6); x); 1.30 (s, 6H, CH3). 

6.11 (dq, J = 17.0, 1.5) and 5.87 (dt, J = 17.0, 7.2), olefinic; 

4.05 (s, 21, cm22); Y); 1.12 (s, 6~, cx3). 

6.16 (dq, J = 16.0, 1.6) and 6.12 (dt, J = 16.0, 7.1), olefinic; 

4.47 and 4.09 (AB, J = 11.2); 3.22 (s, EH3); Y); 1.44 (s, CT&'. 

5.63 (dt, J = 9.0, 6.5) and 5.46 (dq, J = 9.0, 1.5), olefinic; 

Y ; 1.31 (s, 6~, CH~); 0.98 (s, 6H, CR_?). 

5.76 (dt, J = 11.0, 7.0) and 5.60 (dq, J = 11.0, 2.0), olefinic; 

4.11 (s, w, ocx2); Y); 1.31 (s, 6H, cH3). 

5.79 (dt, J = 11.5, 7.2) and 5.62 (dq, J = 11.5, 1.61, olefbici 

4.53 and 4.11 (xi, J = 11.3); 3.22 (s, ocH3): Y); 1.37 (Sr E33'- 

2.75 and 2.55 (AB, J = 14.0); XI; 1.86 k, CJf,): 1.76 (sv 6H). 

5.03 (s, IH); 5.00 (s, 1H); X): 1.94 (s, cH3); 1.35 (s, 6% %_?I. 

5.04 (s, 1~); 5.00 (s, 1H); 4.47 (m, 1H); X); 1.77 (s, cH_?). 

4.59 (m, 1~); 4.07 (s, IH); 4.04 (s, 1H); 3.42 (s, m_3): Xl: 

4.70 (m, lo), 4.52 (m, W), 3.69 (m, IH), 3.42 (m, AH), 0cH-i 

X ; 1.23 (t, CB3). 

4.95 (m, IH), 4.65 (m, W), oM_; Xl; 1.31 (St % e3)- 

4.64 (m, 3H), 3.68 (m, lH), 3.54 (m, IH), CC$ X); 1.18 (t, CH3). 

4.75 (m, W), 4.50 (m, IH), K!$ X); 1.19 (s, 9H, q3). 

6.27 and 5.40 (d , J = 3.6, e); X). 

x 2.30 (t, W); 1.60-1.20 (m, 8H); 0.90 (t, 3H). 

Y 2.08 (m, W); 1.55-1.20 (m, 6H); 0.90 (t, 3H). 
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TABLE 3 

Mass Spectroscopic Data of Photoproducts a 

Monccwlic Oxetans 

3a - 

3b - 

3c - 

4c - 

5b - 

13a - 

13b - 

14a - 

14b - 

7a - 

7b - 

7c - 

8a + 9a : 290 (M+, l%), 83 100%) -- (C6H,,+, 

IOc : 260 (M*, 4%) , 190 (M+ - 33%), 72 - C5Hg, (100%) 

17 : 292 (M*, 0.2%), 179 (M* - + - [CF3 C021, lOO%), 

86 (C3H203*, 37%) 

Mi 

290 (4%) 

262 (0.5%) 

278 (5.3%) 

278 (0.5%) 

262 (0.5%) 

278 (0.9%) 

306 (0.1%) 

278 (0.8%) 

306 (0.2%) 

Mi 

290 (40%) 

262 (59%) 

278 (26%) 

M* - C10H13F30 b 
Other 

84 (100%) 

56 (100%) 

72 (100%) 

72 (100%) 

56 (100%) 

72 (100%) 

100 (6%) 

72 (100%) 

100 (4%) 

M* -CH3 

275 (48%) 

247 (30%) 

263 (30%) 

57 (C4H9+, 100%) 

57 (C4Hg+, 100%) 

base peak 

41 

43 

43 

a Mass spectra recordedat eV 

b 
C10H13F30 = ketcne _1. 
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The second effect is connected to the fact that1 is n-ore easily redu- 

ced than the corresponding methyl ketone (El,2 vs. XX, Pt-cathode, in 

CX3CN with lo-'M Eu4NC104: I= - 1.39 v, 3-decyn-?-me = -2.11 V) and - 

therefore excited 1 becones mre susceptible to electron transfer (et) 

frcxn the olefin; proton trmsfer (pt) in the radical ion pair and coupling 

of the resulting radicals &en leads to 8 and 2 , respectively. 

_1_‘+2 
et 

P R' 
CF3-$-CzC-C6H13 + 

/CHz 
R**R3 - s*zL 

We next studied the reacticm of _l_ with ethoxyethylene (M) and t-bu- 

toxyethylene (12b). For both vinyl ethers I:1 mixtures of diasterecmric - 

axetans 13 and 14 were obtained selectively and in very good yields (90%), - - 

the 'H NMR spectra indicating that the orientation of addition of 12 to ex- - 

cited 1 is the sam as that for alkenes 1. A similar preference for [2+21 

addition was noted in the cycloaddition of 3-pentyn-2-e and ketene di- 

ethyl acetal [31. The reasons for this different behaviour of 1,4-biradical 

15 frcan alkoxyalkenes, giving only [2+2] products is not yet fully under- - 

Stood. 

1 + =/OR h.v 
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Further, irradiation of 1 and 1,3-dioxol-2-one (16) gave one bicyclic - 

oxetan product 17 selectively, albeit in lcw yield (20%). Again, as for - 

the diasterecmeric oxetans 3c and&, 13 andfi,andoxetanz, the - - 

assignment of the configuration of 17, based, on 'H-NMR- and mass spec- 

troscopic data alone, is not possible. 

1 
h,V 

+ 0 

16 
12 

Finallywaundertookquenching studies on the reactionsbetween1and 

2a as well as 1 and ILa. In the first series of experiments (A= 350 nm), - - 

naphthalene quenched the appearance of all three products at about the 

same rate, thus indicating that they couldallbe formed fran the sane 

triplet state of _1. Stem-Volxwr kinetics fran both experiments indicate 

that the lifetime of this quenchable triplet species frcm 1 is of the 

same order of magnitude as that of triplet 3-pentyn-2_ane, i.e. about - 

0.5 ns . 

General 

Absorpticns in the IR spectra are given in cm -'. The chemical shifts 

in the 400~MHz 'H-NMR spectra are given in ppm relative to TMS (coupling 

constants J in Hz). Mass spectra ware recorded at 70 eV. Analytical Gc was 

performed cn a SE 30 capillary column. Preparative GC separaticms wzre run 

on 8m 2.5% SE 30 (column A), 4m 5% SE 30 (column EJ or 8m 10% OV 17 

(column C) . 

starting Materials 

Trifluoradecyn~e 1 [7], t-butaxyethylene (m) [8] and 1,3-dioxol-2- 

one [9] ware synthesizedaccordingtotheliterature. Aucenesa,2b, 2cand - 

12awrepurchasedfranFWKAAG. - 
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Photolyses 

These were performed in a Rayonet RPR-100 photoreactor using 300 nm 

lamps. Thus argcm-degassed solutions of 206 n-g (10B3 ml) 1 and 2.5 .10-2 _ 

mol alkene in 50 ml benzene were irradiated for 50 - 80 h. Products ware iso- 

lated by pre_mative gas chromatography, all being liquids or oils. 

Quenching Studies 

Tbe same photoreactor equippedwith a merry-go-round setup and 350 nm 

lampswasused.Thequencher (naphthalene) cmcentrationmriedfrcm 0 -2~. 

Irradiation of 1 with alkenes 

With 2,3-d.imethyl-2-butene ( 2a) 

Separatism on column g (135 O, isotherm.) afforded three fractions, 

first 4-(Z-l-heptenyl)-2,2,3,3,-tetramethyl-5-trifluoranethyl-2,3-dihydro- 

furan (&) , seccmd 2-(l-cctinyl)-2-trifluoraxethyl-3,3,4,4-tetramethyl- 

oxetan (&), and third a 2:l mixture of 2,3-dimthyl-5-trifluorcmethyl-2- 

tridecen-6-in-S-o1 (8a) and 2,3,3-trimethyl-4-trifluoramethyl-l-dcdecen- - 
5-in-4-01 (&), IR @X4): 3600, 3550-3300, 2240. 

With 2-mathylpropene (2b) 

Separation on column C (160' , isotherm.) afforded tm fractims, 

first a 4:2:1 mixture of 4-(Z-l-heptenyl)-3,3-d.imethyl-5-trifluomthyl- 

2,3-dihydmfuran (z), 2-mathyl-4-trifluorm&hyl-l,3+odecadien-5-in 

(m) and 4-(0l-heptenyl)-dihydrofuran 6&; sex& a 2:l mixture of the 

regioisumric 3,3- and 4,4*thyl - 2- (1 -octinyl)-2+rifluomnethyl- 

oxetans 3b and 5b. -- 

With 2-methoxypropene (2~) 

Separation on coluam g (100 - 200°, 2O/min) affordedthree fracticms, 

first a 2:l mixture of the dias tereumxicEandZ- 4- ( 1 -kkqte.nyl) -5-tri- 

fluormethyl-3~tbmy-3-rf&hyl-2,3-dihydmfurans 6c and z, second a 1 :I - 

rmxture of cis 3+&hoxy-3~l-2-(l-octinyl)-2-trifluomthyloxetan 

(2) and 2inethoxy-4-trifluoranethyl-l,3-do%xdie.n-5-in (I&), and third 

plre trans-3-methoxy-3%thyl-2- (1 -cctinyl)-2-trifl~mthyloxetan (4c). - 
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Withethylvinylether (12a) 

sfqaration on column B (100 - 2000, 2O/min) afforded tm fractions, 

each one containing one diasterecmric 2-(l-octinyl)-2-trifluorawthyl- 

3-ethoxyoxetan (13a & E). - 

With t-butoxyethylene (1,233) 

Separation (ccmditions as forethylvinylether) affordedpurediaste- 

remeric 2- (1 dctinyl)-2_trifl~~thyl_3_t;butoxyoxetans 13b & 14b. -- 

With 1,3-dioxol-2-e (16) 

The min product, 7-(I-octinyl)-7-trifluorawk.hyl-2,4,6-trioxabicyclo 

[3.2.Okptan-3~me was isolated cm colmm & (180°, is&l-mm.), IR (aX4): 

2280, 1865. 
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