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THE PHOTOALKYLATION OF CYCLIC ETHERS 

I. ROSHNTHAL~ and D. Em 
Daniel Sieff &sax& Institute, The Weipnann Institute of Scknce, Rehovoth, Israel 

(Received 8 Notwmber 1966; accepted for publication 20 January 1967) 

Abatmct-‘l’lm acetone, acetophenone and benzophenonainitiated photochemical alkylation of cyclic 
ethers with ok&s is described. Alpha-alkykted cyclic ethers were obtained as the l:l-adducts in 
yields of up to 40% with terminal okiins, and yields of up to 82% with a&unsaturated esters. 

INTRODUCTION 

THB free radical alkylation of both aliphatic and cyclic ethers with a variety of un- 
saturated substrates has recently attracted the attention of a number of research 
group~.~ The direct alkylation of ethers with oleCns involving radical intermediates 
serves as a useful synthetic method for the production of allqlated ethers. Ether free 
radicals have been reported to be relatively unstable at elevated temperatures and tend 
to undergo disproportionation which in the case of cyclic ethers results in decyclization 
of the ether ring. e Thus, some of the free radical alkylation reactions carried out at 
elevated temperatures may be unsuitable for the preparation of the alkylated ethers. 
This fact makes the photochemical addition reactions of increased value, since they 
are carried out at room temperature and the cyclic ether radicals produced under these 
conditions do not undergo ring decyclization. 

The present study of the photoaddition of cyclic ethers to olefin@ was undertaken 
with the aim of fInding a general and simple process for the production of alkylated 
ether derivatives which might be applied to isolated olefinic bon& as well as to 
“activated” double bonds (i.e. a&unsaturated esters). 

RESULTS 

Cyclic ethers, such as tetrahydrofuran, tetrahydropyran and 1 J-dioxan were found 
to undergo a ketone-initiated photochemical addition to terminal oleGns as well as to 
ethyl maleate and fumarate. U It has been show&lo that this reaction can be induced 
directly by light or initiated photochemically by acetone, acetophenone or bcnzo- 
phenone, the latter cases furnishing higher yields of the l:l-adducts. The 1: l- 
addition products obtained were the derived alpha-alkylated cyclic ethers. The 

1 In partial fulfillment of the requirements for a Ph.D degree submitted to the Felnberg Graduate 
School of The Weizmann Institute of Sckncc. 

a l T. J. Wallace and R J. Gritter, Tetrahedron 19, 657 (1963); b T. J. Wallace, R. J. Gritter and 
I-I. G. Walsh, Nature, Lund. l9@, 284 (1963) and Ref cited therein. 

a J. Diekmann and C. J. Pedersen, J. Oqq. Chem. 28,2879 (1963). 
4 R L. Jacobs and 0. G. E&e, J. Org. Chem. 28.3036 (1963). 
b N. I. Shuikin and B. L. I.&e&v, Izrmr. Akud. Nauk. SSSR Ser. K&n. 533 (1962). 
0 K. Yoshida and S. Tsutsumi, Tetruheakm Letters No. 26,247 (1965). 
’ M. J. Czksla, K. F. Mueller and 0. Jones, TetruheuVon Letters No. 8.813 (1966). 
@ R. C. Cookson, I. D. R. Stevens and C. T. Watts, Glum. Conawr. l2,259 (l%S). 
’ Cf. T. J. Wallace and R. J. Gritter, J Org. Chmt. 27,3067 (1%2). 

lo For a preliminary note see D. Ekd and R. D. Youssefyeh, J. Org Chem. 2!3,2031(1964). 
x1 Smw isomerlzation of the f umarate to the makate taku place in the course of the reaction (see 

Ref 27). it is possibk that addition of the cyclic ether to thb system oaxam exclusively through 
the makate. 

3193 



3194 L R~SEIWLU and D. E!LAD 

present paper includes full details of the reactions studied as well as their application 
to a variety of cases using different photoinitiators,” and a full description of the 
various products obtained. These reactions with terminal olefins and diethyl maleate 
or fumarate can be summarized as follows, 

X 

0 hv 
+ R-CH=CH* l 

Acstone, aoetopbenone 
0 or bmzophenone 

X 

0 + HC-COOEt 

0 

X- 

X 

Cl- 0 
CH,CH,R 

X o- c HCOOEt 
0 

CH,COOEt 

The reactions investigated and the main products obtained are s . ed in Table 1. 
The 1: 1-adducts were identifkd by means of their physical properties, elemental 

analyses, IR, NMR, and mass spectra, as well as by comparison with authentic 
samples. The esters were characterized similarly and were further hydrolysed to the 
corresponding dicarboxylic acids. Reaction products corresponding to addition 
compounds between an ether and more than one molecule of olefin (such as poly- 
substituted ethers and telomers) were obtained in lesser yields and identiikd by the 
same manner. Carbon-carbon unsaturation was detected in some of the telomers and 
resulted probably from disproportionation which is one of the possible termination 
steps of the assumed chain reaction (uide infra). Mass spectral determination of a 
telomeric product isolated from the reaction of l&dioxan and 1-octene suggests the 
following partial structure, 

0 

R 
+I- 0 

CH=.~H=CHCHrR 

~H-=CH-CH~R 

(Molecular peak of m/e 422, and the following fragment-ion peaks at m/e 337, 309, 
199, 87.) 

Catalytic hydrogenation of this product on palladized charcoal gave the corre- 
sponding dihydro product which was characterized by means of its mass spectrum. 
(Molecular peak of m/e 424, and the following fragment-ion peaks at m/e 423, 339, 
311, 199, 87.) 

11 The term “photcwansitizer” (or sensitimr) is used in this article for a compound which initiates a 
photochemical process through light absorption and does not undergo a chemical change itself. 
The term “photoinitiator” is used for a compound which undergoes a chemical transformation 
while initiating a photochemical reaction. 
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TALU 1. hDmON PRODUCIX OF CYCLIC ETIiEM AND UNSATURAT@D CXXPOUNDS 

Cyclic Ether Okfill 
PrOdUCt 

(1: l-adduct) 

Yields (%)* 

Acetone Aatophenone Benzophenone 

Tetrahydro- 1-Heptene 2-Heptyltetrahydro- 170; 35’ 
furan furan 

I-Octene 2-Octyltetrahydro- 20” 
furan 

l-Decent ZDecyltetrahydro- 
furan 

18O; 386 

Diethyl 
Maleate 

Diethyl 
Tetrahydrofuryl 
SUccinatc 

48” w; w 33” 

Tefrahydro- I-Heptene 2-Heptyltetrahydro- 1 6e 

PYW PYran 

l-Octene 2-octyltetrahydro- 22” 

PY-=m 

l-Decene 2-DecyltetrahydrC+ 240 

PYran 

Diethyl Diethyl Tetmhydro- 16O 78‘; 72 53” 
Maleate pyriulylsuainate 

- 
1,4-Dioxan I-Heptene Heptyl-1 +dioxan 16” 

I -0ctene 

l-We 

Octyl-1,4-dioxan 

Decyl-l,Cdioxan 

26”; 416 240; 356 14” 

34’ 

Diethyl 
Makate 

Diethyl 1,4- 23” 73’ 44c; 576 
Dioxanylsuccinate 

Diethyl Diethyl 1,4- 46” 
FlUllZUtIte Dioxanylsuccinate 

o Tho molo ratio of cyclic ether-olefin was 20: 1 for terminal o&ins and 45-75: 1 for diethyl 
maleate and fumarate. * Based on the unsaturated compound employed. The conversions a~ nearly 
quantitative in mat cases. OHanau Q81 high presswe mercury vapour lamps were used as the 
radiation source for these reactions. * In sunlight. 

Dehydrodimers of the cyclic ethers having the following structure 

CJ-0 

were obtained in these reactions. These compounds were characterized by elemental 
analysis, spectroscopic data and comparison with authentic samples. 

Addition products of an acetone moiety (when used as initiator) and oleCns were 
also isolated. These products were shown to be 2-methylalkanols-2 and methyl 
ketones, resulting from addition of an isopropanol and an acetony radical respectively. 

21 



3196 I. R- and D. ELAD 

These products were identified by their retention times in GLC and comparison of their 
solid derivatives with those of authentic samples. 

DISCUSSION 

The addition of cyclic ethers to terminal olefins can be induced directly by light 
or initiated photochemically by a ketonic compound. It seems that in the first case the 

X 

ether radicals 
0 

. generated in the mixture result from abstraction of a hydro- 
0 

gen atom from the ethers by other radicals formed during irradiation. The other possi- 
bility is that ether radicals are produced by hydrogen atom expulsion from an excited 
ether molecule; however this seems less probable, since saturated ethers absorb light of 
wavelengths shorter then 2000 A .19-B The olehn serves as a scavenger for the cyclic 
ether radicals to give the alpha alkylated ethers. However, the concentration of the 
ether radicals produced by the direct light-induced reaction (quartz filtered) is 
probably low and yields of the alkylated ether obtained by this procedure are poor in 
the case of terminal olefins. In the acetone, acetophenone, and benzophenone- 
initiated reactions the consumption of olefins is faster and higher yields of the 1: l- 
adducts both with terminal olefins and diethyl maleate and fumarate were obtained. 

Light filtered through Pyrex (wavelengths longer than 3000 A) induced the acetone, 
acetophenone, and the benzophenone-initiated addition reactions in the case of 
terminal olefins, whereas in the absence of a ketone, no 1: l-addition products of the 
cyclic ether and the olefin could be detected under these reaction conditions. The 
ketonic compound here provides the main light absorbing system. The reaction 
presumably proceeds r&z excitation of the ketonic singlet-singlet transition decay to 
the carbonyl triplet which abstracts a hydrogen atom from the alpha-carbon of the 
cyclic ether to form a cyclic ether radical. *i The possibility that the ether radicals 
result from the collapse of excited ether molecules which could be generated through 
energy transfer from the excited carbonyl compound seems less probable, since the 
triplet energies of ethers, though yet unknown,m are probably high in comparison with 
those of the ketones employed. This will make the process inefficient if at all possible. 
The isopropanol and the 2-methylalkanols-2 isolated from the reaction mixture when 
acetone was used as a photoinitiator, and the formation of considerable amounts of 
bcnzpinacol when benzophenone was employed (as well as 2,3diphenylbutanedioE2,3 
when acetophenone was employed), support the assumption of a hydrogen atom 
abstraction process. 

I* L. W. Pickett, N. J. Hoeflich and T. C. Liu, J. Am. Chem. Sot. 73,4865 (1951). 
1’ 0. Scheibe and H. Grieneisen, Z. Phys. Chem. B25,52 (1934). 
lK G. Fleming, M. M. Anderson, A. J. Harrison and W. Picket&J. C&m. Z’+. 30,351 (1959). 
lo A. J. Harrison and D. R. W. Price, J. C/zem. Phys. 30,357 (1959). 
I7 G. J. Hemandg J. Chem. Phys. 38,2233 (1963). 
1* Photolyses of ethers in solution with light of wavelengths longer than 2000 A have also been re- 

ported in the literature. I’*= No explanations for these resulta have been given. 
le K. Pfordte, Lit+@. Ann. 625,30 (1959). 
m R. J. Gritter and E. C. Sabatino, J. Org. Chum. 2!3,1965 (1964). 
*I W. M. Moore, G. S. Hammond and R. P. Foss, J. Am. Chem. Sot. 83,2789 (1961). 
** G. Porter: XIII-e Conseil de Chimie Solvay Report, Bruxellee, October 1965, p. 29. 
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The interaction of the excited ketonic photoinitiator with the olefins is a competitive 
process to the interaction of the former with the cyclic ethers and may serve as a 
quenching step. Though energy transfer processes from excited carbonyl compounds 
to isolated double bonds have been reported, =a they do not seem to be very efficient, 
probably due to the “high” triplet energies of the olefinic compounds. In the present 
reaction, this process does not seem to interfere with the major reaction route when 
terminal olefins are employed. However, in the case of the c&unsaturated esters the 
energy transfer process from the excited carbonyl compound to the ester is pronounced 
and should be taken into consideration. In these cases it causes ck-tram isomerization 
of the maleate-fumarate system. Partially reacted mixtures always contained the two 
geometrical isomers, with a tendency to reach the photostationary state in which 
the maleate was the major component. m*a7 However, this quenching process of the 
initiation step could be overcome by adjusting the experimental conditions. Thus, the 
addition of the cyclic ethers to diethyl maleate or fumarate was effected with high 
yields while employing acetophenone as a photoinitiator. Results with acetone and 
benzophenone were less satisfactory. 

The addition reaction of tetrahydrofuran and 1 &dioxan to diethyl maleate could be 
effected without a photoinitiator while using the direct radiation of the source (quartz 
filter). However, when light of longer wavelengths (>3000 A; Pyrex titers) was 
applied only the tetrahydrofuran addition reaction took place,S while no addition of 
1 J-dioxan to the unsaturated ester could be detected under similar reaction conditions. 
The possibility of the formation of a charge transfer complex between tetrahydrofuran 
and diethyl maleate was examined, but no indication of additional or modified absorp- 
tion was found.PDn90 

The experimental observations, i.e. the formation of (a) 1: 1-adducts, (b) telomeric 
products, and (c) dehydrodimers of the ethers, seem to fit well into a free radical 
mechanism. The carbon-bon unsaturation found in the telomeric product 
probably results from disproportionation of a radical as one of the possible chain 
termination steps. The 1: l-addition products of the cyclic ethers and terminal olefins 
isolated result from an anti-Markovnikov addition to the double bonds, i.e. the ether 
moiety adds to the terminal carbon. This may serve as another indication for the free 
radical nature of the reaction, being the characteristic orientation of addition of free 
radicals to terminal olefins.s1*8” Thus, the course of the reaction may be illustrated in 

u G. S. Hammond, N. J. Turro and P. A. Leermakers, J. Whys. Chem. 66,1144 (1962). 
= A. C. Testa, /. Og. Chem. 29,Ml (1961). 
I R. E. Rebbert and P. Ausloos, L Am. C/rem. Sec. 87,5569 (1965). 
u G. S. Hammond, J. Saltiel, A. A. L.amoJa, N. J. Turro, J. S. Bradshaw, D. 0. Cowan, R. C. 

CounselI, V. Vogt and C. Dalton, L Am. C/tern. Sot. %,3197 (1964). 
I7 Cf. J. Rokach and D. Elad. J. Org. Chem. 31.4210 (1966). 
s Since saturated cyclic ethers absorb light of short wavelengths, it seen~ that the initial radicals 

formed during the direct light-induced reactions result from photolysis of hnpurities present in the 
cyclic ethers which could not be removed by the standard puritication processes. 

o Cf. C. E. H. Bawn, A. Ledwith and A. Parry, C/rem. Commux. X&4% (1965) and Refs cited therein. 
aa A. Cox, P. de Mayo and R. W. Yip, J. Am. Chem. Sot. a,1043 (1966). 
al Cf. C. Walling and E. S. Huyser, Org. Reuctlonr 13,91 (1963) and Refs cited therein. 
*’ An additional proof for the free radical nature of these reactions is the fact that some of them can be 

induced by peroxides under suitable reaction conditions.‘*‘*“*” 
u Cf. W. E. Cass, J. Am. Chem. Sot. aS, 500 (1947). 
a Cf. C. S. Marvel, E. J. Prill and D. F. DeTar, J. Am. Ckm. Sot. @,52 (1947). 
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the following scheme: 

I. Rosm-mu and D. ELAD 

X 

(‘1 0 - kr 0 0 X l 0 

X 

(2) 0 
hv X 

Ac0tmm acetophenone 

0 
or benzophenone 

l (OJ 
( 3) RCH=CH* + 

X 

(5) (I- X 

CH,cHR 
+ RCH=CH, - 

0 (I- 0 
CH, HR 

c 

kH,&i~ etc. 

Reactions 1 and 2 (direct light-induced or initiated photochemically with a ketone) are 
the initiation steps, whereas reactions 3 and 4 are the chain propagating steps to form 
1: I-adducts. Reaction 5 leads to 2: 1 and higher telomers. 

Alpha substituted ethers were the only 1: 1-adducts which were isolated from the 
reaction mixtures. Though substitution products at the beta and gamma positions of 
cyclic ethers have been reported in photochemical reactions= we could not detect the 
formation of the appropriate isomers in the cases studied. These isomers could be 
present as unseparated minor components of the peaks (GLC) containing the alpha 
substituted ethers. NMR data also were always consistent with a structure of alpha 
substituted cyclic ethers. 

Cleavage of the potentially reactive alpha C-H bond in the cyclic ether mole- 
~ule8B.~~ leads to the formation of the corresponding alpha ether radicals which may 
derive their stabilization through resonance forms of the following type: 

0. - Qc- 

These radicals are probably nucleophilic and tend to give higher yields of the 1: l- 
adducts with a,/?-unsaturated esters than with isolated terminal olefins.31*~ 

u E. Mueller and H. Huber, Ckm. Ber. %,2319 (1963). 
m C. Walling, I;tec Radical in Solution pp. 287,412 and Refs. cited. Wiley, New York, N.Y. (1957). 
n G. Sosnovsky, Free Radical Reactions in Prepative Organic Chemistry p. 370. Mac&lb, New 

York, N.Y. (1964). 
M Cf. G. H. Williams, Progress &I Stereocherdstry (Edited G. W. Kline and P. B. D. de la Mare) 

Vol. 2; p. 62. 
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The addition of acetone (when used as a photoinitiator) to oleCns has been reported 
previously.= The 2-methylalkanols-2 result from the addition of the ketyl radical 
Me 

\ 
C-OH to the oleGn. These ketyl radicals are formed during the hydrogen atom 

Me 
/ 

abstraction process by the excited acetone molecule from the ether. The methyl 
ketones seem to be produced by a different species, i.e. the acetonyl radical, which adds 
to the olefin,89 

RCH~H, + CH,COCH, + RCHCH,CH,COCH, 

EXPERIMENTAL& 

For general experimental details and description of irradiation apparatus see Elad and Rokach” 
and previous papers in the series. Typical experiments are described under A. Other experiments 
were carried out under similar conditions unless otherwise stated. 

Unidentified oils wzre isolated in several cases in the course of the chromatographic separations 
(for details and proposed partial structures see I. Rosenthal, Ph.D. Dissertation, The Weizmann 
Institute of Science, Rehovoth. 1966). 

Reagents. The cyclic ethers were freshly distilled over Na before use; acetone, absolute 
acetophenone was freshly distilled before use; benzophenone, Fluka, was used witho$ purification. 
The olefins were shaken with FeSO,aq, dried (Na,SO,), and freshly distilled befo& use. Diethyl 
maleate and fumarate were freshly distilled before use. 

Tetrahydrofwan, I-heptene and acetone 

(1) With UVlight. A mixture of THF (110 ml), acetone (7 ml) and 1-heptene (O-5 g) was irradiated 
for 1 hr. A soln of I-heptene (5.56 g) in acetone (7 ml) was then added in 8 equal portions at 1-hr 
intervals. The mixture was irradiated until complete consumption of the ole6n (ca. 72 hr). Excess 
reagents were. distilled at atm press on a steam bath and the distillate was shown to contain THF, 
acetone and isopropanol(2.5 g of isopropanol were detected by GLC on a carbowax 400 column at 
100’). The 3,S-dinitrobenzoate derivative showed m.p. and mixed m.p. 121-122” (pet. ether). The 
remaining THF was removed under reduced press and the residue (19.5 g), the IR spectrum of which 
indicated only traces of carbonyl substances, was chromatographed on alumina. Elution with pet. 
ether gave an oil (02 g) believed to be a mixture of telomers. The same solvent further eluted 2- 
heptyltetrahydrofur (l-8 g; 17%). b.p. 61-63” (2 mm), @ = I.4415 @it.*’ b.p. 75’ (8 mm) e = 
1.44281. 

NMR: multiplets centered at 6.15 (3H; -C’&--O-C~-) and 8-l (4H; ring-CH,CH,-beta 
to oxygen), a singlet at 8.7 (12H; -(CH&CH,), and a triplet at 9.15 (3H; -CH,CH,). Ether- 
pet. ether (1:3) further eluted alpha bitetrahydrofuryl (0.9 g), b.p. 118-119” (30 mm) nf =I 
1.4575 flit.‘*b.p.71°(10mm)n~ = 1.45941. NMR: two multipletscentered at 8 (8H; -CH,-CH,- 
beta to oxygen) and 6.1(6H; -CH,-O--CH-CH--O-CH-). Mass spedrum: molecular peak 
of m/e 142 (CBHI,OI requires: 142) and a fragment-ion peak at m/e 71. The compound was found to 
be identical with an authentic sample prepared .” 2-Methylnonanol-2 (2.3 g) was then eluted with 

*’ D. Elad and J. Rokach, J. Org. Chem. 29, 1855 (1964). 
‘0 B.ps and m.ps are uncorrected. Merck “Acid Washed” alumina was used for chromatography in 

a ratio of 50: 1. GLC was carried out on an Aerograph A 90 P with Speedomax G Recorder on a 
20 feet x # in column of glass beads coated with 0.2% Apiezon L at the temp stated. The NMR 
spectra were determined on a Varian A-60 spectrophotometer in CDCl, with TMS as an internal 
standard. The chemical shifts are given in 7 values. Mass spectral determinations were carried on a 
MAT-Atlas CH4 instrument. Analyses were carried out in our microanalytical section directed 
by Mr. R. Heller. 

‘I B. Notari, A. Ferretti and R. Onesta, Gaze. Chim. Ital. 89,1139 (1959). through Chem. Abstr. 54, 
22561 (1960). 

” K. Shima and S. Tsutsumi, Bull. Chem. Sot. Jupan 36,121 (1963). 
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the same solvent mixture. It was Gwen by its re~utio~ time in GLC (at LW’), lR spectrum 
and the 3,Sdinitrobenzoate derivative, whi& exhibited m.p, and mixed mg. 58-60* (pet. ether) (lit.*@ 
m.p. SW). Glassy oils were eluted with ether-alcohol mixtures. (Pound: C, 66.77; H, 11.46x.) 

(2) In swrlight. A mixture of THF (llOml), acetone (7 ml) and 1-heptene (O-5 g) was exposed 
to direct sunlight for 1 day. A s&n. of l-heptene (5.56 g) in aatone (7 ml) was then added in 7 equal 
portions at oneday intervals, and the mixture was left in diiect sunlight for another 10 days until 
complete consumption of the oIefin. E%oess reagents were removed under reduced press and the 
residue (12 g) was chromatographed on alumina by the procedure described above to give a mixture 
of telomera (280 mg), 2-h~tyl~~y&o~~ (3.7 g; 35 %), Zdecanone, which was eluted with pet. 
ether and was found identical with an au~en~ sample (GLC and 1R sag. The Z&dinit.ro- 
phenylbydrazone derivative showed m.p. and mixed m,p. 72-74” (EtOH) (lit.# m.p. 73.5-74”). ft 
was followed by Z-methylnonanoE2 (2.5 g) and glassy oils. (Found: C, 68.~56; H, 11.65 %,) 

The procedure dcecribed under A was followed using 759 g of l-octene, The usual method of 
work-up led to a residue (11 9, which was chromatographed on alumina to yieId a mixture of tetamers 
(0.4 g), 2-octyltetrahydrofuran*” (2.36 g; 19 “/,), 2-undecanone (80 mg; GLC), 2-methyldecanol-2, 
and a glassy oil (35 g). The 2&dinitrophenylhydrane of the ketone showed m.p. and mixed m-p. 
62-W (EtGD) (lit.& m.p. 64+6S”). The 3~5-~~0~~~ of the tertiary alcohol blitz m.p. 
and mixed m-p. 4748” (pet. ether) (lit.*@ m.p. 47-48’). 

Tetrahydrofwan, l-decene and acetone 

1. Wirh UV hghr. ‘I’k gemsal procedure for irradiation with W light was followed using 866 g 
of l-dcceue. The residue (13.6 # obtained by the usual work up was c~o~to~ph~ on alumina 
to yield a mixture of telomers (1.2 gl, 2decyltetrahydrofuran (2.3 g; 18x), b.p. 89-90” (@3 mm) 
rlr: = 14479 (lit.” b,p. 138” (12 mm) ng = 1.44981. (Found: C, 7907; H, 12.93. Cak. for C,,H,,G, 
C, 79.18; H, 1329%.) NMR: multiplets centered at 6.15 (3H; -CZ&-0-C%-1 and 8.1 (4H; 
ring --C&-C&-- beta to oxy~n), a singlet at &7 (l8H; -(CZ!Z&-CH,) and a triplet at 9.15 
(3H; ---CH,C&). Further eluted were alpha bitetrahydrofuryl (03 g), 2-methyldodecanol-2 
(identical with an authentic sample) and polar glassy oils (6.4 g). (Pound: C, 70.06; H, 11*96%.) 

In ~IUI&I~. The reaction was carried out with 8.66 g of ldecene. The usual method of work-up 
led to Z-d~lte~y~of~ (5 g; 38 “/d). 

Temhydropyran, l-heptene a& acetone w&h WV liglit 

The procedure described for THF was followed using tetrahydropyran (110 ml) and l-heptane 
(S-35 @. The usual method of work-up gave a residue (la7 g) which was chromatographed on 
alumina to give 2-heptyIte~hy~op~ (1.6 g; 16x)$ b-p_ W-64“ (@3 mm), n”,” = l-4461 fit.* 
b.p. 112” (12 nun& The compound was found identical with an authentic sample prepared according 
to Paul.” NMR: two multiplets centered at 6.1 and 6.7 (3H; CZi+CZQ, a broad singlet 
centered at 8.65 (18H; all -C’&- except the methylene alpha to the ring oxygen), and a triplet 
centered at 9-15 (3H; -CH&X& Further elution gave 2-decanone (GLC!), 2~methy~on~ol-2 
(3 g), and polar glassy oils (3-X @. (Found: C, 71.16; H, 12*58x.) 

Tetrahydropyran, I-ocrene arid acetone with UV iight 

1-Octene (6.11 g> was used for this reaction. The usual work-up led to a residue (18.5 g) which 
was cbromato~pb~ on aImnina to afford 2-~yltc~y~op~~* (2.4 g; 22YQ, 2-undecanone 
(C&C), 2-~~yld~ol-2 (2.5 @ and polar oils. (Found: C, 71% H, 12.13 %.) 

Tetrahydropyrm, I-decene and acetone with UV l&ht 

I-Decene (744 g) was used for this reaction which after the usual work up led to a residue (115 g) 
containing 2-d~lce~y~op~n, (2.9 g; 24x), b-p. 91-92” (@2 mm) ng - 14479. (Found: C, 

4t P, J. G. Kramer and H. Van Duin, Rec. T&m. Chim. 73,63 (1954). 
44 A. Gavmeton and C, Glacet, Bull. Sot. CMm. Sk. 1501 (1959). 
= R. Paul, B&Z. Sot. C&nt, Fr. 5,2, 311 (1935). 
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79.49; H, 13.03. C,,I&O requires: C, 79.57; II, 13.36%) NMR: multiplets centered at 6.1 and 
6.7 (3H; -C&-G-CZZ-), a broad singlet centered at 8.7 (24H; all -CZ&-- except for the one 
alpha to the ring oxygen) and a triplet centered at 9.15 (3H; -CH,CZZ,). The oil (24 g) eluted next 
contained 2-tridecanone (GLC). The ketone gave a 2,4dinitrophenylhydroxone derivative which 
showed m.p. and mixed m.p. 68-70” @OH). (lit.” m.p. 70-71”). ZMethyldodecanol-2 (2.7 g) was 
eluted later and was shown to be identical with an authentic sample. Ethe-EtOH mixtures eluted 
unidentified glassy oils (2.5 g) (Found: C, 72.36; I-I, 12.72%) 

I&D&xm, I-heptene andacetone with UV right 

The gene& procedure was followed using l+dioxan (115 ml) and I-heptene (6.2 g). Work up 
led to a residue (7 g) which was chromatographed on alumina to give a mixture of telomers (1 g), 
heptyl-l+dioxan (l-9 g; 16”/, m.p. 18-20” (n-permute; refri@rator) (Found: C, 70.73; H, 11.32. 
CrlHlrO, requires: C, 70.92; H, 11+X)%.) NMR: a multiplet centered at 6.4 (7H; -CZ&-CZ&- 
G-CZZ-CZ&-G-), a singlet at 8.7 (12H; -(CZZ&-CH~, and a triplet at 9.1 (3H; 
-CH,-CZZ,). Mass spec&um: A molecular peak of m/e = 186 (CrIH,,OI requires: 186) and a 
fragment-ion of m/e = 87. Later were eluted 2-decanone (traces), 2-methylnonanol-2 (1.9 g), a 
mixture of dioxanyldioxan isomers l***@ (0.9 g). NMR: a multiplet centered at 6.4. 

1,4-D&man, l-octene and acetone 

(1) With UV light. 1-Gctene (7.56 g) was used for this experiment. The usual procedure of work 
up indicated that the volatile fraction included acetone, dioxan and isopropanol(2.5 g; GLC). The 
3,5-dinitrobenxoate of isopropanol showed m.p. and mixed m.p. 121-12.2” (pet. ether). The residue 
(14.7 g) was chromatographed on alumina to yield a mixture of telomers (O-7 g). One of the possible 
3: 1 dehydro-adducts of the olefin and l&dioxan was isolated from this fraction in one experiment. 
(Found: C, 7968; I-I, 12.78; mol.wt. 424. C&H,O,requims: C, 79.18; H, 13.29%; mol.wt: 424.) 
This product showed a carbon-carbon unsaturation and upon catalytic hydrogenation it was trans- 
formed to a 3: l-adduct (mol.wt. 426). Gctyl-l+lioxarP (3.5 g; 26%) was eluted next and showed 
m.p. 37-38” (pet. ether). Later were eluted Zundecanone, 2-methyldecanol-2 (500 mg), and a mixture 
of the isomeric dioxanyldioxans. One stereoisomer (0.4 g) showed np. 155-156” (pet. ether) and the 
other (O-4 g) exhibited m.p. 129-131” (pet. ether). (lit.* m.ps 157” and 132”. respectively). Ether- 
EtOH mixtures eluted a glassy oil (8 g). (Found: C, 61.96; H, 1022%) 

(2) In sunflght. The general procedure using 5.6 g of l-octene was followed. The usual method 
of work-up led to octyl-l&dioxan (4-l g; 41%). 

1 &Dkan, I-octene and acetophenone 

(1) With UVIlght. Acetophenone (12 g) was used according to the usual procedure. The residue 
(21.5 g) left after the usual work up was chromatographed on alumina to yield octyl-l&dioxan 
(2.7 g; 24x), acetophenone, a mixture of dioxanyldioxans (0.45 g), and polar oils (17 g) which 
showed an aromatic absorption in the IR and UV spectra. One spot in TLC had the same R, value 
as 2,3-diphenylbutandiol-2,3. 

(2) In sunIfght. A mixture of dioxan (100 ml), l-octene (6.21 g), and acetophenone (10 g) was left 
in direct sunlight. The usual method of work-up led to octyl-l&dioxan (3.86 g; 35%). 

l&Dioxan, I-octene and bemophenone with [IV light 

Renzophenone (10 g) was used for this experiment and the mixture was irradiated for 24 hr. 
Excess reagents were removed under reduced press and benxpinacol (3*4g; m.p. 181-184”) was 
filtered off. The residue (16.8 g) left after evaporation of the solvent was cbromatographed on alumina 
to yield octyl-l&dioxan (1.51 g; 14%). 

1.4-Dkmut, I-decene and acetone with UV light 

The general procedure using 9.45 g of I-decene was followed. The residue (16 g) was chromato- 
graphed on alumina to atford a mixture of telomers (1.65 g), decyl-1 &dioxan (5.2 g ; 34 %), mp. 45- 
46” (pet. ether) (Found: C, 7359; H, 12.15. mol.wt. 228. C,,H,,O, requires: C, 73.63; H, 12.36% 

” G. Sosnovsky, J. Org. Chem. 28,2934 (1963). 
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mol. wt. 228). NMR: a multiplet centered at 6.35. (7H; -CH,-CH,-O-CH-CW,-e), a 
singlet at 8.7 (18H; -(CH,)rCH,), and a triplet at 9*1(3H; CH,-CH,). Mass qxctrum: a molecular 
peak with m/e = 228 (C,,H,,O, requires 228) and a base peak with m/e = 87. Decyl-l&lioxan was 
contaminated with some 2-tridecanone (GLC). Later were eluted 2-methyldodecanol-2 (4 g), a 
mixture of dioxanyldioxan isomers (2-3 g), and polar oils (3 g). (Found: C, 7795; H, 1298 %.) 

Tetrahydrofwan, &thy1 maleate and acetone with WV light 

A mixture of diethyl maleate (1 g) THF (110 ml) and acetone (5 ml) was irradiate@ for 1 hr. A 
soln of diethyl maleate (4 g) in acetone (5 ml) was then added in 8 equal portions at I-hr intervals, 
and the mixture was irradiated until complete consumption of diethyl maleate (about 20 hr). Excess 
reagents were removed under reduced press, and the residue (9 g) was chromatographed on alumina. 
Ether-pet. ether (1: 1) eluted alpha bitetrahydrofuryl (0.7 g). The same solvents mixture further 
eluted diethyl alphatetrahydrofurylsuccinate (3.4 g; 48%) b.p. 108-109” (@2 mm) ~$2 - 1.4490 
@it.” b.p. 122-131” (l-2 mm), IJ~*’ = 1*4511]. (Found: C, 58.83; H, 7.93; Calc. for C1,HlOO(: 
C, 59.00; H, 8*25x.) NMR: multiplets centered at 5.9 (7I-I; -CH,-0-CH in the ring and 
-O-CH,-CH& 7.3 (3H; -CH(COOC,H&CH,-COOC,H~), and 8*1(4H; ring--CH,-CH,- 
beta to oxygen), and in triplet at 8.75 (3H; -CH ,-CH,). Mass spectrum exhibited prominent 
peaks at m/e 199,174,157, 129, 128, 100,71,70. The peak having the highest m/e value corresponds 
to an ion which results from an expulsion of an ethoxy radical from one of the ester groups. The 
other peaks were obtained by the usual fragmentation processes. 

It is noteworthy that simii peaks were obtained in the mass spectral determinations of the diesters 
resulting from addition of tetrahydropyran and dioxan to diethyl maleate and fumarate (uide infra). 

Alkaline hydrolysis of the product led to alpha-tetrahydrofurylsuccinic acid, m.p. 143-144” 
(acetone-pet. ether) @it.O m.p. 136137”]. (Found: C, 50.73; I-I, 6.47. CIHllOI requires: C, 51%; 
H, 6.43x.) NMR (l&O): multiplets at 6.2 (3H; -CH-O-CH~-), 7.3 (3H: -CH(COOH~ 
CH,--cooH) and 8*21(4H; ring -CH ,-CH,- beta to oxygen). Ether and EtOH-ether mixture3 
eluted unidentified polar oils. (Found: C, 5846; H, 8.44x.) 

Tetrahydrofuran, a&thy1 makate and acetophenone 

(1) With WV light. The reaction was carried out with diethyl maleate (5 g) THF (110 ml) and 
acetophenone (5 g). The usual work up led to 0.79 g of unchanged acetophenone and 5.7 g (80%) 
of diethyl alpha-tetrahydrofurylsuccinate. 

(2) In sun&ht. A mixture of THF (110 ml), acetophenone (2.5 ml) and diethyl maleate (1 g> was 
left in direct sunlight for 1 day. A soln of diethyl maleate (4 g) in acetophenone (2.5 ml) was then 
added in 4 equal portions during 2 days and the mixture was left in direct sunlight for another day. 
Excess reagents were removed under reduced press and the residue (15 g) was chromatographed on 
alumina. Ether-pet. ether (1: 1) eluted acetophenone (1.4 g) followed by crude diethyl alpha-tetra- 
hydrofurylsuainate (5.7 g; 80%). 

Tetrahydrofuran, diethyl maleate and benzophenone with UV fight 

Benzophenone (5 g) was used for this experiment. Work up led to 1.5 g of unchanged benz.~- 
phenone followed by a mixture of benzpinacol and diethyl alpha-tetrahydrofurylsuccinate. Benz- 
pinacol (1-l g) was removed by repeated treatment of the mixture with boiling pet. ether. Diethyl 
alpha-tetrahydrofurylsuccinatc (2.3 g; 32%) was purified by distillation. 

Tetrahydrofwan and a&thy1 maleate with UV light 

(a) A mixture of diethyl maleate (1 g) and THF was irradiated (quartz filter) for 1 hr. Diethyl 
maleate (4.03 g) was then added in 4 equal portions at 1-hr intervals. The mixture was irradiated for 
48 hr. The usual work up led to recovered diethyl maleate (0.2 g) and diethyl alpha tetrahydrofuryl- 
succinate (3.5 g; 49.1%). 

l ’ “Sovirel” glass filter was used for the experiments of diethyl maleate and fumarate with acetone. 
It was found that this glass is more transparent to light than Pyrex glass at the 2700-3000 A region. 

u, G. G. Ecke and R. L. Jacobs, US 3.114.752, through Chem. Abstr. 60,6827 (1964). 
” A. Ledwith and M. Sambhi, J. Chem. Sot. (E4) 670 (1966). 
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(b) The same experiment with a Pyrex filter and 20 hr irradiation led to recovered diethyl makate 
(3.38 g) and diethyl alpha-tetrahydrofurylsuccinate (2.3 g; 32.4%). 

Tetrahydropyran, diethyl maleate and acetone with UV iipht 

A mixture of diethyl maleate (0.5 g) tetrahydropyrao (110 ml) and acetone (7 ml) was irradiati 
for 1 hr. A mixture of diethyl maleate (25 g) and acetone (5 ml) was then added in 8 equal portions, 
at I-hr intervals, and the mixture was further irradiated for 3 hr. Excess reagents were removed under 
reduced press and the residue (6.2 g) was chromatographed. Ether-pet. ether (1: 1) eluted alpha- 
bitetrahydropyranyl (@4 g). b.p. 148-150 (30 mm) ng = 1.4601. (Found: C, 70.17; H, 11.07. 
C!,&TH,,O, requires, C, 7054; H, 1066x.) NMR: two multiplets centered at 6 and 6.65 (6H; 
--CH,&CH--CH&CH,) and a broad singlet centered at 8.45 (12H; -CH,- beta and 
gamma to oxygen). Mass spectrum: a molecular peak of m/e 170 (CloHISO, requires 170) and a base 
peak of m/e 85). The same solvent mixture further eluted diethyl alpha-tetmhydropyranylsuccinate 
(O-7 g; 15*5x), b.p. 135-137” (O-2 mm), n: = l-4590. (Found: C, 59.98; H, 868; C,,H,,O, 
requires: C, 60.44; H, 8.59%). NMR: a quartet superimposed on a multiplet centered at 5.8 and a 
multiplet centered at 6.55 (7H; -CHd--CH- and 0-CH,CH,), a multiplet centered at 7.75 
(3H; CH+XOC,H,)--CH,aCH,CH,), and a triplet superimposed on a wide singlet centered 
at 8.55 (12H; ring methylenes beta and gamma to oxygen and -CH,--CHJ. Mass spectrum ex- 
hibited prominent peaks at m/e: 213, 174, 171, 129, 128. 100.85.84. 

Alkaline hydrolysis of the product led to alpha-tetrahydropyranylsucciuic acid, m.p. 140-141” 
(pet. ether-A&Et). (Found: C, 53.61; H, 694; C,H,,O, requires: C, 53.46; H, 6-98x.) NMR: 
@,O): a broad band centered at 6.2 (3H; -CH,-O-CH-), a multiplet centered at 7.2 
(-CH(COOH)-CH,-COOH), and a broad singlet at 8.4 (6H; ring methylenes beta and gamma to 
oxygen). EtOH-cther mixtures eluted polar oils (3.5 g). (Found: C, 58.86; H, 8.18%) 

Tetrahyakopyran, diethyl maleate and benzophenone with U V light 

The general procedure was followed using 5 g of benzophenone. The usual work up led to re- 
covered benzopheoone (1.5 g), benzpinacol (2 g), and diethyl alpha-tetrahydropyraoylsuccinate 
(2.4 g; 53 %). The latter products were separated by continuous treatment with pet. ether. 

Tetrahydropyran, diethyl n&ate and acetophenone 

(1) With CJV II@. Acetophenone (10 g) was used for this experiment which led to recovered 
acetophenooe (5.6 g) and diethyl alpha-tetrahydropyranylsuccinate (3.5 g; 78 %). 

(2) In swd&ht. Work-up gave a residue (13 g) containing acetopheoone (5 g), diethyl alpha- 
tetrahydropyranylsuccinate (3.2 g; 71%). and polar glassy oils (3 g). 

Tetrahydropyran and &thyI maleate 

A mixture of diethyl maleate (1 g) and tetrahydropyran (110 ml) was irradiated (quartz filter) for 
1 hr. Dietbyl maleate (4.03 g) was then added in 4 equal portions at 1-hr intervals. The mixture was 
irradiated for 48 hr. The usual work-up led to recovered diethyl maleate (@2 g), diethyl alpha-tetra- 
hydropyranylsuccinate (2.3 g ; 30 % yield). 

1&Dioxan, diethyl maIeate and acetone with UV lkht 

A mixture of diethyl maleate (3 g), l+dioxan (110 ml) and acetone (12 ml) was employed. The 
residue (7.3 g) left after the usual work up was chromatographed on alumina. Ether-pet. ether (1: 3) 
tirst eluted 0.2 g of dioxanyldioxans, followed by diethyl 1,4-dioxanylsuccinate (1-l g; 23%). b.p. 
178-179”(0-2mm),ng = 1.4511 (Found: C, 55.24; H, 7.75; ClrHloOe; requires: C, 5537; H, 7*75’%). 
NMR: multiplets centered at 6.2 (11H; l+dioxan protones and -0-CH,-CH,) and 7.2 
(3H; CH(COOC,H,~CH,COUC,H,), and a triplet centered at 8.75 (6H; -O-CH-CH*). 
Mass spectnun exhibited peaks at m/e: 215, 174, 173, 129. 128, 100, 87,86. Alkaline hydrolysis of 
the product led to l+dioxanylsucciuic acid, m.p. 123-124” (pet. ether-AcOEt) (lit.” m.p. 126-128”) 
NMR @,O): multiplets centered at 6.2 (7H; -CH---O-CH~-CH,4-CH,-) and 7.15 (3H; 
-CH-(COOH)-CH,--COOH). 

When a Pyrex tilter was employed instead of “Sovirel”, diethyl1.4dioxanylsuccinatc was obtained 
in 11 % yield. 
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1,4-D&man, aYethy1 makme and acerophenone wfth UV I@ 

Acetophenone (10 g) was used for this experiment. Work up and chromatography led to recovered 
acetophenone (5.75 g), dioxanyldioxans (O-1 g), diethyl dioxanylsuccinate (3.3 g; 73y’J, and 
polar oils. 

1,4-Dbq d&thy1 ma&ate and benzophenone 

(1) With UV iight. The general procedure was followed using 7 g of benzophenone. ‘IXe usual 
work up afforded recovered benzophenone (2.4 g), benzpinacol (1.2 g), and a mixture of diethyl 
l&lioxanylsuccinate, dioxanyldioxan and benzpinacol. Repeated treatments of the mixture with 
ether-pet. ether separated the solid from the liquid (2 g; 44%) which was shown to be diethyl 
lJ-dioxanylsuccinate. 

(2) In sunlight. &nzophenone (7 g) and 3 g of diethyl maleate were employed. The residue 
(158 g) obtained after work up was chromatographed on alumina to yield benzophenone (1.5 g), 
benzpinacol(2~5 g), diethyl 1,4-dioxanylsuccinate (2.6 g; 57%). and polar glassy oils (5 g). 

l&Dioxan and aWhy1 maleare 

A mixture of diethyl maleate (1 g) and 1.4-dioxan (110 ml) was irradiated for 1 hr (quartz iilter). 
Diethyl maleate (4.03 g) was then added in 4 equal portions at 1-hr intervals. The mixture was 
irradiated for 48 hr. Work up led to recovered diethyl maleate (06 g) and diethyl l#Jioxanylsu@nate, 
(1 g; 13 % yield). Under similar reaction conditions while using a Pyrex tilter no diethyl l&dioxanyl- 
succinate could be detected. 

l+Dioxan, dkrhyl fmrale and benzophenone with UV right 

A mixture of diethyl fumarate (1 g), l+dioxan (110 ml) and benzophenone (7 g) was irradiated 
for 1 hr. Samples were taken out at 10 min intervals and the composition of the unreacted ester was 
determined by GLC. (Apiezon L column at 120”) and showed the following results: 

Time (min) 

10 
25 
40 
60 

Maleate (Y’J 

ca. 2 
10 
40 
95 

Diethyl fumarate (2 g) was then added at 1-hr intervals. The mixture was irradiated until complete 
consumption of the ester (about 11 hr). Excess reagents were removed m&r reduced press and the 
residue (17.7 g) was chromatographed on alumina. Ether-pet. ether (1: 1) eluted benzophenone 
(47 g); the same solvent mixture (3: 1) further eluted a mixture of benzpinacol (1-l g) and diethyl 
1,4_dioxanylsuccinate (2.1 g; 46%), which were separated upon treatment with pet. ether. EtOH- 
ether mixtures eluted polar oils (2.5 g). 
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