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ABSTRACT. Addition da-hydroxy impmpyl mdiads. pnaatcd by 7 irradiarion of 2-pmputol a photolysis of P-popan 
with~.toavaietydl~hepadieaer~al_mahyl_2(2_hydtoxyethyI>cydopentsne aitshetmcyclic 
equivakM.Tbecir-disubstitule~cyJopeaElneinin~ 

‘he facile reactions which cyclize S-hexenyl radicals to cyclopentylmethyl radicals have been the 
subject of numerous fruitful m~hanistic~ and synw studies. We wish to report an efficient utilization 

of this reaction in which an a-hydmxyisopmpyl radical, genezated by 7irmdiadon of 2-propanol or 

photolysis of 2-ptopanol with acetone, is added to a Mdiene to generate a 1-methyl-2-(2-hydmxyethyl)- 
cyclopentane or its hetaucyclic equivalent as illustrated in eq 1 and the following table. 

Table 1. Abduct Yields and cis-nuns Ratios in the 7Inadiation Induced Addition of 
a-Hydmxy Isopropyl Radicals to 1,6-Heptadienes. 

staltingMataial x R %Yii 
la’ 0 97 (82). 
lb CH2 93 
lc CR2 COOH 83 

Id 50 
lea NH 80 (80). 
1P NR CH3 44y42) 

lg NR MY1 49 
lhavb NR2+cl- cH3 80 (80). 

%action also au&d out by photolysia of 2-pnopamlacetone SdUfiOllS. 

c-2%2 
4:l (3.2:1) 
3.2:1 
5.7 

4.6 (4.6) 
4.9 (4.9) 
4.3 
4:1(4:1) 

~imdiation in 2-popanol9cetone. 

lkre is little doubt that the mechanism of these reactions involves generation of the a-hydroxy 

isopropyl radical, 3, either by 7 irradiation (q 2)3 or by W photolysis of 2-propanol-acetone (eq 3).4 
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Subsequent addition of 3 to the diene generates a l-substituted S-hexenyl radical, 4, which cyclizcs to the 
cyclopentyl methyl radical, 5. Abstraction of the 2-hydrogen of 2-propanol by 5 gives pmduct along with 
anothcrmoleculeof3tocarryachainreaction. Aconsidcrationofthe~andGpmdoafortheradiation 
inducedreactionindicaeesachainreactionwithachainlengthafatleast5.4.5 Thcappearanceoftwo 
methyl doublets in the ‘H nmr spectra of the products dcmons~~~s that the cycliz~tions give the expected 
cis and trans disubstituted cyclopentanes rather than cyclohcxancs. 

7 - 
OH-e + 

irradiation 
OH + H+ (2) 

\ 
HC-OH 

hv . / 
o- o------F OH (3) 

In a typical @mdiation, diallyl ether (la, 0.273 g, 2.79 mmol) was placed in a 25 mL bottle 

containing 2+mpanol(9 mL, 0.310 M). The solution was purged with nitrogen for 20 minutes, sealed 

with a septum, and gamma irradiated with a 6oco source for 48 hours at room temperature (dose rate =1.98 
X ld RAD/h). The gas formed inside the tea&m bottle was not analyzed. The pnxluct was isolated as a 
colorless oil (0.427 g, 97%) by evaporating the solvent from the irradiated solutions and drying under 
vacuum. ThemmsKctnunoftheailshowedevidencefaamajorandminordiastneomer and very little 

else. The major isomer was assigned the cis structure (vidc i&a): ‘H NMR (CDCl3): 6 0.86 (d, 3 H, 

J=7.0 Hz, -CH-CH3), 1.17 (S, 6 H, CH3 CCH3OH), 1.39 (dd, 1 H, J8.9 Hz, CHz-CH-CHH), 1.66 
(dd, 1 H, J34.15 Hz, CH2-CH-CHH), 2.25 (ml 1 H, U-is-CH-CHHO), 2.35 (m, 1 H, CH3-CH-CH), 
3.35 (dd, 1 H, J=8.46 Hz, CH~-CH-CHH-0). 3.45 (dd, 1 H, J=2.80 Hz, CH3-CH-WHO), 3.84 (dd, 1 

H, J=5.6 Hz, CH&H-CHHO), 3.93 (t, 1 H, J=7.9 Hz, CM&H-CHH-0). 13C NMR (CDC13) 6 13.20 

(CH3-W). 29.00 (CH3-C), 30.10 (CH3-C), 36.52 (CH+OH), 37.95 (CH-CH2-0), 40.94 (CH-CH2- 

0). 69.87 (C(CH&OH), 71.98 (CH2-0), 74.53 (CH2-0). Gc/ms: m/e 158 (M+, 17%), m/e 141 (M+- 

OH, 100%). ‘Ibe gc/ms analysis also showed evidence for traces of a product in which 5 has added to 
another molecule of la prior to H abstraction: m/e=239 (M+-OH). In the photochemical reaction, la (1.36 

g, 13.9 mmol) was placed in a quartz vessel containing 2-propanol(37 mL, 488 mmol) and acetone (8.7 g, 
150 mmol). The mixture was purged with nitrogen for 20 minutes and photolyzed for 6 hours at 280 nm. 
The solvents wem evapomted to give 1.8 g (82%) of a colorless oil whose NMR and mass spectra were 
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It is thought that both the &x&emistry and the stereochemistiy of the cyclizition of 5-hexenyl 
radicalsaredictatedaaeeffect~withtbeFMOintaactionbetweentheradical 

SOMO and the LUMO of the &IKL~ C!yclizatkm of i-substituted-S-hexenyl radicals generally yields a 

preponderance of the ci.s-2-substituted cyclope@amh yl radical7 A,stmoelec~~& effect, in which the 

transition state leading to the cis pmduct is stabiked by an interaction of the p-&H2 SOMO of the radical 

with the Af crbital of the olefln, has bee-n invoked to explain this pnfmnce7** The nmr spectra of 

productsofourmlctionsallshowtwodias~ andweasSumethemajoriscmertobetheck Inthe 
case of cis and frrzm-3methyl-4-(2-hydmxy-2methylpropyl) tetrahydrofuran, c-2a and t-2a, a detailed 
examination of the nmr speclxa bears out this assumption. A s&s of selective decoupling experiments and 
an lH-‘H COSY allow an a&gnmentofthelHcheakalshiftsinthepmkmGateisomer 

HO, H, ; 6 = 3.94,3.45 ppm H,, H;; 6 = 3.35, 3.93 ppm 

Hs = 6 2.25 

H,, Ha’; 6 = 1.39,1X6 ppm 

2.35 

AMM2calculationpndictsdihcdralanglesbetwetnH3~HqofqOOand1680inc-2aandt-2a 
reqectively i&caring minimal coupling between these hydmgens in c-2a. A 2D ‘H-‘H COSY of the 
majorisomafromthereactionoflashowcdnoo8ldiagonal~toindicatecoaplingbetweenH3andHq 

confirming that this isomer was c-2.a. The cis-rrtms ratios in table 1 wem obtained by assuming a 
. pradotmnanceofthec~isomernndmeasuringtheinbegratedareaunderthcpealcrforthenewlycreated 

methylgroupsofbothdiastereomers inthelHnmrspecm 
The behavior of diallyldimethylammmium chloride, lh, in this reaction is intasting. It is well 

knownthataqueoussolutlonsofdiallyldimethyl ammako~ salts undergo the efficimt cyclopolymekaticn 

maction shown in eq 4 when exposed to radicals in aqueous solution.9 We observe that y iniadiation of a 

65% aqueous solution of lh also kings about this polymerization. In co&st, irradiation of a 65% 

aqueous solution of lb (1.34 mL, 0.54 mml) in the cobalt some in a 2-propanol(12 g, 2 mol) acetone 

(5.8 g, 1 M) mixhne or UV irradiation in this solvent mixture generates the monomeric cycloaddition 
pmduct in 80% yield It is probable that the availability of the abstractable hydmgens in isopmpanol 
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lh 
in H20 
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