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4-Hydroxyaldehydes are formed in the free-radical addition of alcohols to ~,p-unsaturated aldehydes, 
which under the reaction conditions are cyclized to 2-alkoxytetrahydrofurans [1]. In the case of the 5-hydro- 
xyaldehydes, which are obtained in a similar manner from tetrahydrofurfuryl alcohol (THFA), the ratio of 
the open and cyclic forms is quite dependent on the steric factor [2]. In contrast to the 4-hydroxyaldehydes, 
the 4-hydroxyketones exist in both the cyclic (hemiacetal) and the open form [3]. The ring-chain tautomerism 
of the 4-hydroxyketones was studied on the example of compounds that contain a primary hydroxyl group [3]. 

In order to ascertain the effect of the structure of the hydroxyketones on the amount of the open and the 
cyclic form, in the present paper we obtained some 4- and 5-hydroxyketones that contain a primary, secon- 
dary or tertiary OH group. Their synthesis was accomplished by the free-radical addition of alcohols to 
methyl vinyl ketone and mesityl oxide, initiated by di-tert-butyl peroxide, under the conditions given in 
[1, 21 
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OH (III)--(X) Re 0 OH 
(III) RI=R~CHs; (IV) RI=R~=C~H7; (V) R 1-~ R~=C~HI0; 

(VI) RI.---C2H~. R~C4H~; 
(VII) RI=H, R~=CgH19; 

(VIII) RI=I-I, R2=CTH15; (IX) RI=H, R2=C6HIs; 
(X) RI=H, R~=C3H7 

Since in the free-addition reaction with olefins the methine group of THFA has a higher reactivity than 
the hydroxymethyl group [4], we were able to add THFA to mesityl oxide, which fails to add aliphatic alco- 
hols under these conditions 

R1 R'2 0 

I )_CH2OH+ RX\ ~1 I C--CH2--C--CHa 
\ c=crlccH,--, ~ , , /<  

0 R2 / 0 CHeOH (I), (II) 

(I) tl 1 = R 2 = H; (II) R 1 = It'~ = CHa 

The  p r o p e r t i e s  of the s y n t h e s i z e d  compounds  a r e  g iven  in T a b l e  1. Compounds  (VII)-(X),  which con ta in  a 
secondary OH group, exist primarily in the cyclic hemiacetal form, the amount of which decreases with in- 
crease in the size of the alkyl substituent at the C atom attached to the OH group. The cyclization is made 
even more difficult if branching is present in the alkyl substituent [compound (VI)]. The open form predomi- 
nates in the 4-hydroxyketones with a tertiary OH group [compounds (III)-(V)]. These facts indicate the im- 
portant role of the steric effect in the cyclization step. The adduct of benzyl alcohol with methyl vinyl ke- 
tone (XI) was obtained as the cyclic acetal of 2-methyl-2-benzyloxy-5-phenyltetrahydrofuran. It is possible 
that in the given case, due to the high acidity of benzyl alcohol when compared with aliphatic alcohols [5], 
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TABLE 1 

Com- 
pound 
No. 

(I) 
(II) 
(III) 
(iv) 
(v) 
(vi) 
(vi i)  
(vi i i )  
(tx) 
(x) 
(XI) 

Bp, ~ (p, mm Hg 

251 87--89 (0,08) t .473tl t00 
481 t04--t05 (0,t) 1.47301 t00 
10145--47 (7) t,4270 t00 

15177--79 (0,t) t,433t t00 
30187--89 (0,09) t,4840 70 
25190--93 (0,t) ~ 4505 65 

251 t10-- t t2  (0,05) I I _4578 45 
251 93--95 (0,05) i t.44~2 30 

! 25 92--94 (0,06) :~.44uu 35 
t4 97--99 (t5) 1t.41"2 t0 
t5 77--79 (0,06) I t  .b45~5 0 

~" ' " ' Empiri- 

t ~ ~ I-I mula 

246 65,91 9,87 CnH~oO8 
250 62,971 8,70[ CgH~Oa 
245 64,361 t0,54] C7H,402 
248 71,731 1t ,821 C~H~202 
t70 73,761 9,90] C1oHlsO2 
t57 72,18[ tl,821 C~2H2~0~ 
106 73,t0] 12,3t~ C14HasO~ 

73 72,23 / t2,15] C~H2402 
85 7t,561 t2,15~ CnH2~O2 
23 66,4t| tt,431 CsH1~O~ 
--  80,27 i 7,64 l ClsH2oO~ 

Zalculated, % 

C H 

65:96J i0,06 
62.791 9,36 
64,581 t0,83 
71,001 f i ,87 
73,80 t 9,80 
72,02 l t2,08 
73,701 t2,36 
7t,98 t i2,09 
71,00 / t t  ,87 
66,60] t t ,17  
80,59[ 7,5i 

the intermediate hemiacetal is more easily protonated and then undergoes hydration to give the acetal~ 

5-Hydroxyketones (I) and (If) exist only in the open form. On the example of the adduct of methyl 
vinyl ketone, and cyclohexano! (V) it was shown that the ratio between the open and cyclic forms is practically 
the same in CCI~, isooctane, acetonitrile or l-bu ~tanol. 

EXPERIMENTAL METHOD 

The IR spectra were obtained on a UR-10 instrument, while the NMR spectra were taken on a Varian 
DA-IL-60 spectrometer. The GLC was run on a LKhM-Sm chromatograph equipped with a 2-m column that 
was filled with 19% PEG (tool. wt. 6000) and i0~0 Siss Silicone deposited on Chromosorb W. 

The f~:ee-radical addition reaction was run as described in [4], at 145-150~ and an alcohol-unsatu- 
rated ketonc-di-tert-butyl peroxide mole ratio of I0 : i : 0.15, for 5 h. The yield of the 1 : 1 adducts in- 
creases up Lo 50-60% when the alcohol-methyl vinyl ketone ratio is raised to 40 : I. The reaction was run 
in an autoclave in the case of the isopropyl and butyl alcohols. The 1 : 1 adducts were isolated from the re- 
action mass by vacuum-distillation. The conversion of the methyl vinyl ketone is close to 100%, and most 
of it enters into the composition of the high-boiling products. The purity of the adducts was checked employ- 

ing the methods of IR spectroscopy, GLC and NMR. 

Adduct (I) has: IR spectrum (u, cm-i): 1720 (C =O), 1050 and3450 (primary OH); and NMR spectrum 
! 

in CCI 4 (5, ppm): singlets 0.9 (CH3- ~-CH3) and 2.0 (CH3CO), with a 2 :i ratio of the intensities, and multi- 

plets 1.76 and 3.43 (CH 2 groups of side chain and nucleus). 

The amount of the open form was determined from the molar absorption coefficient of the 1720 cm -i 

band in the 2R spectrum; this band is characteristic for the stretching vibrations of the C : O group. As the 
standard we used methyl hexyl ketone, for which the calibration curve, relating eC-O to the molar con- 
centrat-[on in CC14, was obtained. The values of ~, given in Table 1 for each adduct, are the average of 
3-4 measur,~ments for CCI 4 solutions of approximately the same concentration (0.i-0.01 M). 

CONCLUSIONS 

!. Solae 4- and 5-hydroxyketones were synthesized by the free-radical addition of alcohols to cGfi- 

unsaturated ketones. 

2. According to the data of the IR spectra, the 4-hydroxyketones exist in both ~he open and cyclic 
(hemiacetal) forms. The amount of the open form increases with increase in the steric hindrance in the 
cyclization ,,~tep. The 5-hydroxyketones exist only in the open form. 
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