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Intramolecular cyclization of chloral allyl hemiacetal 
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Chloral allyl hemiacetal undergoes cyclization in the presence of the Fe(CO)5--DMF 
system to form 3,3,5-trichloro-2-hydroxytetrahydropyran rather than a butyrolactone deriva- 
tive. 
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Generally, intramolecular cyclization of  radicals con- 
taining the radical center and the double bond at positions 
1 and 5 affords substituted five-membered cyclic com- 
pounds. 1 Using allyl trichloroacetate (I)  as an example, it 
was demonstrated that its cyclization initiated with the 
Fe(CO)5- -DMF metal complex system 2 or copper salts 3 
gave the corresponding butyrolactone (2) (Scheme I). 
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The structure of  the resulting compound was estab- 
lished by IH and I-~C N M R  spectroscopy and mass 
spectrometry. 3 

In studies of  cyclization of  a structurally similar 
compound, viz., chloral allyl hemiacetal (3), under analo- 
gous conditions,  we obtained an unexpected product 
(Scheme 2). 

According to the IH and t3C NMR spectral data, the 
reaction product was a 1 : 1 mixture of two compounds 
whose compositions corresponded to compounds 4 or 5. 
The results of  IH and 13C N M R  spectral studies demon- 
strated (see below) that one of these compounds is 
hydroxytetrahydropyran (4a). The second product could 
be e i the r  its d i a s t e r eomer  ( compound  4b) or 
hydroxytetrahydrofuran (5). A choice between these 
structures presented difficulties because the chemical 
shifts for some signals in the i3C NMR spectrum of  this 

compound differ substantially from those for the struc- 
turally similar analogs of  compounds  2 and 4 reported in 
the literature. 3 - s  With the aim of  unambiguously estab- 
lishing the structures of these molecules ,  the x3C N M R  
spectrum of  a mixture of  isomers o f  compound  4 was 
recorded with the use of the 2D t3C,13C I N A D E Q U A T E  
technique ~ (Table 1 and Fig. 1), which allows one to 
isolate sets of  signals of  individual isomers from the 
overall spectrum and to determine the number  and the 
nature of the neighbors at each C atom. The basis for 
this method is the detection of interactions between 
covalently bonded C atoms. F rom Fig. 1 it is clearly 
seen that the N M R  spectrum contains two sets of  signals 
belonging to different compounds.  

Scheme 2 
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In addition, IH,l H homocoupting (for the CH 2 groups) 
and IH,13C heterocoupling (for the  CH groups) were 
revealed. This made it possible to elucidate the nature of 
the group to which a particular C atom belongs, the 
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Table 1. 13C and tl-I NMR spectral data for the isomers of 
3,3,5-trichloro-2-hydroxytetrahydropyran* (4a and 4b) 

15 C I./C,H/I'-I z ~5 H I/H,H/HZ 

Isomer 4a 
95.38 (CH, C-2) 177.2 4.78 (H-2) 
86.88 (C, C-3) --  -- 
46.93 (CH2, C-4) 141.7 2.64 (H-4a) 

135.7 2.59 (H-4e) 

50.14 (CH, C-5) 154.5 3.93 (H-5a) 
63.31 (CH2, C-6) 156.9 3.75 (H-6a) 

147.2 3.43 (H-6e) 
Isomer 4b 

98.48 (CH, C-2) 167.2 4.14 (I-t-2) 
88.55 (C, C-3) --  --  
52.02 (CH 2, C-4) 142.4 1.91 (H-4a) 

132.6 2.68 (H-4e) 
49.40 (CH, C-5) 156.3 3.66 (H-5a) 

71.27 (CH 2, C-6) 155.6 3.59 (H-6e) 

144.5 2.83 (H-6a) 

J'H-4a,t-l-4~ = 13.6, 
Jl'l-4a,H-Sa = 10.9 
Jn-~,H-5~ = 5.3, 
a'H_~,rt.6 o = 1.5 
JH-Sa,H-6a = 11.0 
JH-6a,H-6e = | 1.1 
Jn~,rt-~= = 5.4 

JH--4a,H-4r = 14.0 

JH-5=,H-~ = 4.8, 
JH-Sa,H-6a = 11.2, 
Jlt-Sa,a-4~ = 4.5, 
fH-5a,H-4a = 11.4 
J~-S~,H-~ = 11.3, 
Jrt-6~,rl-4e = 2.7 

* The assignment is arbitrary. 

number of  its neighbors, and the sequence o f  bonding of  C 
atoms in the compounds under study for each 13C signal. 
Thus compound  4a is characterized by the presence o f  two 
C atoms (5 95.38 and 63.31), which are bound to two and 
one O atoms, respectively, and have one adjacent C atom 
each, and of  three C atoms having two adjacent C atoms 
each. The presence or absence 6f  IH,13C heterocoupling 
indicates the group of  atoms (CH2, CH,  or C) to which a 
particular C atom belongs. In the case of  the spectrum of  
compound 4b, analogous conclusions can be drawn. A 
molecule with structure 5 should contain one C atom 
bound to three adjacent C atoms and the CH2CI group 
bonded to only one C atom, which is not actually ob- 
served. The number  of  signals as well as their  multiplicity 
in the IH N M R  spectra correspond to the molecular  
structures proposed for compounds 4a and 4b. 

Thus,  it was demonst ra ted  that the i someric  c o m -  
p o u n d  is t he  s e c o n d  d i a s t e r e o m e r  o f  
hydroxytetrahydropyran 4a (Le., 4b). An analogous prod-  
uct  was prepared by the reaction o f  chloral  with allyl 
a lcohol  in the presence o f  CuClf l  

The reasons for the difference in the results o f  cycliza- 
tion of  compounds  1 and 3 lies apparently in the fact that 
the nature of  the functional groups of  the initial com-  
pounds affects substantially the mechanism of  cyclization. 

Experimental 

Preparative GLC was carried out on an LKhM-80 chro- 
matograph (steel column (1300x9 mm) with 20.~ SKTFT-50X 
on Chromaton-N-AW; helium as the carrier gas 
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Fig. 1. 13C,13C INADEQUATE spectra for a mixture of 
isomers 4a,b (shift of the scale to within 1 ppm is possible). 

(120 mL rain-l); katharometer as the detector). The IH and 
13C NMR spectra were recorded on Bruker WP-200 
(200 MHz), JEOL JNM GSX 270 FF, and Bruker Avarice 
DRX500 (125.77 MHz) spectrometers in CDCI 3 or C6H 6. The 
chemical shifts are given in the 5 scale relative to Me4Si. The 
assignment of the signals was made with the use of  the IH,13C 
HMQC correlation s,9 for the data obtained using the INAD- 
EQUATE technique/i 

Chloral all]4 hemiaeetal (3). t~ When chloral and an equimo- 
lar amount of allyl alcohol were mixed, the reaction mixture 
spontaneously warmed up to 85 *C and turned yellow. The 
mixture was kept for 2 h and distilled off. The yield was 8596. B.p. 
109--109.5 ~ (cf Pet'. I0: b.p. 116 ~ .'tD20 i.4871, d420 
1.3759. IH NMR, 6:5.90 (m, 1 H, CH=); 5.35 (m, 2 H, CH2=); 
4.85 (s, 1 H, CH); 4.38 (m, 2 H, CH20); 3.47 (s, 1 H, OH). 

Cyclizafion of chloral allyl hemiacetal (3) in the presence of 
the Fe(CO)s--DMF system. A mixture of hemiacetal 3 (0.2 g, 
1 retool) and Fe(CO) 5 (0.04 g, 0.2 rnmol) in DMF (0.44 g, 
0.6 retool) and benzene (9.5 mL) was heated for 3 h in a sealed 
tube at 145 *C. The reaction mixture was passed through a SiO 2 
layer to remove resinification products. Then the reaction prod- 
uct was isolated by preparative GLC. 3,3,5-Triehloro-2-hydroxy- 
tetrah~lropyran (4) was obtained in 3096 yield, nD 2~ 1.5179, 
d42~ 1.5201. Found: MR 40.95. Calculated: MR 40.86. Found 
(%): C, 29.71; H, 3.42; CI, 51.26. C5H7C130 ~. Calculated (%): 
C, 29.23; H, 3.43; Ct, 51.77. The IH and t~C NMR spectra, 
which were recorded using the INADEQUATE technique, of the 
isomers of compound 4 are given in Table 1 and Fig. 1. 
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