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Abstract—Mo(CO), catalyzed oxidation of acoholsand diolswith tetrachloromethane. Primary oxidation products
in reaction of alcoholswith CCl, are alkyl hypochlorites, and final products depending on the structure of initial
alcohol are aldehydes (as acetals), ketones, chloroketones, and esters.
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We recently established that complexes of manganese,
vanadium, and iron catalyzed oxidation of alcohols(ROH)
with tetrachloromethane to alkyl hypochlorites (ROCI)
[1, 2]. A similar catalytic activity was manifested by
molybdenum complexes in reaction of 7-tert-butoxy-
norbornadiene with a CH;OH—CCI , system resulting in
7,7-dimethoxynorbornadiene whose formation might be
presumed to involve methyl hypochlorite, product of
methanol oxidation with the tetrachloromethane [3].

The goal of the present study was an extension of the
application range of the above reaction and investigation
of regular trends and features in alcohols and diols
oxidation effected by CCl ,in the presence of molybdenum
compounds.

In the series of tested molybdenum compounds
[MoCls, MoO,(CsH,0,),, MoO3, Mo(CO)g] MO(CO)g
was the most active in alcohols oxidation with CCl,.
Introducing into the catalyst composition nitrogen-
containing (nitriles, amides, pyridines, phenanthroline) or
organophosphorus (alkyl-, arylphosphines, phosphites)
activators did not considerably affect the rate and
selectivity of the process.

For objects of the study we chose monohydric and
dihydric alcohols of various structures. For instance, in
the reaction between methanol and CCl, at 140°C inthe
presence of catalytic amounts of Mo(CO)g within 3 h
conversion of methanol reached 64%, and the main
product was formaldehyde acetal (1). A small amount of
hexachloroethane (11) (~11%) was found in the reaction
mixture. Apparently CCl, oxidized methanol to methyl

hypochlorite, then to formaldehyde which in the acid
medium reacted with excess acohol giving acetal |.

Mo(CO)q
CH30H + CCl; — > CH,(OCHg3), + C,Clg

At the longer process (6 h, 140°C) the methanol
conversion was raised to 84%.

By an example of methanol oxidation we determined
the optimum molar ratio of catalyst and reagents
Mo(CO):MeOH:CCl, at 1:200:200. In the absence of
CCl, acetal | formed in 2% yield. At the double excess
of CCl, the methanol conversion decreased to 28%, and
the amount of the side product, hexachloroethane, in the
reaction mixture grew.

C,H=OH + CCl,

[Mq]
—CHCl3
140°C, 3h

C2H5OAC + CH3CH (OCzH 5)2
I v

Ethanol oxidation with CCl , gave ambiguous results
and led to the formation of ethyl acetate (111) and acet-
aldehyde diethyl acetal (IV). The conversion of ethanol
and the composition of the reaction productsis consider-
ably affected by the molar reagents ratio EtOH : CCl,.

CCl,
CH3CH,OH ——— CH3CH,OCI
S hea; TR

——— CH5CHO
—Hcl

1615
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H+
CHLCHO + 2C,HsOH =—= |V
—H,0

Below the ethanol conversion and theratio of reaction
productsare given at variousmolar ratios of the reagents.

EtOH:CCl, EtOH conversion,%  (I11):(1V)
11 38 12
1:2 59 12
2:1 44 115

Since the iodometric titration of the reaction mixture
reveal sthe presence of an active chlorine, itispresumable
that ethanol is first through the formation of ethyl
hypochlorite (EtOCI) oxidized to acetic aldehyde which
in its turn in the acid medium gives acetal with excess
acohol.

The acetic aldehyde isfurther oxidized to acetic acid
that forms ester with the alcohol.
The oxidation of primary C,—C; a cohols (1-butanol,

1-pentanol, 3-methyl-1-butanol) occurs along a similar
scheme.

KHUSNUTDINOV et 4.

C4H90H + CC|4 + (CHgoH)

— C4H90C4H9 + C3H7C02C4Hg
\% VI
+ C4HoCl + (C3H,CO,CH3)
VIl VIl

The reaction was carried out in the presence of
methanol, for it had been previously established that
methanol fast underwent oxidation with tetrachloro-
methane into methyl hypochlorite, an active oxidant.
Actually, thereaction of butanol with CCl, inthe presence
of methanol at 170°C within 3 h a molar ratio 1:2:2
resulted in butanol conversion of 39%, and alongside buty!
butyrate (V1) and 1-chlorobutane (VI1) methyl butyrate
(VII1) wasobtained (inaratio 1:2:1).

The use of methanol easily generating methyl hypo-
chlorite acting as an oxidant permitted areduction of the
process temperature to 130°C and exclusion of chlorinat-
ed products, but butanol conversion decreased therewith
to 22%, although the reaction time wasincreased to 8 h.

Reaction of isoamy! alcohol with CCl, taken in equi-
molar amounts occurred in the presence of Mo(CO)g at
150°C in 3 h with the alcohol conversion of 61% and

Table 1. Effect of reaction conditions on conversion of primary alcohols and yields of reaction products

- Molar ratio of reagents | Conversion Reaction Yields, %*
OX';'(Z:G: glaohol Mo:RCH,OH:CCl ,: of alcohal, | temperature, °C
2 (CH.OH) % (time, 1) | RCHCl RCOOCH; RCH,0CH;R RCOOCH;R
;’ 'f“;ano' 1:200:400:(400) 2 130 (8) - 61 - 39
1:100:100(200) 2 140 (3) 28 35 - 37
1:100:200:(200) 10 140 (3) 24 39 - 36
1:100:100:(200) 24 140 (6) 48 34 - 17
1:200:200:(400) 27 160 (3) 38 43 - 18
1:200:200:(400) 36 160 (6) 55 71 - 37
1:200:200:(400) 39 170 (3) 25 24 - 50
1:200:400 78 170 (3) 67 - 17 16
3-Methyl-1- .
R LB 1:100:100 30 140 (6) 57 - 30 13
1:100:100 61 150 (3) 66 - 18 16
1:100:200 50 160 (3) 55 - 20 25
1:100:200:(200) 32 160 (3) 19 46 - 34
;’ 'fegtuano' 1:100:200:(100) 18 150 (3) 66 - 12 2
1:100:200:(200) 55 150 (3) 14 25 8 53
1:100:200 15 150 (3) 64 - 18 18
1:100:200 55 160 (4) 46 - 26 28

aCalculated on reacted alcohol.
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formation of 1-chloro-3-methyl butane (1X) (66%, main
product) and also of isopamyl isovalerate (X) (16%), and
diisoamyl ether (XI) (18%). A similar reaction of amyl
alcohol proceeded to 55% conversion leading to the
formation of the following reaction products: 1-chloro-
pentane (XI1), 46%, amyl valerate (XI11), 28%, and
diamyl ether (XI1V), 26%. All our attempts to increase
the yield of the oxidation products by raising the
temperature (to 160°C) and the time of reaction (to 4 h)
were unsuccessful. Only the use of methanol in the
reactions of isoamyl and amyl alcohols with CCl,
permitted increasing the amount of oxidation productsto
the following values: X, 34%; X111, 53%; and methyl
valerate (XV), 25%.

CHcmcmHon + CC|4 + CH3OH

[Mo]

~Crc; CHFLCF2CH(OCHY),

XVI

For special attention calls the high selectivity in
oxidizing 2,2,3,3-tetrafluoropropanol by thesystem CCl ,—
MeOH-Mo(CO)g, 1:0.5:1: The single reaction product
is1,1-dimethoxy-2,2,3,3-tetrafluoropropane (XV1), but its
yield doesnot exceed 14% even at prolonging the process
to 6 h (160°C). In the absence of methanol thefluorinated
alcohol isnot consumed and the only reaction product is
hexachloroethane.

With growing length of theakyl chain of the alcohols
their activity in oxidation with CCl , gradually diminished.
For instance, 1-undecanol reacted with the system CCl ,—
CH30H inthe presence of Mo(CO)g to 18% conversion
to form methyl undecanoate (XV11), 1,1-dimethoxy-
undecane (XV111), and 1-chloroundecane (X1 X) inaratio
15:1:14.

C11H230H + CCl 4 + CHZOH

Mo
g’ C19H21CO,CH3 + C1gH21CH(OCHg), + Cq1H23Cl

XVII XVIII XIX

Benzyl alcohal is oxidized with tetrachloromethane
at 160°C virtually to 100% giving benzaldehyde (XX),
o-methoxytoluene (XX1), methyl benzoate (XXI1), and
benzyl chloride (XXI111) in aratio depending mainly on
the concentration of theinitial reagents.

phCHzOH + CC|4 + CH3OH
[Mo]

——= PhCHO + PhCH,OCH3 + PACOOCH3 + PhCH,Cl
XX XXI XXII XX

1617

The ratio of reaction products obtained from benzyl
alcohol at various molar ratiosof reagentsare given below.

PhCH,OH:CCl: PhCH,OH XX:XXI:
CH,OH conversion, % XX XX
1:1:1 100 4:4:1:2
1:2:1 100 3:.2.1:3
1:1:2 100 7:6:1:.05
1:1:3 100 3:3.1.0.2

Further research demonstrated that generation of alkyl
hypochloritesin the presence of molybdenum compounds
and subsequent oxidation reactions with them are char-
acteristic not only of primary, but also of secondary
alcohols which as expected are oxidized into ketones.
However the dominant direction (4:1) of reaction between
secondary alcoholsand CCl, in the presence of Mo(CO),
wasthe substitution of OH group by chlorine. The conver-
sion of alcohols at 150-160°C was 60-80% in 3 h.

In reaction with secondary alcoholslikewith primary
alcohols among the tested molybdenum compounds
[MoCl5, MoO,(CsH,0,),, M0O;, Mo(CO)g] MO(CO)g
proved to be the most active. Whereas CCl, is smulta-
neously reagent and solvent it isreasonableto useitin
agreat excess with respect to alcohol (ROH:CCl,=1:2—
5). The reaction of secondary alcohols with CCl, is
completed within 3 h, at alonger heating formation of
ethers of the initial alcohols and chlorinated ketones is
observed.

OH 0
)\Rl E— R)I\R. +

R

cl

PN

R™OR

XXIV, XXVI, XXVIIT XXV, XXVII, XXIX
R=H, R =H (XXIV, XXV), CHz (XXVI, XXVI1);R=R'=
CH3 (XXVIIT, XXIX).

The optimum concentrations of the components of the
catal ytic system and of reagents and al so the recommend-
ed reaction conditions are as follows: Mo(CO)g: ROH :
CCl, = 1:100-200:200-500, 150-160°C, 3-6 h. Under
these conditions the conversion of alcoholsis complete,
but the ratio of the formed ketones and chloroalkanesis
practically independent of the alcohol structure.

CCl 4 + CH3CH(OH)(CH,)7CH3

Mo(CO)g
————= CH4CH(CI)(CH,);CHs + CH3C(O)(CH,)CHs

XXX XXXI

For instance, reaction of 1 mol of 2-decanol with
2mol of CCl,yielded as products 2-chlorodecane (XX X)
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Table 2. Effect of reaction conditions on conversion of
2,3-butanediol and yields of reaction products

Molar ratio Reaction  |Conversion Yields, %°
Mo:diol:CCl,| temperature, | of initial
°C(time, h) | diol, % | XXXV | XXXVI
1:200:200 130 (3) 95 21 79
1:200:400 130 (6) 99 33 67
1:200:200 140 (3) 98 31 69
1:200:400 130 (3) 76 14 86

aCalculated onreacted diol.

and 2-decanone (XXX1), theformer prevailing. At 150°C
in 3 h the conversion was 70%, at 140°C in 6 h, 96%,
ratio of compounds X XX: XXXI| was2:1.

We succeeded in increasing the reaction selectivity
with respect to ketone XXXI by introducing into the
system methanol which was actively oxidized with CCl,
forming methyl hypochlorite. It turned out that the result
of the process depended on two factors, namely, on the
nature of the initial sibstrate, and on the reaction time.
For instance, at the molar ratio secondary alcohol:
CH30H:CCl,:M0(CO)4 100:300:300:1 (150°C, 3 h) the
selectivity of reaction with respect to 2-decanone (XX XI)
at conversion 53-87% can attain 90%.

(CH3)3COH + CCl 4

> (CH3)3CC| + CC|3
[Mo] XXXI XXXIV
T — 2:1
150°C, 3 h
CH4OH
e A

(CH3)3C(OCH3) + XXXIV
XXXII

Tertiary alcohol, tert-butanol, reacted with the system
CH3;OH-CCl, in the presence of MO(CO), leading to
theformation of methyl tert-butyl ether (XXXI1) asmajor
product (87%). In the absence of methanol the tert-
butanol suffered substitution chlorination giving tert-buty!
chloride (XXXI11) in 66% yield. In both casesaongside
compounds XXXI1 and XXXII1 the reaction mixture
contained 4,4,4-trichloro-2-methyl-1-butene (XX XIV) and
traces of isobutyleneindicating that presumably compound
XXXIV formed in three stages by Scheme 1.

Molybdenum hexacarbony! catalyzes also diols
oxidation with CCl,. The reaction direction is governed
mainly by the structure of diol and aso dependson CCl,

KHUSNUTDINOV et 4.

Scheme 1.

(CH2)4OH ccly
3)3 H,0 )\ J\/CCI3
al

— XXXIV
-HCl

concentration and reaction conditions. For instance, 2,3-
butanediol inreaction with 2 mol of CCl, at aquantitative
conversion provided amixture of two products; 3-chloro-
butanol (XXXV) and 2,4,5-trimethyl-2-ethyl-1,3-dioxolane
(XXXVI)ina2:1ratio (Table2).

OH
)\( + CC|4
OH
OH
Mo(CO)g >
- . + 0 O + CH3COCH,CH34
130°C, 6 h
c
XXXV XXXVI

Based on published data [4] the following probable
schemeof dioxolane XXX VI formation can be suggested.

OH
H+ OH
—Hzo \
OH
OH

+
0 H",
- = OH
)]\/ TZO> XXXVI

The process starts by dehydration of theinitial glycol
resulting first in the formation of 2-butanone which
undergoes acetalization with the second diol molecule.
The content of 2-butanone to the end of the reaction was
3-5% (detected by GLC and GC-M S methods).

At reduced CCl, concentration (CCl,:diol = 1:1)
dioxolane XXXV becomes the major reaction product.
No reaction is observed in the absence of Mo(CO)g or
CCl,.

2,5-Hexanediol under similar conditionsis converted
in 80% yield into chloroketone X XX V11, resulting from
the diol oxidation at one of the hydroxy groups and
substitution chlorination at the other. At diminished
concentration of CCl, the main product isolated from the
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0
200,
[T~
OH
)\/Y MoCO)s_| XXXVII
(s}
130°C, 050 (op.
OH e,
0
XXXVIII

reaction mixture in 87% yield was 2,5-dimethyltetrahy-
drofuran (XXXVII1), the product of intramolecular
dehydration of 2,5-hexanediol. Theinfluence of reaction
conditions on the yield of products is presented in
Table 3.

The reaction of CCl, with o,w-diols occurs by the
type of substitution chlorination at one of the hydroxy
groupsgiving in highyields a,,w-chlorohydrinsand thusis
of significant preparative interest.

OH

—(CHpn— + CCly
HO

OH
Mo(CO)g /
- 3 ,—(CHy)
120°C.8h  Cl "

XXXIX-XLI

n=3(XXXIX, 95%), 4 (XL, 98%),5 (XL, 87%), 7 (XL,
74%), 10(XLI11,48%).

Onincreasing temperatureto 150°C (3 h) hexachloro-
ethane formation is observed whose yield can reach 40—
45%.

In contrast to the other o,m-diols the reaction of
1,3-propyleneglycol with CCI, under the effect of
Mo(CO)g is not selective. In the reaction mixture
alongside 3-chloro-1-propanol (XL1V) is also present
2-(3,3,3-trichloro-propyl)-1,3-dioxane (XLV) (27%).

m +CCly

OH OH
_ Mo . CJ\<
140°C 6h C, oH °
89%
XLIV

The probable route of compound XLV formation may
involve 4 stages. dehydration of diolato alyl alcohol, its
telomerization with CCl,, elimination of HCI from the

1619

Table 3. Effect of reaction conditions on conversion of
2,5-hexanediol and yields of reaction products

. | Reaction |Conversion Yields, %°
Molar ratio -
Mo:diol:CCl, temperature, of' initial XXV OOV
°C (time, h) | diol, %
1:100:100 20 (144) 22 - 100
1:100:100 100 (3) 100 10 90
1:200:200 100 (3) 100 6 94
1:100:100 120 (3) 100 19 81
1:100:100 130 (0.5) 80 13 87
1:100:100 130 (3) 100 82 18
1:100:200 130 (3) 20 93 7
1:100:300 130 (3) 100 67 38
1:100:400 130 (3) 100 14 86
b 130 (3) 77 - 100
c 130 (3) 77 - 100

aCalculated on reacted diol. PDiol without Mo(CO)g and CCl,.
¢Diol with Mo(CO)g in aratio 100:1 without CCl,.

arising chlorohydrinto give4,4,4-trichlorobutyric aldehyde
which provides acetal XLV with diol excess.

k
OH OH Hz OH

OH OH

_A ~a,c— ScHo - XLV
ClaC

Thus we established that Mo(CO)g catalyzes oxida-
tion of alcoholsand diol with CCl, leading to theformation
of aldehydes, ketones, chloroketones, and esters.

EXPERIMENTAL

IR spectra were recorded on a spectrophotometer
UR-75 from KBr pellets or thin films. 1H and 13C NMR
spectra were registered on a spectrometer JEOL FX-90
Q at 89.55 (*H) and 22.5 MHz (13C) in CDClj, chemical
shiftswerereported relativeto TMS. Mass spectrawere
measured on a GC-MS instrument Finnigan-4021
(electromimpact, 70 €V, 200°C, direct admissioninto the
ion source). GLC was carried out on a chromatograph
Chrom-5, column 1.200x3 mm, stationary phasesilicone
SE-30 (5%), on Chromaton N-AW-HMDS (0.125—
0.160 mm), carrier gas helium (47 ml/min), ramp from 50
to 250°C at a rate 8 deg/min. Hypochlorite concentra-
tion was determined iodometrically [5].

Molybdenum compounds Mo(CO)g, MoClsg,
Mo0O,(CsH,0,),, MoO; were commercial products,
dried in a vacuum-desiccator before use.
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General procedure of alcohols and diols
oxidation. Into apressure microreactor of stainlesssteel
or aglassampule (theresults of parallel runsarevirtually
identical) were charged under an argon atmosphere
0.1 mmol of MO(CO)g, 20 mmol of an appropriate alcohol
(or 10 mmol of diol), and 20-40 mmol of CCl,, and the
reactor was air-tight closed (the ampule was seaed).
The reaction was carried out at constant stirring for 1—
6 h at 120-150°C. Then the reactor was cooled to room
temperature, the reaction mixture wasfiltered through
asilicagel bed (eluent hexane—ether, 1:1). The solvent
was distilled off, the residue was distilled under the
atmospheric pressureor inavacuum. Theyieldsaregiven
with respect to consumed alcohol (GLC, internal
reference). The structure of compounds obtained was
proved by spectral methods and by comparison with
authentic samples and reference data [6-11].

1,1-Dimethoxy-2,2,3,3-tetr afluor opr opane (XVI).
Yield 14%. Mass spectrum, mVz(l,y, %): 87 (26), 85 (31),
74 (100), 59 (28), 57 (19), 56 (10), 55 (19), 43 (63), 42
(10), 39 (14), 31 (5), 29 (57). Found, %: C 34.12; H 4.47,
F 43.17. CsHgF,O,. Calculated, %: C 34.09; H 4.58;
F 43.15.

Methyl undecenoate (XVII). Yield 3%. Mass
spectrum, mvz (1,4, %): 200 [M]* (3), 169 (5), 157 (8),
143 (7), 101 (5), 87 (5), 75 (11), 74 (100), 69 (10), 59
(13),57(12), 56 (5), 55(31), 43 (18), 42 (12), 41 (41), 39
(8), 29 (32). Found, %: C 71.91; H 11.97. C;,H,,0,.
Calculated, %: C 71.95; H 12.08.

1,1-Dimethoxyundecene (XVI11). Yield 2%. Mass
spectrum, mVz (1,4, %): 185 (5), 75 (100), 71 (13), 69 (5),
58 (6), 55 (8), 53 (5), 47 (8), 45(8), 43(11), 41(17), 31(5),
29 (16). Found, %: C 72.07; H 12.95. C;3H550,.
Calculated, %: C 72.16; H 13.04.

1-Chloroundecene (X1X). Yield 32%, bp 97°C
(20 mm Hg). Mass spectrum, mv/z (1,4, %): 105 (10), 97
(7), 93 (13), 91 (48), 85 (5), 84 (5), 83 (12), 71 (13), 70
(17),69(37),68(7),67(10), 57 (57), 56 (24), 55 (64), 54
(6), 53 (5), 43(100), 42 (23),41(87),39(17),31(7), 39
(66). Found, %: C 69.19; H 12.14; Cl 18.67. C;;H,;Cl.
Calculated, %: C 69.26; H 12.15; C| 18.59.

2-Chlorodecene (XXX). Yield 64%, bp 105°C
(20 mm Hg). Mass spectrum, m/z (1,4, %): 140 (5), 112
(11), 111 (18), 105(7), 98 (14), 97 (25), 96 (6), 85 (7), 84
(25),83(24), 82(10), 71 (16), 70(60), 69 (67), 68 (7), 67
(7), 63 (7), 57 (23), 56 (41), 55 (81), 54 (8), 53 (6), 43
(100), 42 (36), 41 (89), 40 (5), 39 (22), 29 (48). Found,
%: C 56.49; H 9.91; CI 33.60. C,,H,,Cl. Calculated, %:
C 56.60; H 9.97; Cl 33.43.
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Decene-2-one (XXXI). Yield 90%, bp 81°C
(15 mm Hg). Mass spectrum, m/z (1,4, %): 156 [M]* (5),
71(25), 59 (25), 58 (100), 57 (12), 55(8), 43(90), 42 (5),
41 (19), 39 (5), 29 (12). Found, %: C 75.82; H 13.86.
CeHoO. Calculated, %: C 76.92; H 12.82.

4,4,4-Trichloro-2-methylbut-1-ene (XXX1V).Yield
47%, bp 60-61°C (75 mm Hg). IH NMR spectrum, 9,
ppm: 5.05-5.30d (2H, CH,), 3.42 s (2H, CH,), 2.01 s
(3H, CH5). 13C NMR spectrum, 8, ppm: 98.33 (C4), 61.69
(C3), 138.25 (C2), 120.08 (C1), 23.66 (C5). Mass
spectrum, mVz (1,4, %): 172 [M]* (6), 139 10), 137 (14),
127 (10), 125 (60), 124 (7), 123 (95), 122 (6), 109 (5),
103 (5), 101 (6), 98 (5), 96 (6), 89 (5), 87 (16), 85 (5), 78
(12), 76 (36), 75 (7), 73 (5), 65 (35), 63 (8), 61 (14), 55
(61),53(10),51(17),50(11), 49 (6), 41 (78), 40 (30), 39
(100), 38(14), 37 (6), 29 (4). Found, %: C 28.68; H 3.30;
Cl 68.02. C5H,Cl;. Calculated, %: C 28.71; H 3.34;
Cl 67.95.

3-Chlorobutan-2-ol (XXXV). Yield 33%. Mass
spectrum, m/z (1,4, %): 57 (5), 55 (5), 45 (100), 43 (10),
29 (17). Found, %: C 44.16; H 8.31; CI 32.50. C4H,CIO.
Calculated, %: C 44.25; H 8.35; Cl 32.66.

2,4,5-Trimethyl-2-ethyl-1,3-dioxolane (XXXVI).
Isolated by preparative GLC. Yield 95%. IR spectrum,
v, cmL: 1050, 1370, 1400, 2900-2960. IH NM R spectrum,
o, ppm: 0.75-1.1t (3H, CH3), 1.3 s (9H, 3CH;), 1.5
1.8 q (2H, CH,), 3.5-3.7 m (2H, 2CH). 13C NMR
spectrum, §, ppm: 109.6 (C?), 78.89 (C4), 78.04 (Cd),
25.19(C®), 33.14(C7), 8.13(C?8), 16.78 (C9), 16.40 (C19).
Mass spectrum, m/z (1,4, %): 129 (11), 115 (47), 100 (11),
73 (23), 72 (25), 57 (48), 56 (18), 55 (28), 45 (7), 43
(100), 41 (17), 39 (6), 29 (24). Found, %: C 66.50;
H 11.14. CgH,50,. Calculated, %: C 66.63; H 11.18.

2-Chlor ohexan-5-one (XXXVI11). Isolated by prep-
arative GLC. Yield 85%. Mass spectrum, m/z (1,4, %0):
134 [M]* (5), 58 (41), 57 (14), 56 (8), 55 (16), 43 (100),
42 (29), 41 (10), 39(6), 29 (6). Found, %: C 53.50; H 8.21;
Cl 26.35. C¢H,CIO. Calculated, %: C 53.59; H 8.24;
Cl 26.37.

2,5-Dimethyltetrahydrofuran (XXXVIII). Yield
~100%, bp 91-92°C. IR spectrum, v, cmr1: 1090, 1370,
1450, 2850-2950. 1H NMR spectrum, o, ppm, trans-
isomer: 1.20 d (6H, 2CH5), 3.86 m (2H, 2CH), 1.68 m
(4H, 2CH,); cis-isomer: 1.125 d (2CH3), 4.02 m (2H,
2CH), 1.68 m (4H, 2CH,). 13C NMR spectrum, J, ppm,
trans-isomer: 21.38 (C8, C7), 74.49(C2, C5), 33.04 (Cs,
CH); cisisomer: 21.38 (C8, C7), 75.34 (C2, C5), 34.15(C3,
C4). Mass spectrum, m/'z (1,4, %): 100 [M]* (6), 73 (23),
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72 (25), 57 (48), 56 (18), 55 (28), 45 (7), 43 (100), 41
(17), 39(6), 29 (24). Found, %: C 71.86; H 12.06. CgH 0.
Calculated, %: C 71.95; H 12.08.

5-Chloropentanol (XXXIX).Yield 95%, bp 57-58°C
(1 mm Hg). 13C NMR spectrum, 8, ppm: 62.28 (C?),
32.08 (C?), 23.07 (C?), 32.30(C4), 44.25 (C5). Found, %:
C 49.05; H 9.11; CI 29.01. C;H4;CIO. Calculated, %:
C 48.98; H 9.04; Cl 28.92.

6-Chlorohexanol (XL). Yield 98%, bp 97°C
(10 mmHg). *H NMR spectrum, §, ppm: 1.10-1.92 (8H,
4CH,), 3.42"3.80 m (4H, CH,CI, CH,0OH). 13C NMR
spectrum, §, ppm: 62.99 (C?1), 32.49 (C?), 26.59 (C3),
25.00 (C%), 32.07 (C5), 45.03 (C8). Mass spectrum, m'z
(I,g,%): 92 (10), 90 (12), 83 (12), 82 (30), 81 (5), 76 (5),
70(8), 69 (65), 68(8), 67 (47), 63 (5), 57 (11), 56 (40), 55
(100), 54 (29), 53 (8), 49 (5), 45 (5), 44 (7), 43 (34), 42
(76), 41 (99), 40 (12), 39 (28), 31 (77), 30 (7), 29 (41).
Found, %: C 52.70; H 9.56; ClI 26.08. C4H,5CIO.
Calculated, %: C 52.74; H 9.59; Cl 25.95.

7-Chloroheptanol (XL1). Yield 87%, bp 80°C
(15 mm Hg). H NMR spectrum, §, ppm: 1.15-2.0 m
(10H, 5CH,), 3.25-3.75 m (4H, CH,CI, CH,OH).
13C NMR spectrum, 8, ppm: 62.69 (Ct), 32.39 (C?), 25.57
(C3),27.69(C4), 28.02 (C5), 30.63(C8), 44.54 (C7). Found,
%: C 55.74; H 10.10; Cl 23.68. C;H,5CIO. Calculated,
%: C55.81; H 10.04; Cl 23.53.

9-Chlorononanol (XL11).Yield 74%, bp 142-143°C
(20mmHg). H, 3, ppm: 1.2-2.0 m (14H, 7CH,), 3.40—
3.65 m (4H, CH,CI, CH,OH). 13C, 9§, ppm: 62.79 (CY),
32.50(C?), 26.17 (C3), 27.55(C4), 27.23 (C5), 27.89 (C9),
28.00 (C7), 28.74 (C8), 44.40 (C9). Found, %: C 60.12;
H 10.54; Cl 19.76. C4H;4ClO. Calculated, %: C 60.48;
H 10.72; Cl 19.84.

12-Chlorododecanol (XLI11). Isolated by column
chromatography (eluent ether—hexane, 1:2). Yield 48%.
1H NMR spectrum, 3, ppm: 1.31-1.95 (20H, 10CH,),
3.42"3.64 m (4H, CH,CI, CH,OH). 13C NMR spectrum,
9, ppm: 62.87 (C1), 32.81 (C2), 26.28 (C3), 27.55 (C4),
27.76 (C5), 27.22(C8), 27.89(C7), 28.02 (C8), 28.64 (C9),
28.70 (C10), 29.36 (C1), 45.05 (C12). Found, %: C 65.32;
H 14.30; Cl 15.67. C;,H,sClO. Calculated, %: C 65.57;
H 14.46; Cl 15.68.

3-Chloropropanol (XLIV). Yield 73%, bp 82°C
(80 mm Hg). 13C NMR spectrum, §, ppm: 59.49 (C?),
34.87 (C?), 43.30 (C8). Mass spectrum, m/z (1,4, %):

1621

76 (11), 58 (72), 57 (48), 41 (16), 39 (8), 31 (100), 30
(36), 29 (55).

2-(3,3,3-Trichloropropyl)-1,3-dioxane (XLV).
Yield 27%. 1H NMR spectrum, 8, ppm: 1.20-1.42m (2H,
CH,), 2.00-2.15 m (2H, CH,), 2.78'2.85 t (2H, CH,),
3.70-4.12 m (4H, 2CH,), 4.61-4.68 t (1H, CH). 13C
NMR spectrum, §, ppm: 99.99 (C?), 66.77 (C4, C8), 25.75
(C5), 32.06 (C7), 49.32 (C8), 99.79 (C9). Mass spectrum,
mz(l,y, %): 233[M]* (8), 231 (10), 141 (5), 139 (7), 111
(5), 109 (7), 88 (5), 87 (100), 85 (5), 77 (5), 75 (13), 59
(13), 42 (8), 41 (7), 39 (5), 31 (16), 29 (10). Found, %:
C 36.02; H 4.63; Cl 45.72. C;H4,Cl;0,. Calculated, %:
C 35.99; H 4.75; Cl 45.55.

The study was carried out under a financial support
of Ministry of Education and Science (grants NSh-
2189.2003.3; NSh-7470.2006.3).
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