SYNTHESIS OF ORGANOSULFUR COMPOUNDS FROM TRICHLOROALLYL ALCOHOL
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The reactions of trichleroallyl alcohol involving the OH group such as esterification,
oxidation, and nucleophilic substitution have been studied rather thoroughly [1]. In this
case, the trichlorovinyl group (CC1l,=CCl), which is usually inert relative to nucleophilic
reagents [2], remains unchanged.

It was of interest to carry out the nucleophilic thiylation of the halogens in the tri-
chlorovinyl group, which would provide an approach to substituted ketenacetals, which are
commonly used as starting materials in a whole series of syntheses [3]. This requires the
action of thiolates on trichloroallyl (I) and a-methyltrichloroallyl alcohols (II) in a
medium containing DMF. and an aprotic solvent with moderate bipolar activity, i.e., under
conditions permitting us (as shown earlier in [4]) to carry ocut the exhaustive substitution
of chlorine atoms in tetrachloroethylene by organylthio groups.

We have found that alcohols (I) and (II) extremely readily undergo an exothermal reac-
tion with aliphatic and aromatic thiolates in absolute DMF. In this case, independently of
the mole ratio of alcohol (I) or (II) and the thiolates, only the products of the substitu-
" tion of two chlorine atoms by SR' groups (IIIa)-(IIIi) are formed.

CCl,=CCICHROH —X2, C(SR’),—CCICHROH
@, 11 (I1Ta—1)

R = H(I), CH,(ID); (III): R == H, R’ = GH; (a), i-C;H; (v),
-CH, (9, n-GsH,, (9, CH,CH,0H (e), C.H; (£), 4-CH,;—CgH, (g);
R = CH,;, R" = C,H, (1), CH; (1).

The reaction of disubstituted alcohol (IIIa) with excess thiolate does not lead to the tri-
substituted product.

1,1,2,3-Tetrachloro-1-propene (IV) reacts analogously with thiolates. The products of
the consecutive substitution of the allylic (V) and two vinyl chlorine atoms (VI) may be iso-
lated depending on the reagent ratio.

CCl=CCICH,Cl ——» CCl,=CCICH,SR’ ——~" .. C(SR’),=CCICH,SR"
(1v) V) (V1)

The geminal structure of the compounds obtained was established by physicochemical
methods and confirmed by the conversion of (IIIa) to thioester (VII). Thiocetals of ketenes,
while stable in alkaline media, undergo hydrolysis in acid media to give esters of acids or
thioacids [5].

Cl OCgH, 0

H+/C.H,OH N / /7
(IHa)——l————+ C=C — HOCH,CHCIC

wome”  SCefls VID Ngeum,

The IR spectra of (III) feature a strong band at 1540-1530 cm™! corresponding to the
stretching vibrations of C=C(SR), double bonds [6]. The S-alkyl group protons in the PMR
spectra of (III) are anisochronic with a chemical shift difference of 0.03 ppm, which cor-
responds to the difference in the chemical shifts of the protons of geminal SR groups at a
double bond {7, 8]. The nature of the ?C NMR spectra also supports the geminal nature of
the SR groups.

A study of the chemical properties of alcohols (III) showed that the replacement of
chlorine atoms by SR groups did not have a significant effect on reactions common for alco-
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hols. Thus, (IIIe) and (IIIg) react under mild conditions with phenyl isocyanate to form
N-phenylurethane, C(SR')2=CCLlCH20C(O)NHCsHs (VIIIe) and (VIIIg) in quantitative yield. 1In
the case of (IIIe), all three hydroxyl groups take part in the reaction.

Alcohols (IIIa)-(IIIc) and (IIIf) are readily oxidized at the sulfide groups by acetyl
hydroperoxide in CH,Cl, to give sulfones C(SO,R'),=CCLCH,OH (IXa)-(IXc) and (IXf). The com-
positions of all the compounds obtained were supported by elemental analysis and their
structures were supported by IR and NMR spectroscopy (see Table 1).

EXPERIMENTAL

Absolute solvents were used in this work.. The reactions with thiolates were carried out
in a nitrogen atmosphere. A sample of 1,1,2,3-tetrachloro-l-propene was obtained by the
reaction of trichlorcallyl alcohol with SOCl, [1]. The IR spectra were taken on a UR-20
spectrometer neat or in a KBr pellet. The PMR spectra were obtained on a Varian DA-60 IL
spectrometer at 60 MHz and Tesla BS-497 spectrometer at 100 MHz in {(CD;),CO or CCl, solution
with HMDS as the internal standard. The !3C NMR spectra were taken on a Bruker WM-250
spectrometer at 250 MHz in CD,Cl, or (CD,;),CO solution.

General Method for the Preparation of 3,3-Dialkyl- and 3,3-Diarvlthio-2-chloro-2-propen-
1-ols (IITa)-(IIIi). A solution of 20 mmoles alcohol (I) or (II) in 20 ml DMF was added with
stirring to a suspension of 66 mmoles sodium thiolate in 25 ml DMF such that the temperature
did not exceed 30°C. After completion of the exothermal reaction, the mixture was maintained
for 2 h at about 20°C. The residue was separated and most of the DMF was distilled off in
vacuum. The residue was dissolved in CHCl,, washed with water until neutral, and dried over
MgSO,. Chloroform was distilled off. The residue was either distilled in a vacuum or recrys-
tallized from a suitable solvent.

General Method for the Preparation of 3,3-Dialkyl- and 3,3-Diarylthio-2-chloro-2-pro-
penyl-N-phenvlurethanes (VIIIe) and (VIIIg). A sample of 20 mmoles phenyl isccyanate was
addded to 20 mmoles (IIIe) or (IIIg). The reaction mixture was maintained at about 20°C
until the mass partially crystallized and then 10 ml pentane was added. The precipitate
formed was separated and recrystallized from ethanol.

General Method for the Preparation of 3,3-Dialkyl~ or 3,3-Diarvlisulfonyl-2-chloro-2-
propen-l-ols (IXa)-(IXc) and (IXf). A solution of 20 mmoles (IIIa)-(IIIc) or (IIIf) in 15
ml CH,Cl, was added with stirring to 88 mmoles acetyl hydroperoxide (72%) in 15 ml CH,Cl,,
maintaining the temperature of the reaction mixture at 25-30°C. Stirring was continued for
an additional 3 h at about 20°C. The mixture was diluted with 100 ml CH2Cl., washed with
aqueous NaHCO, and water, and dried over MgS0O,. The solvent was evaporated and the residue
was recrystallized from ethanol.

The hydrolysis of 3,3-diethylthio-2-chloro-2-propen-1l-ol (IIIa) was carried out according
to Seebach and Burstinghaus [9]. The reaction of 5 g (25 mmoles) (IIIa) and 22.8 g (200
mmoles) CFsCOOH gave 3.1 g (70%) (VII), bp 100-103°C (4 torr), np?® 1.5701. IR spectrum
(v, em™*): 3450 (OH), 1670 (C=0). PMR spectrum (&, ppm): 1.18 t (3H, CH5), 2.48-2.92 m
(2H, CH,S + 1H, OH), 3.65 t (1H, CH), 3.83 d (2H, CH,0). Found: C 35.54; H 5.14; S 18.98;
Cl 21.24%. Calculated for C H,0,SCl: C 35.62; H 5.38; S 19.02; C1 21.03%.

CONCLUSIONS

1. The reaction of trichloroallyl alcohol with sodium thiolates in DMF gave previously
unreported 3,3-dialkyl- and 3,3-diarylthio-2-chloro-2-propen-l-ols in good vields.,

2. The analogous reaction with 1,1,2,3-tetrachloro-l-propene gave the products of the
consecutive replacement of the allylic and two vinylic chlorine atoms by SR groups.

LITERATURE CITED

1. M. I. Dyusenov, Chemical Sciences Candidate's Dissertation, Moscow (1966).

2. R. G. Petrova and R. Kh. Freidlina, Izv. Akad. Nauk SSSR, Ser. Khim., 426 (1967).

3. B. T. Grobel and D. Seebach, Synthesis, 357 (1977).

4. N. P. Petukhova, N. E., Dontsova, and E. N. Prilezhaeva, Izv. Akad. Nauk SSSR, Ser. Khim.,
467 (1979).

5. M. Kolb, The Chemistry of Ketene, Allenes, and Related Compounds, Vol. 2, New York (1980),
pp. 669-699.

1729



A. Yensen and L. Henriksen, Acta Chem. Scand., 22, 1107 (1968).
Shahak and Y. Sasson, Tetrahedron Lett., 4207 (1973).

A. Russel and L. A. Ochrymowycz, J. Org. Chem., 35, 764 (1970).
. Seebach and R. Biirstinghaus, Synthesis, 461 (1975).

~ o

O 0o
U Qo

OXIDATION OF ALTPHATIC ALCOHOLS BY A SYSTEM CONTAINING Na,5,04
AND A METAL CHLORIDE

N. I. Kapustina, A. V. Lisitsyn,

UDC 542.943.7:547.26
and G. I. Nikishin

The reaction of sodium peroxydisulfate (PDS) with primary and secondary aliphatic alco-
hols features the abstraction predominantly of the o-hydrogen atom by SO,  radical-anions
generated upon the thermolysis of PDS and the oxidation of the a-hydroxyalkyl radical formed
to carbonyl compounds [1, 2]. Alkoxy radicals are mainly formed upon the catalysis of this
reaction by Ag(I) and Cu(II) ions. These radicals either fragment with the formation of
alkyl radicals and a carbonyl compound or rearrange to d-hydroxyalkyl radicals [3-5]. The

latter are oxidized to give tetrahydrofurans [4]; they can also alkylate protonated hetero-
cyclic bases [6].

In the present work, we carried out the oxidation of primary aliphatic alcohols (Ia)-
(Ic) by PDS in conjunction with an alkali metal chloride (MCl). The reaction was carried
out at 75-80°C in a two-phase system containing an alcohol and an aqueous solution of PDS,
MCl, and H,S0,. The major reaction products are l,1—dialko§y-2-chloroalkanes (I1a)-(IIc).

AN/

OH 0
g NasooMo L <O AN
(la—¢) (ITa—c)

Re = Me (a); Et(b); Pri(c); M=Li; Na; K.

TABLE 1. Oxidation of l-Alkanols by the Na,S,0,MCl
System at 75-80°C-(4 h, (I):Na,S,04:MCl = 10:1:35 0.02
mole Na,S,04, 0:02 mole 987 H,S0,, 20 ml H,0; the
yield was given assuming 2 mole Na,S,0, per mole (11))

Yield of (II), %
Alcohol (I) MCl relative to Nézszoa

- LiCl 31

1 Hex:.nol LiCl 2 2%

» LiClP 27

» Lmlg ~

» LiCl 34

» NaCl 22

» KCl 33

— 21%

» CuCly 20

1-Butanol LiCl 34

u» ° LiCla 23

1-Propanol LiCl 40
E(I) Na,S,04:LiCl = 2:1:3.
(I) Na,S$,05:LiCl = 4:1:3.

“Without H,S0,.

In the presence of 0.004 mole AgNO4.

©0.015 mole HCl instead of LiCl and H,S0,. -

Without H,SO,; 217 hexyl caproate and 47 4-chloro-

1-hexanol were identified in the reaction mixture in
addition to (IIc).
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