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Recently we have shown that titanium(IV) chloride is an ex-
cellent catalyst for promoting the addition of hydrogen azide
to certain olefins®. Although the ability of hydrogen chloride
to add to multiple bonds is well documented, there have been
only few studies of the use of titanium(IV) chloride to pro-
mote such reactions®. Hydrogen chloride is readily available;
on the other hand, procedures for generating deuterium
chloride in known molar quantities are few (reaction of deu-
terium oxide with phosphorus(I1I) chloride, acyl chlorides,
or silicon tetrachloride), with deuterium chloride being dis-
tilled, trapped, and titrated or weighed®.

We have developed a simple, in situ, procedure for the gener-
ation and addition of known amounts of deuterium chloride
to activated olefins. Typically, one equivalent of the olefin
and one equivalent of a deuterium source, usually methanol-
O-d or deuterium oxide were mixed in a dichloromethane
solution. This was followed by the addition of one-half of an
equivalent titanium(l V) chloride. The reaction took 30 min
to 1 hat 5°C to reach completion and the yields were usually
excellent (see Table). Mass spectra and 'H-N.M.R. inte-
gration of the deuterium chloride adducts indicated incor-
poration of one deuterium and no methoxy incorporation
was observed. Terminal monosubstituted and 1.2-disubsti-
tuted olefins did not give a deuterium chloride adduct, but
rather polymerized under the reaction conditions.

That titanium(IV) chloride definitely promotes the reaction
is apparent by comparing the reaction times necessary to
reach complete reaction for gaseous deuterium chloride ad-
dition versus titanium(1V) chloride/methanol-O-d addition.
The addition of gaseous deuterium chioride to chrysanthe-
mate 1 required 30 h, while the catalyzed reaction was com-
plete in 20 min, 2 was produced, and no rearrangement was
observed (Scheme A). Similarly, addition of gaseous deu-
terium chloride to 2,3-dimethyl-2-butene required 19 h,
while the catalyzed reaction was over in 30 min.
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Scheme A

As a first rapid step, titanium(IV) chloride is expected to
react with methanol-O-d (or deuterium oxide) according to
Scheme B.

TiCl, + 2 H3C—0D == Ti(OCH;3).Cl; + 2 D—Ci
Scheme B

As the next step, the results are consistent with complexation
of the generated titanium species with the olefin. In the case
of monosubstituted olefins this results in polymerization,
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while in the case of 1,l-disubstituted tri- and tetra-
substituted olefins, deuterium chloride addition takes place.
Though stereochemical questions still remain to be
elucidated, the procedure provides a simple, useful method
for addition fo DCI to such olefins.

Table. Addition of Hydrogen Chloride and Deuterium Chloride (in
Dichloromethane) to Olefins
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 The products were distilled in a Kugelrohr oven at 0.1 mm Hg.
The purity was > 95 % us determined by G.L.C or by "H-N.M.R.
integration.

* Yield by N.M.R. specirometry.

General Procedure for in situ Generation and Addition of Deuterium
Chloride to Olefins:

The olefin (10 mmol) and either methanol, methanol-O-d, or deu-
terium oxide (11 mmol) are mixed in dry dichloromethane (20 ml)
under nitrogen and cooled in an ice bath. Titanium(IV) chloride
{5 mmol)in dichloromethane (10 ml) is added dropwise to the cooled
olefinic solution. After onc hour the reaction mixture is passed down
a2em x 3em column of alumina, eluting with dichloromethane,
and the solvent removed to yield the adduct in > 95 % purity. Fur-
ther purification can be affected, if desired, by vacuum distillation.
See Table for reaction times, vields, and the proton or deuterium
SOUICEs.

This research was supported by Grant No. CA-19203 awarded by the
National Cancer fnstitute, DHEW.

Received: February 17, 1984
(Revised form: May 29, 1984)

* Current address: Department of Chemistry, Bar Hlan University.
Ramat Gan 52100, Israel.

U Synthetic Methods 19. FFor previous work see A. Hassner, P. Murn-
ger, B.A. Belinka, Jr., Tetrahedron Lett. 23, 699 (1982).

2 A. Hassner, R.F. Fibiger, J. Org. Chem., in press.

3 D. Lemarchand, N. M"Bayne, J. Braun, J. Organomet. Chem. 39,
C69 (1972).

4 (a) H.C. Brown, K. T. Lin, J. Am. Chem. Soc. 97. 600 (1975).
(b) J.M.S. Dewar, R.C. Fahey, J. Am. Chem. Soc. 83, 2245
(1963).

(¢) H.C. Brown, C. Groot, J. Am. Chem. Soc. 64, 2223 (1942).
(d) A.F. Thomas, Deuterium Labeling in Organic Chemistry.
Appleton-Century-Crolts, New York. 1971, p. 16.

(e) W.H. Greive, K. F. Sporek, J. Chem. Ed. 43, 381 (1966).

Downloaded by: National University of Singapore. Copyrighted material.



