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The disulfoxides 2-9 listed in Table I were prepared similarly.
Except for the bis(benzylsulfinyl) compounds (4), the disulfoxides
are substantially water soluble and several were sufficiently hygro-
scopic to present difficulties in handling and analysis.

Compounds 1 and 2 (Method of Bell and Bennett).!2 The
procedure with hydrogen peroxide in glacial acetic acid gave essen-
tially the results previously reported: o, mp 164-165°; 18, mp
129-130.5° (lit.122 o, 163-164°; B, 128-130°); 2, mp 146-147°
(1it,12b 150°). The ir spectrum of 18 is essentially the same as that
of la.

Compound la (Method of Leonard and Johnson),! The pro-
cedure with NalQ4 was essentially as described, except that the
water solution of the product was deionized by passing successive-
ly through Dowex 1-X4 and Dowex 50W-X8 resins, followed by
evaporation and three crystallizations from ethyl acetate, mp
165-167° (1it.122 163-164°),

Registry No.—1, 10349-04-9; 2, 10483-95-1; d!-3, 56391-04-9;
meso-3, 56348-32-4; dl:4, 56348-33-5; meso-4, 56348-34-6; 5,
56348-35-7; 6, 56348-36-8; 7, 56348-37-9; 8, 56348-38-0; 9, 50512-
41-9; MegSO, 67-68-5; 1,2-bis(methylthio)ethane, 6628-18-8; 1,2-
bis{ethylthio)ethane, 5395-75-5; 1,2-bis(propylthio)ethane, 22037-
97-4; 1,2-bis(benzylthio)ethane, 24794-19-2; 1,3-bis(methylthi-
o)propane, 24949-35-7; 1,4-bis(methylthio)butane, 15394-33-9;
1,4-bis(propylthio)butane, 56348-89-1; 1,5-bis(methyithio)pen-
tane, 54410-63-8; 1,6-bis(methylthio)hexane, 56348-40-4.
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Syntheses involving gaseous alkenes often prove prob-
lematic, especially where stoichiometric control of reagents
is desired. Where justified by continual need, a variety of
systems have been developed, e.g., the use of constant-
pressure controllers coupled with wet test flow meters. In
most cases, however, the occasional user resorts to one of
three methods. Either the gas is passed through the reac-
tion mixture in considerable excess (resulting in loss and
disposal requirements for considerable quantities of flam-
mable gas) or contained in gas burets (cumbersome for all
but very small scale), or else the reaction is run in a pres-
surized autoclave (with complications for subambient tem-
perature operation). Of these three, only the gas buret is
readily amenable to stoichiometric control. In connection
with other work, we have had occasion to carry out such re-
actions and find a marked convenience in quantitative au-
tomatic gasimetry.

Quantitative automatic gasimetry! has proven valuable
both in synthesis and in reaction studies. With this tech-
nique—first employed in hydrogenation—the gaseous re-
agent is generated as needed to supply the reaction at a
constant pressure, the gas being generated by automatical-
ly controlled mixing of two solutions. In addition to hydro-
gen,b? HCL? CO,4 05,5 and COy® have been utilized. In
many cases considerably higher yields are obtained through
ready optimization of reaction times.35

Gaseous alkenes are readily prepared by addition of the
corresponding 1,2-dibromoalkane to a hot suspension of
zinc powder in ethylene glycol. Of the numerous methods
envisioned which have been tested, this alone met the re-
quirements: rapid and quantitative alkene generation; lack
of gel or precipitate formation; and available, inexpensive
reagents. Reactions were carried out in an apparatus (Fig-
ure 1) modified from the hydrogenator previously de-
scribed! by addition of heating for the generator and inser-
tion of a U-tube packed with porous CaCl, as a trap be-
tween the generator and reactor. The concentration of neat

Figure 1. Automatic gasimeter adapted from Brown® hydrogena-
tor (Delmar Scientific Glass Division of Coleman Instruments Co.,
Maywood, I11): ////, mercury; B, buret containing dibromide; V,
mercury valve for regulating addition of dibromide to maintain
constant gas pressure; G, generator flask; H, heating mantle; M,
poly-TFE covered magnetic stirring bar; T, trap packed with
CaCly; R, reactor flask; S, mercury safety bubbler with anti-back-,
up check valve.
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THF, 0°
BH3 + C2H4 —_— B(CZHS)E %%’
BH
THF, 25°
+ C3H6 —_——>
BCH,CH,CH;
97%
THF~-hexane .
LiG(CHo), + CGH, ————=o> (CH,}CCH,CH,Li 90%
1 CH,Cl, O°
" 2. H,0 7
00— AlC CH,CH,CCH,CH;Cl 96%

0

@ 0.95-1.05 equiv of alkene uptake in all cases.

1,2-dibromoethane and 1,2-dibromopropane, 11.6 and 9.6
M, respectively, proved excessive for use with common lab-
oratory-scale reactions (10-200 mmol); 2-5 M solutions of
the dibromoalkane in diethylene glycol or ethylearbitol
were employed. :

The technique has proven useful for hydroboration,’” an-
ionic addition of organolithium,® and aliphatic acylation,?
as shown in Scheme I. The last reaction has particular po-
tential, as §-chloroethyl ketones are precursors of two ver-
satile synthetic intermediates—isomerically pure vinyl ke-
tones and Mannich bases of methyl ketones.10

Experimental Section

Ethylene (General Procedure). A 5 M solution of 1,2-dibro-
moethane (dried over CaCly, 94.0 g, 43.1 ml, per 100 ml solution) in
diethylene glycol or similar solvent was placed in the buret. The
250-m] generator flask was charged with 35-40 g of technical zinc
powder and 100 ml of ethylene glycol. The mixture in the genera-
tor was aggitated with a magnetic stirrer and heated to 90-100°.
The apparatus was purged with dry nitrogen and the reaction mix-
ture was introduced into the reactor. Then 0.5 ml of 1,2-dibromo-
ethane was added to the generator. When gas evolution was ob-
served at the bubbler, 8-9 ml of neat 1,2-dibromoethane was
added to maintain vigorous gas evolution, purging the reactor with
ethylene (~2.5 1. is produced). Upon cessation of gas evolution,
stirring was begun in the reactor; the stirring rate was adjusted so
that ethylene uptake did not exceed 7.5 mmol/min.

A parallel procedure was used to generate propylene from 1,2-
dibromopropane. With 5.0 M dibromide solution, 20.5-21 ml pro-
duced 100 mmol of alkene.

B-Ethyl-9-borabicyelo[3.3.1]Jnonane. A 125-ml reaction flask
(magnetic stirring bar, injection port sealed with a rubber septum)
was attached to the gas generator and purged with dry nitrogen.
Into the flask was placed 56 ml (25.0 mmol) of 0.44 M 9-borabicy-
clo[3.3.1]nonane (9-BBN) in THF.112 The flask was placed in a 20°
water bath and purged with ethylene; reaction was initiated by
slowly bringing the stirrer up to the desired speed. After an initial
surge saturating the solution with ethylene (0.09 mmol of CoHs/ml
of solution) absorption continued until 25.0 mmol of ethylene had
been consumed in 1.0 hr. Prolonged further stirring had no effect.
Hydrolysis of a sample of the reaction mixture with THF-metha-
nol showed no active hydride remaining.!!® Oxidation of the reac-
tion mixture at 0° with NaOH-H20,!2 produced 24.3 mmol of eth-
anol by GLC (decane standard, UCON Polar liquid phase), a yield
of 97% based on B-H or on ethylene.

B-n-Propyl-9-borabicyclo[3.3.1]Jnonane. In the manner de-
scribed for the B-ethyl compound, 9-BBN was reacted with pro-
pylene. The solution dissolves 0.55 mmol of propylene/ml. The re-
action was complete in 1.0 hr, absorbing 26.1 mmol of propylene.
The yield was 97% based on B-H, 93% based on propylene.

1-Chloro-3-pentanone. The 1:1 complex of propionyl chloride
with aluminum chloride was ethenated in dichloromethane (2.0 M
concentration) at 0° as described by McMahon et al.'% After 60
min (104 mmol of CoH, used) the reaction mixture was hydrolyzed
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with 6.5 molar equiv of water and the AlCl3-6H,0 sand was sepa-
rated. GLC of the filtrate (decane standard, polyester column)
showed 96% yield of 1-chloro-3-pentanone.

Neohexyllithium, tert-Butyllithium was ethenated at —40 to
—50° in pentane~THF as described by Bartlett et al.? in 90% yield,
based on reaction of the product with methyl borate and then oxi-
dation to neohexyl alcohol.1?

Registry No.—1,2-Dibromoethane, 106-93-4; ethylene, 74-85-1;
propylene, 115-07-1; B-ethyl-9-borabicyclo[3.3.1]nonane, 52102-
17-7; 9-borabicyclo[3.3.1]nonane, 280-64-8; B-n-propyl-9-borabi-
cyclo[3.3.1]nonane, 1127-78-2; 1-chloro-3-pentanone, 32830-97-0;
propionyl chloride 1:1 complex with aluminum chloride, 36379-
65-4; neohexyllithium, 6909-52-0; tert-butyllithium, 594-19-4.
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Experimental calorimetric data verify the Taft-Pavelich
equation for inductive and steric effects in substituted five-
and six-membered rings.

The use of linear free energy relationships of the form
log k/ko = p*s* + SE, (I) (the Taft-Pavelich equation) has
spread to numerous fields of experimental science! since
the initial work of Taft? on the separation of the polar and
steric effects of substituents.

We have recently shown? that eq II

AHY = (3.74 £ 0.22) o* —
(0.77 £ 0.17)E,, — 18.21 keal mol~! (II)

can be applied in a satisfactory manner to the reaction en-
thalpy of CH3;COR ketones with boron trifluoride over a



