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The solvolysis rates of 14 di- and trisubstituted bromoallenes are reported. Solvent effects in ethanol and triflu-
oroethanol, methyl/hydrogen ratios, and the effect of solvent nucleophilicity on relative rates and a- and §- secon-
dary isotope effects are discussed. Increases in the magnitude of (ku/kp). and (ku/kp)s with decreasing solvent
nucleophilicity are analogous to the behavior of highly hindered secondary brosylates. These data are interpreted
in terms of a rate-limiting elimination step from an ion-pair intermediate. The relative rate of isomeric propargyl

and allenyl systems is also discussed.

In earlier work we have reported that di- and trisubsti-
tuted chloro- and bromoallenes exhibit solvolytic behavior
typical of an unimolecular bond heterolysis as the slow
step.! These compounds exhibit m values between 0.80 and
1.08, kp./kc) leaving group ratios of 20-58, AS? of —10 to
+9.0 eu, p values for aryl-substituted chloroallenes of —2.0,
CHag/H rate ratios in 60E of 1045, and apparently “normal”
« and 8 secondary isotope effects.

Since disubstituted haloallenes exhibit solvolytic reactiv-
ity in aqueous ethanol on the order of reactivity of secon-
dary carbinyl systems, we were led to assess the possible in-
volvement of nucleophilic solvent assistance in our system.
To this end we have prepared the following substituted
haloallenes, 1a-n, and measured the rates of solvolysis in a
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variety of solvents. The results of this investigation are
compiled in Table 1. Tables II and III present the isotope

effects based on the data in Table I and the isotopic purity
of the deuterated samples. Deuterated and undeuterated
compounds were solvolyzed in paired conductance cells.
The bridge and digital clock were interfaced with a com-
puter allowing no less than 100 points to be taken per cell.
Rate constants were calculated using a nonlinear least-
squares program. Each reaction exhibits excellent first-
order behavior through better than 4 half-lives.

Results and Discussion

The question of nucleophilic solvent assistance has been
approached through a study of the effect of solvent nucleo-
philicity on (a) o and 8 secondary isotope effects, (b) the
CHa/H ratio, (c) the relative rate of model compounds, and
(d) the presence or absence of a rate~product correlation in
the presence of azide ion.2 In this paper we will focus only
on the effect of changing solvent nucleophilicity on the re-
activity of the haloallenes reported here. The effect of
added salts on this reaction will be reported later.

Effect of Solvent Nucleophilicity on Rate. It has been
suggested that in those systems where nucleophilic solvent
assistance is important (such as secondary carbinyl deriva-
tives) such assistance is manifested in markedly changing
rate ratios between solvent assisted substrates and those
incapable of assistance usually owing to steric inhibition.3
An elegant example of this behavior was reported by
Schleyer et al. These workers reported 2-propyl tosylate/
2-adamantyl tosylate rate ratios which varied from 10-16
in TFA to 10% in 100E and interpreted this behavior as con-
sistent with substantial solvent assistance in 2-propyl tos-
ylate not present (or marginally present) in the weakly nu-
cleophilic solvents. The 2-adamantyl tosylate shows no sol-
vent assistance due to steric interactions and is therefore a
good model of a nonassisted secondary carbinyl system. On
the other hand, tert-alkyl halides exhibit a constant rate
ratio over a variety of solvents. For example, the ¢t-BuCl/1-
adamantyl Br rate ratio remains constant throughout 19
solvents of widely varying polarity and nucleophilicity.*
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] Table I Table II
Conductometric Rate Constants for Solvolysis of 1 « Isotope Effects for Solvolysis of 1
Compd« Temp, °C Solvent® 10% k, sec™164d Temp, °C  Solvent kylkpad AAF%/Da
la 74.37 + 0.08 50E 0.276 + 0,002 la/lb  74.37 50E  1.28+: 0.03 168
70T 2.26 £ 0.02 70T 1.20: 0.01 126
1b 50E 0.219 + 0.005 lc/ld  64.22  50E  1.20:0.01 121
. 70T 1.90 + 0.01 60.20 70T  1.218:0.009 130
lc 64.14 £ 0.02 97T 0.679 + 0.006 1#/1g 6417 97T  1.28+ 0.05 169
64.14 + 0.02 60E 0.287 + 0.008 54.24 70T  1.23+0.02 136
60.20 = 0.01 70T 2.44 + 0,001 54.2¢  50E  1.20+ 0.01 118
N
1d 60.20 . 0‘01 gOT g'ggz iooo'ggg 4 Corrected to 100% deuteration at the temperature
64.22 ; 0'02 50E 0.758_1 O 007 listed. b Errors listed are standard deviations for quotients
le 64.14 . 0‘02 97T 0'529 N 0’003 calculated in the usual manner for 95% confidence limits.
64'14 N 0'02 60E 0'251 . 0.006 It should be noted that measured kyy/kp values for each
60:20 ; 0:01 70T 207 + 0.03 paired run were usually reproducible to better than 0.7%
64.22 + 0.02 50E 0.773 = 0.005 error, e.g., ku/kp = 1.20 = 0.008.
1f 64,17 £ 0.02 97T 0.672 + 0.009
64.15 + 0.02 60E 1.06 £ 0.02 Table 111
gi gi i 881 ggg igg f ggi S Isotope Effects for Solvolysis of 1
1g 64,17 £ 0.02 97T 0.536 = 0.020 Temp,
54.24 + 0.01 70T 1.60 £ 0.02 °C Solvent kykcp,®  AAF1/CD,?
54,24 + 0.01 50E 0.916 + 0.009
1h 64.17 = 0.02 97T 0.524 + 0.007 le/le 6414 97T  1.33:0.02) 192
64,15 £ 0.02 60E 0.838 = 0.009 64.14  60E  1.17:0.04 103
54.24 + 0.01 70T 1.52 £ 0,007 60.20 70T  1.21:0.02% 125
54.24 + 0.01 50E 0.842 £ 0.002 64.22  50E 118+ 0.01% 114
1i 44.05 70E 0.440 + 0.01 1f/1h 64.17 97T 1,33 = 0.02¢ 96
6OE 1.24 + 0.01 64.15 60E 1.31 ¢ 0.04c¢ 92
50E 3.94 + 0.02 54,24 70T 1.33 £ 0.01¢ 92
1j 15.3 97T 6.05 £ 0.03 54.2¢  50E  1.33:0.04c 93
44.05 60E 1.105 = 0.005 1i/1j 15.3 97T 1,121 + 0.009% 72
1m 24.63 80E 0.263 = 0.003 44.1 60E  1.13:0.010 80
70E '0.970 + 0.03 1k/11 24,62 60E 1.21 + 0.03b 111
60E 3.57 ¢ 0.10 45,30 80E 1.283 = 0.02b 132
44.05 80E 3.16 £ 0,04 a See footnote b, Table II, for an explanation of errors.
in 24.62 80E 5.88 = 0.08 b Corrected to 100% deuteration, i.e., to three deuteriums/

a2-5x 107* M. b 50E represents 50:50 (v/v) ethanol—
water; 70T represents 70:30 (w/w) trifluoroethanol—water;
etc. € Average of triplicate determinations paired with ap-
propriate deuterated compound. Occasionally quintuplicate
determinations were performed. 4 Errors listed are standard
deviations calculated in the usual manner for 95% confi-
dence limits.

The major exceptions to this behavior are the rates of 1-
Adam Br solvolysis in aqueous TFE solutions, where con-
sistentlyr high rates (relative to Y values) are observed.
These are apparently due to the greater electrostatic solva-
tion or H bonding of the TFE to the leaving group. In the
case of di- and trisubstituted haloallenes, protonation of
the allene moiety precludes any solvolysis study in acidic
solvents such as TFA. Nonetheless, within this constraint
several trends are noticeable from a study of the solvent
dependence of the rate. Table IV shows the steric depen-
dence of the 97T/60E rate ratio (rate ratio at constant Y
value) for several tri- and disubstituted haloallenes.®

Table V lists the relative rates for a variety of allenyl ha-
lides to allow comparison with saturated systems of compa-
rable reactivity.

It should be noted that a marked change in this rate
ratio between two compounds means also that the relative
rate of solvolysis of these compounds changes with solvent.
The compounds studied show substantial changes in 97T/
60E rate ratios depending upon the steric size of the groups
attached to the allene moiety, the 97T/60E rate ratio in-
creasing with steric bulk, particularly at C-3. Within the se-
ries of trisubstituted chloroallenes studied the relative
rates show a much steeper dependence on steric size of at-
tached groups in 80E than in 97T. For example, the highly
hindered compound tri-tert-butylchloroallene solvolyzes
1.7 times as slowly as 1,3-di-tert-butyl-3-methylchloroal-

molecule, ¢ Corrected to 100% deuteration, i.e., to six deu-
teriums/molecule, 2 Value listed is per one trideuteromethyl
group at the temperature of the measurement.

lene in 97T but nearly seven times as slowly in 60E. Disub-
gtituted bromoallenes show an identical but somewhat
muted behavior with the less hindered 3,3-dimethylbro-
moallene (1f), solvolyzing at the same rate as 3-methyl-3-
tert-butylbromoallene (l¢) in 97T but nearly four times
faster in 60E. Such behavior may be interpreted as arising
from increased nucleophilic solvent assistance in aqueous
ethanol for less hindered substrates such as 1f, The in-
volvement of such assistance is clearly less important in the
less nucleophilic TFE solutions. It is unlikely that such sol-
vent assistance occurs by an in-plane route at C-1 owing to
the lack of precedent for in-plane nucleophilic substitution
in vinylic systems.!® Thus, if a kg process is involved, it
probably occurs at the 3 position (“allylic position”). The
question of direct displacement at C-1 is under investiga-
tion. Nucleophilic addition—elimination schemes are ruled
out by the lack of dependence on pyridine concentration up
to a fivefold excess and the observation of normal m values,
e.g., 1f and 1c exhibit m = 0.88 and 0.90, respectively, in
aqueous ethanol. In view of the “normal” behavior of these
compounds with regard to classical SN1 criteria such as m
values, AS¥, CHas/H ratios, kp,/kc; ratios, and particularly
the magnitude and solvent independence of the o and §
secondary isotope effects (vide infra), it appears unlikely
that the enhanced sensitivity of the rate of solvolysis to ste-
ric bulk in ethanol over TFE is due primarily to solvent as-
sistance. Rappoport et al. have shown recently that vinylic
substrates show unusual solvent effects in agqueous TFE,
manifested as a nonlinear dependence of either log k vs.
XH,0 or log k vs. Y;.gyc1.'® These workers attribute the ob-
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Table IV
(TFE/E)y Ratios for R,R,C=C=C(X)R,
Registry Ra.te
no. R, R, R, X Solvent ratio

37892-65-2 t-Bu #Bu ¢-Bu Cl
2115-12-0 ¢tBu Ph t-Bu Cl
t-Bu Me ¢+Bu Cl 97T/60E 12
t-Bu tBu H Br 70T/50E 8.24
t-Bu  Me Br 97T/60E 2.4b
70T/50E 3.7t
97T/60E 0.63¢
70T/50E 1.8¢

97T/60E 900
97T/60E 280

H
Me Me H Br
a At 75°. b At 64°, ¢ At 54°,

Table V
Relative Rates of Solvolysis of Saturated and
Unsaturated Halides in 80% Ethanol at 25°

Compd Rel rate Ref
(Ph),CHCI 192 6
(¢-Bu)(CH, )C=C=C(CH, )Br 65 7
(CH,),CCIC=CCH, 60 8
CH,CH,C=CC(CH,),Cl 54 9
(CH,),CBr 40 6
(CH,),CHC=CC(CH,),Cl 38 9
PhCH(CH, )Br 22 10
(¢-Bu)(CH, )C=C=C(t-Bu)Br 4.1 7
CH,CH,C(CH,),C1 1.8 11
PhCH(CH,)Cl 1.2 10
(CH,),CCl 1.0 5
HC==CC(CH,),Br 0.5 12
HC=CC(CH,),Cl 0.025 9
(CH,),C==C=C(H)Br 0.011 7
(CH,),CHBr 0.008 3
(CH,),CHCI 2x 107¢ 13
2-Adamantyl Br 1.2x 1078 3
CH,=C==HBr 4% 1077 14

servation of high, low, or negative m values in TFE either
to a balance between decreasing solvent electrophilicity
and increasing dielectric constant with increasing Xu,0 or
to an increase in the fraction of ion pairs leading to product
forming dissociated ions with increasing HyO content. In
the present case 1c and 1f show a very steep dependence on
Y: nyc1 in TFE. Even when compared against log RAadam-Br?
or log kanc(X)=CMe,'¢ in aqueous TFE the resulting two-
point solvent dependence is also steep. This suggests that
unusual solvent effects in TFE may be operative in our sys-
tem as well. In addition, a common ion rate depression has
been observed in at least one chloroallene solvolysis, thus
implicating ion pairs on these solvolysis. In the present
case, a complete study of the effect of added salts, in par-
ticular the presence or absence of a rate—product correla-
tion in the presence of added Nu~, should provide substan-
tial information in this area. Such a study is currently un-
derway.

Finally, tert-butyl chloride exhibits rates of solvolysis in
aqueous trifluoroethanol which are slower than expected
when compared to the rate of 1-adamantyl bromide solvol-
ysis. It has been suggested that this results from a shift to
rate-limiting elimination in TFE.24516 The isotope effects
reported here support such an explanation in this case as
well.

Secondary Isotope Effects. Shiner et al. have suggested
that the degree of solvent dependence of « and 8 secondary
isotope effects is an excellent mechanistic probe for the in-
volvement of kg processes in solvolysis reactions.2 Both
tert-butyl chloride and a-phenylethyl chloride exhibit «
and @ isotope effects independent of the solvent nucleophi-
licity.2 Shiner has reported also that the hindered secon-
dary system 2-adamantyl tresylate exhibits « secondary
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isotope effects invariant (ky/kp = 1.225 + 0.001) with sol-
vent nucleophilicity.}?

The isotope effects reported here are consistent with a
limiting mechanism of solvolysis for disubstituted bromoal-
lenes. The magnitudes of the « isotope effects (Table II)
are the largest ever reported for halide leaving groups.
They do not, however, approach the maximum value,
ku/kp = 1.32, for an sp? — sp change estimated by the
method of Shiner and Hartshorn.!8

It must be noted that the use of the « secondary isotope
effect in this system to assess the amount of kg behavior is
severely restricted since nucleophilic assistance at the 3 po-
sition results in increased s character in the C-H bond at
the reaction center, thus increasing (ku/kp), while nucleo-
philic assistance at the 1 position, i.e., the reaction center,
would lead to a lowered (ky/kp)s.. While nucleophilic at-
tack by solvent at C-1 may be unlikely on the neutral sub-
strate, it is certainly possible in the tight ion pair where de-
veloping charge has been delocalized to both C-1 and C-3. 8
effects would then seem to be the probe of choice. The
magnitude of the a effects observed rules out any carbene
mechanism where proton loss is slow or where proton loss is
a fast equilibrium step.1?

The B effects (Table III) are remarkably constant from
50E to 97T, being somewhat smaller per CDj3 in the less
hindered case, 1f/1h, than in the hindered system 1e/le.
Comparable behavior is observed in the solvolysis of sever-
al tertiary alkyl chlorides owing to a rather large fraction of
olefin formation in the Me branch.!! The increase in the 8
effect for 1¢/1e in 97T is analogous to the increase in 8 ef-
fect for tert-butyl chloride in 97T.2520 This has been ex-
plained as the result of increased involvement of rate-limit-
ing elimination from an ion pair in this solvent and is mani-
fested by an increased olefin fraction in 97T in this case as
well. Reliable product studies are not yet available for our
system, The g isotope effects observed in our system also
preclude any mechanism involving removal of the terminal
proton, since the base-assisted solvolysis of 1f exhibits
ku/kqs = 1.15 in 80E.1? Schleyer has suggested that varia-
tions in secondary isotope effects with solvent nucleophili-
city may be too small to detect in certain cases, thus neces-
sitating the very accurate measurement of rates, i.e., to a
precision better than +£1%. The errors in the isotope effects
reported here are calculated from the usual equation for
the standard deviation of a quotient. In fact the measured
ku/kp in each case of paired runs showed deviations usual-
ly one order of magnitude better than that reported.22 It
appears therefore that in spite of the low reactivity of 3,3-
dimethylbromoallene, ky¢/k;.pB: = 1.4 in 80E at 25°, a lim-
iting mechanism of solvolysis is operative and supported by
at least four commonly accepted mechanistic criteria. Work
is now in progress to determine whether the limiting mech-
anism holds throughout the series R,C=C=C(R)Br,
RoC=C=CHBr, R(H)C=C==CHBr, CH,=C=CHBr.

Allenyl vs. Propargyl Halide Solvolysis. An inter-
esting comparison is now possible between the reactivity of
If and 3-methyl-3-bromo-1-butyne. The propargyl isomer
solvolyzes about 45 times faster than the allenyl isomer.
Stang et al.!4 reported that propargyl bromide solvolyzed
4000 times as rapidly as allenyl bromide in 50E. They con-
cluded that the difference in reactivity was due to the dif-
ference in ground-state energy as well as to differences in
transition-state geometry. The smaller kpropargyl/Ratleny!
ratio observed here implies that the ground-state energy
difference may be smaller than might be expected, since 1f
and 3-methyl-3-bromo-1-butyne both might be expected to
rely heavily on the tertiary center for carbonium stabiliza-
tion and thus have energetically similar transition states.
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Experimental Section

Infrared spectra were obtained using a Perkin-Elmer Model 837
infrared spectrophotometer. Preparative gas-liquid chromatogra-
phy was performed on a Hewlett-Packard chromatograph, Model
5750. The NMR spectra were run on an Hitachi Perkin-Elmer
R-20B nuclear magnetic resonance spectrometer, 60 MHz. Ele-
mental analyses were performed by Atlantic Microlabs, Inc., At-
lanta, Ga. Mass spectral analyses were performed by Professor
Donald Hunt, University of Virginia.

Materials. 2,2,2-Trifluoroethanol (Halocarbon) was purified ac-
cording to Shiner et al.? or Rappoport.1é Ethano! was dried accord-
ing to Wiberg.?? 2,2,4,4-Tetramethyl-3-pentanone (Chemical Sam-
ples) was used without further purification. 3-Methyl-3-butyn-2-ol
(Eastman) and 3,4,4-trimethyl-1-pentyn-3-0l (Farchan) were dis-
tilled prior to use.

3,3-Dimethyl-2-butanone-I1-ds was prepared by three ex-
changes in 0.25 M NaOD-D»0 followed by pentane extraction and
distillation. It was used without further purification, NMR (CCly)
1.1 ppm (s).

4,4-Dimethyl-3-tert-butyl-1-pentyn-3-ol was prepared using
the procedure of Beumel and Harris?* by adding 250 mmol of di-
tert-butyl ketone dropwise to 25 g (250 mmol) of lithium acety-
lide-ethylenediamine in 250 ml of dry tetrahydrofuran in a
flamed-out apparatus under dry Ng at 35°C (maintained during
addition by cooling). This mixture was allowed to react overnight
with stirring and was then hydrolyzed with 100 ml of water. The
contents were brought to a gentle boil for 1 hr, extracted with hex-
ane, dried, and distilled: bp 85-90° (13 Torr); ir (neat) 3270
(C=CH), 3500 (OH), 2090 cm™! (w, C=C).

1-Bromo-4,4-dimethyl-3-tert-butylpenta-1,2-diene (la) was
prepared using the procedure of Landor et al.?® with the following
proportions: 10.5 g (67 mmol) of 4,4-dimethyl-3-tert-butyl-1-pen-
tyn-3-ol, 11.4 g of cuprous bromide, 6.1 g of ammonium bromide,
0.7 g of copper powder, 24 ml of 48% w/w HBr. The progress of the
reaction was followed by watching the disappearance of the OH
peak in the ir at 3500 em™!, which disappeared entirely after 5
days. The allene was then isolated and distilled: bp 89° (3.4 Torr)
[lit. bp 80-81° (6 torr)};? ir (neat) 1920 cm~! (C==C==C); NMR
(CCly) 1.20 (s, 18), 5.80 ppm (s, 1). Anal. Caled for C;1H;9Br: C,
57.14; H, 8.23; Br, 34.56. Found: C, 57.33; H, 8.34; Br, 34.29,

4,4-Dimethyl-3- tert-butyl-1-pentyn-3-ol-1-d was prepared
by allowing 4.5 g of the undeuterated title compound to stir over-
night in a 0.25 M NaOD-D3O solution. This procedure was repeat-
ed three times and the recovered title alcohol was then distilled,
yielding 2.4 g of the alcohol: bp 90-95° (12 Torr); ir (neat) 2555
em™1 (C=CD); NMR (CCl;) 1.16 ppm (s).

1-Bromo-4,4-dimethyl-3-tert-butylpenta-1,2-diene-1-d (1b)
was prepared identically with the undeuterated allene described
above: bp 87° (3.4 Torr); ir (neat) 1900 em™! (C=C=C); NMR
(CCly) 1.22 ppm.(s). Mass spectral analysis yielded 0.95 D/mole-
cule.

1-Bromo-3,4,4-trimethylpenta-1,2-diene (lc) was prepared
by the procedure of Landor and Patel,?® using 250 mol of 3,4,4-tri-
methyl-1-pentyn-3-ol: bp 55-58° (3.0 Torr) [lit. bp 57-61° (10
Torr)];2 ir (neat) 1939 cm~! (C=C==C); NMR (CCly) 5.68 (1, m),
1.85 ppm (9, s).

3,4,4-Trimethyl-1-pentyn-3-ol-1-d was prepared by allowing
13.4 g (116 mmol) of the undeuterated title compound to stir over-
night in 0.25 M NaOD-D;O solution prepared by adding 10 mmol
(0.23 g) of sodium to 40 ml of D30. The alcohol was removed by sy-
ringe and the procedure repeated twice. The alcohol was then dis-
tilled: bp 72-73° (19 Torr); ir (neat) 3340 (OH), 2560 (C-D), 1980
em~1 (C=C); NMR (CCl,) 1.03 (s, 9), 1.39 ppm (s, 3). .

1-Bromo-3,4,4-trimethylpenta-1,2-diene-1-d (1d) was pre-
pared by the following procedure of Landor et al.,?> using the pro-
portions 5.66 g of 3,4,4-trimethyl-1-pentyn-3-ol-1-d, 7.63 g of cu-
prous bromide, 3.8 g of ammonium bromide, 0.5 g of copper pow-
der: bp 79-83° (8 Torr); ir (neat) 1933 (C=C=C), 2695 em~! (C-
D); NMR (CCly) 5.72 (m, 1), 1.12 (s, 9), 1.83 ppm (d, 3). Mass spec-
tral analysis gave 0.934 D/molecule.

3-Methyl-ds-4,4-dimethyl-1-pentyn-3-0l was prepared by the
method of Olah and Pittman:?6 bp 68-70° (20 Torr); ir (neat) 3400
(OH), 3260 cm~! (=CH), 3270 (C-D), 2090 em~! (C==C); NMR
(CCly) 1.08 (s, 9), 1.00 ppm (s, 1).

1-Bromo-3-methyl-d;-4,4-dimethylpentadiene (le) was pre-
pared as described for le: bp 56-57° (6 Torr); ir (neat) 3010
(==CH), 1925 cm~1 (C=C=C); NMR (CCL) 1.1 (s, 9), 5.73 ppm (8,
1). Mass spectral analysis gave 2.62 D/molecule.

1-Bromo-3-methylbuta-1,2-diene (1f) was prepared by the
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procedure of Landor and Patel:28 bp 62-64° (38 Torr), [lit. bp 53—
54° (60 Torr));? ir (neat) 1958 em™! (s) (C=C=C); NMR (CCly)
1.80 (s, 9), 5.68 ppm (m, 1). ’

3-Methyl-1-butyn-3-ol-1-d was prepared by allowing 16.8 g
(200 mmol) of the undeuterated title compound to stir overnight in
a 0.25 M NaOD-D90 solution. The solution was then extracted
with 3 X 50 ml of ether, the ether evaporated, and the procedure
repeated twice. Distillation yielded 5.5 g of alcohol: bp 100-102°; ir
(neat) 1960 (C==C), 2560 (C==CD), 2470 cm~! (OD); NMR (CCly)
1.5 ppm (s).

1-Bromo-3-methylbuta-1,2-diene- 1-d (1g) was prepared using
the procedure of Landor et al.,25 using the proportions 5.5 g (66
mmol) of 3-methyl-1-butyn-3-0l-1-d, 8.3 g of cuprous bromide, 2.6
g of ammonium bromide, 0.13 g of copper powder, and 16 ml of
48% w/w HBr: bp 40-45° (47 Torr); ir (neat) 1920 (C=C==C), 2255
cm~! (C=C=C-D); NMR (CCly) 1.84 ppm (s). Mass spectral anal-
ysis gave 0.894 D/molecule.

3-Methyl-ds-butyn-3-0l-4-ds was prepared according to the
method of Beumel and Harris.?* Acetone-dg (Aldrich) (10 g, 16.2
mmol) was allowed to react with 17.2 g (17.2 mmol) of lithium
acetylide ethylenediamine (Ventron) in THF. Work-up and distil-
lation afforded a 62% yield of the title compound: bp 100-101°; ir
(neat) 3250 (OH), 2200 (C-D), and 2090 em™! (C=C); NMR
(CCly) 2.27 (s) and 3.29 ppm (s).

1-Bromo-3-methyl-ds-butadiene-4-d; (1h) was prepared as
for 1f. Preparative GC (10 ft X 0.5 in., SE-30 on Chromosorb W,
95°) afforded the title compound: ir (neat) 1940 cm™! (C==C=C);
NMR (CCL) 6.15 ppm (s). Analysis of CHz by NMR yielded 0.84
H/2CDj3. Mass spectral analysis gave 5.16 D/molecule.

2,2,3,6,6-Pentamethyl-4-heptyn-3-0l was prepared by the
method of Olah and Pittman.2®6 The product (24.8 g) was obtained
in 90% yield: bp 73-76° (3 mm); ir (neat) 3470 (OH), 2240 ¢cm™!
(C=C); NMR (CCly) 0.99 (s, 9), 1.21 (s, 9), 1.33 (s, 3), 2.01 ppm (s,
1). .

3-Chloro-2,2,5,6,6-pentamethyl-3,4-heptadiene (1i) was pre-
pared by the method of Jacobs and Fenton.?” 2,2,3,6,6-Penta-
methyl-4-heptyn-3-ol (9.2 g, 50 mmol) was added to cold anhy-
drous ether. Thionyl chloride (3.6 ml, 5.9 g, 50 mmol) and 8.0 ml
(7.9 g, 100 mmol) of pyridine in ether were quickly added with stir-
ring, which was continued for 1 hr at 0°. The precipitate was fil-
tered out of the reaction mixture and the organic layer washed
three times with 100 ml of 5% sodium bicarbonate and twice with’
50 ml of water. The organic layer was dried as above and vacuum
distilled to give four fractions, 45-62°, 62-68°, 68-75°, 75-81° (4
mm). These fractions were found to contain varying proportions of
the chloroallene and the ene-yne elimination product on the basis
of ir and NMR spectra. Further separation was carried out using
preparative gas chromotography: ir (neat) 1950 cm™! (C=C=C);
NMR (CCly) 1.07 (s, 9), 1.08 (s, 9), 1.11 (s, 9), 1.23 (s, 9), 1.74 (s, 3),
5.03 ppm (s, 2).

2,2,6,6-Tetramethyl-3-methyl-d;-4-heptyn-3-ol was prepared
by the method of Olah and Pittman.?® Butyllithium in hexane

' (20%, 43 m], 80 mmol) was chilled in an ice bath and 11.4 ml (7.7 g,

93 mmol) of tert-butylacetylene in 20 ml of hexane added drop-
wise. The solution was diluted with anhydrous diethyl ether, fol-
lowed by slow addition of 9.1 g (90 mmol) of 3,3-dimethy!-1-d3-2-
butanone in anhydrous ether. The reaction mixture was gently re-
fluxed for 2 hr and then cooled to 0° before addition of an excess of
water to hydrolyze the lithium salt. After separation of the aque-
ous and organic layers, the latter was washed with two 50-ml por-
tions of saturated sodium chloride solution, filtered through anhy-
drous magnesium sulfate, and stored over this drying agent over-
night. Filtration followed by evaporation of solvent and vacuum
distillation yielded 13.2 g (79%) of product: bp 73.5-75.5° (3 mm);
ir (neat) 3470 (OH), 2250 (C==C), 2080-2140 em~! (C-D), no resid-
ual ketone band; NMR (CCly) 0.98 (s, 9), 1.19 (s, 9), 1.83 ppm (s,
1. . .
3-Chloro-2,2,6,6-tetramethyl-5-methyl-ds-3,4-heptadiene
(1j) was prepared as described for the undeuterated compound, 1i.
Preparative GLC (10 ft X 0.5 in., SE-30 on Chromosorb W, 125°)
afforded the title compound, ir (neat) 1960 cm~! (C=C==C). Mass

.spectral analysis yielded 2.53 D/molecule.

3-Bromo-2,2,5,6,6-pentamethyl-3,4-heptadiene (1k) was pre-
pared by adding 6.1 g (33 mmol) of 2,2,5,6,6-pentamethyl-3-hept-
yn-5-ol to a mixture of 5.7 g (40 mmol) of cuprous bromide, 2.8 g of
ammonium bromide, 0.4 g of copper powder, and 12 ml of 48% w/w
HBr warmed to 40°. The progress of the reaction was followed by
watching the appearance of the 1940-cm™! peak in the ir due to the
allenyl stretch. After 3.5 hr the mixture was cooled and filtered
and the residue washed with ether and extracted. The ether layer
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was washed with 48% HBr until the lower layer showed no violet
coloration. The ether layer was then filtered through MgSO4
NaHCOj3 mixture and distilled: bp 78-79° (3.2 Torr); ir 1939 em™!
(C=C==C); NMR (CCly) 1.07 (s, 9), 1.12 ppm (s, 9).

3-Bromo-2,2,6,6-tetramethyl-5-methyl-d;-3,4-heptadiene
(11) was synthesu'ed by the procedure of Marvel et al.2® 2,2,6,6-
Tetramethyl-3-methyl-ds-4-heptyn-3-ol (5.7 g, 30 mmol) was dls-
solved in petroleum ether and 1.0 ml (2.85 g, 10 mmol) of phospho-
rus tribromide added. The reacting mixture was allowed to stir
overnight, after which two layers were separated. The organic one
was washed twice with 50 ml of saturated sodium bicarbonate and
once with 100 ml of water. The organic solution was filtered
through and dried over anhydrous magnesium sulfate. After filter-
ing, the solvent was stripped by rotary evaporation. Vacuum distil-
lation afforded 3.4 g (46%) of product: bp 80-84.5° (3 mm); ir
(neat) 1947 (C=C==C), 2065-2140 em~! (C-D), no alcohol band;
NMR (CCly) 1.09 (s, 9), 1.14 (s, 9), 1.74 ppm (m, 0.5). Anal. Caled
for C19H18D3Br: C, 58.07; H and D, 8.56 (based on production of
water); Br, 32.20. Found: C, 58.69; H, 8.64; Br, 32.16, Mass spectro-
scopic deuterium analysis yielded 2.50 D/molecule. -

5,5-Dimethyl-4-tert-butyl-2-hexyn-4-01 was prepared by
slowly bubbling propyne gas through 66 mmol (30 ml of 2.2 M) n-
butyllithium in 120 ml of hexane with stirring under Nz at room
temperature. After 20 min 8.5 g (66 mmol) of di-tert-butyl ketone
in 50 ml of diethyl ether was added dropwise and the mixture was
refluxed for 30 min. After cooling, water was added dropwise to
hydrolyze the mixture and the ether layer was washed with water
and filtered through MgSQ,. The ether was then evaporated and
the residue was distilled: bp 83-88° (3.1 Torr); ir (neat) 3470 (OH)
and 2220 cm~! (C==C); NMR (CCly) 1.14 (s, 18), 1.83 ppm (s, 3).

2-Bromo-5,5-dimethyl-4- tert-butyl-2,3-hexadiene (1m) was
prepared by adding 0.96 ml (2.73 g, 10.1 mmol) of PBr3 to 5.5 g
(30.2 mmol) of 5,5-dimethyl-4-tert-butyl-2-hexyn-4-ol in 75 ml of
petroleum ether and allowing it to stir overnight in an ice bath.
The mixture was then hydrolyzed with 40 ml of water. The ether
layer was washed twice with 40 ml of saturated NaHCO3 solution
and then 30 ml of water and filtered through MgSO,. The ether
was evaporated and the residue distilled: bp 87-89° (2.9 Torr); ir
(neat) 1940 cm™! (C=C=C); NMR 1.24 (s, 18), 2.21 ppm (s, 3).
Anal. Caled for C13H21Br: C, 58.78; H, 8.63; Br, 32.59. Found: C,
59.48; H, 8.74; Br, 31.93.

4,5,5-Trimethyl-2-hexyn-4-o0l was prepared by the method de-
scribed for 5,5-dimethyl-4-tert-butyl-2-hexyn-4-ol using 66 mmol
(30 ml of 2.2 M) of n-butyllithium and 6 g (60 mmol) of tert-butyl
methyl ketone. The isolated alcohol was then distilled: bp 93° (18
Torr); ir (neat) 2220 (C==C), 3420 cm~! (OH); NMR (CCly) 0.97 (s,
9), 1.3 (s, 3), 1.8 ppm (8, 4).

2-Bromo-4,5,5-trimethylhexa-2,3-diene (In) was prepared
using the procedure of Landor et al.25 using the following propor-
tions: 3.4 g (24.3 mmol) of 5,5-dimethyl-2-hexyn-4-ol, 4.1 g of cu-
prous bromide, 2.0 g of ammonium bromide, 0.3 g of copper pow-
der, and 8.7 ml of 48% w/w HBr. The reaction was kept at 30° for
1.5 hr. Distillation afforded the title compound, bp 78° (6 Torr). It
was then purified by preparative GLC (SE-30 on Chromosorb W,
10 ft X 0.5 in., 155°), ir (neat) 1943 cm™! (C=C==C). This com-
pound decomposed rapidly (1 day) on standing at 0°.

Kinetic Studies. Kinetic solvents were prepared by weight from
conductivity water and purified organic soolvents. Conductivity
measurements were performed in paired cells using a Wayne Kerr
autobalance universal bridge, B642, and a Chronolog Model 32001
digital clock interfaced with a Wang 600 advanced programable
calculator. Solvent was allowed to equilibrate for 20 min in the
conductance cells before initiating a kinetic run. From 0.5 to 1.3 ul
of desired haloallene (preweighed syringe) was then introduced
into the cell with stirring. Each kinetic sample was purified by pre-
parative GLC on SE-30 (10 ft X 0.5 in.) prior to use. One hundred
or more points were taken for each cell over 4-5 halif-lives. Rate
constants were obtained using an exponential least-squares pro-
gram written in our laboratories for the Wang 600, In all other re-
spects, rate constants were determined as described earlier.! Tem-
perature control and measurement were accomplished using a
PRT regulated proportional temperature controlier and a Hew-
lett-Packard quartz thermometer.
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