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A series of 1-methylbenzocycloalkenyl-1-acetaldehydes has been synthesized, incorporating four-, five-, and
six-membered alicyclic rings. Their synthesis and characterization is described. For the purpose of further distin-
guishing the alternative methods of aldehyde decarbonylation by peroxide vis-4-vis palladium promotion, these
aldehydes were subjected to each method. The former method failed completely in the case of the cyclobutyl ana-
logue. The other ring systems exhibited typical neophyl free radical rearrangement, giving rise to 1,1-dimethyl-
benzocycloalkenes and to 2-methylbenzocycloalkenes with ring expansion. The extent of neophyl rearrangement
varied inversely with concentration of the aldehyde. The product from the cyclobutyl compound was a mixture
that could not be characterized definitely. The palladium-promoted method succeeded in all cases, although
again the cyclobutyl analogue was more resistant to reaction. In this reaction the products were solely the 1,1-
dimethylbenzocycloalkenes, lending credence to a mechanism that does not involve free radicals, at least beyond

the catalyst surface.

The observation? that decarbonylation of 3-phenyliso-
valeraldehyde (1) with palladium on carbon proceeded with
essentially no rearrangement contrasts markedly with its
decarbonylation with di-tertz-butyl peroxide (DTBP),
where rearrangement can be extensive.’ Furthermore, the
latter type decarbonylation of aldehydes 2 is subject to a
modest ring size effect, the percentage of phenyl-rear-
ranged product decreasing as the phenyl migration be-
comes more stereoelectronically demanding in the smaller
or more constrained rings.® No rearrangement, in fact, was
observed in the decarbonylation of benzonorbornene-1-ac-
etaldehyde (3).” However, no study has as yet extended the
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use of palladium-promoted decarbonylation to other rear-
rangement-prone systems.2 With this as its background, a
study was undertaken on the benzoalicyclic acetaldehydes
4-6-CHO above to compare the rearrangement observed
with the two disparate decarbonylation techniques.

Results

The aldehydes 4-6-CHO were synthesized by straight-
forward procedures which are given in the Experimental
Section.

Decarbonylation studies were carried out essentially as
earlier described.¢ The results are shown in Tables I and
11

An additional study was carried out in light of the data
in Table I, namely, a study aimed at trapping intermediate
acyl radicals with carbon tetrachloride.? The results of this
study are shown in Table III.

Table I
Peroxide-Induced Decarbonylations
%
Hydro-
carbon Rearrange-
Aldehyde Conen, M co# productsb  ment
1 6.4¢ 81 65 64
1 1.0d 80 69 91
4-CHO 8.0c 16 0
4-CHO 1.0d 20 0
5-CHO 5.9¢.e 81 76 35
5-CHO 1.0d 67 38 86
6-CHO 5.6¢ 74 56 32
6-CHO 1.0d 79 24 74

a+2%, by GLC analysis (molecular sieve column, 25°),
average of several runs. » +3%, by GLC analysis using
calibration data with known mixtures, average of several
runs, ¢ Neat aldehyde heated at 160° (bath) with three
equally spaced additions of DTBP (10 mol %) over 300
min. 4 As in ¢, except that the reaction was performed in
chlorobenzene at 140° (bath) over 900 min. ¢ Data from
ref 25,

Table II
Palladium-Promoted Decarbonylations?
%b
Time,
Aldehyde hre CcO Hydrocarbond
1 5 92 84, tert-butylbenzene
4-CHO 15 34 31, 4-H
5-CHO 38 80 79, 5-H
6-CHO 5 84 82, 6-H

% On neat aldehyde (1~2 mmol) in the presence of
palladium on carbon (5%, 100 mg) at 160° (bath).
b Average of three separate runs, +5%. ¢ Time for dis-
appearance of aldehyde, determined by GLC analysis.
d Less than 1% (if any) rearranged products was present.

Discussion

The peroxide-induced decarbonylation process is be-
lieved to take the course shown in Scheme I. The reaction
is well documented® and will not be discussed in detail
here. The use of 1 along with the others in this study served
to calibrate the results, and to allow a more secure compar-
ison with earlier reported data. At 129.7° Richardt!? ob-
served 52% rearrangement to isobutylbenzene and related
olefins upon reaction of neat 1 with DTBP, the extent of
rearrangement rising both with dilution of 1 and the tem-
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Table 111
Peroxide-Induced Reaction of Aldehydes and Carbon
Tetrachloride
Aldehyde % acyl radical trapped?
1 95
4-CHO 0
5-CHO 72
6-CHO 50

a Aldehyde (1 M in carbon tetrachloride) and benzoyl
peroxide (10 mol %) were refluxed for 5 hr, after which
time methanol was added and the mixture was refluxed for
an additional 1 hr. & As the corresponding methyl ester,
+5%, the average of three separate runs.

perature used. For example, rearrangement at 129.7° rose
to 84% with 1 M 1 in o-dichlorobenzene and to 71% at
144.5° with 3 M 1 in the same solvent. Our results with 1
seem quite comparable to these.!> Moreover, our earlier re-
sults? with 1 in the palladium-promoted process were again
observed here. So it is believed that the conditions and ap-
paratus used are proper for a comparison among the al-
dehydes of this study in the two types of decarbonylation.
The results in the tables indicate clearly that the ben-
zoalicyclic analogues of 1 behave less satisfactorily in all
three types of reactions studied: peroxide-induced decar-
bonylation, palladium-promoted decarbonylation and per-
oxide-induced chlorination. Furthermore, while insignifi-
cant differences exist between 5- and 6-CHO in these reac-
tions, a startling feature is the gross dissimilarity found
with 4-CHO. Only small amounts of carbon monoxide were
evolved in the several DTBP-induced reactions of 4-CHO
attempted. No 4-H or 7 was ever observed under conditions
where less than 1% of each was detectable. Control studies
indicated that 60% of these hydrocarbons would be lost
through decomposition under reactions conditions, but the
failure to detect even 1% of these products argues against
their formation at all. The only semicharacterizable prod-
uct was a viscous oil obtained from chromatography of the
reaction residue. Unfortunately, however, the intractable
nature of the material precluded any further study.!?
Nonetheless, the acyl radicals formed from 4-CHO ob-
viously underwent decarbonylation with difficulty for some
reason, and their presence was therefore sought through
chain transfer with carbon tetrachioride,® an efficient pro-
cess with 1 (Table III). Again, a totally negative process
was found with 4-CHO. Clearly, acyl radicals from surpris-
ingly slowly (if at all) from this aldehyde. Aldehydes 5- and
6-CHO underwent either type of decarbonylation to similar
extents. With both these alicyclic cases, however, the mi-

gration of the aryl group via the Ar;-3 transition state nec--

essary to form 8- and 9- (Scheme I) introduces additional
steric strain, causing both to exhibit less rearrangement
than does 1 itself in the peroxide process. The lower yield
of hydrocarbon in all cases compared to carbon monoxide
loss reflects the poor chain nature of these decarbonyla-
tions (chain length ~3-10). The radicals formed by loss of
carbon monoxide undergo disproportionation and cou-
pling,'° both of which are termination steps. While it is
dangerous to compare different rearrangement percentages
in reactions that are not quantitative, it is felt that the
rates of disproportionation and coupling in the cases of
similar radicals are themselves probably similar and that
therefore the rearrangement differences are real.

The mechanism of the heterogeneous palladium-pro-
moted decarbonylation is unknown.'* However, the results
with the present aldehydes concur with the.earlier sugges-
tion* that neither acyl species R—CO nor alkyl species R-
intervene (at least beyond the catalytic surface), as evi-
denced both by the partial success of the reaction with
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4-CHO and by the total lack of rearranged products from
the sensitive precursors 1, 5-, and 6-CHO.

Summary

The present study indicated that palladium-promoted
decarbonylation of aldehydes is an efficient, simple, and
structurally retentive method, even in sensitive systems.
The peroxide-induced technique, on the other hand, is less
efficient, more complex, and (as expected) rearrangement
prone. Most interestingly, the cyclobutyl analogue has been
found to be unexpectedly resistant to both decarbonylation
methods, completely failing in the peroxide-induced tech-
nique. Further work is needed to determine the cause(s) of
this resistance.

Experimental Section

Melting points and boiling points are uncorrected. The former
were taken on a Fisher-Johns block. Gas-liquid partition chroma-
tography was performed on a Varian Aerograph A-90P with heli-
um gas as carrier. The columns and temperatures used are cited
where appropriate. The following instruments were used to obtain
spectra:'? infrared, Beckman IR 5A; nuclear magnetic resonance,
Varian A-60A. The former are given in microns and only signifi-
cant absorptions are listed. The latter are given in parts per mil-
lion units (8) relative to Me,Si as internal standard. Integration of
signals gave values expected for the assigned structure. The usual
splitting abbreviations are used. Microanalyses were performed by
G. D. Searle Analytical Department or by Micro-Tech Laborato-
ries, both in Skokie, Ill. Spectral and analytical data, together with
othel{gselected physical data, are collected in the supplementary ta-
bles.

Synthesis of Aldehydes. 3-Phenylisovaleraldehyde (1). The
aldehyde was available from another study,* as was the corre-
sponding methyl ester,

1-Methylbenzocyclobutenyl-1-acetaldehyde (4-CHO). 1-
Methylbenzocyclobutene-1-carboxylic acid* (0.02 mol) was heated
with redistilled thionyl chloride (0.05 mol) in benzene (50 ml). Re-
moval of excess reactants and subsequent distillation afforded the
acid chloride!® 4’- COC], bp 65° (0.2 mm), 97% yield. Reaction of
the acid chloride (0.025 mol) in dry ether (80 ml) with diazo-
methane (0.07 mol) in dry ether (400 ml) was complete in 2 hr at
25°. The ether was removed by rotary evaporation and the oily, re-
sidual diazoketone was dissolved in dry methanol (200 ml). Treat-
ment of this solution with silver benzoate in triethylamine (5 g in
80 ml) over a 3-hr period, as described for this method,?° led to ev-
olution of nitrogen. The reaction mixture was processed to afford
methyl 1-methylbenzocyclobutenyl-1-acetate, (4-COOMe),
79%, bp 88° (0.80 mm).}® An alternative synthesis of this ester in-
volved reaction of 1-methylbenzocyclobutenyl-1-carbinyl tosylate!
(4-0OTs) with sodium cyanide (1.1 equiv) in dimethyl sulfoxide (25
ml/mmol of tosylate) at 80° for ca. 12 hr. Dilution of the material
with water and extraction with ether led to 1-methylbenzocyclo-
butenyl-1-acetonitrile, (4-CN), 49%, bp 100-101° (1.5 mm).!?
Olefinic products which were identical with those observed! in the
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solvolysis of 4-OT's were also formed in this reaction, rendering it a
less satisfactory procedure. Methanolysis of 4-CN (0.04 mol) with
water (0.04 mol) in methanol (45 ml) was achieved under reflux as
dry hydrogen chloride was bubbled through the solution for 4 hr.
Cold brine (50 ml) was added and the solution was extracted with
ether. The ether extracts washed until neutral, dried (MgSQy), and
distilled. The ester 4-COOMe was obtained in 78% yield.

Saponification of this ester with 20% ethanolic sodium hydrox-
ide and acidification then gave 1-methylbenzocyclobutenyl-1-
acetic acid (4-COOH), 97%, bp 142° (3.5 mm).!® The acid was
converted to its acid chloride as mentioned above, 97%, bp 111°
(4.5 mm).!® The acid chloride (0.04 mol) was added with stirring to
a solution of ethylenimine (0.04 mol) and triethylamine (0.04 mol)
in ether (20 ml) at 0°. After 30 min the solution was filtered and
combined with an ether wash of the amine hydrochloride precipi-
tate. Ethereal lithium aluminum hydride (8 ml of a 1.25 M solu-
tion) was then added to the combined ether solution of the aziri-
dide dropwise at 0° over 30 min. Processing the mixture as de-
scribed?! gave aldehyde 4-CHO, 80%, bp 82-83° (0.75 mm).1® The
2,4-dinitrophenylhydrazone was prepared in customary fashion,
mp 113°.1° Heating 4-CHO at 180° either neat or in chlorobenzene
produced no significant change in its ir or NMR spectra. See ref
12.

An alternative, attempted synthesis of 4-CHO involved reduc-
tion of 4-COOH with ethereal lithium aluminum hydride to 1-
methylbenzocyclobutenyl-1-ethanol (4-CHo,OH), 98%, bp 100-
101° (1.0 mm),® followed by conversion to its tosylate (4-CH,OTs)
with p-toluenesulfonyl chloride in pyridine in the usual fashion,??
90%. The tosylatel® was an oil that was purified by passage
through a short column of alumina. Attempted oxidation of this
tosylate with sodium bicarbonate in dimethyl sulfoxide?? failed.
Only dark, ill-defined products resulted.

Another synthesis of 4-CHO proceeded by treatment of 4-COCI
with lithium tri-tert-butoxyaluminohydride in diglyme using a lit-
erature method?¢ (65% yield).

1-Methylindanyl-1-acetaldehyde (5-CHO). The aldehyde was
prepared as reported.?’ Reaction of the known?® acid with diazo-
methane in ether led to methyl 1-methylindanyl-1-acetate (5-
COOMe), 94%, bp 122-123° (0.32 mm).1®

1~ Methyltetralyl l-acetaldehyde (6-CHO). 4-Methy1-4-car-
boxymethyl-1-tetralone (prepared as reported,?® 0.25 mol) was
heated under reflux in a solution of potassium hydroxide (85% ma-
terial, 1 mol), hydrazine hydrate (90%, 50 ml), and diethylene gly-
col (700 ml). Low-boiling material was allowed to escape until the
temperature rose to 220°. After 12 hr at this temperature, the ma-
terial was cooled and then acidified with hydrocholric acid. The so-
lution was extracted several times with benzene and the combined
extracts were dried and evaporated to produce 1-methyltetralyl-
1-acetic acid (6-COOH), 86%, mp 72-73° from methanol-water,'?
Reaction of this acid with diazomethane in ether afforded methy!
I-methyltetralyl-1-acetate, (6-COOMe), 94%, bp 98-99° (0.1
mm).19

Reduction of the above acid on a 20-mmol scale with ethereal
lithium aluminum hydride in the well-known fashion gave 2-(1-
methyltetralyl)ethanol (6-CH:OH), 91.5%, bp 143° (1.5 mm).1?
Reaction of the alcohol with p-toluenesulfonyl chloride in pyridine
according to the published procedure?? gave the corresponding tos-
ylate 6-CH20Ts, 96.5%, an oil purified by low-temperature crystal-
lization from pentane, mp —20°.1° Oxidation of the purified tosyl-
ate (30 mmol) was achieved by reaction with sodium bicarbonate
(20 g) in dimethyl sulfoxide (150 ml) at 150°. Nitrogen was bub-
bled through the hot solution for 5 min and then ice water (200 ml)
was added. The material was extracted with ether and processed to
yield 6-CHO, 73%, bp 158-159° (10 mm).!? The 2,4-dinitrophen-
ylhydrazone was made in the usual fashion, mp 171-172°.19

Conversion of 6-COOH with thionyl chloride in benzene to the
acid chloride was straightforward, 97%, bp 114-115° (0.4 mm).1®
Reaction of this acid chloride with lithium tri-tert-butoxyalumi-
nohydride in the reported manner?* gave 6-CHO in 43% yield. Re-
duction to 6-CHO by reaction of lithium aluminum hydride and
the aziridide?! from the acid chloride proceeded in 37% yield.

Synthesis of Reference Hydrocarbons. 1,1-Dimethylbenzo-
cyclobutene (4-H). Reduction of 4-OT's (8.25 mmol) with lithium
aluminum hydride (8.25 mmol) in ether (50 ml) was performed
under reflux (5 hr). The solution was treated carefully with water
followed by dilute acid and processed. Distillation afforded 4-H,
80%, 1lgp 60-61° (20 mm), as an oil smelling like tert-butylben-
Zene.

L,1-Dimethylindan (5-H)?" and 1,1-dimethyltetralin (6-H)27
were obtained by the literature method cited, as were 2-methyl-
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indan (7),27 2-methyltetralin (8),2° and 2-methylbenzsuberane
(9)'28

Decarbonylation Studies. Peroxide-Induced. The general
procedure is well documented.!® Certain details are given in Tables
I and IIL. All-glass apparatus? was used in all studies because the
use of rubber or silicone septa for peroxide entry or reaction moni-
toring led to inconsistent results, usually evidenced by extensive
induction periods and increased peroxide demand. A brief process
description follows. Accurately weighed aldehyde (1-4 mmol, neat
or 1 M in chlorobenzene) was placed in the apparatus which was
then flushed with helium. Di-tert-butyl peroxide (10 mol %, redis-
tilled, d424 0.788) was added and the system was closed. The unit
was placed in a 160° bath and the evolved gas collected. Volatile
products were not collected but were returned to the reaction mix-
ture. Two equal subsequent DTBP additions were made via a
pressurized capillary. After the time period for study, the material
in the system was analyzed by GLC: carbon monoxide was deter-
mined on a molecular sieves 13X column at 25° and the hydrocar-
bon products were determined on a series of columns, SE-30, Apie-
zon L, and Flexol 8N8. Calibration studies were done with mix-
tures of authentic samples. From the response curves obtained on
the mixtures of known hydrocarbons, plus an accurate determina-
tion of the reaction mixture volume (1 ul), calculations gave the
amount of each substance present, excluding high molecular
weight material for which no GLC data was obtained. In the case
of 4-CHO, the viscous reaction residue was chromatographed on
silica gel. Benzene eluted chlorobenzene (if any were used) and
small amounts of unchanged 4-CHO. Methanol was necessary to
elute the viscous yellow oil mentioned in the Discussion.

Because the more volatile hydrocarbon products were returned
to the reaction mixture, their stability was determined under reac-
tion conditions. The appropnate pair of hydrocarbons (e.g., 4-H
and 7) were made 0.5 M in chlorobenzene (4 ml). Di-tert-butyl
peroxide (0.2 mmol) and an internal standard (biphenyl or o-di-
chlorobenzene) was added and the mixture was heated under re-
flux for 5 hr, Only the mixture of 4-H and 7 showed significant
transformation during this time period; 4-H unchanged, 36%; 7 un-
changed, 42%. The other hydrocarbons showed minor changes.

The studies with carbon tetrachloride and benzoyl peroxide
(Table IIT) were carried out as were the DTBP experiments. The
methyl esters formed were confirmed and analyzed by GLC on a
Reoplex column at 180° by comparison with authentic samples
prepared as mentioned above.

Palladium-Promoted. Certain details may be found in Table
II. The reactions were performed again in an all-glass apparatus.?’
After the indicated time period (when the aldehyde was con-
sumed), carbon tetrachloride (2 ml) was added and the mixture
was carefully filtered to remove the catalyst. Analyses for carbon
monoxide and the hydrocarbon products were by GLC as men-
tioned earlier. Sensitivity experiments indicated that at least 1%
{and in some cases less) of rearranged hydrocarbons could be de-
tected on the GLC columns used.

Registry No.—4-H, 56846-74-3; 4-COsMe, 56846-75-4; 4-CN,
56846-76-5; 4-COoH, 56846-77-6; 4-COCI, 56846-78-7, 4-CHO,
56846-79-8; 4-CHO 2,4-DNP, 56846-80-1; 4-CH,0H, 56846-81-2;
4-CH,0Ts, 56846-82-3; 5-CO;Me, 56846-83-4; 5-CHO, 56846-84-5;
6-COzH, 56846-85-6; 6-CO2Me, 56846-86-7; 6-CH,OH, 56846-87-8;
6-CH;0Ts, 56846-88-9; 6-CHO,. 56846-89-0; 6-CHO 24-DNP,

-56846-90-3; 6-COCl, 56846-91-4; 1 methylbenzocyclobutene 1-car-

boxylic ac1d 33223- 77 7; di-tert-butyl peroxide, 110-05-4; palladi-
um, 7440-05-3.

Supplementary Material Available, Tables IV and V contain-
ing physical (nh and di values), spectral (functional ir and total
NMR), and analytical data for compounds 4-COCl*, 4-H, 4-
COOMe, 4-CN, 4-COOH, 4-COCl*, 4-CHO, 2,4-DNP of 4-CHO,
4-CH0H, 4-CH,0Ts*, 5-COOMe, 5-CHO, 6-COOH, 6-COOMe,
6-CH;0H, 6-CH-0Ts*, 6-CHO, 2,4-DNP of 6-CHO and 6-COCIl*
[compounds with asterisk have physical and analytical data only;
5-CHO has spectral data only; the 2,4-DNP’s and 6-COOH (solid)
have only analytical data) will appear following these pages in the
microfilm edition of this volume of the journal. Photocopies of the
supplementary material from this paper only or microfiche (105 X
148 mm, 24X reduction, negatives) containing all of the supple-
mentary material for the papers in this issue may be obtained from
the Business Office, Books and Journals Division, American
Chemical Society, 1155 16th Street, N.W., Washington, D.C.
20036. Remit check or money order for $4.00 for photocopy or
$2.50 for microfiches, referring to code number JOC-75-3641.
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Reaction of Organoboranes with Lithium Aldimines. A New Approach
for the Synthesis of Partially Mixed Trialkylcarbinols!
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Partially mixed trialkylcarbinols are produced in good yields via the reaction of dialkylchloroboranes with lithi-
um aldimines followed by treatment with (1) thioglycolic acid, (2) NaOH in diglyme, (3) HoO»-NaOH. Primary or
secondary alkyl groups are introduced readily. The reaction of trialkylboranes with lithium aldimines also pro-
ceeds smoothly, affording the partially mixed trialkylearbinols on treatment with (1) thioglycolic acid, (2) HaO2-

NaOH.

In recent years, various procedures for the synthesis of
trialkylearbinols via organoboranes have been developed.
Symmetrical trialkylcarbinols are produced from the reac-
tion of trialkylboranes with carbon monoxide,? sodium cya-
nide,? or a,a-dichloromethyl methyl ether (DCME).* Par-
tially mixed trialkylcarbinols are obtained by treatment of
partially mixed trialkylboranes with carbon monoxide,® or
by treatment of trialkylboranes with 1-lithio-1,1-bis(phen-
ylthio)alkane.f On the other hand, totally mixed carbinols
are available via the reaction of totally mixed hindered bo-
ranes with DCME,” or via dialkylmethylvinylboronates.®
We now report a new approach for the synthesis of partial-
ly mixed trialkylcarbinols, where two alkyl groups of the
carbinols arise from dialkylchloroboranes and the third is
derived from Walborsky’s masked acyl carbanions.?

Results and Discussion

We previously reported that dialkylchloroboranes (1),
now readily available via hydroboration with chloroborane—
ethyl etherate,1? reacted with lithium aldimines® (2) to give
unsymmetrical ketones (5) on treatment with (1) thiogly-
colic acid, (2) aqueous alkaline hydrogen peroxide (eq 1).1!
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