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red. Ila showed AZ®S® 5.95 u; n.m.r. 140 (s, -CH,), 271
(s, NCH,8), 144 (m, NCH,), and 89 (m, CCH:) c.p.s. in CCl;
1Ib showed ASES® 6.00 4; n.m.r. 479 and 486 (d, ortho =CH—),
449 (m, meta and para =CH-—), 287 (s, NCH.8), 150 (m,
NCH,), and 87 (m, CCH,) ¢.p.s. in CCl,.

Rearrangement of 1-Piperidinemethanethiol Acetate (IIa) to
1-Acetylpiperidine (IIla).—A solution of 7.6 g. (0.044 mole) of
i-piperidinemethanethiol acetate (I1a) in 25 ml. of benzene was
prepared. The solution was heated for 12 hr. The residue on
distillation afforded 2.18 g. (609,) of l-acetylpiperidine, b.p.
56-60° at 1.0 mm. (lit.4b.p. 226-227° at 760 mm.). The infrared
and n.m.r. spectra of this substance were identical with those of
an authentic sample: AEG® 6.14 x; n.m.r. 117 (s, -CHy),
205 (m, NCH,), and 96 (m, CCHS,) c.p.s. in CCl,.

Rearrangement of 1-Piperidinemethanethiol Benzoate (IIb)
to 1-Benzoylpiperidine (IITb).—The same procedure was used
in the rearrangement of IIa. A solution of 8.2 g. (0.034 mole) of
1-piperidinemethanethiol benzoate (1Ib) afforded 3.30 g. (50%)
of 1-benzoylpiperidine, b.p. 118-120° at 1.0 mm., m.p. 46-47°
(lit.* b.p. 320-321° at 760 mm., m.p. 48°). The mixture melting
point, infrared, and n.m.r. spectra of this substance were identi-
cal with those of an authentic sample: ASFS® 6.18 u; n.m.r.
439 (s, all =CH—), 206 (m, NCH,), and 94 (m, CCH;) c.p.s.
in CCL.

Polymeric Thioformaldehyde.—The undistillable residue ob-
tained in the rearrangement of Ila and IIb was recrystallized
from CHCl;. The yield was 0.98 g. (48%,) of a mixture of polym-
eric forms of thioformaldehyde, m.p. 136-145°, in the rearrange-
ment of IIa and 0.71 g. (45%,) in the rearrangement of IIb [lit.
m.p. 175-176° for (CH:S);, m.p. 216° for (CH,8);]. No at-
tempt was made to isolate trithiane from the mixture or to charac-
terize the other thioformaldehyde polymers.
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Earlier studies?? of additions of organomagnesium
compounds to ketones had demonstrated that dialkyl-
magnesium compounds are more reactive than alkyl-
magnesium halides (Grignard reagents). Either or-
ganometallic reactant, when in excess, produces the
same proportion of addition product to by-products
resulting from enolization or reduction. However, the
organometallic reagent, corresponding stoichiometri-
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(1963); (¢) M. Anteunis, sbid., 26, 4214 (1961); 27, 506 (1962); M.
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NotEs 301

cally to an alkylmagnesium alkoxide, obtained from
reaction of 1 mole of a dialkylmagnesium with either
1 mole of a ketone or 1 mole of a tertiary alcohol pro-
duced much greater proportions of by-products from
enolization and reduction on reaction with simple ke-
tones.® This latter result was observed only when the
alkylmagnesium alkoxide reagent was free from mag-
nesium halide. One interpretation of these results is
that all of the reactions in the presence of magnesium
halide as well as reactions employing an excess of a di-
alkylmagnesium each involve the same organomagne-
sium species, perhaps a dialkylmagnesium, as the actual
reacting species, whereas reactions with halide-free
alkylmagnesium alkoxides involve a different reacting
species which may be either an alkylmagnesium alkoxide
or some more complex structure. To examine this
hypothesis further we have examined the n.m.r. spectra
of various organomagnesium reagents, a study to be re-
ported elsewhere, and have studied the stereochemical
course of additions of various methylmagnesium deriva-
tives to a ketone to learn if differences could be detected.

This latter study, reported here, utilized the reaction
of various methylmagnesium derivatives with 4-t-butyl-
cyclohexanone (1) to form the ¢is- (2) and trans-car-
binols (3).4# In this reaction we wished to take advan-

0
1. CH3MgX
——
(CHS)SC 2. H:O
H
1
OH CHa
CHa OH
(CHg)sC + (CHy)sC
H
H 3

(cis, m.p. 70-71%) (trans, m.p. 96.5-97°)
tage of the seemingly valid generalization® that use of a
more hindered cyclohexanone derivative or use of a
more hindered organometallic reagent can be expected
to increase the proportion of the cyclohexanol isomer
with an axial hydroxy! function and an equatorial alkyl
group (corresponding to 2). From the proportions of
isomers 2 and 3 formed we might hope to learn whether
the reacting species derived from various methylmagne-
sium reagents were different. The results of this study
are summarized in Table I which liste the average values
obtained from two or more determinations. All reaction
mixtures obtained from organomagnesium reagents in
the presence of magnesium bromide or with excess di-
methylmagnesium yielded predominantly a mixture of
alcohols 2 and 3 with little enolization (as measured by
the amount of ketone 1 recovered). The products of these
reactions contained 55-65%, of the axial alcohol 2. From
reaction mixtures containing the halide-free methyl-
magnesium salt of 3-methyl-3-pentanol, a large amount

(4) (a) B. Cross and G. H. Whitham, J. Chem. Soc., 3892 (1960); (b)
C. H. DePuy and R. W. King, J. 4m. Chem. Soc., 88, 2743 (1961); (¢) W.J.
Houlihan, J. Org. Chem., 27, 3860 (1962); (d) H. Favre and D. Gravel,
Can. J. Chem., 39, 1548 (1961).

(5) (a) G.Just and R. Nagarajan, Ezperientia, 18, 402 (1962); (b) G. F.
Henpion and F. X. O'Shea [J. Am. Chem. Soc., 80, 614 (1958)] found that
addition of ethylmagnesium bromide to 1 gave product containing 73% of the
product with an axial hydroxyl function (corresponding to 2), whereas use of

methylmagnesium bromide produced a mixture containing 55~609% of the
corresponding isomer 2 (ref. 4 and this study).
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TaBLE

REACTION OF 4-t-BUTYLCYCLOHEXANONE WITH METHYLMAGNESIUM DERIVATIVES

Ketone, Magnesium derivative
mmoles {mmoles) Additive (mmoles)
9.2 MeMgBr (37)
7.8 Me,Mg (15.5)
7.8 MeMg (15.5) MgBr; (15.6)
4.2 Me:Mg (8.5) MgBr; (10.8)
8.3 MeMgBr (33) Et~CO-Et (16.5)
8.3 MeMgBr (33) Et,C-Me (16.5)
OH
7.8 Me,Mg (15.5) Et~-CO-Et (15.5) +
MgBr, (15.6)
7.8 Me:Mg (15.5) Et,C-Me(15.5)
OH
7.8 Me,Mg (15.5) Et-CO-Et (15.5)

Composition of alechol

Volume of Yield of Recovery of ————mixturet-——
soln., ml. aleohol, % ketone, % % cis % trans
37 94-96 . 60 40
31 83 8-9 65 35
31 92-93 S 60 40
28.6 95-97 S 61 39
33 89-94 . 55 45
33 88-93 . 57 43
31 87-91 2-4 60 40
31 28-30 48-51° 73 27
31 23-30 46-52° 75 25

@ Average values from two or more runs are listed. The individual values obtained did not differ from these average values by more
than +£2%. ° See the Experimental section for a description of other products present.

of enolization was observed as measured by the amount of
recovered ketone 1 and by the formation of higher mo-
lecular weight products from aldol condensation (see
Experimental). The aleohol product contained 73-75%,
of the axial alcohol 2.  Although the stereochemical dif-
ferences observed in these reactions are not large, the
results are compatible with our early suggestion® that
the reacting species in halide-free solutions of alkyl-
magnesium alkoxides is not the same as the reacting
species derived from Grignard reagents or dialkylmagne-
sium compounds. The data would suggest that the
reacting species obtained from the alkylmagnesium
alkoxide has the greater steric bulk.

Experimental®

Preparation of Reagents.—Ethereal solutions of methylmag-
nesium bromide, dimethylmagnesium (from dimethylmercury),
and magnesium bromide (from ethylene dibromide) were pre-
pared and standardized as previously described.? Reaction of
14.02 g. (0.163 mole) of 3-pentanone with 250 ml. of an ethereal
solution containing 0.330 mole of methylmagnesium bromide
yielded, after the usual isolation procedure and fractional distilla-
tion, 10.06 g. (609,) of pure’ 3-methyl-3-pentanol, b.p. 120-121°,
n?»Dp 1.4158 [lit.8 b.p. 120-123°, n?¥p 1.4153], infrared® absorption
3610 and 3450 cm.! (unassocd. and assoed. O-H). Kthereal
solutions of methylmagnesium 3-methyl-3-pentoxide (or its
equivalent) were obtained by adding 1 molar equiv. of either 3-
pentanone or 3-methyl-3-pentanol to an ethereal solution contain-
ing either 1 molar equiv. of dimethylmagnesium or 2 molar
equiv. of methylmagnesium bromide. The resulting solutions
were stirred under nitrogen for 1 hr. prior to use. Pure’ 4-t-butyl-
cyclohexanone, b.p. 61-62° (0.1 mm.), m.p. 46-48° (lit.® m.p.
47.5-48.5°), infrared® absorption 1730 cm.™! (C=0), n.m.r.?
absorption & 0.92 (singlet, 9H, CH,3) and 1.3-2.5 (broad multi-
plet, 9H), was obtained by oxidation of the commercially
available mixture of 4-t-butylcyclohexanols with chromic acid in
acetic acid. The reaction of 4-t-butylecyclohexanone with an
ethereal solution of methylmagnesium iodide at room temperature

(6) All melting points are corrected and all boiling points are uncorrected:
Unless otherwise stated magnesium sulfate was employed as a drying agent:
The infrared spectra were determined with a Perkin-Elmer, Model 237,
infrared recording spectrophotometer fitted with a grating. The n.m.r.
spectra were determined at 60 Mec. with a Varian, Model A-60, n.m.r. spec-
trometer. The microanalyses were performed by Dr. 8. M. Nagy and
his associates and by the Scandinavian Microanalytical Laboratory.

(7) A gas chromatography column packed with 20 M Carbowax suspended
on ground firebrick was employed for this analysis.

(8) W. G. Young and I. D. Webb, J. Am. Chem. Soc., 78, 780 (1951).

(9) Determined in carbon tetrachloride solution.

(10) S. Winstein and N. J. Holness, J. Am. Chem. Soc., T7, 5562 (1855).

for 2 hr., followed by the usual isolation procedure, yielded, after
sublimation (25° at 0.1 mm.), 649, of a mixture!! of the stereo-
isomeric 1-methyl-4-i-butyleyclohexanols, m.p. 55-58°. Chro-
matography of 2.2 g. of this mixture on 150 g. of Merck acid-
washed alumina separated 1.04 g. of the cis alcohol (first eluted
with benzene-ether mixtures), m.p. 68-70°, and 0.969 g. of the
trans alcohol (second eluted with benzene—ether mixtures),
m.p. 95-96°. Recrystallization of each of these fractions from
aqueous methanol afforded the cis isomer as white needles, m.p.
70-71° (lit.* m.p. 71°), and the trans isomer as white prisms,
m.p. 96.5-97° (lit.‘4 m.p. 97-98°).

The pure’ ¢is isomer (eluted first on gas chromatography) has
infrared absorption® at 3610 and 3480 cm.-! (O-H).with n.m.r.
singlets'? at 4 0.88 (9H) and at 1.21 (3H) as well as broad absorp-
tion in the region 1.2-1.9 (9H). The pure’ trans isomer (eluted
second on gas chromatography) has infrared peaks? at 3605 and
3350~3450 em. ! (OH) with n.m.r. singlets' at 5 0.88 (9H) and
at 1.23 (3H) and broad absorption in the region 1.0-2.0 (9H).

Quantitative Reactions of Methylmagnesium Derivatives with
4-t-Butylcyclohexanone.—All reactions were run under a nitro-
gen atmosphere. For the gas chromatographic analyses,!?
calibration curves were prepared from mixtures of known com-
position containing the various reactants and products. An
ethereal solution containing ketone was added to an ethereal solu-
tion of the methylmagnesium derivative containing any additives
specified in Table I. During the addition the reaction mixture
was cooled by use of an ice bath. After the addition was com-
plete, the reaction mixture was stirred for 1 hr. and then a weighed
amount of durene was added as an internal standard and the
mixture was hydrolyzed with saturated aqueous ammonium chlo-
ride. The ether layer and ether washings of the aqueous phase
were combined, dried, concentrated under a Vigreux column,
and analyzed. The results are summarized in Table I in which
molar quantities from a representative run are cited with the
range of yields obtained and the average composition of the
product mixture. In none of the experiments cited did the com-
position of an individual run differ from the average value by
more than £27%.

The material balances obtained were of the order of 909 for all
of the reactions studied except the last two listed in Table I. In
these cases where enolization (leading to recovery of the starting
ketone after hydrolysis) was the predominant reaction, approxi-
mately 809, of the reactants were accounted for as recovered
ketone or alcohol products. The reaction mixtures from a num-
ber of these runs were combined and distilled to separate a low-
boiling fraction, b.p. 38-39° (16 mm.), composed largely of 3-
methyl-3-pentanol as judged from its infrared spectrum. The

(11) A thin layer chromatographic plate coated with silica gel was em-
ployed for this analysis. The eluent was 2:1 (by volume) petroleum ether—
ethyl ether.

(12) Determined as a solution in deuteriochloroform.

(18) A column packed with General Electric silicone gum, No. XE-60,
suspended on Chromosorb W was employed.
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residue from this distillation was sublimed (25° at 0.1 mm.) for
48 hr. to separate the bulk of the volatile products, 4-t-butyl-
cyclohexanone and the stereoisomeric 4-t-butyl-1-methylcyclo-
hexanols. The residue from this sublimation was recrystallized
from cyclohexane to separate a white crystalline solid melting
over the range 139-190° which exhibited a single broad peak
when examined by gas chromatography.!'* Since we were un-
successful in obtaining a single pure substance from the high
molecular weight material, the spectra of the mixture were
examined. The mixture has infrared absorption'® at 3580 and
3450 cm.™! (unassocd. and assocd. OH) with no absorption in
the 6-u region attributable to a carbonyl function. The n.m.r.
spectrum!? has a singlet at 8 0.82 (CHy~C <) with broad, partially
resolved absorption in the region 1.0~1.8 but no evidence of ab-
sorption at lower field indicative of vinyl protons. The mass
spectrum!® was particularly informative, exhibiting the highest
peak at m/e = 306 (M) with high mass fragment peaks at 291
(M — 15), 288 (M — 18), 273 (M — 15 — 18, abundant), 249
(M — 57, abundant), and 231 (M — 57 ~ 18, abundant), and an
intense peak at m/e = 57. These data are most easily ac-
commodated by one or more of the stereoisomers of the structure 4
which would be expected to arise by an initial aldol condensation
of 4-t-butyleyclohexanone with itself to form the ketone 5 followed
by reaction with the methylmagnesium species present in solution.

0
HO CH3

CH)C CHy)C

C(CH,), CCHy,

4 5

(14) A column packed with silicone gum, No. SE-30, suspended on
Chromosorb W was employed.

(15) Determined as a solution in chloroform.

(18) Determined with a CEC, Model 21-103, mass spectrometer.
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We wish to report three new condensation products
from thereaction of diethylmagnesium with benzonitrile.
While condensation products are well known in the
reactions of alkylmagnesium compounds with nitriles,
these have heretofore been observed only when either
the nitrile? or the Grignard reagent? is unsaturated or
when the nitrile contains active o-hydrogen atoms.¢=8
Trimerization of the nitrile to form an s-triazine has
also been observed.®
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From the reaction between diethylmagnesium and
benzonitrile in tetrahydrofuran, when the ratio of avail-
able ethyl groups to benzonitrile was 1 or smaller, 1,3-
diphenyl-2-methyl-1,3-propanedione (I) and 5-methyl-
2,4,6-triphenylpyrimidine (III) were isolated. From
the same reactants in ethyl ether a substance which ap-
pears to be N-(a-ethylbenzal)benzamidine (II) as well
as the pyrimidine (III) were isolated. I was assumed

CH, CH,
I I
Ph
CH Ay
|
Ph \N/kPh
I

to have formed by hydrolysis of the corresponding bis-
ketimine salt initially formed in the reaction mixture.
The origin of the bisketimine salt is reasonably repre-
sented as an aldol-type of condensation in the “nitrogen
system.”” To our knowledge this type of reaction has

CH;CH;Mg + PhC=N —> PhC=I]\IMg1°a
"
CH;
A
A 4+ CH,CHMg —> Ph—(‘3=NMg
CHMg
H;
NM b NM
vlg Navlg
i
=N —> Ph—C—CH-—C—Ph
B + PhC=N Ph é C é

CH;
C

C + H:.0O —> 1 + NH;

been observed only once previously. Ectors® has
isolated 3,4,5-triphenyl-A%-pyrazoline as a product in
the reaction of benzylmagnesium chloride with benzo-
nitrile. It is likely that this product is formed by at-
tack of a salt similar to B upon another molecule of
benzonitrile, followed by cyclization.

Formation of the benzamidine, II, is readily under-
stood as arising from the addition of A to a second mole-
cule of benzonitrile to give a new salt D.!' Hydrolysis
of D gives I1.

Ph
PhCN é H:0
A —> PhC=N—C=NMg —> II

Ga,
D

(10) (a) The second valence of magnesium is unspecified.
Bull. soc. chim. Belges., 88, 146 (1924),

(11) J. J. Ritter and R. D. Anderson [J. Org. Chem., 24, 208 (1959)]
assumed a similar type of condensation in the polymerization of benzonitrile
with sodium,

(b} E. Ectors,



