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The fact that the aminoimines are more suscep-
tible to attack by electrophilic reagents than tro-
polone is readily interpreted on the basis that the
ring is more electronegative.?® Thus, the com-
pounds undergo bromination and chlorination in
non-polar solvents to give single monosubstituted
products in high yield. Furthermore, in contrast
to tropolone,3¢ sulfonation?? and nitration® are

(31) The fact that mnitrogen is more capable of stabilizing a de-
veloping positive charge than oxygen may also be an important factor,

(32) Satisfactory analyses have not yet been obtained, but nuclear
magnetic resonance studies have established that the 4-substituted
derivative is formed.

(33) Unpublished result by Dr. A. D. Josey.
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readily accomplished at room temperature. Lastly,
the reaction with tetracyanoethylene to give a
tricyanovinylaminoimine clearly is indicative of an
addition—elimination reaction attributable to the
electronegative character of the aminoimine. Un-
der similar conditions tropolone gives a mixture of
unidentified products.??
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1-Amino-7-thioxo-1,3,5-cycloheptatrienes

By W. R. BRASEN aND R. E. BENSON
RECEIVED JANUARY 26, 1961

1-Amino-7-thioxo-1,3,5-cycloheptatrienes (IV), a previously unknown class of compounds, are accessible in good yields

from the l-amino-7-imino-1,3,5-cycloheptatrienes (I) by reaction with hydrogen sulfide.

Although the thioxo compounds

IV have considerable stability, they do not have the pronounced aromatic character associated with the aminoimines I.

The synthesis of l-amino-7-imino-1,3,5-cyclo-
heptatrienes was described in the previous paper.!
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It was reported that the aminoimines were ex-

[
tremely stable to hydrolysis with strong acids or
bases, but that a diaryl derivative II underwent
hydrolysis readily in acetic acid in the presence of
potassium acetate to yield the arylaminotropone III.
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Extension of the weak acid—weak base combina-
tion to the hydrogen sulfide-hydrosulfide system
has given l-amino-7-thioxo-1,3,5-cycloheptatrienes
(IV), a previously unreported class of compounds.

O, O

= H, CH;, p-CHSOC5H4, »-CH:C¢H,

(1) W. R. Brasen, H. E, Holmquist and R. E. Benson, J, Am. Chem.
Soc., 88, 3125 (196I); see also ibid.. 83, 995 (1960), for preliminary
note.

The most closely related compounds previously
reported appear to be thiotropolone (VI) and its S-
alkyl derivatives, prepared from 2-chlorotropone,?
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and derivatives of dihydro-1,3-thiaazulene (VII)
synthesized from 2-chlorotropone and thiourea.?
Verification that the displacement reaction had
proceeded without rearrangement was found in the
formation of stable chelates from the thioxo detiva-
tives IV with such metallic ions as copper, nickel
and cobalt. Furthermore, the aryl derivative IV
(R = CeH,CH;-p) was converted to the corre-
sponding aminoimine I by reaction with p-toluidine.
The aminothioxo derivatives IV are colored
products that are readily soluble in dilute acid but in-
soluble in strong base, indicating that tautomeriza-
tion to the iminomercaptocycloheptatriene struc-
ture V is not favorable, even under these conditions.
This was verified by proton magnetic resonance
studies of IV, R = CH;. In contrast with the
aminoimine I (R = CH;) which shows a single
methyl resonance,* the thioxo compound IV (R =
CH;) shows a doublet methyl resonance (3.05 and
3.16 p.p.m., tetramethylsilane reference). This
12} T. Nozve, M. Sato and K. Matsui, Proc. Jepax Acad., 39, 22

(1853); 28, 407 (1952).

(8) T. Nozoe, Forischr. Chem. Org. Nalurstoffe, 18, 287 (1955).
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Fig. 1.—The n.m.r. data were obtained on a Varian As-
sociates instrument HRS-80 operating at 56.4 megacycles
and approximately 9400 gauss.

non-tautomerization of IV is similar to that ob-
served for 2- and 4-mercaptopyridines as established
by infrared spectral studies.4
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Synthesis of the aminothioxo derivatives IV oc-
curs readily when solutions of the aminoimines
are heated with an excess of hydrogen sulfide.
Hydrosulfide ion has in some instances been added
as the sodium salt; however, this has been found to
be unnecessary even when the reaction is carried
out with the weakly basic N,N’-diarylaminoimito-
cycloheptatrienes.

The parent compound l-amino-7-thioxo-1,3,5-
cycloheptatrierie was obtained directly in 60% yield
from the tetrafluorocycloheptadienes without iso-
lation of the intermediate l-amino-7-imino-1,3,5-
cycloheptatriene. This procedure avoided the
troublesome isolation of the aminoimine, which was
normally obtained in 307, yield. In the synthesis
of N-substituted aminothioxo compounds IV, the
intermediate aminoimines usually were isolated be-
fore treatment with hydrogen sulfide.

It is interesting to note that whereas 1-methyl-
amino-7-methylimino - 1,3,5 - cycloheptatriene was
inert to the potassium acetate—acetic acid hydroly-
sis system described for conversion of N,N-disub-
stituted aminoimines to N-substituted aminotro-
pones, this aminoimine was converted readily to
the corresponding aminothioxocycloheptatriene
with hydrogen sulfide.

When a halogen-substituted aminoimine was
employed in the synthesis, a bis-(aminothioxocyclo-
heptatrienyl) sulfide VIII was isolated. Presum-
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VIII
ably the reaction proceeds through intermediate
formation of bis-(aminoiminocycloheptatrienyl) sul-

fide! which then undergoes a displacement reaction
with sulfide ion to yield VIII.

(4) E. Spinner, J, Org. Chem,, 28, 2037 (1858).
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The N-arylaminothioxocycloheptatrienes resem-
ble thiourea in that they are alkylated readily to
yield S-alkyl salts IX. TUnlike the thiouronium
salts, treatment with base converts these S-alkyl
derivatives to stable sulfides.
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This expected alkylation of sulfur, rather than
nitrogen, was verified by treatment of the sulfide X
with hydrogen sulfide to produce the original
aminothioxocycloheptatrierne.

In contrast to the aminoiminocycloheptatrienes
I, which are substituted in the nucleus by bromine,
the aminothioxo compounds are oxidized readily to
the disulfide by this reagent.
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The resemblance of the aminothioxocyclohepta-
trienes IV to thioamides was further established by
a reaction typical of dithioamides with aromatic
aldehvdes. Condensation of IV (R = H) with
benzaldehyde yielded the dihydrothiaazaazulene
X1
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which, unlike the products derived from dithio-
oxamide, is unable to undergo dehydrogenation.’
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Experimental

1-Amino-7-thioxo-1,3,5-cycloheptatriene.—A fluorocarbon
mixture of 6,6,7,7-tetrafluoro-1,3-cycloheptadiene (contain-
ing 42.5 g. of the cycloheptadiene) was added to a stirred
solution of 300 ml. of anhydrous amnionia in 200 ml. of
methanol during 1 hour. The mixture, coutaining sus-
pended amnionium fluoride, was allowed to warm spon-
taneously to 3° and was then cooled to 0° by addition of
more liquid ammonia, The sequence was repeated and

(5) John R. Johnton and Roger Ketcham, J. Am. Chem. Soc., 82,
2719 (1960).
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the temperature finally allowed to rise to 20°. Anhydrous
ethier (500 ml.) was added, the mixture filtered, and the
ammonium fluoride washed with ether. Ammonia and
ether were removed from the filtrate at an aspirator (0-5°),
thus reducing the volume to 250 ml. The solution was
saturated with anhydrous hydrogen chloride with cooling.
The precipitated ammonium chloride was removed by fil-
tration, washied with 100 ml. of methanol, and the combined
filtrates freed of solvent by distillation at reduced pressure
at 0-10°. The semi-solid residue containing l-amino-7-
imino-1,3,5-cycloheptatriene hydrochloride was washed
twice with ether by decantation and dissolved in 100 ml. of
water. The resulting solution was diluted with 100 ml. of
mnethanol aund made slightly basic with a solution of 15 g.
of sodium liydroxide in 50 ml. of water. The solution was
saturated with hydrogen sulfide, heated to reflux, and hydro-
gen sulfide bubbled through the refluxing solution for 8
hours. Cooling of the solution precipitated a brown solid
which was isolated by filtration. Recrystallization from
methanol produced 21 g. (60%,) of l-amine-7-thioxo-1,3,5-
cycloheptatriene, m.p. 137-138.5°,

Anal. Caled. for C;H;NS: C, 61.27; H, 5.15; N, 10.21;
S, 23.37; mol. wt., 137.2. Found: C, 61.20; H, 5.15;
N, 9.94; S, 23.40; mol. wt., 122,

The infrared spectrum of this compound, unlike those of
the N-substituted aminothioxo compounds, contained an
NH band at 3.05 ». The C==S8 absorption appeared at 9.6
u. The ultraviolet spectrum liad Amax 448 mu (e 13,300)
and Amax 280 mu (e 20,700).

1-Methylamino-7-thioxo-1,3,5-cycloheptatriene.—A solu-
tion of 105 g. of l-methylamino-7-methylimino-1,3,5-
cycloheptatriene in 300 ml. of methanol was saturated with
hydrogen sulfide and heated to reflux. Hydrogen sulfide
was bubbled through the refluxing solution during 17 hours,
after which time this gas stream was replaced by nitrogen
to sweep out most of the remaining hydrogen sulfide. Slow
cooling of the solution yielded an orange-brown solid which
was filtered off and taken up in 450 ml. of methancl. This
solution was treated with decolorizing carbon, filtered, and
cooled to yield 94 g. (88%,) of 1-metliylaniino-7-thioxo-1,3,5-
cycloheptatriene, m.p. 67-67.5°.

Anal. Caled. for CgH¢NS: C, 63.55; H, 6.00; N, 9.26;
S, 21.20; mol. wt., 151. Found: C, 63.51; H, 6.00;
N, 9.25; S, 20.87; mol. wt., 163.

Tlie infrared spectrum showed no absorption in the region
usually attributable to NH, and showed absorption at 9.63
p (C==83, 3.25 and 3.3 u (=CH), 3.45 u (saturated CH),
6.23, 6.55 and 6.65 u (conjugated C=C and/or C=N).
The ultruviolet speetrum had Amazs 458 miu (e 10,300) and
Amax 285 mpu (€ 19,600).

To establish that the N-H absorption was obscured by
the absorption attributuble to saturated and unsaturated
C-H, the methylaminothioxo compound was converted to
the N-D derivative by refluxing with deuterium oxide con-
taining a small amount of acid. Infrared examun.tion of
the resulting product showed strong absorption at 4.55 u
attributable to N-D. The remaining portion of the spec-
trum is very sinilar to that of the undeuterated product.

1 - (p - Methoxyphenylamino) - 7 - thioxo - 1,3,5 - cyclo-
heptatriene.—A stainless-steel pressure vessel of 500-ml.
capacity was charged with 16.6 g. of 1-(p-methoxyphenyl-
amino)-7- ( p- methoxyphenylimino)- 1,3,5- cvclolieptatriene,
100 ml. of ethanol and 10 g. of hydrogen sulfide, and heated
at 120° for 4 hours. Tle resulting dark red suspensian was
filtered, and the solid recrystallized from acetonitrile to
vield 7.2 g. (609) of 1-{p-methoxyphenylamino)-7-thioxo-
1,3,5-cyelohieptatriene, m.p. 132.5-133.5°.

Anal. Caled. for CH,;ONS: C, 69.11; H, 5.38; N,
5.76; &, 13.18. Found: C, 69.01; H, 5.56; N, 5.74; S,
13.10.

The infrared absorption spectrum indicated no normal NH
vibration. The principal absorption was at 9.7 g (C==:8),
3.25 u (=CH), 8.55 u (saturated CH), 6.2, 6.25, 6.6 and
6.7 u (conjugated C==C and/or C=N). The ultraviolet
absorption spectrum had Amax 455 mu (e 8,000) and Amex
285 mu (e 11,900).

1-(p - Tolylamino) - 7 - thioxo - 1,3,5 - cycloheptatriene.—
A slow stream of hydrogen sulfide was bubbled through a
refluxing solution of 30 g. of 1-(p-tolylamino)-7-(p-tolyl-
imino)-1,3,5-cycloheptatriene in 100 ml. of n-butyl alcohol
for 14 hours. Tle deep red solution was cooled and diluted
with 200 ml. of eihiyl alcoliol and 300 ml. of ice-water to
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precipitate an orange-brown solid. The solid was taken
up in 100 nil. of ethyl alcoliol, treated with decolorizing
carbon, filtered, and cooled slowly to yield 18.2 g. (809%)
of orange needles of 1-(p-tolylamino)-7-thioxo-1,3,5-cyclo-
heptatriene, m.p. 99-100°.

Anal. Caled. for CiHyyNS: S, 13.98; mol. wt,, 227.
Found: S, 14.14; mol. wt., 222, 229.

4,4 - Bis - (1 - methylamino - 7 - thioxo - 1,3,5 - cyclo-
heptatrienyl) Sulfide.—A solution of 11.4 g. of 4-bromo-1-
methylanitino-7-methylimino-1,3,5-cycloheptatriene in 200
ml. of etllanol was refluxed for 16 hours while a stream of
hydrogen sulfide was passed thirough the solution. The
dark red solid which precipitated was isolated by filtration
and recrystallized from methylene chloride-ethanol to yield
7 g. (656%) of the metaliic, greenish 4,4’-bis-(1-methyl-
amino-7-thioxo) sulfide, m.p. 166° dec.

Anal. Caled. for CisHisN.S:: C, 57.79; H, 4.85; N,
8.43; S, 28.93; mol. wt., 332. Found: C, 5§7.97; H,
4.85; N, 7.70; S, 29.13; mol. wt., 367, 370.

1 - Bengzylthio - 7 - (p - methoxyphenylimino) - 1,3,5-
cycloheptatriene.—To a solution of 2.45 g. of 1-(p-
methoxyphenylamino)-7-thioxo-1,3,5-cyclolieptatriene in 30
ml. of acetonitrile was added 1.8 g. of benzyl bromide in 10
ml. of acetonitrile. The reaction mixture was allowed to
stand for 10 minutes and was treated with 2 g. of triethyl-
amine to precipitate an orange solid. Recrystallization of
the solid from methylene chloride and methanol yielded 3.2
g. of 1l-benzylthio-7-(p-methioxyphenyl)-imino-1,3,5-cyclo-
heptatriene (919).

Anal. Caled. for C4IONS: C, 75.65; H, 5.71;
4.20; S, 9.62; moi. wt., 3383. Found: C, 75.32;
5.93; N, 4.24; S, 9.49; mol. wt., 348.

Reaction of 1-Benzylthio-7-(p-methoxyphenylimino)-
1,3,5-cycloheptatriene with Hydrogen Sulfide.—A stainless
steel bomb of 300-ml. capacity was charged with 10 g. of
1 - benzylthio - 7 - ( - niethoxyplhenylimino) - 1,3,5 - cyclo-
Lieptatriene, 150 mil. of ethyl alcoliol and 10 g. of hydrogen
sulfide and heated for 4 iours at 120°.  The product was a
dark colored, tarry mixture from whicli only a small amount
of crystalline material was isolated. This product proved
to be 1-(p-methoxyphenylamino)-7-thioxo-1,3,5-cyclohepta-
triene and was identified by mixed melting point with au-
thentic material.

Disulfide Formation from 1-{p-Methoxyphenylamino)-7-
thioxo-1,3,5-cycloheptatriene.—An ice-cold solution of 0.8
g. of brominc in 20 ml. of miethylene chioride was added to an
ice-cold solution of 2.46 g. of the aminothioxo compound in
50 ml. of methylene chloride. The orange precipitate which
formed was removed by filtration, dissolved i methanol
and treated with 2 ml. of triethylamine. The resulting
orange solid was crystallized fron1 methylene chloride and
eth%nol to yield 2.1 g. (849%) of the disulfide VI, m.p.
159° dec.

Anal. Caled. for Cosli2N:S0:: C, 69.39; H, 4.99; N,
5.78; S, 13.23; mol. wt., 485. Found: C, 62.54; H, 5.04;
N, 5.87: S, 13.30; mol. wt., 440.

2-(p-Chlerophenyl)-2H-cycloheptathiazole.—A solution of
1.37 g. of l-amino-7-tliioxo-1,3,5-cvclolieptatriene, 1.41 g.
of p-chlorobenzaldeliyde and 1.5 ml. of concentrated hydro-
chloric acid in 20 ml. of ethanol was heated for 1 hour on
the steam-batli. Tle initial deep red color faded to orange
and cooling of the solution produced yellow needles. The
cooled solution was diluted witl water, the precipitate iso-
lated by filtration and recrystallized from methanol and
water, The yield of 2-(p-chlorophenyl)-2H-cyclol:epta-
thiiazole was 1.7 g. (70%), m.p. 80.5-81°.

’

T

’

Anal. Caled. for C,H;NSCl: C, 64.72; H, 3.88; N,
5.38; S, 11.34; mol. wt., 260. Found: C, 64.50;.H,

3.97; N, 5.40; S, 11.83; mol. wt., 262.

Assignment of the cyclized structure to this compound
was made principally on the basis of the infrared spectrum
which did not contain the broad 9.6 x C==S band which is
present in the spectrum of the aminothioxo compound.
The principal absorption was at 3.256 u (=CH), 6.3, 6.45,
6.65, 6.7 and 6.8 u (conj. C=C and/or C=N).

Metal Chelates of tlie Aminothioxo Compounds.—The
copper chelate of 1-methvlamino-7-thioxo-1,3,5-cyclohepta-
triene was prepared by combining a solution of 5 g. of the
aminothioxo compound in 200 ml. of methianol with 200 ml.
of an aqueous solution containing 3.5 g. of copper acetate
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and 5 g. of sodium acetate. The brownish solid which
precipitated was recrystallized from methylene chloride
and ethanol to yield 5.1 g. (859%,) of reddish-violet prisms,
m.p. 190° dec.

Anal. Caled. for CigHpisNS:Cu: S, 17.62;
364. Found: S, 17.68; mol. wt., 348, 354.

The copper clielate of 1-(p-tolylamino)-7-thioxo-1,3,5-
cycloheptatriene was prepared by combination of a solution
coutaining 2 g. of this material in 25 inl. of methylene chlo-
ride with 75 ml. of an aqueous solution containing 1.5 g. of
copper acetate, 2 g. of sodium acetate and 25 ml. of ethyl
alcohol. The methylene chloride was removed by distilla-
tion and the resulting violet precipitate was recrystallized
from methylene chloride and ethyl alcohol to yield 2.5 g.
(969%) of the chelate.

Anal. Caled. for CuHuNeS.Cu: S, 12.42;
516. Found: S, 12.50; mol. wt., 665, 635.

The 1ercury clielate of 1-{p-tolylamino)-7-thioxo-1,3,5~
cvcloheptatriene was prepared by combining a solution of
2.27 g. of the aminothioxo comnpound in 20 ml. of etliyl alco-
Iiol with a solution of 2.7 g. of mercuric cliloride in 20 ml
of ethylalcohol. Addition of 2 g. of triethylamine precipi-
tated a red crystalline solid which was recrystallized from
methylene chloride and etliyl alcoliol to vield 2.8 g. (85%)
of the chelate, m.p. 166-167°.

niol. wt.,

mol. wt.,
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Anal.  Caled. for CoHgN2S:Hg: S, 9.82; mol. wt., 653.
Found: 8, 9.98; mol. wt., 740, 750.

Amination of 1-(p-Tolylamino)-7-thioxo-1,3,5-cyclohepta-
triene.—A solution of 4.54 g. of the thioxo compound, 10.7
g. of p-toluidine (5 molar equivalents) and 100 ml. of 1-
butanol was refluxed for 3 days under a slow stream of
nitrogen. During this time, hydrogen sulfide could be de-
tected in the effluent nitrogen stream. The solution was
cooled and the precipitated solid was recrystallized four
times from ethanol. The yield of 1-(p-tolylamino)-7-(p-
tolvlimino)-1,3,5-cycloheptatriene was 2.05 g. (33%).
The melting point of this product with an authentic sample
of the aminoimine was not depressed.
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Asymmetric Reductions.

X. Formation of Optically Active Neopentyl Alcohol-1-d

by Asymmetric Grignard Reduction!

By Victor E. AntHousE, ERNA KAUFMANN, PavuLa LoeErFLER, KANICHI UEDA AND HARRY S. MOSHER
RECEIVED DECEMBER 15, 1960

Trimethylacetaldehyde-1-d has been reduced by the Grignard reagent from (+)-1-chloro-2-methylbutane to give neopentyl
alcoliol-1-d which has the same configuration and 129 of the optical activity of the product from the reduction of this

saine aldehvde by actively fermenting yeust.

Furthermore the reduction of non-deuterated trimethylacetaldehyde with

the Grignard reagent from ( —)-1-chiloro-2-methylbutane-2-d, the deuterated enantiomorph of the above reagent, lias given
neopentyl alcohol-1-d with the same configuration and approximately 369 of the optical purity of the enzymically produced

material.
chemical systein to tlie enzymic system are considered.

Certain aspects of the asymmetric reduction of
carbonyl compounds by optically active reducing
agents® closely resemble those of enzymic reductions
by the isolated alcohol dehydrogenase—diphospho-
pvridine nucleotide (ADH-DPNH) system? and by
microbiological systems.® In the reduction of
alkyl t-butyl ketones by the Grignard reagent from
(+)-1-chloro-2-methylbutane? the extent of asym-
metric reduction has been shown to depend upon
the relative size of the alkyl and ¢-butyl groups. As
the size of the alkyl group in this series of ¢-butyl
ketones increases, the asymmetric bias of the reac-
tion decreases, with the largest percentage asym-
metric synthesis, 139, being observed when the
alkyl group was methyl. In this case (reduction of

(1) We acknowledge with thanks the support of this investigation
by a grant from the National Science Foundation and by research
grant No, 5248 from the National Institutes of Health of the U. S
Public Health Service.

(2) See W. M. Foley, I, J. Welch, E. M. La Combe and H. §.
Mosher, J. Am. Chem. Soc., 81, 2779 (1959), and references therein.

(3) (a) H. R. Levy, E. A. Loewus and B. Vennesland, ibid., 79, 2949
(1957); (b) J. Van Eys and N. O. Kaplan, ibid., 79, 2782 (1957);
(c¢) E. S. G. Barron and S. Levine, Arch. Biochem. Biophys., 41, 175
(1952); (d) A. Grierer, Biochim. Biophys. Acta, 17, 111 (1955).

(4) (a) C. Neuberg and F. F. Nord, Ber., 53, 2237 (1919); (b) C.
Neuberg, **Advances in Carbohydrate Chemistry,” Academic Press,
Inc., New York, N. Y., Vol. 4, 1949, pp. 75-117; (c¢) P. Levene and
A, Walti, *' Organic Syntheses,” Coll. Vol. 111, John Wiley and Sous,
Inc., New York, N, Y., 1943, p. 3453; (d) D. Mdller, Biochem. Z., 268
(1934).

The absolute configuration of these products, the deuterium isotope effect and the relationship of this model

methyl {-butyl ketone) the transition state of lower
energy leading to the preponderant isomer is sym-
bolized by I where the deuterium atom is replaced
by a methyl group.

D CaH;

«-Bu CH; -

, 1T !
L 0--§Mg. L 0--\Mg,
o +«\ _CH, +\  CH.
/’ “He----CF R Z
5
-Bu CHs H CQH;,
I II

The relationship between relative size of the groups
on the ketone and the percentage asymmetric syn-
thesis was not as simple in the alkyl phenyl ketones®
nor the alkyl cyclohexyl ketones,® but there was ex-
cellent correlation in the purely aliphatic series rep-
resented by I where D was replaced by methyl
throngh isobutyl.

For various reasons, including a desire to increase
the asymmetric bias by increasing the difference in
the steric effect of the R group and ¢-butyl group in
the carbonyl compound, trimethylacetaldehyde-1-
d (transition state I) was prepared and reduced by
this same optically active Grignard reagent. Fur-

(5) R. MacLeod, F. J. Welch and H. S. Mosher, J. Am. Chemn. Soc.,
82, 876 (1960).

(6) E. P. Barrows, F. J. Welch and H. S. Mosher, {bid., 83, 880
(19601



