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Insofubfe crossJjnked-copolyrners ofstyrene an! lVo divinylbenzene with covalently bonded (5)-2-aminoalkoxy groups were
used in the enantioselective cr-methylation of cyclohexanone through the corresponding imines. Enantiomeric exceises oi94Vo of
(.S)-2-methylcyclohexanone were observed on methylation at 2fC. An analogous optically active 2-aminoalkyt benzyl ether, under
otherwise identical conditions, resulted in a lower enantiomeric excess (49%o) with selectivity approaching that of the polymeronly
at -78'C.

CortN R. McAnttrun, Paul M. Wonsren, JI-Lottc JtaNc et Clrrnono C. Lpznonr. Can. J. Chem.60, 1836 (t982).
On a utilis6 des copolymeres de styrCne et divinylbenzEne r6ticul6s h l7o et portanr des. OnautilisedescopolymCresdestyrCneetdivinylbenzCner6ticul6sdlVoetportantdesgroupes(J)-amino-2alkoxyli€spardes

liaisons covalentes lors pour I'cr m6thylation 6nantiosdlectivede la cyclohexanone par I'intermrldiaire des imines co.risponiantes.
On a observ€ un excbs dnantiom&ique de94Vo de (S)-m6thyl-2 cyclohexanone lors de la m6thvlation A 20"C. Un 6ther amino-2 alkvlOn a observ€ un excbs dnantiom&ique de94Vode (S)-m6thyl-2 lors de la m6thylation A 20"C. Un 6ther amino-2 alkyl
bglzytigug analogue optiquement actif conduit dans des conditions identiques, ir un excds €nantiom6rique de seulement 492o, ia
s6lectivit6 ne se rapproche de celle du polymbre qu'ir -78'C.

lTraduit par le journall

Introduction
A number of advantages over the use of the

solution phase have been identified in the use of
solid, insoluble polymers as media for certain
operations in synthesis. Considerable documenta-
tion exists on the usefulness of the property of
insolubility of such media for facilitating separa-
tions and allowing for automated processes. In
addition, other properties of these systems sueh as
the decreased interaction between reactant moie-
ties, a phenomenon which simulates high dilution,
have been recognized (for reviews see ref. 1).

Speculation that a decrease in transtrational and
conformational mobilities of moieties covalently
bonded to cross-linked polymers, relative to their
solution analogues, might enhance stereoselectivi-
ties of certain types of reactions led us to investi-
gate the applicability of this type of medium to
asymmetric syntheses (2). The situation might bear
some general resemblance to that at the reactive
sites of some enzymes, In the only research of
which we are aware, prior to our work, into an
example of an asymmetric synthesis on a polymer
support, it was suggested that enhancement of the
enantioselectivity observed relative to an analo-
gous reaction in solution may result from confor-
mational rigidity in the cross-linked polymer (3).

Enantioselectivities in solution may be consid-
erably influenced by temperature (4). In particular,

rPresented in part at the 62nd Canadian Chemical Confer-
ence, Vancouver, June, 1979, and in part at the 64th Canadian
Chemical Conference, Halifax, June, 1981.

2Authors to whom correspondence may be.addressed.

in the s-methylation of the metaloenamine formed
by reaction of isopropylmagnesium bromide with
the imine derived from cyclohexanone and (R)-l-
butoxy-2-aminobutane, the enantiomeric excess of
(R)-2-methylcyclohexanone formed after hydroly-
sis was SlVo at -78oC, but only 2Wo at 65'C (5). In
similar examples of the enantioselective alkylation
of cyclohexanone imines, alkylation conditions
routinely include temperatures of -98 and -78"C
(6). Additional examples have been cited (7).

It seemed conceivable that the use of polymeric
media might allow highly enantioselective reac-
tions to occur at ambient temperatures, perhaps
with concohritant increases in reaction rafes rela-
tive to those observed in solution at low tempera-
tures. Further, the separation of the optically
active product after cleavage from the asymmetric
induction sites on the polymer would be accom-
plished completely and easily by a simplefiltration.
At the same time, the insoluble polymer would be
easily recovered and would be expected to be
reusable.

In a preliminary article (2), we reported the use of
a Merrifield polymer (1) bonded through ether
linkages to (S)-2-amino-l-propyl groups. Conden-
sation with cyclohexanone to give the correspond-
ing polymer-bound ketimine followed by metala-
tion, alkylation, and hydrolysis afforded optically
active 2-alkylcyclohexanones in high enantiomeric
excesses as well as high chemical yields and
purities. In this paper we present the details of
these and related studies on the enantioselective
a-methylation of cyclohexanone using polymer-
bound chiral amines.
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Results and discussion

B o ndi ng (S)-2- a mi no al koxy g r o up s t o p oly s ty r e ne
(S)-2-Aminopropanol (2), (S)-2-aminobutanol

(3), and (S)-2-amino-3-phenylpropanol (4) were
converted, to prevent N-substitution by the poly-
mer, to their corresponding N-phthaloyl deriva-
tives (5a, 5b, and 5c respectively) by reaction with
N-(ethoxycarbonyl)phthalimide (8). The corres-
ponding potassium alkoxides reacted with 1 to give
the corresponding (.T)-2-phthalimidoalkoxy-
methylated chloromethylated polystyrenes (6a,
6b, and 6c respectively) as outlined in Scheme 1.
The loadings of unreacted chloromethyl groups in 6
were determined quantitatively by reaction with
pyridine, followed by analysis of the solution phase
for chloride (9). These chloromethyl groups would
be expected to become involved in subsequent
steps in the reaction sequence to cause decreases in
enantioselectivities. Such expectations were borne
out experimentally as will be described.

Accordingly, the chloromethyl groups of 6 were
converted to unreactive methyl groups by treat-
ment with sodium iodide and then with tributyltin
hydride. The resulting polymers (7) upon hydra-
zinolysis afforded polystyrene derivatives func-
tionalized only with (S)-2-aminoalkoxy groups (8).

Enant i o s e I e c t i u e me t hy Ia t i o n of cy cl o he xa no ne
using polymers I

Condensation of polymers 8 with cyclohexanone
gave the corresponding ketimines (9) (Scheme 2).

c R={

The loadings of the ketimine functions on the
polymers were in the range of 0.5 to 0.6 mmoUg as
determined by hydrolysis to regenerate cyclohex-
anone and quantitalive analysis of the solution
phase by gas chromatography.3

Methylation of polymers 9 by reaction of the
corresponding lithioenamines with iodomethane
afforded the corresponding 2-(2-methylcyclohexyl-

lo H'o* , ,- &
a R=H; D R=CHr;

SCHEME 2

c R=d

3Commercially available Menifield polymer, used in numer-
ous other reported syntheses, affords loadings in this range.
Suchloadings would be expected to minimize the potential com-
plication of site to site interactions in interpreting results, a fac-
tor which we wished to avoid at this stage of our studies,



TasLe l. Enantioselective d-methylations ofpolymeric imines, 9, ofcyclohexanone at
20"c

Loading of Yield of Enantiomeric excess*
imine 2-methylcyclohexanones of (5)-2-methylcyclohexanone

Polymer lmmollc) (7o) (%)

'rBased on opticill ro(ation of pure (.RFz-methylcyclohexanone at - I6.4'C (5).

32.s
86
87

9a 0.57
9b 0.56
9c 0.54

92
94
94

Tegre 2. Comparison of 6c and 7c in subsequent enantio-
selectivities

Starting polymer

Parameter

CICH2 loading (mrnol/g)

Imine loading lmmol/e)
Yield of 2-methylcyclohexanones (7a)

Enantiomeric excess of
(S)-2-methylcyclohexanone (7o)

0.4

0.84

46

)z

0

0.54

87

94

idene)aminoalkoxymethylated polymers (10)
which, on hydrolysis released (R)- and (S)-2-
methylcyclohexanone to the solution phase. The
predominant product under all of the variations in
conditions studied (temperature, and the structure
of R) was (,S)-2-methylcyclohexanone4 in enan-
tiomeric excesses of >90Vo,

Results of methylation at ambient temperature
(20"C) are shown in Table 1. In the methylation of
9a and subsequent hydrolysis, the chemical yield
was much lower than was the case with 9b and 9c
although, in all three systems, enantioselectivities
appear in the same range {>X)Vo).

The polymeric derivative 6c with chloro groups
remaining after reaction of I with 5c was treated in
the same sequence as that described above for
polymers 7. The 2-methylcyclohexanones were
produced with the (S)-enantiomer in only 32Vo
enantiomeric excess. The results are tabulated in
Table 2. It would appear that the chloromethyl
groups in 6c reacted in the hydrazinolysis step, and
that the resulting hydrazyl groups formed polymer-
bound cyclohexanone hydrazone functions which
could methylate only non-enantioselectively.

Comparison of polymer-bound systems with
analogous systems in solution

For quantitative comparison of asymmetric in-

aln all experiments, the identity of the 2-methylcyclo-
hexanone produced was confirmed by comparison with an
authentic sample through the use of ir, nmr, and vpc mass
spectroscopy. The absence of polymethylated derivatives such
as 2,6dimethyl- and 2,2,6-trimethylcyclohexanone was con-
firmed by comparison of the vpc using authentic samples.

ok
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a R=H; c R=0
ScHrue 3

duction in the polymeric systems with analogous
systems in solution, (S)-2-aminopropyl benzyl ether
(1la) and (S)-2-amino-3-phenylpropyl benzyl ether
(11c) were prepared. Conversion to the correspond-
ing cyclohexanone imines (12) and then to their
2-methyl derivatives (13), followed by hydrolysis,
afforded product mixtures from which the 2-
methylcyclohexanones could be separated (Scheme
3). The separation, ofcourse, was not as conven-
iently affected as was the case using the polymeric
system.

Much lower enantioselectivities (-507o\ were
observed from the methylations at 20'C using the
systems in solution (Scheme 3) than were observed
(>90%) using the analogous polymeric systems
(Scheme 2). As might be expected, the enantiose-
lectivities in solution increased as the temperature
of the methylation reaction was decreased. Thus,
for example, the enantiomeric excess of (S)-2-
methylcyclohexanone from methylation of llc in
solution at -78"c was 85qo compared with 49vo zt
20'C. In the polymeric systems, the enantioselec-
tivities appeared to increase slightly (being of
course already -94Vo at ambient temperature) as
the temperature was decreased. The chemical
yields in solution at the temperatures required for
enantioselectivities that approach those obtained
using the polymer are much lower (compare 58%o



TagLe 3. Comparison of polymeric with solution systems

Temperature
fc) System

Yield of
2- methylcyclohexanones

(vol

Enantiomeric excess of
(S)-2-methylcyclohexanone

(%)

94
49

94
96

98
85
7l

87
62

50
97

72
58
43

20

0

-?8

Polymeric 9c
Solution llc
Polymeric 9a
Polymeric 9c

Polymeric 9c
Solution llc
Solution lld

Tnsle 4. Enantioselectivities and yields from recycled
polymer,8c, compared with original 8c

Recycle Imine loading
(No.) of9c (mmol/g)

Enantioselectivity
(%o)

from l1c at -78"C with\7% from 9c at 20'C). The
results are summarized in Table 3.

Recycling the regenerated polymer 8c
The facile separation of the polymer used for the

optical induction reaction is an obvious technical
advantage over the homogeneous system in solu-
tion. The polymer may also be recycled. Prelimi-
nary experiments using recycled 8c indicated no
decrease in the enantioselectivity of the methyla-
tion reaction (Table 4). There may be some de-
crease in chemical yield (87Voto 807o) although this
variation may be within experimental error. Addi-
tional experiments are required to examine more
thoroughty this practical aspect of the use of
polymeric systems in asymmetric syntheses.

Conclusions
High enantioselectivities have been observed in

the u-methylation, at 20'C, of cyclohexanone im-
ines formed from cross-linked polystyrene func-
tionalized with optically active 2-aminoalkoxy
groups. Advanlages over analogous systems in
solution include facility in handling, separating,
and recycling regenerated polymer, as well as
higher enantioselectivities.

Experimental
Optical rotations were determined using a Carl Zeiss polari-

meter, no. 37n44. Nt other instrumentation and general proce-
dures are the same as described previously in a publication from
these laboratories (10).

(S)-2- Phrhali mido- I -p ropa nol ( 5a)
A solution of (S)-2-amino-l-propanol (2\ (4.625e,62.5 mmol)

in tetrahydrofuran (10 mL) was added to a stirred slurry of
N-(ethoxycarbonyl)phthalimide (8) (13.94e, 62.74 mrnol) in
tetrahydrofuran (50 mL) at ffC (ice-water bath). After 5 min,

the bath was removed and the mixture stirred overnight at
ambient temperature. After removal of the solvent under
reduced pressure (boiling water bath), distillation (bulb-to-bulb,
0.1 Ton) gave ethyl carbamate (3.98 g,TLVoyield). The residue
was crystallized from a solution of toluene (25 mL) and hexane
(10 mL) to give 5a (10.46g, 74% yield); mp, 79-81"C; nmr, 6:
7.80 (d, 4H arom.), 4.30-4.66 (m, lH), 3.80-4. l0 (m, 2H), 3.10
(m, OH), and 1.40 (d,2H) ppm. Anal.caled. forC11Hr1NO3: C
64.38, H 5.37, N 6.82; found: C 64.22, H 5.48, N 6.89.

(S)-2- P h t h a I i mi do- I - b u t a no I ( 5b)
In a manner similar to that described above for Sa, (SF2-

amino-l-butanol (3) was convertedtoSb {747oyield); oil; nmr,6:
7.80 (d, 4H), 4.0-4.33 (m, 3H), 3. 10 (m, OH), 1.70-2. 10 (m, 2H).
and 1.00 (t, 3H) ppm. Anal. calcd. for C,rH,rNO.: C 65.?5, H
5.94, N 6.39; found: C 65.69, H 6.31, N 6.43.

(S)-2- Pht ha lilni tlo-3- p he ny l- l- propa nol ( 5 c)
In a manner similar to that described for 5n, (S)-2-amino-

3-phenyl-l-propanol (4) was converted to 5c (82Vo yield); mp
105-106"C; nmr, 5: 7.80 (d, 4H), 7.33 (s, 5H), 4.50-4.90(m, lH),
4.0-4.f3 (m, 2H), 3.30 (d, 2H), and 2.90 (m, OH) ppm. ,4lal.
calcd. for C,rH,rNO3: C 72.59, H 5.34, N 4.98; found: C72.64,
H 5.57, N 4.94.

(S)-2- P h t hal i mi d o- I - p rop oxy me t hy I at e d c hlor o n e t h y lat e d
polystyrene (6a)

To a slurry of 1.0069 (25.02 mmol) of potassium hydride
(washed with hexane) and tetrahydrofuran ( 100 mL) was added,
with stirring, a solution of (S)-2-phlthalimido-l-propanol (5a)
G.7a6 g, 18.27 rnmol), dibenzo-18-crown-6 (200 mg, 0.56 mmol),
and hexamethylphosphoric triamide (10 mL). After lh at
ambient temperature, a slurry of chloromethylated polystyrene
(l) (22.92e,23.30 mequiv. Cl) in tetrahydrofuran (50 mL) was
added. The reaction mixture was stirred and heated under reflux
for 48h. The polymer was separated by filtration and washed
successively with solutions of tetrahydrofuran and ethanol
(l: l), tetrahydrofuran and methanol (l:l), and then with ether,
The polymer was dried to constant weight under reduced
pressure to give 6a (22.393d;ir, v(C:O): 17l0 cm-'; C(9),0.5
rnequiv./g.

(S)-2-P ht ha li mitlo- I - b u toxy m e t hy I at e cl c hlorornet hylat e d poly-
styrene (6b)

Ina manner similar to that described for 6a, chloromethylated
polystyrene, using (S)-2-phthalimido-l-butanol (5b), was con-
verted to 6D; ir, v(C-O): l7l0 cm-'; CI(9), 0.45 mequiv.lg.

(S)- 2- P ht ha I i ni d o -3 - p h e ny Ip r o p oxy ne t hy I a t e d c hl or o-
me thy I at e d p olys ty re n e ( 6c)

In a manner similar to that described for6a, chloromethylated
polystyrene, using (S)-2-phthalimido-3-phenyl- l-propanol (5c),
was converted to 6c; ir, v(C:O): l7l0 cm-t; C(9), 0.4
mequiv./g.

Yield
(%)

0.54
0.53

0
I

94
96

87
80



(S)-2- Phthali ntitlo- I -propoxy methylated methylated poly-
styrene (7a)

To a solution of sodium iodide (13.182g, 87.88 mmol) in
acetone (150 mL) was added 6a prepared as d€scribed above
(21.0939, 10.55 mequiv. Cl). The mixture was stirred under
reflux for 48h and thenallowed to cool to ambient temperature.
The polymerwas separated by filtration and washed successive-
ly with acetone, tetrahydrofuran, ethanol, methanol, aqueous
methanol, methanol, and finally ether and then dried under
reduced pressure to constant weight to give a polymer (22.018
g). To a stirred slurry of this polymer in tetrahydrofuran (150
mL) was added tributyltin hydride (6 mL,22.74 mmol). The
reaction mixture was heated under reflux for 48 h. The polymer
was then removed by filtration and washed successively with
the solvents described above and dried to constant weight to
give 7a (21.903g); ir, v(C:O): l?10 cm-r; Cl(9) not detected.

(S)-2-Phthalinido- I -butoxyntethylated methylated polys trene
(7b) and ( S) -2-phthalitnido-3-phenyl-l-propoxyme t hyhted
m e thy lat ed p oly styre ne (7 c)

hocedures similar to that described above for 7a were used to
prepare 7b andTc from 6D and 6c, respcctively.

(S)-2-Anino- l-propoxynethylated polystyrene (8a), (S)-2-
amino- I -butoxy ne thylated polystyrene (8b), and (S)-2-
ami no- 3-phenylpropaxy tne t hyla t ed polys ty re ne ( 8c)

To a slurry of either polymer 7a, 7b, or ?c prepared as
described above (ca. 20g) in a solution of tetrahydrofuran (100
mL) and ethanol (100 mL) was added, with stirring, aqueous
9SVohydrazine (10 mL). The reaction mixture was stirred for
l6h at ambient temperature. The insoluble polymer was then
removed by filtration and washed successively with tetrahy-
drofuran, acetone, ethanol, methanol, aqueous methanol, and
then ether to give, after drying under reduced pressure to
constant weight (ca. 209), polymers 8a,86, or 8c respectively.
Each exhibited an ir spectrum with absorptions at 3300 cm-t
assignable to amino groups.

(S)-2- Cy c I o h exy I i d e ne a m i no-2 - p ro p ox y,ne t hyl a t e d p o I y s t y r e ne
(9a)

A slurry of &r prepared as described above (20 g, 10 mequiv.
NH2) in a solution of cyclohexanone (8.64g, 88 mmol) in
benzene (200 mL) was heated under reflux in a Soxhlet extractor
in which the thimble contained 3A molecular sieves. The
polymer was removed by filtration and washed successively
with tetrahydrofuran, methanol, and then ether to give, after
drying under reduced pressure to constanr weight (20g), 94.

(S)-2-Cy clo hexylid e ne atnino- I - b utoxy ne thy lat e d p oly s ty rc ne
(9b) and (S)-2-cyclohexylid eneanino-3-phe nyl- l -p ropoxy-
me t hy lat e d po lys ty rc ne ( 9c)

In a similar manner to that described above for the prepara-
tion of9a, the polymers 8b and 8c were converted respectively
to 9, a'nd 9c.

Detenninatiott of loadings of 9a,9b, and 9c
A slurry of polymer 9a (2.983g) in a buffer solution (14 mL)

prepared from acetic acid (25 mL), sodium acetate (10'8g), and
water (25 mL), and methylene chloride (15 mL) was stirred at
ambient temperature for 0.5h. The methylene chloride layer
was washed with water, then saturated sodium bicarbonate
solution, and dried over magnesium sulfate. Removal ofmeth'
ylene chloride by distillation afforded a liquid residue (0' 1667 e);
gc, one sharp peak (tr, 2.5) assignable to cyclohexanorc (>99'o
purity), and representing 0.57 mmol per g of 9a .

By the same method, cyclohexanone was obtained from
polymers 9b, and 9c in amounts representing loadings of 0.56
mmol and 0.54 mmoUg of 96 and 9c respectively,

2-(2- M e t hy lcyc loh exy lid e nea mino)- I -pt'opoxy nte t hy lat ed poly-
s ty re ne ( t0a), 24 2- me t hylcyclo he xy lidene a mi no)- I -
butoxy nte thylat ed polystyre ne ( I0b), and 242-methylcyclo-
h exylid eneami no)-3-phe ny l- I -p ropoxy me t hy Ia ted p oly-
sryrcne {Ioc)

To a stirred slurry of either 9a, 9b, or 9c (ca. l0g, ca. 5.4
mequiv.) in tetrahydrofuran wasadded, <rr0'C (ice-waterbath),
with stining, diisopropylamine (2.0 mL, l4 mmol) followed by a
solution of butyllithium (1.55 M in hexane, 10 mL, 15.5 mmol).
The reaction mixture was stired at eitherambient temperature
(20'C) or 0"C (ice bath) for 20 h, or at -Zdf (DryJce bath) for
40h. Then, iodomethane (2.0 mL, 40 mmol) was added,
dropwise, and the reaction mixture stirredfor8h whilcthe same
t€mperature was maintained. The polymer was removed by
filtration and washed successively with tetrahydrofuran, meth-
anol, and finally ether, and then dried under reduced pressure to
constant weight (ca. l0g) to give 10a, 10b, or 10c respectively.

Fornntion of (R)- and (S)-2-methylcyclohexanone with
regeneration ofpolymers 8a,8b, and 8c

A slurry of polymer 10a prepared 4t 20oC as described above
(5.231g 2.98 mequiv.) in abuffer solution(15 mL) preparedfrom
ac€tic acid (25 mL), sodium acetate (10.8 g), and water (25 mL),
and methylene chloride (15 mL) was stirred at ambient tempera-
ture for 0.5 h. The methylene chloride layer was separated and
washed successively with water (15 mL), sarurated sodium
bicarbonate solution (15 mL), 57a aqueous sodium chloride
solution, and dried over magnesium sulfate. Removal of meth-
ylene chloride by distillation afrorded a liquid residue (109 m€);
gc, one sharp peak(>99'o) assignable to (R)- and (S)-2-methyl-
cyclohexanone (33/o yield); polarimetric analysis [a]n 15.2" (c
0.694, MeOH) (lit. (5) lulo 16.4"),92% enantiomeric excess of
(SF2-methylcyclohexanone.

In a similar manner, polymer lOa preparedat 0oC as described
above gave (.R)- and (S)-2-methylcyclohexanone in 5Vo yield
and 94Vo enantiomeric excess of the (.S)-enantiomer.

In a similar manner, the polymer tOb prepared at 20"C as
described above gave a liquid product; gc, one sharp peak (tr,
2.9) assignable to (.R)- and (S)-2-methylcyclohexanones (867o
yield calculated from the loading of 9D); polarimetric analysis,
lalo 15.33" (lit. (5) lelo 16.4),93.5Vo enantiomeric excess of
(S)-2-methylcyclohexanone.

Similarly, polymer 10c prepared at 20oC as described above
gave essentialfy pure (R)- and (S)-2-methylcyclohexanone (87Vo
yield calculated from loading of9c); polarimeric analysis, [uJo
15.4tr, 93.8Vo enantiomeric excess of (S)-2-methylcyclo
hexanone.

In a similar manner, polymer lOc prepared ar 0"C and -78"C
as described above gave essentially pure (R)- and (S)-2-methyl-
cyclohexanone in 91Vo and 72% yields respectively, and in 96
and 98Vo enantiomeric excesses of (S)-2-methylcyclohexanone
respectively.

(S)-2-Phthalimidopropyl benlyl et her
To a slurry of potassium hydride (1.729, a3 mmol, washed

with hexane) in tetrahydrofuran (100 mL) containing dibenzo
l8-crown-6 (200 mg, 0.56 mmol) was added (S)-2-phthalimido-
l-propanol (5a) prepared as described above (8.279, 40.33
mmol). The reaction mixture was stirred at ambient temperature
for lh and then cooled to, and maintained at, OoC (ice-water
bath) while benzyl bromide (10.07g, 58,9 mmol) was added.
After 0.5h, the reaction mixture was allowed to warm to
ambient temperature and stirred for 48h. After addition of
methanol(10 mL), the reaction mixture wasconcentrated under
reduced pressure. To the residue was added ether (100 mL) and
water (100 mL). The ether layer was washed with water, dried
overmagnesium sulfate, fiItered, and concentrated. The residue
was fractionated by column chromatography (Kieselgel 60,



Korngrdsse 0.M0-0.063 mm, 230-400 mesh ASTM). An eluent
of3za methanol in ether-hexane ( l: l) gave, after evaporation of
solvent, crystalline lla, (6.7 1 g, 56.4Vo y ield), mp 39-4 l"C ; [clo
+44.€ (c 1.0, MeOH); nmr, E: 7.70 (d, 4I{), ?.30 (s, 5H),
4.65-5.05 (m, lH), 4.55 (s, 2H), 3.50-4.20 (m, 2H), and 1.,$ (d,
3ID ppm. Anal. calcd. for Ct*H,rNO3: C73.22,H5.76,N 4.741'
found: C 73.30, H 5.82, N 4.51.

(S)-2- Pht hal i mido-3-p he ny lp ropyl be nzyl e the r
In a similar manner, N-2-phthatoyl-3-phenylpropanol was

converted to llc,33Vo yield; mp 62-64'C; [a]o -?8.1" (c 0.267,
MeOH); nmr,6: ?.?0 (d, 4H),7.30(d, 10H),4.66-5.05 (m, lH),
4.55 (s, 2H), 3.45-4.30 (m, 2H), and 3.20-3.35 (m, 2H) ppm.
Anal. calcd, for C2aH2,NO3: C77.63, H 5.66, N 3.7?; found: C
77.61,H 6.18, N 3.46.

(S)-2- A ninop ropyl be nzy I e t he r ( I I a)
A solution of (5)-2-phthalimidopropyl benzyl ether prepared

as described above (2.155 g, ?.30 mmol) in ethanol (15 mL) was
added to an excess of 957a aqueous hydrazine solution (1.5 g).
The mixture was stirred at 30'C for 2h and then treated with an
excess ofdilute hydrochloric acid. The insoluble phthalhydra-
zide was removed by fltration. The fitrate was concentrated,
cooled, and filtered to remove additional phthalhydrazide. The
filtrate was treated with dilute potassium hydroxide solution (to
pH 14) and the mixture extracted with ether. The ether extract
was dried over magnesium sulfate and concentrated. The
residue was distilled (bulb-to-bulb, 0.5 Torr, 85-90"C) to give
lla (l.ll0g, 92.3Vo yield); oil; [c]o +16.3y (c 0.847, MeOl{);
nmr, 6: 7.50 (s, 5H), 4.65 (s, 2H); 4.50-4.90 (m, lH), 3.10-3.45
(m, 2H), 2.10 (m, NHr), l.l5 (d, 3H) ppm. Formation of the
hydrochloride of lla by reaction of a solution of lla in ether
with dry hydrogen chloride gave an analytical sample. Anal.
calcd. for C,3H,.C|NO: C 59.6,H7.94, N 6.94; found: C 60.06,
H 8.16, N 6.84.

(S)-2- A mino- 3-p henylpr opyl benzyl e t he r ( I 1 c)
In a manner similar to that described above for fta, (S)-2-

phthalimido-3-phenylpropyl benzyl ether was converted to llc
(96.4Voyield);sil; [a]o + 55f (c 0.626, MeOH); nmr,6: 7.30 (d,
l0H), 4.55 (s, 2H), 3.00-3.55 (m, 3H), 2.55-2.80 (m, 2H), and
l.6O (r, NHr) ppm. Anal. of the hydrochloride, calcd. for
C,5H26CINO: C69.18, H7.21, N 5.04;found: C69.1I, H7.36, N
4.93.

(S)-2-Cyc lohexylideneani nop rapyl benzyl ether ( 12a)
A solution of lla (1.044g, 6.33 mmol), and cyclohexanone

(806,8 mg, 8.23 mmol) in benzene (100 mL) was heated under
reflux for 8 h using a Dean-Stark rap for collection of water.
Benzene was removed under reduced pressure and the residue
distilled (bulb+o-bulb, 0,5 Torr, 165-l?OC) to give crude l2a
(l.488e,95Voyield) which was redistilled to give a clear viscous
oil; [a]e +7.2f (c L007, MeOH); nmr, 6: 7.50 (s, 5H aromatic),
4.55 (s, 2IO, 3.00-3.80 (m, 3H), 1.65-2.25 (m, l0H), and 1.20 (d,
3H) ppm.

(S)-2-Cyclohexylidenea mino-3-phenylpropyl benayl ether ( I2e)
In a manner similar to that described for l2a, llc was

converted to l2c (gLVo yield; bulb-to-bulb, 0,5 Torr, 190-
195"C); [q]o - l5.f (c 0.464, MeOH); nmr,6: 7.20-7.50(m, 10H
aromatic), 4.55 (s, 2H), 3.80-4.20 (m, lH), 3.30-3.60 (m, 2H),
2.65-3.00 (m, 2H), and 1.40-2.30 (m, 10H) ppm.

(R)- and (S)-2-Methylcyclohexanones from 12a at -78"C
To a solution of diisopropylamine (0.8 mL, 5.71 mmol) in

tetrahydrofuran (15 mL) was added, with stirring at ffC, a
solution of butyllithium in hexane (1.6 M,3.60 mL,5.76 mmol).
After 15 min, the reaction mixture was cooled to -30'C (Dry-Ice
in acetone bath) and lh (1.225g,5.0 mmol) was added. After

1.5h, the solution was cooled to -78oC and a solution of
iodomethane (0 .4 mL, 6,42 mmol) in tetrahydrofuran (5 mL) was
added dropwise over 0.5h, The reaction mixture was stined
at-78"C for 2h, and then poured into a saturated solution of
sodium chloride (50 mL) and extracted with ether. The extract
was washed with aqueous sodium chloride solution, dried over
magnesium sulfate, and concentrated.

A solution of the residue in pentane (25 mL) was shaken for
0.5h with a solution of sodium acetate (1.65g) and acetic acid
(3.?5 mL) in water (17.5 mL). The aqueous layer was separated
and washed with pentane. The combined pentane solutions
were washed successively with hydroctrloric acid (1 N), water,
57a aqueous sodium bicarbonate solution, water, and aqueous
sodium chloride solution, Concentration of the pentane solution
and distillation of the residue (bulb-to-bulb) gave a liquid
product (241 mg); gc, one sharp peak assignable to (.R)- and
(S)-2-methylcyclohexanones (43Vo yield) ; polarimetric analysis,

[u]o 1 1.7tr {c 0.573, MeOH) indicating an enantiomeric excess
of (S)-2-methylcyclohexanone of 1 | .3Vo .

(R)- and (S)-2-Methylcyclohexanones from I2c at -78oC
In a manner similar to that described above for t2a, l2c

produced (fi)- and (S)-2-methylcyclohexanone in 58% yieldand
85.3% enantiorneric excess of (S)-2-methylcyclohexanone.

(R)- anrl (Sf2-Methylcyclohetanonesfron l2c at 20C
In a manner similar to that described above for lzc at -78C,

lzc was treated with lithium diisopropylamide at 20'C and
iodomethane at 20"C to give 2-methylcyclohexanones in 627o
yield, and 49Vo enantiomeric excess of (J)-2-methylcyclo-
hexanone,
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