Notes

compound 3, which comprised 80% of the mixture, and a
second unidentified component, which was neither 1 nor 2.
A plausible mechanism for the formation of 3 involves
“initial condensation of 1 with ethyl acetoacetate followed
by Michael addition of another molecule of ethyl acetoace-
tate and subsequent rearrangement. Evidence supporting
this mechanism was the conversion of 2 with excess ethyl
acetoacetate in piperidine-EtOH to 3 in 70% yield (NMR).
While 3 represents only one example of this synthesis, in
principle it should be applicable to the preparation of other
similarly substituted o-hydroxybenzophenones.

Experimental Section

General. Melting points were determined in open capillaries on
a Thomas-Hoover melting point apparatus and are uncorrected.
The infrared and ultraviolet spectra were obtained on Perkin-
Elmer 521 and Perkin-Elmer 350 recording spectrometers, respec-
tively. Nuclear magnetic resonance spectra were obtained on a
Varian A-80A spectrometer. Mass spectra were obtained on a Fin-
nigan 1015 quadrupole mass spectrometer. All compounds were
analyzed for C and H and were within +0.4% of the theoretical
value.

3-(4-Oxo-4 H-1-benzopyran-3-yl)-2-(1-oxoethyl)-2-pro-
penoic Acid Ethyl Ester (2). Ethyl acetoacetate (13.0 g, 0.1 mol),
NaOAc (8.2 g, 0.1 mol), and 1 (17.4 g, 0.1 mol) were heated and
stirred in AczO (50 ml) on the steam bath for 2 hr and diluted with
H;0 (300 ml); the resulting tan solid was recrystallized from Et0
to give 10.00 g of 2, mp 120-122°, Further concentration gave an
additional 8.0 g, mp 95-100°. The first crop when recrystallized
(EtOH-H20) gave tan needles of 2: mp 120-122°; ir (KBr) 1705,
1680, and 1650 cm™1 (ester, «,3-unsaturated ketone, and chromone
carbonyl); NMR35 (CDCly) 5 8.35 (s, 1 H, C; H), 818 (dd, 1, J =
7.0 Hz, benzene Hs), 7.28-8.05 (m, 4 H, benzene and olefinic), 4.3
(g, 2H,J = 7.0 Hz, CHy), 25 (s, 3 H, CHj), 1.35 (, 3 H, J = 7.0
Hz, CH3); uv max (95% EtOH) 220 nm (e 17 900). Anal. C, H.

5-(2-Hydroxybenzoyl)-2-methylbenzene-1,3-dicarboxylic
Acid Diethyl Ester (3). To a stirred solution of 1 (26.2 g, 0.15
mol) and ethyl acetoacetate (35.4 g, 0.25 mol) in EtOH at 0-20°
was added piperidine (10.0 m!). The resulting red solution was al-
lowed to warm to room temperature over several hours, neutral-
ized with HOAc, poured onto ice~HsO (1 1), and extracted with
Et;0 (1 L). The Et;O layer was then washed with H20, 5%
NaHCOs, and brine and dried (MgS0O,). Concentration in vacuo
gave a red oil. Boiling the oil with hexane followed by decantation
gave, after cooling, 4.0 g of 3: mp 55-55.5°; ir (KBr) 1730 and 1630
cm-! (ester and ketone carbonyl); NMR (CDCls) 4 8.3 (s, 2 H, Hy
and Hg), 7.8-6.8 (m, 4 H, aromatic) 4.5 (q, 4 H, J = 7.0 Hz, 2-CHy),
2.8 (s, 3 H, CHy), 1.35 (t, 6 H, J = 7.0 Hz, 2-CHs); uv max 258 nm
(¢ 12 100); mass spectrum (70 eV) m/e 356 (P*). Anal. C, H.

The residual red oil showed no trace of 3 by TLC (silica gel,
Et2O-hexane, 1:1). Attempts to crystallize it were unsuccessful.
After prolonged standing it solidified to a waxy yellow solid yield-
ing 18.5 g. GC analysis (2-ft 1% OV-22, 190°) showed that 80% of 3
was present. .

3-[(4-Oxo0-4 H-1-benzopyran-3-yl)-methylene]-2,4-pentane-
dione (4). 2,4-Pentanedione (10.05 g, 0.1 mol), 1 (17.4 g, 0.1 mol),
and NaOAc (8.2 g, 0.1 mol) were heated and stirred in AcpO (65.0
ml) for 3 h on the steam bath. The mixture was cooled and diluted
with a two-phase CHyClo-H30 mixture. The CH3Cl; was sepa-
rated, extracted with saturated NaHCO3 and brine, and dried
(MgS0y,). Filtration and concentration in vacuo yielded a tan semi-
solid, which when recrystallized (EtOH, 300 ml) gave 5, 15.7 g
(60%), mp 168-170°. Anal. C, H.

8-(0x0-a-[(4-0x0-4 H-1-benzopyran-3-yl)-methylene]ben-
zenepropanoic Acid Ethyl Ester (5). Ethyl benzoylacetate (9.7 g,
0.05 mol), 1 (8.7 g, 0.05 mol), and NaOAc (4.2 g, 0.05 mol) were
heated and stirred in Ac2O (50 ml) for 4 h on the steam bath. Dilu-
tion with a two-phase CH2Clo-H20 solution and separation of the
CH:Cl; followed by drying (MgS0,), filtration, and concentration
in vacuo yielded an oily residue. Recrystallization (CH3zClz-hep-
tane) gave 5, 5.0 g (30%), mp 111-112°. Anal. C, H.
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In addition to our work on the total synthesis of racemic
11-oxidized estrogens published recently,2? we would like
to report the total synthesis of optically active new estrane
derivatives, which was based on the method applied to
the synthesis of rac-l4a-hydroxy-3-methoxy-8a-estra-
1,3,5(10)-triene-11,17-dione.2

The Torgovs secodione 14 can be transformed easily by
microbial reduction® to the secolone 2a. The latter has been
used as the starting material in the present synthesis. The
acetate of the secolone 2b obtained by standard method
was subjected to the action of m-chloroperbenzoic acid
(MCPBA) under the same conditions as we described ear-
lier® for the secodione 1. Surprisingly, the reaction resulted
in so many products that their separation was not reward-
ing, although some of them have been isolated and identi-
fied (5a,b, 6, and 7). In order to avoid the undesirable reac-
tions we tried to carry out the oxidation in the presence of
weak alkali and to vary the reaction solvent. The best re-
sults were obtained with methanol as solvent and pyridine
N-oxide as weak base. Although it was not possible to pre-
vent oxirane ring cleavage, the number of reaction products
under these conditions was limited to only two, i.e., the me-
thoxy alcohols 4a and 4b, obtained in ca. 90% yield. They
could be separated very easily owing to their different
polarities and they were reasonable stable. We suppose
that they are formed by the cleavage of epoxides 3a and 3b
with methyl alcohol; however, we were not able to assign an
absolute configuration on the basis of our spectroanalytical
data. One can conclude from the model studies that there is
no special steric preference in formation of either of them,
which also explains the 1:1 ratio of formation, These two
products (4a,b) (Scheme I) proved to be very useful for fur-
ther synthesis. Each of them undergoes in the presence of
weak acid (acetic acid) in chloroform solution a methanol
elimination to yield the allylic alcohols 5a and 5b, respec-
tively; the more polar 4b looses methanol more easily and
produces a small amount of 7, as by-product; the elimina-
tion of methanol from the less polar 4a is not accompanied
by any side reaction. The elimination reaction can be also
conducted on 4a,b mixture; however, the separation of the
allylic alcohols is very difficult. Also in the case of the alco-
hols 5a and 5b we were not able to ascribe an absolute con-
figuration to either of them.

Under the influence of strong acids at elevated tempera-
ture in benzene solution 5a and 5b undergo a rearrange-
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ment to a mixture of 6 and 7 (ratio ca. 1:1, checked by
TLC). The racemic alcohols 12a,b under similar conditions
gave only the 17-keto analogue of 7, i.e., the triketone 13
(Scheme II). The cyclization of 4a,b or 5a,b with Meerwein
reagent, i.e., EtgO*BF4~, gives four products: the desired
tetracyclic compounds 8 and 9 and the two rearrangement
products 6 and 7 in a ratio 3:5:5:5 (Scheme III). The yield
of the tetracyclic compounds 8 and 9 is ca. 40%, i.e., only
half of that obtained by the cyclization of 12a,b in our pre-
vious work.? Apparently the allylic alcohols 5a and 5b un-
derwent more easily the side reactions leading to 6 and 7 as
compared with the racemic compounds 12a,b. The mecha-
nism of the cyclization is most probably the same as pro-
posed before; the first step is the formation of 11-ethyl
ether followed by nucleophilic attack of the double bond on
the keto group, accompanied by proton elimination from
C-11 and subsequent hydrolysis of the 11-enol ether group-
ing. The tetracyclic compound 9 has a trans B/C ring junc-
tion, which follows from the relatively large coupling con-
stant Jog = 10 Hz, whereas in the other isomer 8 the sig-
nals of H-9 and H-8 are coupled by J = 5 Hz (cis B/C junc-
tion). Compounds 8 and 9 can be interconverted in the
presence of acids. ,

In order to prove the stereochemistry of all chiral centers
in 8 or 9 we transformed them in a two-step reaction se-
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quence (hydrolysis of the acetoxy group and Jones oxida-
tion”) to diketone 11b, The same diketone was obtained as
a racemate by us before? and all uv, ir (in CHClg), and *H
NMR data of the latter were in good agreement with the
new optically active tetracyclic diketone 11b. Since the ab-
solute stereochemistry at the C-13 chiral center for the
starting material 2a is known and the reaction sequences
described above do not involve any racemization reaction
at this particular carbon atom, the absolute configuration
of all new compounds must be as presented in all schemes.

Further transformations of 11 (in racemic form) have
been reported earlier;?3 so the present work describes a
facile, stereospecific synthesis of 11-ketoestrane derivatives
from a known and easily accessible substrate 2a.

Experimental Section?

178-Acetoxy-3-methoxy-8,14-secoestra-1,3,5(10),9(11)-
tetraen-14-one (2b). The secolone 2a (5.1 g, 17.0 mmol) was acet-
ylated with acetic anhydride-pyridine under standard conditions,
yielding 5.7 g of 2b (98%): ir 1740 and 1735 cm™1; 'H NMR 1.00 (s,
3, CHjy), 1.97 (s, 3, OCOCHy), 3.70 (s, 3, OCH3), 5.17 (¢, 1, H-17),
5.64 (t,1, H-11), 8,50 (m, 2, H-2 and H-4), 7.32 ppm (d, 1, J1 5 = 10
Hz, H-1).
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178-Acetoxy-3,9¢-dimethoxy-8,14-secoestra-1,3,5(10)-trien-
11£-0l-14-one (4a and 4b). To a methanol (120 ml) solution of 2b
(5.7 g, 16.6 mmol) and pyridine N-oxide (9.51 g, 100 mmol), 88%
MCPBA (6.55 g, 38.0 mmo}) was added at room temperature. The
reaction mixture was left for 3 h. One-half of the methanol was re-
moved in vacuo at room temperature and the excess of MCPBA
was destroyed with the 10% aqueous solution. of NasSOsz. The
products 4a,b were extracted with 300 ml of benzene, and the ben-
zene layer was shaken with saturated sodium hydrogen carbonate,
dried over anhydrous NagSOy4, and evaporated in vacuo, giving
6.00 g (92.5%) of the oily mixture of 4a and 4b. This mixture (0.200
g) was separated by preparative TLC with benzene and acetone
(9:1) as eluents yielding the oily, less polar 4a (0.090 g): [«[D
~55.4° (¢ 2.25, CHCl3); uv max (95% EtOH) 229, 275, and 282 nm;
ir 3500, 1740, and 1730 cm~!; 'H NMR 0.95 (s, 3, CHg), 1.98 (s, 3,
OCOCHy3y), 3.09 (s, 3, OCHg, at C-9), 3.72 (s, 3, OCHj; at C-3), 4.78
(t,1,H-17),6.42(d, 1, Jya=3 Hz, H-4), 6.65 (dd, 1, J2,4 = 3, J2,1 =
8 Hz, H-2),7.45 ppm (d, 1, Jy 2 = 8 Hz, H-1).

The oily, more polar 4b (0.095 g): [a]D +25.2° (¢ 2.62, CHCly);
uv max (95% EtOH) 229, 275, and 282 nm, ir 3480, 1740, and 1720
cm™!; TH NMR 091 (s, 8, CHj), 1.95 (s, 3, OCOCHy), 2.98 (s, 3,
OCHj3; at C-9), 3.71 (s, 8, OCHj at C-3), 4.85 (t, 1, H-17), 6.42 (d, 1,
'J4,2 =3 HZ, H—4), 6.65 ppm (dd, 1, J2,4 = 3, J2‘1 =8 HZ, H-2).

178-Acetoxy-11{-hydroxy-3-methoxy-8,14-secoestra-
1,3,5(10),8-tetraen-14-one (5a and 5b). A chloroform solution of
4a (0.12 g, 0.31 mmol) was refluxed with 1.5 ml of glacial acetic
acid, and after 4 h worked up in the standard manner, giving 0.10 g
(91%) of the oily, less polar 5a which was purified by preparative
TLC using benzene-acetone (9:1) as eluent. The product was crys-
tallized from Etz0, yielding 0.08 g of 5a (72%): mp 110-113°; [«]D
+24.3° (¢ 0.944, CHCl3); uv max (95% EtOH) 219, 226, and 272
nm; ir 3450, 1740, and 1720 cm™%; *H NMR 0.91 (s, 3, CHa), 2.02 (s,
3, OCOCHy), 3.75 (s, 3, OCHg), 5.08 (m, 2, H-11 and H-17), 6.06
ppm (t, 1, H-8); m/e 358.

The same procedure was used for transformation of 4b into 5b
and the crude product 5b was separated by preparative TLC from
the side product 7, yielding 72% of 5b and 14% of 7.

8h: [a]D —0.136°, [a]s7s —0.498°, [a)546 —0.908°, [arlszs —4.84° (c
2.21, CHCl3); uv max (95% EtOH) 217, 226, and 272 nm; ir 3480,
1740, and 1720 em~!; 'H NMR 1.05 (s, 3, CHjg), 1.98 (s, 3,
OCOCH3), 3.73 (s, 3, OCHay), 4.98 (m, 2, H-11 and H-17), 6.01 ppm
(t, 1, H-8); m/e 358.

178-Acetoxy-3-methoxy-8,14-secoestra-1,3,5(10),6,8-pen-
taen-14-one (6) and 178-Acetoxy-3-methoxy-8,14-secoestra-
1,3,5(10)-triene-11,14-dione (7). A solution of 5a (0.200 g, 0.56
mmol) in 20 ml of benzene was refluxed with p-TsOH (catalytic
amount) for about 1 h. When 5a completely disappeared the reac-
tion mixture was worked up in the standard manner, yielding the
mixture of 6 and 7, which were separated by preparative TLC. The
plates were developed five times with hexane-ethyl acetate (5:1)
giving 6 and 7.

6 (0.085 g, 44%): [a]D —13.0° (¢ 1.68, CHCl3); uv max (95%
EtOH) 230, 256, 278, 288, 317, 326, and 332 nm; ir 1748 cm™1; 1H
NMR 1.05 (s, 3, CH3), 2.05 (s, 3, OCOCH3) 3.84 (s, 3, OCHy), 5.37
t, 1, H-17), 7.1 (m, 4, H in ring B), 742 (d,1,H-2),7.78 ppm (d, 1,
J12 = 9 Hz, H-1); m/e 340.

7 (0.090 g, 45%): [a]D ~43.6° (¢ 2.51, CHCly); uv max (95%
EtOH) 205, 224, 278, and 285 nm; ir 1750 and 1785 cm~1; TH NMR
0.78 (s, 3, CHa), 1.99 (s, 3, OCOCHjy), 3.70 (s, 3, OCH3), 5.35 ppm
(m, 1, H-17); m/e 358,

17B-Acetoxy-3-methoxy-8«a-estra-1,3,5(10)-trien-14a-0l-11-
one (8) and 178-Acetoxy-3-methoxy-8«,98-estra-1,3,5(10)-
trien-14a-ol-11-one (9). To a solution of the mixture 4a,b (5.00 g,
12.8 mmol) in 2.5 1. of acetone, Etz0*BF;~ (35 g, 184 mmol) was
added in small portions and the solution was left overnight at
room temperature. The solution was then refluxed for 45 min, the
solvent was removed in vacuo, and the residue was dissolved in 250
ml of benzene, shaken with saturated sodium hydrogen carbonate,
and dried over anhydrous NagS8Q,. After evaporation of the sol-
vents in vacuo the residue was washed with pentane (3 X 15 ml)
and then hexane (3 X 15 ml) in order to remove the acetone con-
densation products. The remaining oil was chromatographed on
500 g of silica gel with benzene and acetone as eluents giving the
mixture of both desired tetracyclic compounds 8 and 9 and the
mixture of two rearrangement products 6 and 7. The tetracyclic
compounds 8 and 9 were separated by preparative TLC using hex-
ane—-ethyl acetate (2:1) as eluents. Elution from the plates with
methanol gave 8 and 9.

8 (0.70 g, 15%): mp 147-152° (from ethyl ether); [a]D +26.2° (¢
1.197, CHClg); uv max (95% EtOH) 221 nm (e 9200), 229 (6900),
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278 (1610), and 285 (1430); ir 3550, 1740, and 1710 em~1; 1H NMR
1.10 (s, 3, CHg), 2.10 (s, 3, OCOCHy), 3.75 (s, 3, OCHjy), 3.87 (4, 1,

. Jgs = 5 Hz, H-9), 4.88 (d, 1, H-17), 6.7 ppm (m, 3, H-1, H-2 and

H-4).

Anal. Caled for Co1Ho05: C, 70.37; H, 7.31. Found: C, 70.38; H,
7.43; m/e 358.

9 (1.25 g, 27%): mp 143-146° (from ethyl ether); [a]D —183.4° (¢
1.140, CHCIl3); uv max (95% EtOH) 221 nm (e 8400), 227 (7710),
278 (1690), and 285 (1600); ir 3450, 1735, and 1700 cm™1; 'H NMR
1.12 (s, 3, CHzy), 2.00 (s, 3, OCOCHj3), 3.72 (s, 3, OCHs), 3.95 (4, 1,
Jog = IOHZ,H 9), 4.65 (t, 1, H- 17) 6.58 (m, 2, H-2 and H-4), 705
ppm (d, 1, H-1).

Anal. Calcd for Co1HsgOs: C, 70.37; H, 7.31. Found C, 70.49; H,
7.29; m/e 358,

The products 6 and 7 were separated on the preparative plates
with hexane-ethyl acetate (5:1) as eluents, yielding 1.26 g (29%) of
6 and 1.25 g (27%) of 7.

14a,178-Dihydroxy-3-methoxy-8a-estra-1,3,5(10)~trien-11-
one (10a) and l4q,178-Dihydroxy-3-methoxy-8a«,98-¢estra-
1,3,5(10)-trien-11-one (10b). To a methanol solution of the mix-
ture 8 and 9 (0.150 g, 0.42 mmol) a methanol (2 ml) solution of
KOH (0.023 g, 0.42 mmol) was added and left for 4 h at room tem-
perature. The solution was then acidified with acetic acid, the sol-
vent was evaporated in vacuo, and the products were extracted
with chloroform. The extract was neutralized, dried over anhy-
drous NagS0,, and evaporated in vacuo. After chromatography on
one preparative plate with benzene-acetone (85:15) as developing
solvent we obtained 10a and 10b.

10a: 0.011 g (8.3%); mp 167-172° (from ethyl ether); [«]D +37.4°
(¢ 0.78, CHCl3); uv max (95% EtOH) 223, 279, and 285 nm; ir 3420
and 1705 cm™!; m/e 3186. :

10b: 0.105 g (79%); [a]D ~105° (¢ 1.34, CHClg); uv max (95%
EtOH) 227, 278, and 285 nm; ir 3500 and 1705 cm~?; 'H NMR 1.05
(s, 3, CH3), 3.72 (s, 8, OCH3s), 4.02 (d, 1, Jg s = 11 Hz, H-9), 6.52 (d,
1, J4,2 =3 Hz, H-4), 6.65 (dd, 1, J2,1 = 8.5, J2,4 =3 HZ, H-2), 6.97
ppm (d, 1, J1 2 = 8.5 Hz, H-1); m/e 316.

The same procedure was used for the hydrolysis of 8 and 9 sepa-
rately and in every case a mixture of 10a and 10b was obtained.

14a-Hydroxy-3-methoxy-8«,98-estra-1,3,5(10)-triene-
11,17-dione (11b). Oxidation of 0.050 g (0.158 mmol) of the mix-
ture 10a and 10b with Jones reagent’ under standard conditions
yielded 0.037 g (74% yield) of the mixture 11la and 11b, The crys-
tallization from ethyl ether yielded 0.020 g of 11b: mp 154-156°;
Ja]D —116.5° (¢ 1.02, CHCl3); uv max (95% EtOH) 276 and 283 nm;
ir (CHCl3) 3500, 1740, and 1720 cm™*; 'H NMR 1.18 (s, 3, CHy),
3.78 (s, 3, OCHa), 4.05 (d, 1, Jos = 12 Hz, H-9), 6.53 (d, 1, J42 =
2.5 Hz, H-4), 6.68 (dd, 1, Jo; = 8.7, Jg4 = 2.5 Hz, H-2), 6.95 ppm
(d, 1, Jy¢ = 8.7 Hz, H-1). Uy, ir (CHClg), and 1H NMR data of the
latter were in good agreement with the physical data obtained for
the same racemic diketone.2

Conversion of the Diketone 7 into the Triketone 13. To a
methanol solution of 7 (0.030 g, 0.084 mmol) a methanol solution
of KOH (0.005 g, 0.09 mmol) was added and left for 2 h at room
temperature. Standard work-up gave the crude product, which was
oxidized with Jones reagent” under standard conditions yielding
0.017 g (65%) of the triketone 13. The spectroanalytical data for
this compound were the same as for the earlier obtained racemic
triketone 13.8
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Methadone (4b) was first prepared in racemic form by
Bockmiihl and Erhardt! according to the approach out-
lined in Scheme I. The chloro amine 2 obtained from chlo-
rination of (&)-1-dimethylamino-2-propanol (1) with
thionyl chloride was treated with sodium diphenylacetoni-
trile to give a mixture of aminonitriles 4a and 5a. The aziri-
dinium ion intermediate 8 has been proposed to account
for the rearranged product 4a.2 Grignard reaction of 4a
with ethylmagnesium bromide followed by acid hydrolysis
afforded methadone (4b). Similar treatment of 5a gave rise
to isomethadone (5b). More recently, amino alcohol (+)-1
has been obtained from ethyl L-(—)-lactate (aminolysis, re-
duction) and thus assigned the (S)-(+) configuration.® The
absolute configurations (shown in Scheme I) of the ami-
nonitriles 4a and 5a® and thus methadone and isometha-
done have also been established. We have found that the
conversion of 1 to 4a and 5a via 2 is stereospecific and pro-
ceeds with the stereochemistry as depicted in Scheme I.

Treatment of (S)-(+)-1 with thionyl chloride in chloro-
form by the method of Schultz and Sprague? afforded
(—)-1-dimethylamino-2-chloropropane (2) hydrochloride,
[2]®D ~65° (¢ 2.01, Ho0), which was converted to the free
base, [«]25D —43.9° (¢ 2.55, CHCl3), and treated with sodi-
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um diphenylacetonitrile in toluene essentially by the origi-
nal procedure.! The mixture of aminonitriles thus obtained
was separated by preparative thin layer chromatography
on silica gel, affording substantially optically pure (S)-(+)
= L-(+)-4a and (S)-(+) = D-(+)-5a by comparison of op-
tical rotations with the literature values (see Experimental
Section).

The opposite configurations and identical optical purity
of the nitriles 4a and 5a constitute compelling evidence
that the aziridinium ion pathway is the exclusive mode of
product formation in the alkylation step. It follows that un-
rearranged 5a was formed with net retention of configura-
tion (double inversion) while 4a has the inverted configura-
tion since the opening of the aziridinium ion 3 at the un-
substituted carbon would not alter the asymmetric center.
Thus the chloride 2 must have the (R)-(—) configuration
and must have been obtained from 1 with inversion.

The present results clearly exclude the formation of an
intermediate aziridine during chlorination of 1 and are best
rationalized by SN2 displacement of the chlorosulfite ester
of 1 hydrochloride. The high local concentration of chioride
ion enforced by the internal ammonium ion of 1 should en-
hance the SN2 displacement process and may have been a
factor in the high degree of stereospecificity observed in
this case.”

Experimental Section

Melting points were determined on a Thomas-Hoover apparatus
and are uncorrected. Boiling points are uncorrected. Optical rota-
tions were measured on a Rudolph polarimeter having a readabili-
ty of £0.01°, using a 1-dm tube. TH NMR spectra were obtained
with Varian A-60 and T-60 instruments.

(~)-1-Dimethylamino-2-chloropropane Hydrochloride (2).
To a solution of 3.77 g (0.0366 mol) of (S)-(+)-1-dimethylamino-
2-propanol (1),3 [«]?5D +24° (¢ 2.17, EtOH), in 10 ml of chloroform
stirred and cooled in an ice-salt bath was slowly added 5.72 g
(0.048 mol) of freshly distilled thionyl chloride in 2 ml of chloro-
form. When addition was complete a precipitate formed. The flask
was allowed to warm to room temperature over 30 min, then heat-
ed to reflux for 30 min. The precipitated material redissolved on
heating but the product crystallized from the boiling solvent short-
ly thereafter. The cooled mixture was diluted with ether and fil-
tered. The crude product, 5.5 g (95%), was recrystallized from 2-
propanol, giving 3.73 g (64%) of (—)-1-dimethylamino-2-chloro-
propane hydrochloride (2), mp 192-193°, [a]2D —65° (¢ 2.01,
H20) [lit.2 mp for () hydrochloride 185-186°].

(—)-1-Dimethylamino-2-chloropropane (2). To a solution of
2.2 g of (—)-2 hydrochloride in an equal volume of water was added
1.5 ml of 20% sodium hydroxide solution until the mixture was dis-
tinctly alkaline to pH paper. The free amine was extracted with
two 5-ml portions of ether. The combined ether layers were dried
over anhydrous potassium carbonate and distilled to give 0.8 g of
(-)-1-dimethylamino-2-chloropropane (2): bp 115° {1it.2 bp for (%)
62-63° (100-110 mmHg)]; [«]%°D —43.9° (¢ 2.55 CHCl;); 'H NMR
(CDClg) 6 1.5 (4, 3, J = 6 Hz, CCH3), 2.28 (s, 6, NCHg), 2.50 (m, 2),
4.07 (m, 1), identical with an authentic racemic sample.

Alkylation of Diphenylacetonitrile with (—)-2. A 1.0-g sam-
ple of the hydrochloride salt of (—)-2, [¢]?D —65° (¢ 2.01, H0),
was converted to the base as previously described and treated with
sodium diphenylacetonitrile by the Bockmiihl procedure.! A 0.52-g
portion of the crude mixture of aminonitriles was separated by
preparative thin layer chromatography (silica gel, E. Merck, ben-
zene-methanol 8:2) affording 145.7 mg of (S)-(+)-4a, recrystal-
lized from petroleum ether, mp 100-101°, [a]?5D +49° (¢ 0.68, ab-
solute EtOH) [lit.2 mp 100-101°, [«]%D +50° (¢ 1.5, absolute
EtOH)], and 156.5 mg of (S)-(+)-5a, [«]?°D +70° (¢ 0.82, 95%
EtOH) [lit.8 [«]%D +70° (¢ 1.5, USP EtOH].

Registry No.—(S)-(+)-1, 53636-15-0; (R)-(—)-2, 57496-00-1;
(R)-(-)-2 HCIl, 57496-01-2; (S)-(+)-4a, 7576-08-1; (S)-(+)-5a,
6134-98-9; diphenylacetonitrile, 86-29-3.
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