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Synthesis of Chiral Allenic Alcohols and Nuclear
Magnetic Resonance Determination of Their
Enantiomeric Purities Using a Chiral
Lanthanide Shift Reagent!

Sir:

A remarkable feature of the present knowledge of chiral
allenes is the paucity of reliable information concerning
their enantiomeric purities.? In the present paper we report
on a general synthetic method for the preparation of chiral
«- and B-allenic alcohols starting with a resolved acetylenic
amine of the type 2 and the determination of the enantiom-
eric composition of these allenic alcohols using 'H NMR
spectroscopy in combination with the chiral lanthanide shift
reagent tris(3-heptafluorobutyryl-d-camphorato)euro-
pium(III),* Eu(hfbc);. Prior to our report, chiral g-allenic
alcohols have been accessible through Landor’s method of
asymmetric synthesis in which a 5-alkyl-pent-2-en-4-yn-1-
ol is reduced with a chiral lithium aluminum hydride com-
plex.* However, no similar method was available for ob-
taining chiral a-allenic alcohols.
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Our synthetic approach rests upon a known procedure for
the preparation of racemic w«-allenic alcohols® and a new
preparative method for racemic 8-allenic alcohols.® A mix-
ture of diastereomeric amines (1) was obtained from the
separate reactions of (S)-(—)- and (R)-(+)-a-methylben-

ICH3 (]:H3 CH, CH,
HC=CCHOTs + PhCH(NHz) —> HC=CCHNHCHPh
1a from (S)—PhCH(NH,)CH, (S)

1b from (R—PhCH(NH,) CH,

zylamine with the p-toluenesulfonate of dl-3-butyn-2-ol’
(in MeOH, 3 days at 20°, yield 70%, bp 97-102°, 12 Torr).
Two recrystallizations of the hydrochlorides from chloro-
form gave pure 2a and 2b in 75% yield (hydrochloride of 2a,
mp 217-218°, 2b, mp 217°). The progress of the separa-

" tions of the diastereomers in these mixtures could be fol-

lowed from the 'H NMR spectra® of the free amines. The
propargylic protons gave rise to two quartets at § 3.12 and
3.55 ppm with fine splitting caused by the acetylenic pro-
ton. The major signals (6§ 3.55 ppm) were from the enan-
tiomers having the least soluble hydrochlorides, i.e., 2a and
2b. The diastereomers were also separated by gas chroma-
tography of the free amines. (OV-25 column, 2a and 2b had
retention times of 8 min and their diastereomers 6.8 min.)
The catalytic reduction of 2b, made from (R)-(+)-a-
methylbenzylamine, gave (S)-(+)-2-aminobutane as the

CH, CH, CH,
Vo
HCECCNHXPH m CH,CH.CNH,
H H
2b S R 30 atm S
48 hr

levo hydrochloride,’ [«]?°D —3° (¢ 5, EtOH) and the dex-
tro benzamide,'® [«]?2D +32.9° (¢ 5.19, EtOH). Therefore
2b must have the S configuration at the propargylic carbon
atom and 2a the R configuration as shown in Scheme I.

Both enantiomers 2a and 2b were converted to their lithi-
um alkynides and added to ethylene oxide (1.5 equiv of
LiNH,/2 equiv of ethylene oxide, —40°, 30 hr). The amino
alcohols 3a and 3b were purified on a silica column (ether;
yield 25 and 30% of oily 3a and 3b, respectively). The
amine 2a was also added to acetone via its Grignard deriva-
tive (2 equiv of EtMgBr was necessary for an acceptable
yield) to give the amino alcohol 6 in 50% crude yield. The
pure B-acetylenic amino alcohols 3a and 3b and the crude
a-acetylenic amino alcohol 6 were quaternized with an ex-
cess of methyl iodide (acetone, K,,CO3, 20°, 15 hr). The
quaternary salts (4a, 4b, and 7) were allowed to react with
lithium aluminum hydride in THF; 4a gave rise to (S)-
(+)-3,4-hexadien-1-0l (5a),*2 [«]®2D +12.0° (¢ 2.75,
MeOH) approximately 30% yield from 3a; 4b gave the levo-
rotatory enantiomer 5b,*® [«]?2D —11° (¢ 0.76, MeOH).
The absolute configurations of Sa and 5b have been as-
signed by Landor* based on the stereospecific Claisen rear-
rangement of a chiral 1-butyn-3-yl vinyl ether and the
Lowe-Brewster rule.!!

From 7 there was obtained (+)-2-methyl-3,4-hexadien-
2-0l (8), [«]??D +32.9° (¢ 9.4, MeOH), in an overall yield
of ca. 30% from 6 as determined by GLC. According to the
Lowe-Brewster rule,!! the dextrorotatory a-allenic alcohol
8 should be assigned the (S) configuration, which is in ac-
cord with the reasonable assumption that the stereochemi-
cal course of reactions 4a — Sa and 7 — 8 correspond. As-
suming these assignments to be correct, since amine 3a of
known R configuration at the propargylic carbon gives the
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Scheme 1
H OH H
7 |
HC=CCNHR* 3-gistrr> (CH,),CC=CCNHR"
CH, CH,
2a 6
L =
/ '\ acetone
2. CH,~—CH,
H OH H
V.
HOCH,CH,C==CCNHR* (CHs)ZCCEC(jNMeQR*
CH, CH,
3a 7
Mel, LiAlH,
acetone THF, 20°
H CH
7 H\ A
A « === —CN
HOCHchQC=CCNMeQR (CHB)ZCOH H
CH, + R*NMe,
4a 8 (S) 33% ee
lLiAlH;,
THF, 20°
CH,
Ho_ _CH,
/C=c=c’¥ + R*NMe, R*=PhC- (§)
HOCH,CH, H é

5a (S) 16% ee

S B-allenic alcohol 4b, the attack by hydride must be from
the same side from which the tertiary amino group departs
(i.e., suprafacial). The same is also deduced for the conver-
sion of 7 to 8 based on the known configuration of 6 and the
assigned S configuration of 8.

The reverse stereoselectivity was reported by Borden and
Corey!? in allene-forming LiAlH4 reductions of sulfonates
of resolved 1,3-di-zerz-butylpropargyl alcohol; i.e., it was
concluded that hydride attacks preferentially trans to the
departing sulfonate.!? Weedon et al. have reported that
opening of the epoxy ring of a 4,5-epoxy-2-pentyn-1-ol
takes place cis to the hydride attack!? in accord with our
findings.

The enantiomeric purities of § and 8 were determined
with the aid of the chiral lanthanide shift reagent,3
Eu(hfbc)s.? Use of the C-1 proton signals in 5a and 5b for
the determination of the per cent enantiomeric excess (%
ee), is complicated by the fact that these two protons on
each enantiomer are internally diastereotopic. In the pres-
ence of Eu(hfbc);, the signals for the diastereotopic C-1
protons of Sa are shifted differently yielding the AB part of
an ABX> pattern appearing on either side of the central
triplet in Figure 1A. The C-1 proton signals of Sb are each
shifted by the same amount yielding a simple triplet ap-
pearing in the center of Figure 1A. These patterns are sim-
plified considerably by decoupling the protons on C-2 (Fig-
ure 1B and 1C). The % ee obtained from the integrations of
these signals in Figure 1B and 1C are as follows: 5a ([«]??D
+12.0°) % ee = 16 £+ 1.3% and 5b ([«]*?D —11°) % ee =
13 + 1.4%. These error limits represent one standard devia-
tion of a series of integrals. Table I contains the gradients of
each of the signals of Sa and Sb.

The 'H NMR spectrum of 8 in the presence of Eu(hfbc);
shows that the signals for the protons on C-5 and the gemi-
nal methyl groups are shifted differently for the enantiom-

Figure 1. (A-C) NMR spectra of C-1 protons of 5 at a molar ratio of
lanthanide shift reagent Eu(hfbc); to 5§ (LSR /substrate) of 1.1: (A) d!
mixture with no decoupling; (B) 5a (16% ee) with C-2 protons de-
coupled; (C) 5b (13% ee) with C-2 protons decoupled. (D-E) NMR
spectra of the geminal methyls of 8 at a molar ratio of 1.2: (D) 4/ mix-
ture; (E) 8 (33% ee).

Table I. Gradientsa for the Signals of 5 and 8 in the
Presence of Eu(hfbc),

Gradient?
Compound Signal RY Sb
N He
C=C=C
ne” Ne Hp 23.3 22.8
4 N s
/0, Hy 23.3 23.9
oo Hp, Hp' 13.4 13.4
H,
/\ c 8.52 8.52
Hi, OH Hp 3.77 3.77
5 CH, 2.54 2.54
Hy Hc
N He 9.96 9.96
PN Hp 1.94 1.94
HCe oon CH, , 9.03 9.12
.y CH, . 9.37 9.28
. * CH,, 1.12 1.12

aThe gradient used here is the slope of the initial (low molar ratio)
linear portion of a plot of chem shift (§) vs. molar ratio (LSR/sub-
strate). Gradients were determined by incremental dilution method
(similar to that of Shapiro'4) keeping the substrate concentrate at
0.32 M in CDCl,. The spectra were run on a Varian XL-100 opera-
ting at 35°% ? Assuming configurations as discussed in text.

ers. These geminal methyl signals were used for determina-
tion of % ee. Again, since the two methyls on each enan-
tiomer are internally diastereotopic, their signals can be
shifted differently, yielding four singlets for the d/ mixture
(Figure 1D). Integration of these signals in the spectrum of
the partially active material (Figure 1E) gives for 8 ([«]?*D
+32.9°) % ee = 33 £+ 1.9%. Table I contains the gradients
for 8 and its enantiomer.
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Ionization Potentials and Donor Properties of
Selenium Analogs of Tetrathiafulvalene
Sir:

The substitution! of selenium for sulfur in tetrathiaful-
valene (TTF, 1) extends the metallic state of its charge
transfer salt with tetracyano-p-quinodimethane (TCNQ)23
to lower temperature. Furthermore, this modification still
maintains the original TTF-TCNQ crystal structure,! a
factor which may facilitate attempts to correlate molecular
properties of the constituent molecules with the resultant
solid state properties of the charge transfer salt. In order to
characterize the changes in donor properties that occur in
going to the selenium analogs of TTF, we have carried out
measurements of some of the relevant molecular properties
of TTF, tetraselenafulvalene (TSeF, 2), and cis- and trans-
diselenadithiafulvalene* (DSeDTF, 3 and 4).

(<]
X2 X4
1 X1—4 =8
2X4=Se

3, X0 = S; Xy =Se
4,X,,=5X,;=8e
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TableI. Electrochemical, Spectroscopic, and Mass Spectroscopic
Data on TTF, DSeDTF, and TSeF#
Mass
Electrochemicald Spectroscopic spectrometry
Donor e, peak e, peak [P¢ FEopd  [IPe IP
TTF 0.33 0.7 7.03 3.77 7.00  6.95M
DSeDTF 040 0.72 7.10 3.838 7.06
TSeF 0.48 0.76 7.18 3091 7.14 7.2

aEnergy in eV. bCyclic voltammograms were run in CH,CN at a
platinum working electrode (5 X 1075 M, 0.1 M tetraethylammon-
ium perchlorate, 0.20 V/sec sweep rate, volts vs. SCE). ¢ Calculated
using the equation: IP = ¢, peak + 6.70 from V. D. Parker, J. Am.
Chem. Soc., 96, 5656 (1974). dEnergy of lowest charge transfer
band (CCl, as acceptor), determined by difference spectroscopy
in hexane solvent. €Calculated from £qp =IPD — E5CClL + C:

E 5 =0.65¢eV from G. Briegleb, Angew Chem., /nt. £d. Engl., 3,
617 (1964). C = 2.58 eV from calibration with N,V ,N',N'-tetra-
methyl-p-phenylenediamine in CCl,. FSimilar values reported by

D. L. Coffen, J. Q. Chambers, D. R. Williams, P. E. Garret, and

N. D. Canfield, J. Am. Chem. Soc., 93,2258 (1971). & Average of
two charge transfer bands observed. # Data from ref 12. /IP from
photoelectron spectroscopy, 6.86 eV: R. Gleiter, E. Schmidt, D.

O. Cowan, and JI. P. Ferraris, J. Electron Spectrosc. Relat. Phenom.,
2,207 (1973).

Cyclic voltammograms of TTF, DSeDTF, and TSeF in
CH;CN at a platinum working electrode exhibit two revers-
ible one-electron couples which correspond to the formation
of the radical cation and the dication of these donors, re-
spectively. The oxidation peak potentials, summarized in
Table I, reveal an unexpected result. DSeDTF and TSeF
were more difficult to oxidize, that is, they are weaker do-
nors, than TTF. This finding contrasts with the typical
lowering of the ionization energy encountered when replac-
ing sulfur with selenium in heteroaromatic systems, For ex-
ample, in going from X = S to X = Se in compounds 5 and
6, the ionization energy was found to decrease by 0.07% and

CLO o

0.11 eV,” respectively. Interestingly, the difference between
the first and second oxidation potentials decreases in going
from TTF to DSeDTF to TSeF (Table I). Small values for
the ionization energy and for e2 — €, have been suggested®
as being desirable for electronic conduction in these charge-
transfer salts.

The energy of charge transfer absorption upon complex
formation with an acceptor provides an alternate method
for judging donor strength.® The high energy (0.14 eV)
shift in this absorption band for CCly as acceptor!® in going
from TTF to TSeF (Table I) is consistent with the electro-
chemical finding that TSeF is a weaker donor. Further-
more, the calculated association constants!! indicate that
TTF (K = 0.13) is more effective than TSeF (K = 0.05) in
forming the donor-CCly complex, a result that depends on
a number of donor properties including ionization potential,
polarizability, and charge density.

Measurement of the gas phase ionization potential of
TSeF, by a mass spectrometric method described previously
for TTF,!2 eliminates the possibility that solvation effects or
other artifacts connected with the spectroscopic and electro-
chemical methods may be responsible for the observed or-
dering of donor strengths. The results of these measure-
ments are summarized in Table I. The agreement of the
ionization potentials derived from the three methods is re-
markable, perhaps fortuitous, considering the diversity of
the measurements.!3
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