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4, R! = n-Bu) could be varied from 93:7 under-thermodynamic
conditions {e.g., reversible stannane addition in THF at —60 °C)
to 25:75 under kinetic conditions (e.g., Et,O at =100 °C). The
configurations of the a-alkoxy stannanes (3 and 4, R? = CH,0Me)
were established by analysis of the !Sn—g!3C coupling constants
in each epimer® and by correlation of the cyclohexyl ethers derived
via protonation of the derived organolithium species with inde-
pendently synthesized materials of known configuration. The
reversibility of the (tri-n-butylstannyl)lithium addition was con-
firmed by subjecting the kinetic reaction mixture (3 and 4, R?
= H) to »n-BuLi in THF at —60 °C to afford the thermodynamic
ratio of products.’

Axial alkoxycyclohexylstannanes (e.g., 3) are extremely useful
synthetic intermediates since carbanion generation and subsequent
electrophile trapping contrasts sharply with the normal stereo-
chemical mode of addition to cyclohexanones by carbon nucleo-
philes.'® This methodology provides unique entry to highly
stereoselective axial substitution of cyclohexanones by relatively
hindered carbon centers. Selected alkylation sequences are
presented in Table I. It should be noted that the stereochemical
integrity of 5 and 6 is completely maintained throughout the
sequence. Also, while (arylalkylalkoxymethyDlithium species (e.g.,
7) underwent smooth alkylation reactions in every case examined,
the less stable dialkyl alkoxylithium species appear to favor proton
or hydride transfer reactions in preference to alkylation with alkyl
halides. Although the reason for this behavior has yet to be
defined, modification of the organometallic species in anticipation
that a “softer” nucleophilic metal center might promote alkylation
is currently being pursued.
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Metal ion catalysis in the reduction of carbonyl compounds with
1,4-dihydropyridines have attracted much attention;! since zinc
ion at.the active site of alcohol dehydrogenase is suggested to play
an important role in the reduction.? However, the kinetic studies
on the reduction of carbonyl compounds with 1,4-dihydropyridines
or related compounds reveal that the effect of metal ion on the
rate is complicated, and nature or even existence of catalysis is
not clear.*® We now wish to report the following new findings.
(1) Zinc ion remarkably accelerates the reduction of 2-
pyridinecarbaldehyde with dihydroquinoline derivatives in agueous
solution. (2) Kinetic complexities in catalysis disappears when
the reaction is carried out under carefully deaerated, dark con-
ditions. (3) A hydroxy! group on dihydroquinoline accelerates
the rate appreciably.’

Two dihydroquinolines 2a and 2b were prepared.® The re-
duction of 2-pyridinecarbaldehyde 3 with 2 was carried out in a
carefully deaerated buffer solution'® (pH 4.7, 0.02 M AcOH-
AcONa) at 50 °C under Ar in the dark. At appropriate time
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intervals, the decrease of absorption at 350 nm characteristic to
2 was measured. After the reduction was practically over, the
reaction mixture was analyzed on HPLC (cation-exchange column,
Toyo-Sotatsu, iex-230/0.02 M AcOH-AcONa pH 5.0). For-
mation of 2-pyridylmethanol (4) was confirmed by IR (3200, 1590,
1640, and 1430 cm™), electronic spectra, TLC (SiO,/AcOEt),
and HPLC (cation-exchange column).!! The yields of 4 were
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Table I. Second-Order Rate Constants k, for the Reduction and
Yields of 2-Pyridylmethanol (4)¢

dihydroguinoline

[ZnCL], M 2a (yield of 4, %) 2h (yield of 4, %)
0 <0.3 (<5)4 <0.3 (<5)4
<0.3%
0.01 1.2+ 0.1 (65)¢ 1.7 £ 0.2 (88)¢
0.1 8.4 % 0.9 (95 13.1 £ 0.7 (93)¢
18.7 £ 0.4%
17.0 £ 1.4¢
0.5 264 £ 1.3
1.0 58.7 £+ 8.3 (98)° 72.1 + 11.5 (96)*

apH 4.7, 50 °C, h™! M}, ky = (kowsg — ko)/[3] where k, is the
spontaneous decrease of 2. Errors are standard deviations. ®NaCl
(1 M) was added. ‘NaClO, (1 M) was added. 9Yields after 30 h.
¢Yield after 15 h.

determined by HPLC using pyridine as an internal standard, being
good to excellent depending on the Zn** concentration (see Table
I).

The rate constants'? corrected for the spontaneous decrease of
2 (vide infra) and the yield of 4 are summarized in Table I (see
also Figure 1). It should be reemphasized that the rates and yields
were reproducible only when oxygen was carefully removed and
the reaction was carried out in the dark. The amount of recovered
quinolinium salt 1 after the reaction determined by HPLC was
higher than 95%.

Obviously, Table 1 shows that the yields were much improved
and the rates were remarkably accelerated by the increase of Zn**
concentration contrary to the previous observations.!* Rates were
further accelerated to some extent by the addition of 1 M NaCl
or NaClO, (see Table I), demonstrating the existence of a
moderate salt effect.

The following kinetic and spectroscopic observations were made:

(i) Plot of k, against [Zn**] showed the gradual rate saturation
at higher Zn?* concentration.

(ii) Linear correlations were observed between 1/ and
1/[Zn?**] [3] (Figure 1). The equilibrium constant K, and the
rate constant k, (Scheme I) estimated from the dependence of
rate on the concentration of 3 and Zn>* were (58 = 16) M2 and
(1.3 £ 0.3) b, respectively, at 1.0 M ZnCl,.

Scheme I
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2.3.Zn2* —d:—» 1+ 4+ Zn*

(iii) The maxima of fluorescence spectra of 2a and 2b were
shifted to longer wavelength and intensities markedly decreased
by the addition of Zn?* and 3, but they were not shifted by the
addition of 3 alone. These observations indicate ternary complex
formation.

On the basis of these observations a conclusion is drawn that
the reduction of 3 with 2 proceeds mainly through a ternary
complex, 2:3-Zn?*,

By comparison of the rate of 2a with 2b (Table I), introduction
of a hydroxyl group in dihydroquinoline appreciably accelerates
the rates® in the presence of Zn?* (0.01 to ~ 1.0 M). The
acceleration suggests the enhanced interaction promoted by ad-
ditional coordination between OH and Zn?*.

Reduction of 3 with 2 was remarkably affected by O, and
light,!* and both reactions were independently affected by Zn?*,

(12) Rates of spontaneous decrease is from 2% to 10% of kgpey.

(13) Inhibition by metal jons was reported in a similar system,’ without
mentioning the effect of O, and light. The previous work” may not pay
satisfactory attention to these.

0 5 10 15
(102 m=2)
1/ [PycHO] [chlzl

Figure 1. Plot of kg vs. 1/[3][ZnCl,]. Two lines drawn are the

least-mean-square fit for each set of different ionic strength: [ZnCl,],
1.0 M (0); [ZnCl,], 0.1 M (@).

making the kinetic situation very complicated. Dioxygen lead to
nonproductive consumption of 2 (oxidation to 1 by O,) and ir-
radiation with Xe lamp (>390 nm, 500 W) or even room light
accelerated the rate of decrease of 2 considerably. The photo-
chemistry will be discussed in detail in a forthcoming article.
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a-Phenylethylamine (1) has drawn considerable attention in
the relatively new area of vibrational optical activity (VOA),!?

.
@é—wa ~CO,CH;
2 o
(R)-1,R = NH, (5)-4
(R)2,R=OH

(R)-3, R=N=C=0

due, in part, to the possible role of the methyl group as a probe
for the assignment of absolute configuration. The infrared vi-
brational circular dichroism (VCD) spectrum in the 3500-
2700-cm™! region® and in the 1480-1400-cm™! region* has been
reported. Now we report the mid-infrared VCD spectrum in the
1625-900-cm™! range with three objectives: first, to report an
unusual pattern of VCD features, second, to show that the VCD
associated with C*~H and the phenyl ring vibrational modes
appear to be significant in understanding the relation of VCD
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