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Abstract: A series of chiral pyrrolidinylmethanols were synthesized from (S)-proline. Optically active secondary alcohols
(R and S enantiomers, respectively) in up to 100% enantiomeric excess (ee) were obtained in high yields from the enantioselective
addition of dialkylzincs to aldehydes catalyzed by 2-5 mol % of chiral pyrrolidinylmethanols. The sense of the asymmetric
induction and the degrees of enantioselectivities were highly dependent on the structure of the catalysts. (+)-DPMPM (3,
tertiary amino tertiary alcohol) catalyzed the reaction of aryl, o,8-unsaturated, and aliphatic aldehydes to afford (S) alcohols
in high ee’s. When the lithium salt of 3 was employed as catalyst in the reactions of aryl and a,8-unsaturated aldehydes,
the ee’s of (.S) alcohols reached 100%. On the other hand, (=)-erythro-PNPM (10, tertiary amino secondary alcohol) afforded
(R) alcohols in high ee (100% ee). The steric course of the reaction is discussed.

Enantioselective addition of organometallic reagents to al-
dehydes using chiral ligands affords optically active secondary
alcohols.! However, these processes require at least a stoichio-
metric amount of chiral source. The use of diamino alcohols as
ligands in organolithium and dialkylmagnesium additions was
pioneered by Professor T. Mukaiyama,!?

Increasing interest has been centered on the catalytic asym-
metric induction in carbon-carbon bond-forming reactions.?
Recently, a few reports appeared on the enantioselective addition
of dialkylzincs to aldehydes using chiral amino alcohols (such as
naturally occurring alkaloid) as catalysts.*  (-)-3-exo-(Di-
methylamino)isoborneol (alicyclic amino alcohol) was found to
be an efficient catalyst for the formation of (S) alcohols.®®
However, the enantioselectivity in the ethylation of aliphatic
heptanal is moderate (61% ee).

We report highly enantioselective addition of dialkylzincs to
aldehydes using artificial chiral pyrrolidinylmethanols (heterocyclic
amino alcohols) as chiral catalysts.

Synthesis of Chiral Catalysts

A series of chiral pyrrolidinylmethanols were derived from
readily available (S)-proline as shown in Scheme 1. (8)-(+)-
Diphenyl(1-methylpyrrolidin-2-yl)methanol (DPMPM, 3) was
obtained in 83% yield from (S)-N-((benzyloxy)carbonyl)proline
methyl ester (1) by reaction with phenylmagnesium bromide and
subsequent reduction with lithium aluminum hydride.
(1R,2’S)-Phenyl(1-methylpyrrolidin-2-yl)methanol (9, erythro-
PMPM) and (1S,2’S)-phenyl(1-methylpyrrolidin-2-yl)methanol
(13, threo-PMPM) were prepared by the N-methylation reaction
of the corresponding 8 (100% ee, 100% de) and 12 (100% ee, 100%
de),* respectively; N-(Ethoxycarbonyl)proline (§) was converted
to the corresponding phenyl ketone (6), and the subsequent
diastereoselective reductions with diisobutylaluminum (DIBAL)
hydride and potassium tri(sec-butyl)borohydride afforded 7 and

(1) (a) Mukaiyama, T.; Soai, K.; Kobayashi, S. Chem. Lett. 1978, 219.
Soai, K.; Mukaiyama, T. Ibid. 1978, 491. Sato, T.; Soai, K.; Suzuki, K.;
Mukaiyama, T. Ibid. 1978, 601. Mukaiyama, T.; Soai, K.; Suzuki, K.; Sato,
T. Ibid. 1979, 447. Mukaiyama, T.; Soai, K.; Sato, T.; Shimizu, H.; Suzuki,
K. J. Am. Chem. Soc. 1979, 101, 1455. Soai, K.; Mukaiyama, T. Bull. Chem.
Soc. Jpn. 1979, 52, 3371. (b) Mazaleyrat, J.-P.; Cram, D. J. J. Am. Chem.
Soc. 1981, 103, 4585. (c) Weidman, B.; Seebach, D. Angew. Chem., Int. Ed.
Engl. 1983, 22, 31. (d) Eleveld, M. B.; Hogeveen, H. Tetrahedron Lett. 1984,
25,5187, (e) Tomioka, K.; Nakajima, M.; Koga, K. Chem. Lett. 1987, 65.
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J. D., Ed.; Academic: Orlando, FL, 1985; Vol. 5, Chapter 4. Hayashi, T.;
Kumada, M. Ibid., Chapter 5. Bosnich, B. Asymmetric Catalysts; Martinus
Nijhoff Publishers: Dordrecht, 1986; Chapter 3.

(3) (a) Oguni, N.; Omi, T. Tetrahedron Lett. 1984, 25, 2823. (b) Kita-
mura, M.; Suga, S.; Kawai, K.; Noyori, R. J. Am. Chem. Soc. 1986, 108,
6071, (c) Smaardijk, Ab. A.; Wynberg, H. J. Org. Chem. 1987, 52, 135.
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11, respectively, followed by the removal of the ethoxycarbonyl
group. N-Methylation of amino alcohols 8 and 12 afforded re-
spectively 9 (erythro-PMPM) and 13 (threo-PMPM),
(1R,2’S)-Phenyl(1-neopentylpyrrolidin-2-yl)methanol (10, er-
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Table I. Asymmetric Addition of Dialkylzinc to Aldehydes Using Chiral Pyrrolidinylmethanols as Catalyst®

entry aldehyde dialkylzinc  catalyst solvent? yield % [a]p?, deg (c, solvent) ee, % config
1 benzaldehyde Et,Zn 3 H 100 -44.2 (5.0, CHCLy) 974 S
24 benzaldehyde Et,Zn 3 H 100 -40.9 (5.0, CHCL,) 90 S
3¢ benzaldehyde Et,Zn 3 H 100 -35.52 (5.0, CHCl,)! 78 S
4 benzaldehyde Et,Zn 3 CH-H 100 -40.4 (5.2, CHCLY 89 S
5¢ benzaldehyde Et,Zn 3 CH-H 100 -38.8 (5.0, CHCl ) 85 S
6 benzaldehyde Et;Zn 10 H 100 +47.17 (5.1, CHCLY 100 R
7/ benzaldehyde Et,Zn 10 H 100 +46.14 (5.1, CHCl)'  100* R
8 benzaldehyde Et,Zn 9 H 100 +32.06 (4.6, CHCl,) 72 R
9 benzaldehyde Et,Zn 9 CH-H 100 +33.72 (5.1, CHCl,)! 74 R
10 p-chlorobenzaldehyde Et,Zn 3 H 100 -23.11 (5.1, CgHgY 9gh S
11 p-chlorobenzaldehyde Et,Zn 3 CH-H 100 -20.57 (5.0, C¢H¢Y 86 S
12 p-chlorobenzaldehyde Et,Zn 10 H 100 +28.59 (5.1, CeHeY 100* R
13 p-chlorobenzaldehyde Et,Zn 9 CH-H 100 +19.03 (5.0, C4HgY 79 R
14 p-chlorobenzaldehyde Et,Zn 9 H 91 +16.83 (5.0, C¢HgY 70 R
157 p-chlorobenzaldehyde Et,Zn 9 H 83 +5.13 (5.1, CgHgY 21 R
16 p-methoxybenzaldehyde Et,Zn 3 H 100 -27.35 (5.1, CgHg)* 81 S
17 p-methoxybenzaldehyde Et;Zn 3 CH-H 100 -30.25 (5.1, CgH)* 89 S
188 p-methoxybenzaldehyde Et,Zn 3 CH-H 100 -30.96 (5.0, C¢Hg)* 92 S
19¢ p-methoxybenzaldehyde Et,Zn 3 CH-H 100 -32.4]1 (5.0, C¢Hg)* 96* S
20 p-methoxybenzaldehyde Et,Zn 3 CP-H 99 -29.07 (5.0, C¢H¢)* 86 S
21 p-methoxybenzaldehyde Et,Zn 3 Et,0-H 93 -24.86 (5.0, C¢Hg)* 73 S
22 p-methoxybenzaldehyde Et,Zn 3 CH,Cl,-H 78 -26.46 (5.1, CeHg)* 78 S
23 p-methoxybenzaldehyde Et,Zn 10 H 100 +36.53 (5.1, C¢Hg)* 100* R
24 p-methoxybenzaldehyde Et,Zn 9 CH-H 100 +25.42 (5.0, CHe)* 75 R
25 p-methoxybenzaldehyde Et,Zn 9 H 97 +20.8 (5.0, C¢H¢)* 62 R
26 (E)-cinnamaldehyde Et,Zn 3 CH-H 100 -6.23 (2.6, CHCL,) 100 (71%) S
27 (E)-cinnamaldehyde Et,Zn 3 H 91 -5.74 (2.6, CHCL,) 97 (65% S
28 (E)-cinnamaldehyde Et,Zn 10 H 89 +6.53 (3.2, CHCl,) 100 (89%) R
29 (E)-cinnamaldehyde Et,Zn 9 CH-H 100 +3.33 (2.9, CHCl,) 56 (38') R
30 3-phenylpropanal Et,Zn 3 CH-H 100 +24.70 (5.0, EtOH)™ 92 S
31 3-phenylpropanal Et;Zn 10 H 100 -20.23 (5.0, EtOH)™" 86 R
32 3-phenylpropanal Et,Zn 9 CH-H 100 -15.37 (5.0, EtOH)™ 57 R
33 heptanal Et,Zn 3 CH-H 96 +8.77 (8.3, CHCly)" 91 S
34 heptanal Et,Zn 10 H 100 -6.42 (8.3, CHCly)" 67 R
35 heptanal Et,Zn 9 CH-H 87 -4.93 (8.3, CHCly)" 57 R
36 cyclohexanecarboxaldehyde Et,Zn 3 CH-H 95 -3.11 (neat)°® 38 S
37 cyclohexanecarboxaldehyde Et,Zn 10 H 100 +6.99 (neat)? 86 R
38 cyclohexanecarboxaldehyde Et,Zn 9 CH-H 91 +6.32 (neat)? 78 R
39 3-methylbutanal Et,Zn 3 CH-H 93 +21.23 (neat)? 73 S
40 3-methylbutanal Et,Zn 9 CH-H 79 -14.10 (neat)? 66 R
41 heptanal Me,Zn 3 CH-H 93 +6.92 (5.1, EtOH)? 69 S
42 heptanal Me,Zn 9 CH-H 83 -5.90 (4.8, EtOH)? 58 R

2Unless otherwise noted, aldehyde:dialkylzinc:catalyst molar ratio was 1:2.2:0.02 for the reaction using 3 as catalyst and 1:2.2:0.05 for the reaction
using 9 or 10 as catalyst. Procedure was as follows. The mixture containing aldehyde (1 mmol), catalyst (0.02 or 0.05 mmol), and solvent (2.2 mL)
was refluxed for 20 min, and then the mixture was cooled to 0 °C and dialkylzinc (2.2 mmol) in hexane (2.2 mL) was added. ®*H = hexane; CH =
cyclohexane; CP = cyclopentane. ‘Isolated yield by preparative TLC. [a]p was measured after the isolated product was further distilled. ¢ Without
reflux of a mixture of benzaldehyde, 3, and hexane. ¢ A mixture containing 3, Et,Zn, and solvent was refluxed for 20 min and then cooled to 0 °C,
and aldehyde was added. /Aldehyde:Et,Zn:3 molar ratio = 1:2.2:0.02. £Aldehyde was added to an ice-cooled mixture of 3, Et,Zn, and cyclohexane.
#Determined by HPLC analysis using a Bakerbond DNBPG chiral column. ‘Reported value for (S)-1-phenylpropanol is [a]p —45.45° (¢ 5.15,
CHCl): Pickard, R. H.; Kenyon, J. J. Chem. Soc. 1914, 1115. /[a]p -10.4° (¢ 5, C¢Hy) for (S)-1-(4-cyclophenyl)propanol in 43% ee: Capillon,
I; Guette, J. Tetrahedron 1979, 35, 1817. ¥ [a]p —17.2° (¢ 5, C¢Hy) for (S)-1-(4-methoxyphenyl)propanol in 51% ee: see footnote j. /[a]p2 -5.7°
(CHCI,) for (S)-1-phenylpent-1-en-3-ol in 96% ee determined by HPLC using a chiral column: see ref 3b. Ee’s in parentheses are based on [a]p?
-6.6° (¢ 3.2, CHCl,) in 75% ee: Sato, T.; Gotoh, Y.; Wakabayashi, Y.; Fujisawa, T. Tetrahedron Lett. 1983, 24, 4123. " [a]p +26.8° (¢ 5.0, EtOH)
for (S)-1-phenyl-3-pentanol: see ref in footnote k (Sato et al.). "[a]p? +9.6° (¢ 8.3, CHCI,) for (S)-3-nonanol: Mukaiyama, T.; Hojo, K. Chem.
Lett. 1976, 893. °[a]p® -8.1° (neat) for (S)-1-cyclohexylpropanol: Levene, P. A.; Marker, R. E. J. Biol. Chem. 1932, 97, 379, 385. ?[a]p®
+21.23° (neat) for (S)-5-methylhexan-3-ol: Levene, P. A.; Marker, R. E. J. Biol. Chem. 1931, 90, 672. 4[a]p? +10.1° (¢ 5.575, EtOH) for
(S)-2-octanol: Hill, R. K. J. Am. Chem. Soc. 1958, 80, 1611.

ythro-PNPM), (15,2'S)-threo-PNPM (14a), and (1S,2’S)- (+)-DPMPM (3), possessing a tertiary alcohol, afforded (S)-1-
phenyl(1-benzylpyrrolidin-2-yl)methanol (14b) were prepared by phenylpropanol (15) in 97% ee (entry 1). On the other hand,
the reduction of the corresponding amides. erythro-PMPM (9), possessing a secondary alcohol, afforded
. . (R)-15 in 72% ee (entry 8), and threo-PMPM (13) afforded
Results and Discussion (S)-15in 31% ee. N-Methylprolinol (4), with a primary alcohol,
Enantioselective Addition to Aldehydes (Scheme II). In order failed to afford optically active 15. Thus as the alcohol moiety
to examine the effect of the structure of the catalysts, enantios- became more bulky, the degree of asymmetric induction became
elective additions of diethylzinc to benzaldehyde were conducted higher. The sense of the asymmetric induction was reversed
at 0 °C in the presence of a catalytic amount (2 mol %) of various between 3 (and 13) and 9 (and 10). As to the effect of N sub-
pyrrolidinylmethanols.® All catalysts except 14a and 14b afforded stituents, bulky substituents favored R selectivity. Thus erythro-10,
1-phenylpropanol (15) in over 90% synthetic yields. Catalysts with an N-neopentyl substituent, afforded (R)-15 in quantitative
were easily removed from the reaction mixture by washing with synthetic yield and in 100% ee (entries 6 and 7). In the threo
1 M hydrochloric acid. The relation between the enantiomeric series, the sense of the asymmetric induction was reversed ac-
excesses (ee) of the obtained 1-phenylpropanol (15) and the cording to the increase in the bulkiness of the N substituent
catalysts is shown in Scheme III and Table I. The effect of the (however, ee’s of 15 were low).
structure of the alcohol moiety of pyrrolidinylmethanol was The complementary asymmetric induction between 3 and 9 (and

compared by using N-methyl derivatives (3, 9, 13, and 4). 10) is general in the enantioselective alkylations of aryl, «,8-un-
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Table II. Effect of Metal Alkoxide of Chiral Pyrrolidinylmethanol®

entry aldehyde dialkylzinc catalyst solvent? yield, % [a]p, deg (c, solvent) ee, % config
1 benzaldehyde Et,Zn Li-3 H 100 -44.95 (5.1, CHCl,) 99.5¢ S
2 benzaldehyde Et,Zn Li-3 CH-H 94 -44.16 (5.1, CHCl,) 98¢ S
3 benzaldehyde Et,Zn Li-3 H 100 -44.95 (5.1, CHCl,) 99¢ S
4ef benzaldehyde Et,Zn Li-3 H 100 -42.9 (5.0, CHCl,) 94 S
5¢ benzaldehyde Et,Zn Li-3 H 77 -40.0 (5.1, CHCl,) 88 S
6 p-chlorobenzaldehyde Et,Zn Li-3 CH-H 91 -24.56 (5.5, C¢Hg) 100¢ S
7 p-methoxybenzaldehyde Et,Zn Li-3 CH-H 96 -33.73 (5.0, C¢Hyg) 100¢ S
8¢ p-methoxybenzaldehyde Et,Zn Li-3 CH-H 98 -33.16 (5.0, C¢Hyg) 98 S
9% p-methoxybenzaldehyde Et,Zn Li-3 CH-H 93 -31.50 (5.0, C4Hy) 93 S
10 (E)-cinnamaldehyde Et,Zn Li-3 H 94 -6.45 (3.2, CHCl,) 100 (73) S
11 (E)-cinnamaldehyde Et,Zn Li-3 CH-H 93 -5.72 (3.2, CHCly) 96 (65) S
12 benzaldehyde Me,Zn Li-3 CH-H 63 -34.69 (7.1, ¢-CsHyo) 80 S
13 (E)-cinnamaldehyde Me,Zn Li-3 CH-H 47 -22.33 (5.2, CHCl,)* 89 S
14 benzaldehyde Et,Zn Li-10 H 100 +47.17 (5.1, CHCl,) 100° R
15 benzaldehyde Et,Zn Li-9 CH-H 100 +34.75 (5.1, CHCl,) 76 R
16 benzaldehyde Et,Zn Li-9 T-H 100 +31.56 (5.0, CHCl,) 69 R
17 benzaldehyde Et,Zn Li-9 H 100 +25.33 (5.1, CHCl,) 56 R
18 benzaldehyde Me,Zn Li-9 CH-H 100 +24.99 (5.1, ¢-CsHyo) 58 R
19 p-chlorobenzaldehyde Et,Zn Li-9 CH-H 86 +20.17 (5.0, C¢Hy) 83 R
20 p-methoxybenzaldehyde Et,Zn Li-9 CH-H 98 +17.95 (5.0, C¢Hy) 53 R
21 (E)-cinnamaldehyde Me,Zn Li-9 CH-H 84 +16.91 (5.1, CHCIl,)* 68 R

@Unless otherwise noted, aldehyde:R,Zn:catalyst molar ratio = 1:2.2:0.02 for the reaction using Li-3 as catalyst and 1:2.2:0.05 for the reaction
using Li-9 or Li-10 as catalyst. Procedure was as follows. #-BuLi (0.02 mmol) in hexane was added to a hexane solution of catalyst followed by the
addition of aldehyde. Then the mixture was cooled to 0 °C and dialkylzinc was added. ®See footnote » of Table I. T = toluene. °Determined by
HPLC analysis using a chiral column. ¢n-BuLi (0.02 mmol) and Et,Zn (2.2 mmol) were added to a hexane (2.2 mL) solution of 3 (0.02 mmol) in
this order. The mixture was refluxed for 20 min and then cooled to 0 °C, and aldehyde (1 mmol) was added. °Aldehyde:Et,Zn:catalyst molar ratio
= 1:2.2:0.05. /n-BuLi (0.02 mmol) and aldehyde (1 mmol) were added to a hexane solution of 3 (0.05 mmol) in this order. The mixture was
refluxed for 20 min and then cooled to 0 °C, and Et,Zn (2.2 mmol) in hexane was added. #Reaction was carried out according to footnote d in Table
I without reflux of the mixture. * Aldehyde:Et,Zn:catalyst molar ratio = 1:1.2:0.02. ! For the reported values, unless otherwise noted, see appropriate
footnotes i~/ in Table I /[a]p?® +43.1° (¢ 7.19, ¢-CsHyy) for (R)-1-phenylethanol: Yamaguchi, S.; Mosher, H. S. J. Org. Chem. 1973, 38, 1870.
¥la]p +24.7° (¢ 5.0, CHCl,) for (R)-4-phenylbut-3-en-2-ol: Kenyon, j.; Partridge, S. M.; Phillips, H. J. Chem. Soc. 1936, 85.

Scheme III. Relation of the Catalyst and ee’s of the Obtained
1-Phenylpropanol (18) in Enantioselective Addition of Diethylzinc to
Benzaldehyde
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— erythro-PNPM chiral column (entry 6). Enantiomerically high (S) alcohols (99.5
(R) 72hee (R)100°%ee and 100% ee) were also obtained from the reaction with benz-
TR e aldehyde and p-methoxybenzaldehyde (entries 1 and 7).
i On the other hand, the lithium salt of 10 (sec-alkoxide) was
X=H, Y=Ph o . . found to complement the lithium salt of 3 and afforded (R)-15
(S) 3theei(R) Fhee (R) 20%ee in 100% ee (entry 14). Thus, the enantioselectivities of the lithium
b salts of erythro-pyrrolidinylmethanols 9 and 10 were comparable
xaysH with those of their parent 9 and 10.
0%ee We postulate the reactive complexes shown in Figure 1.

Dialkylzinc may be chelated to form a five-membered ring with
. nitrogen and oxygen atoms of lithium or the alkylzinc’ salt of
saturated, .and gliphatic aldehydes. Resul'ts are shown in Table pyrro%idinylmeth;’iols. In the case of 3 [(+)-DPMI¥M], aldehyde
L. Even aliphatic heptanal was ethylated in 91% ee when 3 was (RCHO) approaches from the direction so that the substituent
used as catalyst (entry 33). (R) alcohols of 100% ee were obtained (R) is far from the dialkylzinc-3 complex. Thus (S) alcohol is
respectively from p-chlorobenzaldehyde and p-methoxybenz- formed. A six-center mechanism of the alkylation of aldehyde
aldehyde using 10 (entries 12 and 23). _ may be possible. In the case of the lithium salt of 3 (ert-alkoxide),

The effect of solvent was examined in the reaction of p- lithium sec-alkoxide formed from aldehyde and zinc tert-alkoxide
methoxybenzaldehyde with Et,Zn using 2 mol % of 3. As shown from 3 may kinetically form in the alkylation. However, these

in Table I (entries 16, 17, 20, 21, and 22), hydrocarbons such as may easily change to the original lithium tert-alkoxide of 3 and
hexane, cyclohexane, cyclopentane, or their mixed solvent were

more suitable than ether-hexane and dichloromethane-hexane. -
Lithium Alkoxide of Chiral Pyrrolidinylmethanol as Catalyst. (5) Soai, K.; Ookawa, A.; Ogawa, K.; Kaba, T. J. Chem. Soc., Chem.

. Commun. 1987, 467.
In the. alkyla?“?“. of aryl and a,f-unsaturated a‘1d§hydes, better (6) In addition, ethylmagnesium alkoxide derived from 3 and diethyl-
enantlosele_ctlvmes were observed when the lithium .salt of 3 magnesium catalyzed the addition of diethylzinc to benzaldehyde in tolu-
(tert-alkoxide) was employed as catalyst than when 3 itself was ene-hexane 10 afford (S)-1-phenylpropanol in 97% yield and in 99% ee (ob-
employed. Results are summarized in Table II. Thus the reaction Sef\(’;l;l%{ tg; Sl Niwa ll(n our group). 1y with ori g §
_ : . iethylzinc is known to react rapidly with primary, secondary, an
of p cht;orobepzaldehyde and Et,Zn in cyclohexane—hexane using tertiary alcohols to afford monoalkoxide. Further reaction of monoalkoxide
2 mol % of Li salt of 3 afforded (S)-1-(4-chlorophenyl)propanol with secondary and tertiary alcohols is slow. See: Ishimori, M.; Tsuruta, T.

in 100% ee, which was determined by HPLC analysis using a Makromol. Chem. 1963, 64, 190.
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zinc sec-alkoxide formed from the alkylation of aldehyde, because
the acidity of the tertiary alcohol of 3 with two electron-with-
drawing phenyl groups® is stronger than that of the secondary
alcohol. Thus the lithium salt of 3 may act as a catalyst.

The higher enantioselectivity of the lithium salt of 3 (zers-al-
koxide) than 3 (zinc alkoxide) may be attributed to the different
character of the metals (lithium and zinc) of the alkoxides.
Lithium has a stronger hard acid character than zinc.® Thus it
may more easily coordinate with the oxygen atom (hard base)
of the approaching aldehyde than zinc does.” This coordination
of the lithium cation may control the steric course of the reaction
to afford higher ee’s. On the other hand, zinc has borderline acid
character;® therefore interaction of zinc with the oxygen atoms
of the aldehyde may be weaker than that of the lithium cation.

On the other hand, in the case of metal salt of 9 [(-)-eryth-
ro-PNPM], the lower part of the complex is considered to be less
hindered because there is no phenyl group in the lower part. Thus
the aldehyde may approach from the lower part to afford (R)
alcohol. A bulky neopentyl N substituent is considered to block
effectively the approach of aldehyde from the rear. In the case
of the lithium salt of 9 and 10 (sec-alkoxide), both kinetically
formed zinc alkoxide of 9 or 10 and lithium alkoxide derived from
aldehyde are secondary. Thus the original lithium alkoxide of
9 or 10 may change to zinc alkoxide. This may explain the
comparable (but very high in 10) enantioselectivities of the lithium
salts of erythro-pyrrolidinylmethanols 9 and 10 with parent 9 and
10.

Conclusion

In summary, chiral pyrrolidinylmethanols and their metal salts
were efficient catalysts in the enantioselective addition of dimethyl-
and diethylzincs to aldehydes. Optically active secondary alcohols
were obtained in high synthetic yields and in high ee’s (up to 100%
ee) under mild reaction conditions. The structures of both the
N substituent and the alcohol moiety of the catalysts were im-
portant factors in controlling the stereochemistry of the reaction.
By employing pyrrolidinylmethanols or their metal salts of an
appropriate structure derived from (S)-proline, both enantiomers
of the secondary alcohols desired were obtained. It should be noted
that the opposite enantiomers of secondary alcohols in high ee’s
should be obtained by using chiral pyrrolidinylmethanols derived
from commercially available (R)-proline.

Experimental Section

Materials. Diethylzinc in hexane was purchased from Kanto Chem-
ical Co.

Synthesis of (§)-(+)-Diphenyl(1-methylpyrrolidin-2-yl)methanol (3,
DPMPM). PhMgBr (40 mmol) in THF (40 mL, 1 M solution) was
added to a THF (20 mL) solution of (S)-N-((benzxyloxy)carbonyl)pro-
line methy! ester'? (2.63 g, 10 mmol) at 0 °C, and the mixture was stirred
for an additional 4 h. Saturated aqueous ammonium chloride was added
to quench the reaction, and the organic layer was separated. The pre-
cipitate in the aqueous layer was filtered off, and the filtrate was ex-
tracted with chloroform. The combined organic layers were dried and
evaporated under reduced pressure. The resulting oil was used without
further purification. The oil (3.95 g) was dissolved in THF (30 mL) and
was cooled to 0 °C. Lithium aluminum hydride (0.759 g, 20 mmol) was
added to the solution in several portions, and the mixture was refluxed
for 2 h. After the mixture was cooled to 0 °C, water was added. The
mixture was acidified to pH 3 with 1 M HC], washed with ether, and
made alkaline with concentrated aqueous NaOH. The precipitate was
filtered off and washed with ethyl acetate. The organic layer was sepa-
rated, and the filtrate was extracted with dichloromethane. The com-
bined extract was dried and evaporated under reduced pressure. Com-
pound 3 was obtained in 83% yield (2.21 g) and was recrystallized from
hexane: mp 68.5-68.9 °C; [a]®p +57.0° (¢ 1.0, CHCl;); 'H NMR
(CDCl;) 6 1.4-2.0 (m, 7 H), 2.05-2.65 (m, 1 H), 2.85-3.30 (m, 1 H),
3.4-3.8 (t, 1 H), 3.8-4.7 (b, 1 H), 6.95-7.7 (m, 10 H); IR (KBr) 3300,

(8) Pine, S. H.; Hendrickson, J. B.; Cram, D. J.; Hammond, G. S. Organic
Chemistry, 4th ed.; McGraw-Hill: New York, 1980; Chapter 6.

(9) Ho, T.-L. Hard and Soft Acids and Bases Principle in Organic
Chemistry; Academic: New York, 1977; Chapter 2.

(10) Ono, N.; Yamada, T.; Saito, T.; Tanaka, K.; Kaji, A. Bull. Chem.
Soc. Jpn. 1978, 51, 2401.

Soai et al.

2980, 2950, 2820, 2800, 1500, 1455, 1035, 710 cm™; Anal. (CsH;,NO)
C, H, N.

Synthesis of (1R,2’S)-(-)-Phenyl(1-methylpyrrolidin-2-yl)methanol
(9, erythro-PMPM). Formaldehyde (37% aqueous solution, 0.3 mL)
was added to a refluxing mixture containing (1R,2’S)-phenyl(2’-
pyrrolidinyl)methanol (8, 0.247 g, 1.4 mmol, 100% ee, 100% de, by the
recrystallization of the hydrochloride from acetonitrile—diisopropyl eth-
er),® 98% formic acid (0.4 mL), and water (0.09 mL) over a period of
5 min and reflux was continued for 4 h. The mixture was cooled and
made alkaline to pH 11 with concentrated aqueous NaOH followed by
the extraction with dichloromethane. The extract was dried and evapo-
rated in vacuo. Distillation of the resulting oil by the bulb-to-bulb me-
thod (140 °C/2 mmHg) afforded 9 (0.254 g) in 95% yield: [a]*'; -59.0°
(¢ 0.73, CHCl3); 'TH NMR (CDCl;) 6 0.97-2.0 (m, 4 H), 2.0-2.7 (m,
5 H), 2.95-3.30 (m, 1 H), 3.55 (s, 1 H), 4.83 (d, 2 H, J = 2.8 Hz), 7.23
(5 H); IR (neat) 3430, 2986, 2780, 1455, 710 cm™; M* caled for
Cy;HgNO: 190.1233. Found: 190.1246.

Synthesis of (15,2’S)-(-)-Phenyl(1-methylpyrrolidin-2-yl)methanol
(13, threo-PMPM). The title compound was prepared from
(18,2’S)-phenyl(2’-pyrrolidinyl)methanol (12, 100% ee, 100% de, by the
recrystallization of its hydrochloride from acetonitrile—diisopropyl ether)*
by the same procedure described for 9. 13: yield 97%; [a]®p +13.6°
(c 0.95, MeOH), [a]% 355 +53.6° (¢ 0.95, MeOH); 'H NMR (CDCl,)
5 1.5-2.0 (4 H, m), 2.2 (3 H, 5), 2.3-3.3 (3 H, m), 4.15 (1 H, b), 4.34
(1 H,d, J = 4.8 Hz), 7.27 (5 H, s); IR (neat) 2950, 2780, 1455, 1040,
760, 700 cm™'; M* caled for Cy;HgNO: 190.1233. Found: 190.1241.

(15,2’S)-Phenyl(1-neopentylpyrrolidin-2-yl)methanol (14a, threo-
PNPM). To the hydrochloride of 12 (3.0 mmol) in 1 M aqueous NaOH
(10 mL) and ether (5 mL) was added pivaloyl chloride (4.5 mmol), and
the mixture was stirred for 3.5 h at room temperature. 3-(Dimethyl-
amino)propylamine (2.5 mmol) was added, and the mixture was stirred
for 20 min. Ethyl acetate was added, and the organic layer was sepa-
rated, washed successively with saturated aqueous sodium hydrogen
carbonate, water, | M HCl, and saturated aqueous NaCl, and dried over
Na,SO,. The solvent was evaporated under reduced pressure, and the
residue was reduced with lithium aluminum hydride (2 mol equiv) in
tetrahydrofuran (10 mL) at reflux temperature for 5 h. After cooling
of the mixture, 1 M hydrochloric acid was added. The mixture was
adjusted to pH 10 by adding concentrated aqueous NaOH, and the
precipitate was filtered off. The filtrate was extracted with ether, and
the extract was dried over Na,SO, and evaporated. The residue was
purified by bulb-to-bulb distillation (170 °C/3 mmHg, bath temperature)
to afford 14a in 69% yield: [a]?p +37.50° (¢ 1.01, CHCly); 'TH NMR
(CDCl,) 6 0.95 (s, 9 H), 1.40-2.00 (m, 4 H), 2.23 (s, 2 H), 2.30-3.35
(m, 3 H), 3.95-4.3 (m, J = 7 Hz, 2 H), 7.35 (m, 5 H); IR (neat) 3400,
2960, 2880, 1455, 1370, 705 cm™!; M* caled for C;sH,NO: 246.1859.
Found: 246.1863.

(15,2’S)-Phenyl(1-benzylpyrrolidin-2-yl) methanol (14b) and
(1R ,2’S)-Phenyl(1-neopentylpyrrolidin-2-yl)methanol (10, erythro-
PNPM). These were prepared in a manner similar to that described
above.

Yield of 14b was 92%: [a]®p +98.02° (¢ 1.03, CHCl,); 'H NMR
(CDCl;) 6 1.45-2.0 (m, 4 H), 2.0-2.60 (m, 1 H), 2.60-3.15 (m, 2 H),
3.43 (q,J = 12 Hz, 2 H), 3.85 (broad, 1 H), 4.30 (d, J = 5.8 Hz, 2 H),
7.15 (s, 10 H); IR (KBr) 3150, 1440, 1060, 725, 690 cm™. Anal.
(C1sH5NO) C, H, N.

Yield of 10 was 87%: [a]®p -75.48° (¢ 1.03, CHCl;); 'H NMR
(CDCl;) 6 1.00 (s, 9 H), 1.20-2.0 (m, 4 H), 2.05-3.0 (m, 4 H), 3.0-3.8
(m, 2 H), 4.7 (d, J = 3.0 Hz, 1 H), 7.2 (s, 5 H); IR (neat) 3450, 2950,
1300, 700 ¢cm™. Anal. (C,sH,sNO) C, H, N.

General Procedure for the Enantioselective Alkylation of Aldehydes
Using Pyrrolidinylmethanol as Catalyst. The mixture containing chiral
pyrrolidinylmethanol (0.02 mmol, 2 mol %), aldehyde (1.0 mmol), and
a solvent such as cyclohexane (2.5 mL) was refluxed for 20 min and was
cooled to 0 °C. Dialkylzinc in hexane (1 M solution, 2.2 mL) was added
to the ice-cooled mixture over a period of 5 min, and the mixture was
stirred for an additional 4-24 h. HCI (1 M) was added to quench the
reaction. The mixture was extracted with dichloromethane, and the
extract was dried and evaporated under reduced (or atmospheric in the
cases of low-boiling-point product) pressure. The residue was purified
by silica gel TLC (CHCI, as developing solvent). The yield was calcu-
lated at this stage. Optical rotation was measured after the isolated
product was further purified by bulb-to-bulb distillation. The product
was identified by NMR, IR, and HPLC analyses, comparing with those
of authentic samples. Ee’s were determined by HPLC analyses using a
chiral column and optical rotation. Conditions of HPLC analyses: chiral
column, Bakerbond DNBPG covalent, 4.6 X 250 mm; detection, 254-nm
UV light. For 1-phenylpropanol: eluent, 0.25% 2-propanol in hexane;
flow rate, 0.6 mL/min; retention time (min), S isomer 45.2, R isomer
47.4. For 1-(p-chlorophenyl)propanol: 0.2% 2-propanol in hexane; flow
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rate, 0.8 mL/min; S isomer 37.8, R isomer, 39.9. For 1-(p-methoxy-
phenyl)propanol: 0.2% 2-propanol in hexane; flow rate 0.9 mL/min; S
isomer 67.0, R isomer 70.3.

General Procedure for the Enantioselective Alkylation of Aldehydes
Using the Lithium Salt of Pyrrolidinylmethanol as Catalyst. To a chiral
pyrrolidinylmethanol (0.05 mmol, 2 mol %) in a suitable solvent such as
cyclohexane (6.3 mL) was added 0.035 mL of #-butyllithium (0.05 mmol,
1.51 M hexane solution). After the mixture was stirred for 15 min, an
aldehyde (2.5 mmol) in cyclohexane was added, and stirring was con-
tinued for an additional 20 min. Then the mixture was cooled to 0 °C,
and 5.6 mL of dialkylzinc (5.6 mmol, 1 M hexane solution) was added.
The mixture was stirred for 4-24 h, 1 M HCl (20 mL) was added, and
the mixture was extracted with CH,Cl, (4 X 20 mL). The extract was
dried over Na,SO, and was evaporated. Purification, identification, and
the determination of ee of the products were performed as described
above.
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Ionization of 9-Cyano- and 9-(Carbomethoxy)fluorene in
Dimethyl Sulfoxide-Water Mixtures. How Important Is
Solvent Reorganization?!
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Abstract: Rate constants (k5, kB) for the reversible deprotonation of 9-cyanofluorene (Fl-CN) and 9-(carbomethoxy)fluorene
(FI-COOMe) by primary aliphatic amines and by piperidine and morpholine have been measured in 10%, 50%, and 90% aqueous
Me,SO at 20 °C. Intrinsic rate constants, defined as ko = k5/g = kBl /p at ApK + log (p/g) = 0, were calculated by suitable
interpolation of Brensted plots. Increased Me,SO content of the solvent has virtually no effect on k, for FI-CN and increases
ko of FI-COOMe by a very small amount. This contrasts with the large increase in k; reported by Ritchie for the ionization
of FI-COOMe by oxyanions when the reaction was conducted in Me,SO instead of methanol. It also contrasts with the large
increases in k; for similar solvent changes in the ionization of acetylacetone, 1,3-indandione, nitromethane, and phenylnitromethane
by amines. A formalism which breaks down the solvent effect on k; into contributions from late solvation of the developing
carbanion and late solvation of the developing ammonium ion (amine reaction) or early desolvation of the oxyanion (oxyanion
reactions) accounts for these various observations quite well in a qualitative way. A more quantitative analysis indicates that
an additional factor contributes significantly to the solvent effect, though. It is suggested that this factor represents solvent
reorganization in the sense of a dynamic solvent effect. Rate constants for the reaction of FI-CN with the anion of FI-COOMe
were also measured in 90% Me,SO. The intrinsic rate constant for carbon to carbon proton transfer estimated from the results

appears to be substantially higher than expected on the basis of the Marcus relation.

It is well-known that proton transfers to and from carbon are
usually much slower than proton transfers to and from oxygen,
nitrogen, and sulfur.® This is particularly true for systems in which
the carbanion benefits extensively from resonance stabilization.
Three main factors have variously been invoked as contributing
to this behavior. (1) The poor hydrogen bonding capability of
carbon acids and of the carbanionic carbon.’>%* (2) The need
for structural reorganization which accompanies the delocalization

(1) For a preliminary account of this work, see: Bernasconi, C. F.; Terrier,
F. Can. J. Chem. 1986, 64, 1273,

(2) On leave from the Département de Chimie, Faculté des Sciences de
Rouen, 76130 Mont Saint Aignan, France.

(3) For pertinent reviews, see: (a) Eigen, M. Angew. Chem., Int. Ed. Engl.
1964, 3, 1. (b) Bell, R. P. The Proton in Chemistry, 2nd ed.; Cornell Univ-
ersity Press: Ithaca, NY, 1973; Chapter 10. (c) Crooks, J. E. In Proton
Transfer Reactions; Caldin, E., Gold, V., Eds.; Wiley: New York, 1975; p
153. (d) Hibbert, F. Compr. Chem. Kinet. 1977, 8, 97.

(4) (a) Bell, R. P. The Proton in Chemistry, st ed.; Cornell University
Press: Ithaca, NY, 1959; p 155. (b) Ritchie, C. D. In Solute-Solvent
Interactions; Coetzee, J. F., Ritchie, C. D., Eds.; Marcel Dekker: New York,
1969; p 219.

of the negative charge.>*®3 (3) The need for solvent reorgani-
zation 4b6-8

The meaning of the term “solvent reorganization” or “solvent
reorientation” has evolved over time and different authors use the
term to describe different phenomena. One of the most influential
early studies which led to the suggestion that solvent reorganization
plays an important role in proton transfers was Ritchie’s” inves-
tigation of the solvent effect on the ionization of aromatic hy-
drocarbons. Defining k at ApK = 0 as the intrinsic rate constant,
ko, he found, for example, that k, for the deprotonation of 9-
(carbomethoxy)fluorene by a series of benzoate ions in Me,SO
was approximately 100-fold higher than k, for the ionization of
the same carbon acid by methoxide ion in methanol.

(5) Hine, J. Adv. Phys. Org. Chem. 1977, 15, 1.

(6) (a) Ogg, R. A.; Polanyi, M. Trans. Faraday Soc. 1935, 31, 604. (b)
Caldin, E. F. J. Chem. Soc. 1959, 3345,

(7) (a) Ritchie, C. D.; Uschold, R. E. J. Am. Chem. Soc. 1968, 90, 3415.
(b) Ritchie, C. D. Ibid. 1969, 91, 6749.

(8) For a recent review, see: Bernasconi, C. F. Pure Appl. Chem. 1982,
54, 2335.

0002-7863/87/1509-7115$01.50/0 © 1987 American Chemical Society



