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Enantiospecific Synthesis of N-Benzyl-2-alkyl Pyrrolidines and Piperidines
Mediated by Chiral Organcborane Reagents
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Abstact: & new general method for syuthesizing N-bergyl-2-atkylpyrrolidines and N-berzyl-2-
alkylpiperidines, having very high enantiomeric cxcess, has been achieved srarting from aldehydes
and organoborane reagents.

Substitated pyrrolidine and piperiding desivatives are abundant in nature and have diverse physiological
activities.2 Although = number of groups havs raported the synthesis of 2-substituied pyrrolidines and piperidines
in the racemic form,? the asymmetric synthesis of these compounds has beer a relatively recent development
However, only a few studies describe a single, unified method for the synthesis of both the five- and the six-
membered mitrogen heterocyeles.’ During the comrse of our program on the asymmetric hydeoboration of
enamives,  we became interested in the symbesis of enantiomerically pure 2-alkylpyrrolidines and 2-
alkylpiperidines. We have forad that a hydroboration-methanclysis pretocol converis homoallylic alcohols?
predominantly into S-alkyl-Z-methoxy-1.2-0xaborinanes 1. We were interested in developing 2 method for
convering 1 into 2-alkylpyrrolidines and 2-alkylpiperidines (2. 1)
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We now wish wo describe our preliminary results on the conversion of 1 into A-benzy!-2-alkylpyrrolidines
and N-benzyl-2-alkyipiperidines. This procedure is experimentally convenient and provides finsl products in
»08% enuntiomeric purity, Additonally, starting material 1 is readily sccessible frome cnantiomerically pure
homoallylic alcchols.?
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Our synthesis of N-benzyl-2-atkylpyrrolidines and N-benzyl-2-alkylpiperidines began with the
hydroboration-methanolysis reaction of the known hemoallylic alcohols 2, prepared from 9B-allyl-
diisopinocampheylborane (dIpcaBALL) and aldehydes.” Thus, the hydroboration-taethanolysis of (R)-1-octen-4-ol
with borane-dimethylsulfide (BMS) provided (R)-6-butyl-2-methoxy-1,2-oxaborinane in essentially quantitative
yield. This boronic ester was oxidized to the corresponding 1,4-diol which was converted into 2 dimesylate and
cyclized with benzylamine 8 1o give (§)-N-benzyl-2-butylpyrrolidine 310 Similarly, (5)-1-0cten-4-01 was
converted into (R)-N-benzyl-2-butylpyrrolidine. Following this general procedure several N-benzyl-2-
alkylpyrrolidines of known configuration were synthesized (egs. 2 and 3, Table 1.
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For analytical purpgse, a portion of these N-beazyl-2-alkylpyrrolidines were debenzylated!! asing PA(OH),-
C/H3 and converted into the comresponding MTPA-amides.t2 Capillary GC anaiysis on a 30 m Methylsilicone
¢olumn showed that these 2-alkylpyrrolidines were >98% enantiomerically pure.

The synthesis of N-benzyl-2-alkyipiperidines was achieved from the corresponding optically active 1,5-diols.
These were readily prepared from the common boronic ester intermediate (1) by an one-carbon homologation-
oxidation sequence.l3  Thus, hydroboration-methanolysis of (R)-1-hepten-4-ol followed by an one-carbon
homologation-oxidation gave (R}-1.5-octanediol in essentially quantitative vield. As above, mesylation and
subsequent cyclization with benzylamine8 produced (S)--benzyl-2-propylpiperidine(N-benzylconiine} (eq. 4,
Table 1)9:14

C
s LBICHCL  OH
e )\/\/\ _LMsCLEGN. 1‘0 @
'2 Buli PhCHzNHQ R‘g"

3.10)
R=Me, nbr



Synthesis of N-benzyl-2-alkyl pyrrolidines 191

In summary, we have shown that chiral homoallylic alcohols (99% ee), obtained from aldehydes and
dIpc;BALL, are easily converted into N-benzyl-2-alkylpyrrclidines and piperidines of high enantiomeric purity.
We are currently evaluating this method for the synthesis of aptically active cis- and trans- 2,5-dialkylpyrrolidines
and 2,6-dialkylpiperidines.

Table 1. N-Benzyl-2-alkylpyrrolidines and N-Benzyl-2-alkylpiperidines of Very High Enantiomeric Purity2

heterocyclic product yield, ®®  bp °C, (Tom) a®Sp, (deg)® %eed  config.
N-benzyl-2-butylpyrrolidine 76 90-92 (0.5) +49.2 >98 S
N-benzyl-2-butylpyrrolidine 65 90-92 (0.5) -49.4 >98 R
N-benzyl-2-heptylpyrrolidine 62 128-132 (0.3) +50.5 >98 5
N-benzyl-2-heptylpyrrolidine 54 129-133 (0.3) -50.6 >98 R
N-benzyl-2-(3-pentyl)pyrrolidine 75 100-102 (0.3) +69.2¢ >98 K
N-benzyl-2-(3-pentylpyrrolidine 70 101-104 (0.3) -69.1¢ >98 5
N-benzyl-2-methylpiperidine 71 72-74 (0.5) +68.2 >98 S
N-benzyl-2-propylpiperidine 64 67-69 (0.5) +86.7 >988 S

aPrepared starting from the corresponding homoallylic alcohols of 99 % ee. blsolated yield. €Observed
rotations (neat, ! 1.0). 9Determined by capillary GC analysis of the MTPA amides of the debenzylated amines.
eSpecific rotations (¢ 2, n-pentane). fChange in configuration is due to change in the priority assignment.
EPredicted in analogy with the other results.

Acknowledgments. This research was supported by faculty research funds granted by the University of
California, Santa Cruz.

References and Notes

1. Department of Chemistry, California State University, Chico, California 95929.

2. (a)Jones, T. H.; Blum, M. S.; Fales, H. M. Tetrahedron 1982, 38, 1949, (b) Fleet, G. W. I.; Son, J. C. Ibid.
1988, 44, 2637. (c) Ebnother, A.; Weber, H. P. Helv. Chem. Acta. 1976, 56, 2462.

3. (a) Frazer, R. R.; Passannanti, S. Synthesis 1976, 540. (b) Jones, T. H.; Blum, M. S.; Fales, H. M. Tetrahedron
Lett. 1979, 1031. (c) Schmitz, E.; Sonnenschern, H.; Grundenmann, C. J, Prakt. Chem. 1980, 322, 261. (d)
Gaur, 8. P.; Jain, C. P.; Anand, N. Indian J. Chem.. Sec. B 1982, 2]B, 46. (e) Nagasaka, T.; Hayashi, H.;
Hamaguchi, F. Heterocycles 1988, 27, 1685.

4. (a) Shiosaki, K.; Rapaport, H. J. Org. Chem. 1985, 50, 1229. (b) Polniaszek, R. P.; Belmont, S. E.; Alvarez,

R. J. Org. Chem. 1990, 55, 215. (c) Ganem, B.; Liotta, L. J. Synlett 1990, 503. (d) Meyers, A. L; Burgess,
L. E. J. Org. Chem. 1991, 56, 2294. (e) Guerrier, L.; Royer, I.; Grierson, D. S.; Husson. H.-P. J. Am. Chem.



192 T.NGUYEN et al.

8.
9.

Soc. 1983, 105, 7754, (f) Taber, D. F.; Deker, P. B.; Fales, H. M.; Jones, T. H.; Lloyd, H. A. J. Org. Chem.
1988, 53, 2968. (g) Pirengle, W.; Kunz, H. J. Org. Chem. 1989, 54, 4262.

(a) Basha, F. Z.; DeBemardis, J. F. Tetrahedron Len. 1984, 25, 5271. (b) Arseniyadis, S.; Huang, P. Q.;
Husson, H.-P. Terahedron Lert. 1988, 29, 631. (¢) Meyers, A. 1.; Dickman, D. A.; Baily, T.R. J. Org.
Chem. 1985, 107,7974.

(a) Goralski, C. T.; Sirigaram, B.; Brown, H. C. J. Org. Chem. 1987, 52, 4014. (b) Singaram, B.; Goralski, C.
T.; Fisher, G. B. J. Org. Chem. 1991, 56, 5691.

(a) Brown, H. C.; Jadhav, P. K.;.Singaram, B. Modern Synthetic Methods 1986, 4,307. (b) Brown, H.C.;
Bhat, K. S. J. Am. Cham. Soc. 1986, 108, 293. (c) Jadhav, P. K_; Bhat, K. S.; Perumal, P. T.; Brown, H. C. J.
Org. Chem. 1986, 51, 432. (d) Racherla, U. S.; Brown, H. C. J. Org. Chem. 1991, 56, 401.

Sharp, R. P.; Kennedy, R. M.; Masamune, S. J. Org. Chem. 1989, 54, 1755.

All new compounds were characterized by !H and 13C NMR and Mass spectroscopy.

10. The following procedure for the synthesis of (S)-N-benzyl-2-butylpyrrolidine is representative. Hydroboration

11.

12

14.

of the homoallylic alcohol was achieved by the dropwise addition of BMS (2.5 mL, 25 mmol) to a 1.0 M THF
solution of (R)-1-octen-4-0l (25 mmol, 99% ee) at 0 °C. After an hour, methanol (25 mmol) was added and
the solution was stirred for one more hour, It was then oxidized using 30% H207 (30 mmol) in the presence of
3 M NaOH (10 mL). Separation, extraction with diethyl ether, drying and solvent removal afforded the crude
(R)-1,4-octanediol in essentially quantitative yield. Mesylation of the diol and cyclization with benzylamine
was carried out according to the literature procedured to afford (S)-N-benzyl-2-butylpyrrolidine in 76% yield:
bp 90-92 °C/0.5 Tort; ax25p +49.2 (Neat, 11.0).

Debenzylation of the IN-benzyl-2-alkylpyrrolidines and piperidines were sluggish at ambient temperature and

pressure. We are currently investigating the use of p-methoxybenzylamine for the ring closure.

. Dale, J. A.; Dull, D. L.; Mosher, H. S. J. Org. Chem. 1969, 34,2543,
13.

(a) Matteson, D. S.; Majumdar, D. J. Am. Chem, Soc. 1980, 102, 7588. (b) Brown, H. C.; Singh, S. M,;
Rangaishenvi, M. V. J. Org. Chem. 1986, 51, 3150.

The following procedure for the synthesis of (S)-N-benzylconiine is representative. Hydroboration of the
homoallylic alcohol was achieved by the dropwise addition of BMS (2.5 mL, 25 mmol) to a 1.0 M THF
solution of (R)-1-hepten-4-ol (25 mmol, 99% ee) at 0 °C. After an hour, methanol (25 mmol) was added and
the solution was stirred for one more hour. After the addition of bromochloromethane (33 mmol) the reaction
mixture was cooled to -78 °C and n-butyllithium (13.2 mL, 33 mmol) was added with stirring over a period of
0.5 h. The solution was allowed to warm to 25 °C and then refluxed for 1.5 h, during which time a white
precipitate was fordned. The reaction mixture was cooled to 25 °C and oxidized with alkaline hydrogen
peroxide.10 Separation, extraction with diethyl ether, drying and solvent removal afforded the crude (R)-1,5-
octanediol in essentially quantitative yield. Mesylation of the diol and cyclization with benzylamine was
carried out according 1o the literature procedure8 to afford (S)-N-benzylconiine in 64% yield: bp 67-69 °C/0.5
Torr; 0025y +86.7 (Neat, 11.0).



