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The presence of a Craxis within a chiral a®7iaty has proved to be of great importance in

numerous asymmetric syatileses t This success is doe to a drastic reductim of competilig dissterea

mark transition states. One of these Czymmetncsi cbkd amdliaries, that has already shown its

synthetic value, is tram- Ls High r AJvita have been obtained In the

enautioselective altylation of cyclobmmone using 1 as a chiral atmliary .~ More recently star

five intermolecular radical Inns to altena substituted with 16 and [2+21-A and [4+2}ayclo-

additioms with excellent selectivIties have been reported. In the past pyrrdidine i could only be

obtained haaoebiral by resolution of the raeemate,a but in 1987 Schl _ . r said Iwaaowics reported

the first ertntiosde a syntheds of 1 starting fimm D- or I4bmine .6 Recently this procedure was

optimised by Welch and coworkers r An alternative enentioseleeti a synthesis was pnbiisbed by

Short, Sew and Masamunee storing with an enzymatic reduction of ZMviomeffiane aft
Baker's yeast to yield (25,53)-hexaucdiol (e e. > 98%). This dial was used in a three step reaction

sequence to provide L This procedure only gives access to (2R,SR)-L An enandoselectivc route to

either (2S,5S)- or (2R,5R}bnnnedioi, and in principle to both enantiosners of 1, was described by

Buck and cowoudoas? Our attempts to achieve a Mastic resolution of 5-af ny-2(Ap4m noses by

means of 1,4-additions of gral Cygmametric pyrrolidinea urged m to develop a short aSe to L We

now report a new synthetic pathway to optically pure L
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Synthesis of (2S,SS)-&"dhylpyrnolidine 1

The reaction sequence we developed is partly related to the method of Masamune and

coworkers,8 but has been modified in some crucial steps . During this project we found that a similar

strategy was developed independently by Yamamoto and coworkers 10 in the synthesis of optically

pure 2,5-dimethoxymethylpyrrolidine .

We choose 2,5-hexanediol, as a mixture of meso- and d,l-isomers, as the readily available

starting material. In our procedure the three isomers present, i .e. RR, SS and RS (meso), have to be

separated at some stage during the reaction sequence .

2

OH
MsCI, EtaN

CHZCb1, -21fC
94%

OMs

3

Scheme 1

In the first step 2,5-hexanediol is converted to 2,5-hexanediol dimethanesulfonate 3 (Scheme

1). The major part of the meso isomer 3b is removed at this stage by crystallization from methanol .

After this separation step a ratio 3a:3b of 87:13 was obtained. A complete separation of meso- and

d,1-2,5-hexanediol dimethanesulfonate 3 has been claimed," but the analysis was solely based on

melting points. Reproduction of the reported procedure did not result in complete separation as was

determined with 13C-NMR. Analysis based on melting points proved to be unreliable . Also in several

attempts to separate the corresponding 2,5-hexanediol di-p-toluenesulfonates in the meso- and d,l-

isomers, we were not able to reproduce the results reported .12 In our reaction sequence the route as

presented in scheme 1 was used because higher yields were obtained with dimethanesulfonate 3

compared to the corresponding di-p-toluenesulfonate .
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The :ulstkob1omoy 1badon of 3a4b with yields a diestereomak

mistare of 60 6b and 4e (Scheme 2). Complete separation of 36 and 3h In the A step has

proven not to be emandei, because the ring alai qe does not proceed with total invasion of

staseoc y at C2 and CS. Analogous rang PIasures with sulfhr,m aaygen" or phospbonn'

nudeoplifles can be found in the literature, bat the partial Ion of steswchemical integrity we

observed in this study has never been reported as far a we know . Also in the ring closure performed

to the Masamane routes wbwh slcoas the largest analogy to as procedure, total inversion of

configuration s daireod. The wed stareaspedtMdty we observed can be asci>bed to a

combined= of ldgha reaedon to npezahmes and the es,en of an methylbe 1rlamine, both of which

are needed for our ring closure procedure .

In order to obtain an optically pore product the dSteramierlc miricne 4sae has to be

separated. Firstly this separation was tried by chromatography over slim gel ud' g etherlhesane (1

10) containing 1% trIethylamiae . Diastereomer 4m, was successfully obtained emandomerical1y pare

(0.25 g quantities) when the chramatog<rsphic step was executed on 1 gram scale . Only partial

separation of 4a was achieved on multigram scale. Dims 4b and 4e could not be separated at

all, not even in very small quantities. Other solvent ndamm So ethylae me and petroleum

ether/ether, did not result in the cd5romatogragmhic separation of 4a-c . Use of a aside as t e

column material and applying a chromatotran instead of cola m aphy did not give beater

results. Therefore this two step procedure gives rather eat aooen to relative small amoems of 4 is
enatttioimerically pure farm but the method h not suited for larger quantities.

Nat we tried to achieve a separation of the diastereosomers 4s-c by ctystallimtkm of the

corresponding salt Although many adds like hydrochloric add, p-tohrenaoi6onlc add, some

phosphoric acids and acetic add did not give eystaline salts, good results were obtained with picric
add. Treatment of 4a-e with 1 equivalent of picric acid in methanol resulted in a nrI - of

dust ric salts which ready crystafiaed fin methanol. After four dons Lama

methanol S could be obtained diastereomalcaliy pace (d e . Z 997%r in 50% yield (Scheme 3) .
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All attempts to isolate 4b, which should give access to (2R,5R)-1, by crystallization of the
concentrated mother liquor in other solvents or via salts with other acids failed . However both

enantiomers of 1 can in principle be obtained by performing the ring closure of scheme 2 with either

(R)- or (S)-a-methylbenzylamine. The free amine 4a could easily be recovered by extraction of 5,

dissolved in aqueous NaOH, with pentane . Debenzylation by reduction with hydrogen and Pd/C

yielded (2S,5S)-dimethylpyrrolidine 1 ([a]D20 -5.52 (c 1.05, CH2C12), e.e. z 97%) which was in all
respects identical with 1 prepared via the reported procedure (Scheme 4) . The e.e. of the product

was determined with 31P-NMR via derivatization of 1 with N,N'-bis((S)-1-phenylethyl)-1,2-ethylene-

diamino-N,N'-diaza-N",N"-dimethylphospholidine .1S The reported procedure gives readily access to

(2S,5S)-1 in gram quantities.
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Crystal and molecular structure detenninatlon of 5

In order to determine independently the absolute configuration of diastereomer 5, which

crystallizes preferentially, an X-ray analysis was undertaken . Yellow crystals of 5, suitable for X-ray

analysis, were obtained by crystallization from methanol by slow evaporation of the solvent . The

molecular structure of 5 is presented in figure 1. Figure la and lb show two chemical identical, but

crystallographically independent molecules of 5, which are present in the asymmetric unit .

Figure 1 PLUTO plots of 5 with adopted numbering scheme
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The independent molecules difr in their aoonadons and have iii- bond angles and

bond h .u The ammonium hydrogen atoms were located In a d$Raremoa Fowier map. The

hydrogen slams attached to N(4) and N(S) (see n mobening scheme) are hmdved in hydrogen

bandies. The a nest of the absolute configuration at C2 and C5, being (23,55)," was bawd an

the absolute configuration of (3)emethylbensylamine. No apimintbn of the baqft stereogenic

center was lik* to tab place daring the synthetic route . The crystal structure consbta of molecules

of an anion and cation connected by a hydrogen bond.

a

	

b

Figare 2 Cgstai paellas at 5

In figure 2a and 2b the paddag d the molecules in the unit cefi is depicted . The unit cell b

viewed along the bgr and alb respectively. In figure 2a the triniaophenaiate ndtz are parallel to

the be-Ss and appear to stack to each other. Interactions between the trhriteophenclate- and the

pyrrolidlne pheeyl ring are not present. These phenyl rings also do not i with each other, as

can be wen iron figure 2b. It is dearly shaven that the .picrate milts are stacked with their dipaiar

moment: anti-parallel to each other with the phenolate enygen stomas pointing in opposite directions.

Several crystal structures of salts of amines and picnic add with different stacking patterns are known

in literature." A sima7ar staff paautn of the plc saes units as the we we hind, is dseaved in

pyrilhdum 1.n slid lane $aatel*

cmdosism

We reported a now synthesis of 1, rung (S}a-modobouglamioe,

which can also be applied to the preparation of the other enantiom er starting with (R)a-met> fl

benzybrdne. Compound 1 can be obtained in 15% overall yield with an a e, : 9796. The are. of the

product is limited by the a e. of the used a-~miae. Unfortunate y we did not achieve the

preparation of both eoandomers of I via a single synthetic mute. This leads to uneaon cal are of

nil. Compared to t e reported method of 11ftowune,s which is kited to the formation of the

(2R,SR).snaatiomer, the accessibility oth

	

s of 1 is an advantage of the proem mate.
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The present methodology offers an alternative to the Schlessinger procedure .6 A distinct advantage

concerns the few reaction steps that are necessary to prepare enantiomerically pure 1, in particular

when relatively small amounts of material are required in a short period of time .

E. perinaental Section

General remarks

Melting points (uncorrected) were determined on a Mettler FP-2 melting point apparatus, equipped

with a Mettler FP-21 microscope. 1H-NMR spectra were recorded on a Varian Gemini 200 (at 200

MHz), or a Varian VXR-300 spectrometer (at 300 MHz) . Chemical shifts are denoted in S-units

(ppm) relative to the solvent and converted to the TMS scale using 8 (CDC13) = 7.26 ppm. 13C-NMR

spectra were recorded on a Varian Gemini 200 (at 50.32 MHz), or a Varian VXR-300 spectrometer

(at 75.48 MHz). Chemical shifts are denoted in S-units (ppm) relative to the solvent and converted to

the TMS scale using 8 (CDC13) = 76.91 ppm. The splitting patterns are designated as follows : s

(singlet), d (doublet), dd (double doublet), t (triplet), q (quartet), m (multiplet), and br (broad) . Mass

spectra were recorded on a AEI-MS-902 mass spectrometer by El (acc. voltage 8 kV, voltage 70 eV) .

Rotations are measured on a Perkin Elmer 241 MC polarimeter at room temperature at the NaD-

line. Elemental analyses were performed in the Microanalytical Department of this laboratory . The

X-ray data collection was performed on a Nonius CAD4F-diffractometer equipped with a graphite

monochromator and interfaced to a VAX-111730 computer . Gas chromatography was performed on a

Hewlet Packard 5890 gas chromatograph. All reagents and solvents were purified and dried if

necessary, according to standard procedures . (S)-a-methylbenzylamine was purchased from Janssen

and 2,5-hexanediol was purchased from Eastman Kodak .

2,5-Hexanediol dimethanesulfonate 3

To a solution of 48.74 g (0.41 mol) 2,5-hexanediol 2 in 500 ml CH2C12 was added 143 ml (1 .02 mol)

triethylamine. After cooling the solution to -20°C 70.3 ml (0.91 mol) of methanesulfonyl chloride was

added under vigorous stirring, at such a rate that the temperature did not exceed -20°C . After

addition of the methanesulfonyl chloride (1 hr), the suspension was allowed to warm to 0°C and

poured into 400 ml 1N HCI. The organic layer was separated, and the aqueous layer was extracted

three times with portions of 250 ml CH2C12. The combined organic layers were washed with 300 ml

saturated NaHCO3 solution, dried over Na2SO4 and the solvent was removed in vacuo. There was

obtained 106.55 g (0.39 mol, 94%) off white solid as a mixture of diastereoisomers . The crude

product 3 was dissolved in boiling MeOH and 3b was allowed to crystallize to provide 52 .34 g of

white crystals (49%, mp=88-93°C). 13C-NMR showed that the material existed for 89% of 3b .

Concentration of the mother liquor yielded 54.21 g brownish oil (51%), which consisted for 87% of 3a

and for 13% of 3b. The crude oil was used directly in the next step, without further purification .

1H-NMR (300 MHz, CDC13)
; 8 1.40 (d, 6H, J=6.2 Hz), 1.71-1.81 (m, 4H), 2.99 (s, 6H), 4.80-4.86 (in,

2H). 13C-NMR (300 MHz, CDC13) ; 8 20.97 (q), 31.77 (t), 38.49 (q), 78.70 (d). Signals of 3b appeared

at 32.05 (t) and 79.03 (d) ppm. These data were similar to those reported in literature!
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Crystal structure determination of 5
A suitable crystal of compound 5 was obtained by crystallization from methanol via slow evaporation
of the solvent. A transparent yellow prismatic crystal of dimensions 0 .15 x 0.20 x 0.45 mm. was glued
on top of a glass fiber and transferred to goniometer of an Enraf-Nonius CAD-4F diffractometer,
interfaced to a VAX-11/730 computer . Single-crystal diffraction data were collected at room-
temperature (295 K), with the use of graphite-monochromated Mo Ka radiation (Jl = 0 .71073A).
The compound crystrllized in the monoclinic space group P21 . The monoclinic cell parameters and
volume are: a = 8.133(1), b = 11 .651(1), c = 22.575(2) A, B = 95.962(8)°, V = 2127 .6(4) A3. For Z
= 4 and FW = 423.43 the calculated density is 1.350 g cm3. p = 1.0 cm-1, F(000) = 912, R1, = 0.076
for 3089 unique observed reflections with I z 1 .5 o(I) and 565 parameters . The structure was solved
by direct methods with SHELXS86.19 The hydrogen atoms attached to N(4) and N(8), respectively,
involved in hydrogen bonding, could be identified in a difference Fourier map . However, in view of
the unfavorable data to parameter ratio only these H atoms attached to N were refined . All other H
atoms were introduced at calculated positions (C-H = 0 .96A) and refined in the riding mode on
their carrier atoms with an isotropic thermal displacement parameter common to all H atoms . The
absolute structure is based on the known absolute configuration of (S)-a-methylbenzylamine, the
synthesis route as described, and the relative configuration as, determined by this X-ray analysis . Two
crystallographically independent molecules of the title compound are present in the asymmetric unit .
The crystal structure consist of molecules of an anion and cation connected by a hydrogen bond .
Scattering factors were taken from Cromer & Mann .20 Anomalous dispersion factors taken from
Cromer & Liberman 21 were included in Fc. All calculations were carried out on the CDC-Cyber
962-31 computer of the University of Groningen with the program packages XTAL,I PLATON 23

(calculation of geometric data) and a locally modified version of the program PLUTO 24
(preparation of illustrations) .

(S)-2'-Phenyl-N-ethyl-(2S,SS)-dimethylpyrrolidine 4a
8.87 g (20.5 mmol) of 5 was dissolved in 300 ml of 2N NaOH under slight heating . After cooling, the
water layer was extracted three times with pentane (100 ml) . The combined organic extracts were
dried over Na2SO4. After removing the solvent 3.58 g (17.6 mmol, 86%) of 4a was obtained and was
used without further purification . GC analysis (at 170°C, over an apolar capillary column, 15 m x 0.53
mm x 2.65 µm, retention time for 4a 6.59 min) indicated a diastereomeric purity >_ 99 .7%.
[a]D20 -8.74 (c 1.5, CHC13) . 1H-NMR (200 MHz, CDC13); 8 0.74 (d, 6H, J=6.3 Hz), 1.27-1.43 (m, 2H),
1.47 (d, 3H, J=6.5 Hz), 2.00-2.20 (m, 2H), 3.19-3.33 (m, 2H), 3 .73 (q, 1H, J=6.5 Hz), 7.20-7.44 (m,
5H). 13C-NMR; (200 MHz, CDC13); 8 18.86 (q), 22.05 (q), 31.30 (t), 55 .51 (d), 58.98 (d), 126.80 (d),
127.95 (d), 128.17 (d), 146.36 (s).

Traps-(2S,SS)-dimetlgtpyrrolidine 1
3.11 g (15 mmol) 4a was dissolved in 25 ml glacial acetic acid . After addition of 1 .2 g of Pd/C (10%)
the reaction mixture was shaken in a parr bottle for 36 hours at room temperature under 50 psi H 2
pressure. The Pd/C was removed after filtration over celite . The catalyst was washed two times with 5
ml methanol. The methanol was removed by evaporation at 0 °C and 1 nunHg . To the solution was
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added subsequently 50 ml water and 30 ml ether followed by the dropwise addition at 0°C of 25 ml
50% NaOH solution. The salts were filtrated and washed with 10 ml ether . The ether layer was
removed and the alkaline water layer was extracted two times with 30 ml ether . The combined ether
layers were dried over KOH and the solvent was removed by distillation . The remaining oil was
distilled at 100°C and acidified with ether/HCI . The ether and traces of ethylbenzene were removed at
the rotary evaporator . The HCI salt of 1 was collected as a white solid and dried in a vacuum oven
(1.10 g, 8.1 mmol, 53%). m.p. 204.1-204.9, e.e. >_ 97%, 15 [a]DRT -5.52 (c 1.05, CH2CI2) [lit;8 mp 200-
203°C, [a]D20 +5.57 (c 3.0, CH2CI2) for the (2R,5R) enantiomer) HC1-salt of 1 . 'H-NMR (200 MHz,

CDC13); 5 1 .44 (d, 6H, J=6 .7 Hz), 1.49-1.70 (m, 2H), 2.03-2.23 (m, 2H), 3.67-3.81 (m, 2H), 9.30-9.40
(br s, 2H) . 13C-NMR (200 MHz, CDC13) ; 6 18.03 (q), 32.15 (t), 54.84 (d).

References and notes
1.

	

Whitesell, J.K. Chem. Rev., 1989, 89, 1581.
2 . a. Whitesell, J.K. ; Felman, S.W. J. Org. Chem. 1977, 42, 1663, b. Whitesell, J.K.; Felman, S.W.

J. Org. Chem. 1980, 45, 755. c. Whitesell, J.K. Acc. Chem. Res. 1985, 18, 280. d. Schlessinger,
R.H.; Iwanowicz, E.J. J. Org. Chem. 1986, 51, 3070, e. Schlessinger, R.H. ; Tata, J.R. J. Org.
Chem. 1987, 52, 708.

3. a. Porter, N.A.; Scott, D.M.; Lacher, B.; Giese, B .; Zeitz, H.G.; Lindner, H.J. J. Am. Chem.
Soc. 1989, 111, 8311 ; b. Porter, N.A. ; Swann, E.; Nally, J . ; McPhail, A .T. ibid. 1990, 112, 6740;
c. Porter, N.A. ; Giese, B . ; Curran, D .P . Acc. Chem. Res. 1991, 24, 296; d. Porter, N.A.; Scott,
D.M.; Rosenstein, I.J .; Giese, B . ; Veit, A. ; Zeitz, H.G. J. Am. Chem. Soc. 1991, 113, 1791.

4.

	

a. Chen, L.; Ghosez, L . Tetrahedron Lett. 1990, 31, 4467. b. Chen, L.; Ghosez, L. Tetrahedron
Asymm. 1991, 2, 1181.

5 .

	

a. Elburg van, P.A.; Honig, G.W.N.; Reinhoudt, D.N. Tetrahedron Lett. 1987, 28, 6397. b.
Defoin, A .; Brouillard-Poichet, A .; Streith, J . HeIv. Chim. Acta 1991, 74, 103 .

6.

	

Schlessinger, R.H. ; Iwanowicz, E.J . Tetrahedron Lett. 1987, 28, 2083.
7 .

	

Yamazaki, T.; Gimi, R .; Welch, J .T. Synlett 1991, 8, 573 .
8 . Short, R.P. ; Kennedy, R.M.; Masamune, S. J. Org Chem. 1989, 54, 1755.
9. Burk, M.J. ; Feaster, J.E. ; Harlow, R.L. Tetrahedron Asymm. 1991, 2, 569.
10.

	

Yamamoto, Y.; Ohmori, H .; Sawada, S. Synlett 1991, 8, 319.
11 .

	

Jones, A.R. J. Chem. Soc., Chem. Commun. 1971, 1042.
12 . A complete separation was claimed by Eliel, E.-; Hutchins, R .O.; Mebane, R .; Willer, R.L. J.

Org. Chem. 1976, 41, 1052. The analysis was based on differences in melting points .
13 .

	

Mihailovic, M.L. ; Gojkovit, S . ; Cekovie, Z. I Chem. Soc. Perkin 11972, 2460.
14 .

	

The d.e. of S was determined by GLC analysis of the free amine .
15 .

	

Full data of the e .e. determination are reported by Hulst, R .; Feringa, B.L . J Org. Chem. 1993,
submitted for publication. See also Hulst, R .; de Vries, N.K. ; Feringa, B .L. Angew. Chem. Int.
Ed. Engl. 1992, 31, 1092. Hulst, R.; Zijlstra, R.W.J . ; Feringa, B.L . ; de Vries, N.K. ; ten Hoeve,
W.; Wynberg, H . Tetrahedron Lett. 1993, 34, 1339.

16 .

	

All crystal data are available in the supplementary material .
17. This configuration corresponds to the configuration as determined for the salt of 1 with

mandelic acid and is in accordance with the sign of the optical rotation of 1 . a. Liu, L.K;
Davis, R.E. Acta Cryst. 1980, B36, 171. b. Ref. 8.

18 . a. Jensen, B. Acta Chem. Scand. 1975, B29, 891. b. Jensen, B. ibid., 115. c. Bernstein, J .; Regev,
H.; Herbstein, F.H. Acta Cryst. 1980, 836, 1170. d. Walkinshaw, M.D. Acta Cryst. 1986, C42,
246. e. Frydenvang, K.; Gronborg, L; Jensen, B. Acta Cryst 1988, C44, 841.

19 .

	

Sheldrick, G.M., 1986. SHELXS86, program for crystal structure solution Univ . of Gottingen,
Federal Republic of Germany.



2 172

	

M. E. ZWAAGSTRA et al.

20. Cromer, D.T.; Mann, J.B. Acta Cyst 1968, A24, 321.
21. Cromer, D.T. ; Liberman, D. J. Chew. Phys. 1970, 53, 1891.
22. Hall, S.R., Stewart, J.M., Editors. STAL3.0 Reference Manual. Universities of Western

Australia, and Maryland. Lamb: Perth. 1990.
23. Spek, AL Acta Cryst 1990, A46, 034 .
24. Meetsma, A., Extended version of the program PLUTO. Univ. of Groningen, The Netherlands,

1991, (unpublished) . Motherwell, WD.S., Clegg, W., PLUTO. Program for plotting molecular
and crystal structures. Univ. of Cambridge, England. 1978, (unpublished) .


	page 1
	page 2
	page 3
	page 4
	page 5
	page 6
	page 7
	page 8
	page 9
	page 10

