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Abstract: An alternative method of preparation for a range of proline derived chiral
lithium amide bases is described. (S)-2-(Pyrrolidinomethyl) pyrrolidine, prepared
by the new route, has been used to deprotonate ¢is and trans
thutyldimethylsiloxy-3,4-epoxycyclopentane enantioselectively, thus generating
chiral ¢is and trans ‘utyldimethylsiloxy-2-cyclopenten-4-ols. The products had
higher enantiomeric purity than those produced when the base was prepared by a
previously reported method.

We have been studying a variety of synthetic methods which involve the use of chiral lithium amide
bases to induce chirality during the transformation of an achiral molecule into a chiral compound. Among the
bases we have been using are a series of compounds with the general structure 1. These are derived from
proline and have been used previously as mediators in a variety of enantioselective reactions.!6

A general method for the synthesis of these bases was published some years ago and we originally
followed this method to synthesise (S)-2-(pyrrolidihomethyl) pyrrolidine 10.7.8 However, the route is
expensive to carry out on a large scale and suffers from the added drawback that the chiral centre is located in
a potentially racemising environment at several stages in the sequence. Indeed, when we synthesised 10 by
the literature route and used it in chiral induction methodology, the products of the reactions were less
anantiomerically pure than expected (see later for example).

We therefore decided to develop an alternative, efficient and practically simple route to the base which
would avoid intermediates which have possible racemisation problems. Our strategy was to reduce the
profine to prolinol, convert the alcohol to a leaving group and displace this by an amine to form the new C-N
bond. Thus structures 2 and 3, in which the chiral centre is in a potentially racemising position adjacent to a
carbonyl group, are avoided. We thought that the nucieophilic substitution step might be a problem due to
steric interactions, - but after some experimentation we found a very simple solution.
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Analysis of the Enantiomeric Purity of the Products.

in the previously reported studies of the cis epoxide opening reactions optical rotation measurements
had been used to determine the ee's of the product. These measurements can be inaccurate, especially on a
small scale, with compounds of low rotation and we therefore decided to devise an NMR method for the
determination of ee's. We prepared both O-acetyl mandelate esters 18a and 19a16 and Mosher's osters 18b
and 19b17 to determine the enantiomeric purities of the reaction products. Tables 1 and 2 give details of the
main features of the NMR spectra of the esters. The signals highlighted in bold type were well resoived and
the relative intergrals of the diastereomeric protons were used to astimate the relative proportions of the
enantiomers present. To provide a reference reactions were also carried out using lithium diisopropylamide,
to give racemic products, whose Mosher's ester derivatives were prepared. The sense of the absolute
stereochemistry induced in the allylic alcohols was determined by measuring the direction of the optical
rotations of the corresponding enones 20 and 21, which are known compounds12 (Scheme 3).
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Reagents: i)PCC/CH, Cl, ii}R)Acetyl mandelic anhydride/DCC/DMAP/CH, Cl,  iii)(R)Mosher's acid chloride/Ety N

IABLE 1t
Mandeiate Ester 18a Mosher's Ester 18b

H | 8(Maj) | 5(Min) | Muk. | J (Coupled Proton) 5Maj) | s(Min) | muk. | J(Coupled Proton)
H-1 468 | 468 m | 7.3(5a) 567 5.67 m

H-2 .71 5.88 td | 5.6(3), 1.6(1), 1.6(4) 6.01 6.03 td | 5.6(3), 1.6(1), 1.6(4)
H-3 593 | 596 td | 5.6(1), 1.6(1), 1.6(4) 5.06 5.95 td | 5.6(2), 1.6(1), 1.6(4)
H4 549 | 549 m 472 472 m

Hsa| 280 | 268 td | 13.8(5B), 7.3(1), 7.3(4) 286 2.80 td | 13.8(5R, 7.9(1), 7.9(4)
HSB| 185 | 1.40 td | 13.8(52), 5,2(1), 5.2(4) 1.72 184 | ta | 13.8(50), 5.0(1), 5.0(4)
H-6 588 | 588 8

OAc | 218 | 218 s 355 m

OMe - 355

JABLE2t
Mandeiate Ester 19a Mosher's Ester 19

H S(Mal) | 8(Min) | Mut. | J (Coupled Proton) sMaj) | sMiny | Mut. | J (Coupled Proton)
H-1 5.00 | 4.01 m 500 | 5.00 m

H-2 | 5.78 | 5.95 | ddd| 5.6(3), 1.9(1), 0.76(4) m

H-3 | 5.70 | B.02 | ddd| 5.6(1), 2.3(1), 1.35(4) m

H4 598 | 5.78 ~dd m

H-5a m 2.26 | 2.17 | ddd|14(5b), 6.5(1/4), 2.1(V/4
H-5b m 2.11 2.10 ddd [14(5a ), 8.8(1/4), 2.9(1/4
H6 | 5.82 ]| 583 | s
OAc | 222 | 222 s
OMe - 352 | 352 m

tNMR spectra run at 400 MHz.
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The initial step was bistosytation of prolinol, which served two purposes. The tosyl group on nitrogen
provided a cheap protecting group, while the O-tosyl group acted as a leaving group. Not surprisingly,
displacement of the O-tosy! group was quite siow, but it could be substituted by a variety of amines, by simply
refluxing in toluene. Finatly, the N-tosy| protecting group was removed by treatment with lithium in ammonia.
All the steps in this saquence are high yielding and can be performed on a large scale. A range of secondary
amines have been used as substituents and this is illustrated in scheme 1.
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Enantioselective Epoxide Opening Reactions

A recent report described the use of chiral lithium amide bases to deprotonate meso epoxide 14 with a
high degree of enantiotopic selectivity, thus generating the chiral allylic aicohol 16 with a high degree of
enantiomeric induction.9 When this work was published we also were working independently on the same
transformation and on the deprotonation of the trans epoxide 15,10:11 but had not achieved such a high
degree of enantiomeric induction as that reported. We therefore decided to investigate the reaction more
thoroughly in order to clarify the results.
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The known secondary amine (S)-2-(pyrrolidinomethyl)pyrrolidine 10 had previously been employed to
open cyclohexene oxide with a high degree of enantiomeric induction 12,13 and for this reason we chose to
start our studies using the same base, which was initially prepared by the literature route (Method A).

The deprotonation/epoxide opening reactions of the cfs and trans meso compounds 14 and 15 were
carried out by adkiing the epoxides to an ice cooled solution of the lithium amide. The reactions of the dis
epoxide were carmied out at ice bath temperature, but under these conditions the trans epoxide opened very
slowly and its reactions were generally aliowed to warm to room temperature.



3292 S. K. HENDRIE and J. LEONARD

For our initial studies (S)-2-(pyrrolidinomethyl)pyrrolidine was prepared by the literature method (Method
A). The products obtained had modest ee's and there was clearly a major ditference between the
enantiomeric purity of our ¢is product and that reported by other workers (see Tabie 3). We thought it unlikely
that the difference in methods-of analysis could be solely responsible for this and another possibility was that
the base we were using was of low enantiomeric purity, due to partial racemisation during preparation. When
the epoxide opening reactions were repeated using the base prepared by the new method illustrated in
Scheme 1 (Method B), the products had higher ee's. This indicated that the base prepared by this method had
higher enantiomeric purity. The enantiomeric purities of our product from opening of the cis epoxide are still
not as high as those reported by other workers, but we think that this discrepancy may be due to the difference
in methods of analysis. The effect of solvent on the reaction was very different between the cis and trans
epoxides. The best solvent for opening the cis epoxide was benzene, but when the trans epoxide was
opened in benzene, the product had very low enantiomeric purity. Opening the trans epoxide in THF gave
product with the highest enantiomeric purity (78%), but the yield in this sclvent was very low. A good yield and
reasonable enantiomeric induction was achieved when reaction of the trans epoxide was carried out in

ether.
JABLE 3
Epoxide  Product Solvent Temp°C  Yield %% 20(A)% 00(B)% pe(Lit,)d
14 16 THF 0 85 40 50 66
14 16 ETHER 0 58 40 60 70
14 16 BENZENE 0 73 40 76 90
15 17 ETHER 0to RT 13 32 64 -

AN yiekis are for pure material Isolated by flash chromatography
oe(A) - Base used was prepared by method A
e6(B) - Base used was prepared by method B.

Acknowledgement: We would like to thank the SERC for financial support (S.K.H.) and the SERC NMR
services at Sheffield and Warwick Universities for running 400 MHz proton NMR spectra

Experimental

General

MeRing polints were determined on an electrothermal apparatus and are uncorrected Optical rotations (ap) were measured on an
Optical Activity AA10 automatic polarimeter. infra red spectra were recorded on a Perkin Elmer 397 spectrometer and NMR specira
were measured at 60 MHz on a Varian EM 360 instrument, at 30 MHz on a Perkin Elmer R32 instrument, at 300 MHz on a Bruker AC
300 Instrument or at 400 MHz on a Bruker WH 400 instrument. The NMR #ine positions or centres of multiplets are given in the 5 scale
with tetramethy! silane (TMS) as the internal handmﬁ. the multipliclies and coupling constants (H4z) are indicated in parenthesis. Mass
spectra were run on a Kratos MS 30 instrument. For analytical thin layer chromatography Merck silica (F254) pates were used and for
preparative chromatograptly Merck Keiselgel (40 -63) slica was used.

(8)(-)-N, O Bis{p-Toluenesulphonyl)-2-hydroxymethy! pyrrolidine 55

A solution of (S)-prodinol (10 g, 0.1M), tristhylamine (20g, 21.4 mi, 0.2M) and p-toluene sulphonyt chioride (46 g, 0.2M) In
dichioromethane (200m) was refiuxed for 24 hrs. After cooling the mixture was washed with water (2 x 25 ml) and the organic layer was
dried over magnesium sulphate and evaporated. The crude product was recrystalized from ethanol to provida 26.4 g (65% yleld) of
the ditosyl compound: m.p. 92-94°, white needles (. 93-94)5; [a]25 -123.2° (CHChy); TH NMR 60 MHz) (CDCl3) 81.75 (m, 4H,),
245 (s, 3H), 2.53 (S, 3H), 2.9-4.4 (m, 5H), 7.21 (~t, 4H), 7.75 (dd, 4H); ¥Ymax 1590, 1350, 1160, cmt; nve { CH4, Cl) 410(M+1,96%),
411(21.5), 238(100).
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General method tor displacement of the O-tosyl group from 5 by secondary amines to give compounds 6-9.

A solution of (8)(-)-N, O Bis{p-toluenesulphonyl)-2-hydroxymethy! pyrrolidine 5, (24.54g, 0.06 motes),
pyrrotidine (of other secondary amine) (17g, 0.24moles) and DBU (0.919) in toluene (400mis), was heated at refiux for 24hrs, or untii
no starting material remained as indicated by TLC. The solvent was then removed on a rotary evaporator and the product was
crystaliised. if crystaftisafion proved dilficult, the meterial could be purified by flash chromatography .
(S)-N-(p-Toluenesutphonyl)2-(pyrrolidinomsthyl) pyrrolidine 6 (yield 70%)
mp. 80-820, pale yellow crystais; {ajp2> -128.40 (CHCIz): TH NMR (80 MHz) 5 1.80 (m, 8H,), 2.45 (s, 9H), 2.70 (s, 3H), 3.0-3.9 (m, 6H),
7.55 (dd, 4H); v a, 1600, 1340, 1160 cmi™Y; mve (CHy, CI) 308 (M+1, 39%), 91 (5€), 84 (100), Found M+1 309.1617, cak. for
C16H25N202S = 309.1636
(S)-N-(p-Toluenesulphonyl)-2-(piperidinomethyl) pyrrolidine 7 (yield 75%)
mp. 80-819; ()25 -126.4° (c=10, CHClz); TH NMR (90 MHz) § 1.2-2.0 {m, 10H), 2.1-2.8 (m, 8H), 2.8-4.1 (m, 4H), 7.5 (dd, 4H); Va,
1600, 1450, 1340, 1160 cm™; nve (CHg4, CI) 323 (M+1, 87%), 322 (8.4), 321 (32), Found 321.1615, calc. for C17H25N202S =
321.1636.
(S)-N-(p-Toluenesulphonyl)-2-{morpoholinomethyl) pyrrolidine 8 (yield 74%)
mp. 110-1129; {a)p25 -123.6° (c=10, CHCLy); THNMR (90 MHz) §1.3 - 2.0 (m, 4H), 2.2- 2.7 (m, 10H) 3.2 (m, 2H) 3.7 (t, 4H) 7.5 (dd.
4H); v max 1600, 1340, 1160, 670 cm); mve (CHg4, C1) 325 (100%), 324 (6), 323 (25), 100 (93), Found 224.0762, calc. for
C11H1gNO2S = 224.0745, Found 100.0762, calc. for CgHygNO = 100.0762.
(28, 2S')-2-Methoxymethyl-1-[N-p-tolusne sulphony! pyrrolidin-2<yl) methyl] pyrrolidine 9 (yield 98%)
[a]p25 -133° (c=S5, E1OH); TH NMR (80 MHz) § 1.7 (m, 8H), 2.4 (s, 3H Me), 2.4 - 4.0 (m, 10H) 3.3 (s, 3H), 7.5 (dd, 4H); vmax 1600,
1340, 1160 cm-1; mve (CHg, C1) 353 (100%), 199 (86), 128 (65) 84 (38), Found M+ 352.1820, calc. for C1gHgN203S = 352.1821

General method for removal of N-tosyl group from the bases.
To a solution of the N-tosyl base (eg 8 12.40g, 0.04 moles) in THF/EIOH/NH4(liq.) (200/10/200 mi), under nitrogen at -78°,
excess ithium was added and the mixture was then allowed 1o refiux for 15 mins. The condenser was then removed and after the

ammonia had evaporated the mixture was diluted with water (50 mi) and extracted with ethyi acetate (2 x 200 mi). The combined organic
layers were dried and concentrated, leaving a brown ofl, which was purified by bulb to bulb distiilation.

(S)-2-(Pyrrolidinomethyl) pyrrolidine 10 (yield 68%)

[01025 +8.30 (c = 2.4, E1OH); TH NMR (90M¥z) 5 1.70 {m, 8H), 2.50 (m, 7H), 3.0 {m, 3H); 13C NMR (75 MHz, DEPT)18 5 23 (2 x CHy),
24 (CHy), 30 (CHy), 45 (CHy), 54 (2 x CHy), 57 (CH), 61 (CHy), (no other peaks wers detected); vyya, 3300 co1; mife (CHy, CI) 155
{100%), 154 (76), 153 (66), B4 (90), Found M+1 155.1551, Cak:. for CgHygNp = 155.1547

(S)-2-(Piperidinomethyt) pyrrolidine 11 (yield 75%)

bp. 100°, (1mm Ho): [a],25 +1.8 (c = 2.2, benzene), [a1025 +14 (c = 10, EtOH) : THNMR (30MH2) 5 1.1 - 2.0 (m, 10H), 2- 3.5 (m,

9H), 2.5 (s, 1H, NH); 13C NMR (75 MHz, DEPT) § 23.9 (CHy), 24.4 (CHp), 25.4 (2 x CHp), 20.4 (CHy), 45.3 (CHp), 54.5 (2 X CHy) ,
55.0 (CH), 64.15 (CH2)(no other peaks were detecled); v max 3350, 1450, 1140 cm; mvre (CHg, Cl) 168 (M*, 6%), 167 (15), 98
(100), 84 (43), 70 (34), Found M+1 169.1704, Calc for CygHp1N2 = 169.1704

(S)-2-(Morpholinomethyl) pyrrolidine 12 (yield 75%)

[a]D25 +10.49 (¢ = 10, EtOH ); THNMR (MHz) § 1.1 - 2.1 (m, 4H), 2.2 - 3.4 (m, 10H), 3.7 (1, 4H); 13C NMR (75 MHz, DEPT) § 24.7
(CHp), 29.7 (CH5), 45.8 (CHp), 53.8 (2 x CHa), 54.8 (CH), 64.2 (CHy), 66.7 (2 x CHy) (no other peaks were detecled):vmax 3350,
1395, 1000 cm™1; mife (NHg, CI) 173 (17%), 171 (100), Found 171.1486, Calc for CgH1gNoO = 171.1496

(28, 28')-2-Methoxymethyl-1-[pyrrolidin-2-yl) methyl]) pyrrolidine 13 (yield 73%)

bp.130° (0.7 mm Hg); [a1025 -5.69 (c = 10, EXOH ); TH NMR (MHz) 5 1.7 (m, 8H), 2.0 - 3.5 {m, 10H), 2.8 (s, 1H, NH), 3.3 (s, 3H, OMe);

13C NMR (75 MHz, DEPT) 6 23.2 (CHp), 24.9 (CHp), 28.2 (CHy), 29.9 (CHy), 46.1 (CHg), 55.7 (CHy) 58.1 (CHg), 58.9 (CH), 61.0
(CHy), 63.8 (CH), 76.3 CHp); Viay 3400, 1602, 1115 cmT; mve (NH3, CI) 199 (100%), 85 (27), 70 (40), Found M+1 199.1808, Calc
for C14H23N20 = 199.1809

Opening of cis-'butyidimethyisiioxy-3,4-spoxycyclopentane 14 to cis-lbutyldimethyislioxy-2-
cyclopenten-4-ol 16.
General method exempiified by reaction with (S)-2-{pyrrolidinomethyl) pyrrolidine as the base and benzene as solvent:

NButy! Rhium (0.56mi, 1.5M, 0.84mmol) was added 10 a solution of (S)-2-(pyrrolidinomethyl) pyvrolidine 10 (148mg, 0.96mmof),
in dry benzene (3cm3) at 00C, under N. Atter 30 mins. epoxide 14 (100mg, 0.54mmol), in benzene (2cm3) was added and the
mixiure was stimed until no epoxide remained, as indicated by TLC. The solution was then diluted with CHClp, washed with water,
dried, evaporated and the residue purified by tiash chromatography. (Ylekis are provided in the table, in the text)

TH NMR (60 MHz) 5 0.0 (8, 6H), 0.8 (3, 9H), 1.4 (m, 1H), 1.9 (8, TH), 2.6 (M, 1H) 4.5 (m, 2H), 5.8 {, 2H); ¥ max 3340, 1250, 1070, 900
em1; nve (CH4 ClI) 215 (20%), 214 (6), 197 (15), 115 (61), 83 (91).
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Opening of trans-butyidimethyisiioxy-3,4-spoxycyclopentane 15 to trans-lbutyidimethyisiloxy-2-
cyclopenten-4-0l 17.

NButy! ithium (0.56ml, 1.5M, 0.84mmol) was added to a solution of (S)-2-(pyrrofidinomethyf) pyrrolidine (148mg, 0.96mmol), in
dry ether (3cm3) at 00C, under Na. After 30 mins. the trans epoxide (100mg, 0.54mmol), in ether (2cm3) was added and the mixture
was aflowed to warm to room temperature and stimed until no epoxide remained, as indicated by TLC (about 6hr.). The solution was
then diluted with CHoClp, washed with water, dried, evaporated and the residue purified by flash chromatography.

TH NMR {60 MHz) § 0.0 (5, 6H), 0.8 (s, SH), 2.5 (M, 2H), 4.9 (m, 2H), 5.8 (s, 2H); vy, 3350, 1240, 1050, cm-1.
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