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The use of readily available sugar lactones in the synthesis of _ polyhydroxylated 
pyrrolidines is illustrated by the preparation of the glucosldase inhibitor 1,4- 
dideoxy-l,4-fmino-D-glucitol from D-galactonolactone and by the conversion of D- 
qulonolactone into 1,4-dideoxy-1,4-fmino-D-allitol, 1,4-dideoxy-1,4-imino-D-ribitol, 
and (2S,3R,4S)-3,4-dihYdroxyproline. 

Polyhydroxylated pyrrolidines, pfperidines and octahydroindolizin~s provide an 

extensive class of powerful and epecific qlycosidase inhibitors.' Cestanospermina, 

deoxynojirfmycin and dihydrox~ethyldihydrox~yrroI~dine have been demonstrated to 

inhibit human immunodeficiency virus synctium formation and virus replication2 and 

such compounds may have potential as antiretroviral agents, 3 Also swsinsonine4 and 

simple open chain hydroxylated pyrrolidines' have potential as agents for 

stimulation of the immune response. The effects of these compounds may arise from 

their properties as specific glycosidase inhibitors. 1,4-Dideoxy-1,4-imino-D- 

mannitol, the azafuranose analogue of mannose, is a powerful u-mannosidase 

inhibitor"' and 1,4-dideoxy-l,4-imino-D-qlucftol (3) is a qlucosidase inhibitor. 8 

Several other hydroxylated pyrrolidines are glycosidaae inhibitors' and for these 

and other reaso*s there is considerable interest in the synthesis of 

polyhydroxylated pyrrolidines. 10 Carbohydrates are an attractive group of starting 

materials for the synthesis of such highly functionalised compounds and although 

other strategies have been used, " the commonest method for the synthesis of 

hydroxylated pyrrolidines has been the joining together of C-f and C-4 af a eugar. 

It is clearly desirable to devise short sequences for the synthesis of such 

compounds, 
12 and readily available sugar lactones (in which C-l and C-4 are 

protected as the la&one function) provide suitable starting meterials for short 

sequences for the preparation of highly functfonalfsed chfral pyrrolidines. Several 

such la&ones are commercially avatlable13 and this paper describes the use of D- 

galactonolactone (1) in the synthesis of 1,4-dideoxy-l,4-imino-D-glucitol (31, and 

of D-gulonolactone (2) in the syntheses of l,4-dideoxy-?,4-fmino-D-allitol (4f, 1,4- 

dideoxy-l,4-imino-D-ribitol (51, and (29,3R,;S]-3,4-dihydroxyproline (6); a 
synthesis of (3) from glucitol has been reported. 
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1,4-Dideoxy-1,4-imino-D-slucitol (3). The silylated acetonide (12) (343 mg, 0.80 

mmol) in 50% aqueous trifluoroacetic acid (8 ml) was stirred at 50°C for 24 h. The 

solvent was removed; the resulting trifluoroacetate salt was neutralised with dilute 

aqueous sodium hydroxide and purified by ion exchange chromatography (Dowex 50 x, 8- 

100, H+ form, eluted with 0.5 molar aqueous ammonium hydroxide) to give 1,4-dideoxv- 

1,4-imino-D-glucitol (3), 

HZ01 [lit.8 m.p. 

(122 mg, 94%), m.p. 194O-l96OC, (=I~0 -lO.lO (c, 0.43 in 

-1 
200°-2020C, [af2i -ll" (H20)f; " max (KBr) 3600-3200 (br, NH 

andOH)cm . 'H NME (D20) 6 2.69 (lH, d, H-l, J, ,, 12.8 Hz), 3.14 (lH, dd, H-4, J 

3.6 and 9.5 Hz), 3.20 (IH, dd, H-l', J,,2 4.9 H&3.43 (tH, dd, H-6, J6 6, 12.0 Hz, 

J5 6 6.5 Hz), 3.59 (lH, dd, H-6', J5 6, 3.2 Hz), 3.70 (lH, m, H-S), 4.0; (2H, m, H- 

2, 'H-3). 13C NME (D20) 6 52.45 (t): 61.91 id), 65.33 (t), 71.09 (d), 77.59 (d), 

77.70 (d). m/z (ACE, NH3): 164 (M+H*, 100%). (Found: C, 44.01; H, 8.24; N, 8.27. 

C6H,3N04 requires C, 44.17; H, 7.96; N, 8.59%.). 

The free base (3) was dissolved in water (5 ml) and the solution was adjusted to pH 

4 with dilute aqueous hydrochloric acid to afford, after freeze drying, 1,4-dideoxy- 

f,4-imino-D-glucitol hydrochloride, (99.7 mg, lOO%), m.p. 143°-1440C, fe12: -28.1° 

(2, 0.42 in H20) [lit.' m.p. 140°-1420C, [=I%' -27O (H20)1; v max (EEr) 3600- 

3000 fbr, NH and OH) cm -1 . 'H NMB (D20) 6 3.14 ilH, d, H-l, J, ,, 13.1 Hz), 3.59 

(4H, m, H-l', H-4. H-6, H-6'), 3.96 (?H, m, H-51, 4.21 (2H, m, b-2, H-31. j3C NME 

(D20) 8 52.49 (t), 63.27 (d), 64.32 It), 67.81 (d), 74.63 (d), 75.51 (d). m& (FAB, 

Gly/MeGH): 164 (M+H+, 100%). (Found: C, 35.81; H, 7.12; N, 6.89. C6Ht4CfN04 requires 

C, 36.09; H, 7.02; N, 7.02%.). 

N-Benzyl-1,4-dideoxy-1,4-imino-D-glucitol Hydrochloride (13). The fully protected 

amine (11) (224 mg, 0.43 mmol) was stirred at 50°C in 50%. aqueous trifluoroacetic 

acid (10 ml) for 18 h. The solvent was removed and the residue purified by ion 

exchange chromatography (Dowex 50 x, 8-100, H+ form, eluted with 0.5 molar aqueous 

ammonium hydroxide) to give N-benzyl-1,4-dideoxv-1,4-imino-D-qlucitol (131; the free 

base (13) was dissolved in water (5 ml) and the solution was adjusted to pH 4 with 

dilute aqueous hydrochloric acid to afford, after freeze drying, N-benzvl-f,4- 

dideoxv-1,4-imino-D-qluc&tol hydrochloride, (99 mg, 80%), a very hygroscopic solid, 

[aJ26) -31.9O (c, 0.68 in H20). 'H NMH (D20) 6 3.27 tlH, d, H-l, J, ,, 13.2 Hz), 3.60 

(3H, br s, H-4, H-6, H-6'), 3.71 (lH, dd, H-l', J,,,2 4.2 Hz), i-79 tlH, m, H-5), 

4.16 (lH, d, H-31, 4.31 (2H, m, H-2 and IH of CH2Z), 4.46 (1H of AB, PhCH2, JAB 13.0 

Hz), and 7.37 (5H, m, ArH). 13C NME (D20) 6 59.87 (t), 61.39 (t), 63.56 (t), 68.77 

(d), 69.95 fd), 74.78 (d), 76.85 (d), 130.47 (d), 131.39 (d), 131.91 (d). m/z (ACE, 

NH~): 254 (M+H+, loos), 792 (62%). 

2,3:5.6-Di-O-isopropvlidene-D-gulonolactone (74). D-Gulonolactone (21 (3.0 g, 16.8 

mm011 was suspended in acetone (80 ml) and 2,2_dimethoxypropane (16 ml); the 

reaction mixture was acidified to pH 3 with p-toluenesulphonic acid, stirred at room 

temperature for 2 days and then neutralised by addition of anhydrous sodium 

carbonate and filtered. The filtrate was evaporated to give an oil which was 

dissolved in ethyl acetate (100 ml), washed with saturated aqueous SCdiWIl 

bicarbonate (100 ml), dried (magnesium sulphate) filtered and the solvent removed to 

give 2,3:5,6-di-O-isopropylidene-D-gulonolactone (14), (3.7 g, 85%), m.p. 15S"c 

(from ethyl acetate) [u12i -76.6O (c, 1.99 in CHC13) [lit.16 m.p. 150°-151°C, [a]:' 

-67.8O (c, 4.16 in CHCl,)l. ' max (EBr) 1790 (C=O) cm-'. 'H NME (CDCl,) 6 1.39 

(3H, s, Me), 1.41 (3H, s, Me), 1.48 (3H, s, Me), 1.49 (3H, s, Me), 3.84 (lH, m), 

4.24 (IH, ml, 4.45 (ZH, ml, 4.75 (7H, dd, J 3.4 and 5.7 Hz), 4.85 (lH, d, J 5.6 Hz). 

RI& (ACE, NH ): 259 (M+H+, 
3 lOO%f, 243 (M-Me+, 67%f, 201 (80%). (Found C, 55.92; H, 

7.19. C,2H1806 requires C, 55.81; H, 6.98%). 
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chromatography (ethyl acetate), l,4-dideoxy-2,3:5.6-di-O-isoproov2idene-lt4-fmino-D- 

allitol (18k, (219 mg, 94%), yellow oil, [aID 2o +34.1° k, 0.41 in CHC131, v max 
(neat) 3325 (w, NH) cm-'. IH NMR (CDC13) b 1.34 (6H, sr 2 X Me), I.44 t3H, s? Mel, 

1.47 f3A, s, Me), 2.88, (lH, dd, H-l, $,I, 13.6 Hz, J,,2 3.9 hrl, 3.04 (ID, d, h- 

1'1, 3.12 (IX, d, K-4, J 4 5 7.8Hz), 3.84 (IH, dd, H-6, J6 6, 8.1 Hz, J5,6 5.7 Hz), 

3.94 (ID, dd, H-51, 4.11 (;H, dd, H-6', J5,6, 6.2 Hz), 4.;2 flH, dd, H-2, J2,3 5.7 

Hz), 4.78 (tH, d, H-3). m/z [CI, NH3): 244 (M*H+, lOO%), I42 (63%). 

1,4-Dideoxy-I,4-iaino-D-allitol (4). The acetonide (18) (146 mg, 0.60 mm011 in 50% 

aqueous trifluoroacetic acid (8 ml) was stirred at room temperature for 14 h. The 

solvent was removed; the resulting trifluoroacetate salt was neutralfsed with dilute 

aqueous sodium hydroxide and purified by ion exchange chromatography (Dowex 50 x, 8- 

100, Hi form, eluted with 0.5 molar aqueous ammonium hydroxide) to give 1,4-dideoxv- 

1,4-imino-D-allitol (4&; the free base (4) was dissolved in water t 5 ml) and the 
soLut.ion was adjusted to pH 4 with dilute aqueous hydrochloric acid to afford, after 

freeze drying, 1,4-dfdeoxy-1,4-imino-D-allito2 hydrochloride, (II7 mg, 98%), m.p. 

11o~-1l1~c, [a]:' +29,4O (2, 0.53 in H20), v max (KBr) 3600-3200 (br, NH and OH) 

~6~. 'H NMH (D20f 6 3.20 (lH, dd, H-l, Y, ,, 12.8 Hz, J,,2 2.0 Hz), 3.29 (lH, dd, 

H-l', JI,2 3.7 Hz), 3.51 (lH, dd, H-4, J3,4'8.2 Hz, J4,5 3.5 Hzf, 3.57 (2H, m, H-6, 

H-6'), 3.97 (IH, dt, H-51, 4.20 (lH, dt, H-2, J2 3 4.2 Hz), 4.26 (lH, dd, H-3). 13C 

NNH (D20) 6 50.93 ft.), 62.75 (d), 63.32 (t), 64.44 (d), 70.85 (df, 71.12 tdl. & 

(FAB, Gly/MeOH): 164 (N+H+, 100%). 

N-Bensyl-1,4-dideoxy-I,4-imino-D-a2litol Hydrochloride (191. The fully protected 

amine (I71 (208 mg, 0.62 mmol) was stirred at room temperature in 50% aqueous 

trifluoroacetic acid (10 ml) for 24 h. The solvent was removed; the resulting 

trffluoroacetate salt was neutralised with dilute aqueous sodium hydroxide and the 

residue purified by ion exchange chromatography (Dowex 50 x, 8-100, N+ form, eluted 

with 0.5 molar aqueous ammonium hydroxide) to give N-bensvl-l,I-dideoxv-1,4-fmfno-D- 

allitol (11) , (150 mg, 96%), as a syrup; the free base $11) was dissolved in water 

(5 ml) and the solution was adjusted to pH 4 with dilute aqueous hydrochloric acid 

to afford, after freeze drying, N-bensy2-1,4-dideoxv-1,4-imino-D-a2lito~ 

hvdrochloride, a very hygroscopic solid, fe12i +23.1° (c!, 0.72 in H20), 'H NMR (D20) 

e 3.28 (2H, mf, 3.40 (2H, d, J 6.0 Hz), 3.51 tfH, dd, J 4-3 and 12.8 Hz), 3.58 flH, 

dd, Y 2.5 and 6.3 Hz), 4.24 (2H, m), 4.42 flH, sl and 7.37 (SH, m, ArH). 13C NMH 

(D20) 6 58.42 ftf, 62.36 [t), 63.01 (t), 69.07 (d), 70.25 (d), 70.70 fdt, 71.44 (d), 

130.29 fs), 130.56 (dl, 131.52 (d), 131.93 (d)- m& fDC1, NH3): 254 (M+H+, lOO%), 

IQ2 (77%). 

N-Benxyl-f,4-dideoxy-lr4-fmino-2,3-0-isopro~y2fdene-D-a22ito~ (201. The fully 

protected amine (17) (1.51 g, 4.53 ~01) was stirred at 50°C in 80% aqueous acetic 

acid (20 ml) for 48 h. The solvent was removed and the residue purified by flash 

chromatography (ethyl acetate) to give N-bensvl-1.4-dideoxv-1,4-imino-2,3-O- 

isopropvlidene-D-al.litol (201, (I.24 g, 93%), pale yellow oil, Leli" -48.2O (C, 2.01 

in CHC13), " max (film) 3600-3200 (br, OHi cm-'. IH NMH (CDCl3) 5 1.33 (3H, 8, 

Me), 1.54 (3H, s, Me), 2.69 (lH, dd, H-I, J, 1, lI.2 Hz, J, 2 3.9 Hz), 2.QI (lH, t, 

H-4@ J3,4 = J4*s = 3.7 Hz), 3.31 (lH, dd, H-;', Jla2 5.9 Hz)', 3.61 (1H of AB, PhCH2, 

JAB 12.8 Hz), 3.68 flH, dd, J6 6~ Il.5 Hz, J5 6 5.3 Hz!, 3.79 flH, dd, H-6', J5 6' 

6.3 Hz), 3.94 (IH, dt, H-5), ;.I1 (1H of AD,' 
I 

PhCH2), 4.63 (IH, dt, H-2, J2,3 6.7 

Hz), 4.75 (lH, dd, H-31, 7.33 (SH, m, ArH). 13C NMH (CDC13) 6 24.53 (qf, 27.01 (ql, 

56.26 (tl, 58.66 (tf, 64.36 It)r 66.23 (d1, 71.38 (d), 78.62 fd), 60.24 cd), 112.72 

(a), 127.71 (d), 128.56 (d), 129.19 td1, 136.77 (S). m/z (CI, NE3b: 294 (f++H+, 

lOO%), 232 (60%). 
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N-Benzyl-l,4-dideoxv-l,4-imino-2,3-isopropvlfdene-D-ribitol (23). Sodium periodate 

(1.53 g, 7.17 mmol) was added to a stirred solution of N-benzyl-1,4-dideoxy-1,4- 

imino-2,3-O-isopropylidene-D-allitol (20) (700 mg, 2.39 mmol) in 5:l ethanol:water 

(24 ml] at room temperature; when tic showed all the starting material had been 

consumed after 20 min, the reaction mixture was treated with sodium borohydride 1207 

mqr 5.46 mmol) and stirred at O°C for a further 30 min. The excess hydride was then 

decomposed by addition of excess solid ammonium chloride and the solvent removed to 

give, after purification by flash chromatography (ethyl acetaterhexane, 3:1), J- 

benzyl-lr4-dfdeoxv-lr4-imino-2,3-isooropvlidene-D-ribitol (231, (444 mq, 71%), 
yellow oil, [c1]2,0 -45.9O (cz, 1.0 in CHC13) [lit. for L-enantiomer [a12,0 +45.7O 

(c, 1.0 in CHC1311. ' IMx (film) 3600-3200 (br, OH) cm-'. 'Ii NMR fCDC13f 6 1.33 

(3H, 8, Me), 1.55 (3H, 8, Me), 2.65 (IH, dd, H-l, J,,,, 10.7 Hz, J1,2 3.8 Hz), 2.98 

(III, br dd, H-4), 3.22 (IR, dd, H-l', J1,2 5.7 Hz), 3.58 (IH, dd, H-5, J5 5, 11.2 

Hz, J4,5 3.6 Hz), 3.61 flH of AB, PhCH2, JAD 13.0 Hz), 3.71 (ID, dd, H-5', J' 

HZ), 3.99 (la of AB, PhCH21, 4.61 (2H, m, H-2, H-31, 7.31 15H, m, ArR). W; ;; 

@DC13) 6 24.80 (q), 27.18 tq), 58.12 (t), 58.44 (t), 59.57 (t), 69.88 (d), 78.43 

(d), 82.50 [d), 112.58 (81, 127.25 (d), 128.37 (a), 128.64 (d), 138.27 (8). m/z 

(DCI, NIi3): 264 (M+H+, lOO%), 232 (36%). (Found C, 68.62; H, 8.27; N, 5.21. 

C15H21N03 requires C, 68.44; H, 7.98%; N, 5.32). The 'I? and I3 C NMR spectra of (23) 

are superimposable on those of the L-enantiomer of (23) reported in the accompanying 

paper. 
7 

1,4-Dideoxv-1,4-imino-D-ribitol (5). The protected rfbitol (23) (256 mg, 0.97 mmol) 

in ethanol (10 ml) was stirred under an atmosphere of hydrogen in the presence of 

catalyst of 10% palladium on charcoal (120 mg) at room temperature for 2h. The 

reaction mixture was filtered through celite and the solvent removed; the crude 

product ['?I NKP showed that the benzyl group had been completely removed] was 

dissolved in 50% aqueous trifluoroacetic acid and the solution was allowed to stand 

at room temperature for 24 b. The solvent was removed; the resulting 

trifluoroacetate salt was neutralised with dilute aqueous sodium hydroxide and 

purified by ion exchange chromatography (Dowex 50 x, 8-100, Ii+ form, aluted with 0.5 

molar aqueous ammonium hydroxide) to give 1.4-aideoxv-1.4-fmino-D-ribitol (5); the 

free base (5) was dissolved in water (5 ml) and the solution was adjusted to pH 4 

with dilute aqueous hydrochloric acid to afford, after freeze drying, 1,4-dideoxv- 

1,4-imino-D-ribitol hvdrochloride, (129 mg, 7891, m.p. 128°-1320C, [a12no +57.6O (c, 

0.59 in H20) [data for L-enantiomer of (51 m.p. 126°-1310C, [al%' -59.0° k, 0.59 in 

D20)l; " max (film) 3600-3200 (br, NH and OH1 cm". 'X NMR (D201 6 3.22 (IH, dd, 

H-l, J,,,s 13.0 Hz, J,,2 2.0 Hz), 3.33 (IH, da, H-l', J,,2 4.0 Hz), 3.46 (IH, m, H- 

41, 3.66 (lH, dd, H-5, J5 5, 12.6 Hz, J4 5 6.0 Hz), 3.81 (IH, dd, H-5', J4 5, 3.5 

Hz), 4.04 (lH, dd, H-3, J2'3 

ci SO.66 (t), 59.04 tt), 62:86 

4.1 Hz, J3 4 k.5 Hz), 4.22 (IH, dt, H-2). 13C NM;; (D20) 

(a), 70.4: ldf, 72.17 (d). m_& (DCI, NH3): 134 U&H+, 

loo%), 102 (18%). {Found: C, 34.93; H, 7.40; N, 8.05. C5Ht2ClN03 requires C, 35.19; 

H, 7.04; N, 8.21%). The 'Ii and 13 C NMR spectra of (5) are superimposable on those 

of the L-enantiomer of (5) reported in the accompanying paper. 7 

N-Benzvl-1,4-dideoxv-1,4-imino-D-ribitol (25t. The acetonide (23) (96 mg, 0.37 nunol) 

in 50% aqueous trifluoroacetic acid (6 ml) was stirred at room temperature for 20 b. 

The solvent was removed: the resulting trifluoroacetate salt was neutralised with 

dilute aqueous sodium hydroxide and purified by ion exchange chromatography (Dowex 

50 xr 8-100, H+ form, eluted with 0.5 molar aqueous ammonium hydroxide) to give N_ 

benzvl-1,4-dideoxy-1,4-imino-D-ribitol (251, (72 mq, 86%), a very hygroscopic solid, 

[al: -37.3O k, 0.49 in H20) [data for L-enantiomer of (25) [a12$ +33.0° (c, 0.32 
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in H2O)f; 'H NMR (D20) 6 2.37 (lH, dd, H-l, JI l, 10.0 Hz, J, 2 8.0 Hz), 2.59 (IH, 

q, H-4), 2.87 tlH, dd, H-l', Jls2 6.0 Hz), 3.35'(2H, m, H-51, 3*.44 (IN of AB, PhCN2, 
~~ 12.4 HZ), 3.78 (2H, m, H-3 and IH of PhCH2), 3.88 (IH, dt, N-2), 7.2 (5N, m+ 

ArHI. 13c NMR (D20) 6 57.65 (t), 60.42 (t), 62.25 (t), 70.02 (d), 71.52 (al, 73.86 

(d), 128.85 (d), 129.62 id), 131.06 fd), 137.97 (8). rD/z (DCX, NH3): 224 (N+H+, 

57%f, 192 (100%). The 'H and I3 C NMR spectra of (25) are superimposable on those of 

the L-enantiomer of (25) reported in the accompanying papera 

N-tert-Butyloxycarbonvl-lr4-dideoxv-l,4-imino-2.3-0-isopropylidene-D-allito~ (22). 

The diof (20) (140 mg, 0.48 mm011 in ethanol (IO ml) was stirred under an atmosphere 

of hydrogen in the presence of 10% palladium on charcoal (70 mg) at room temperature 

for 2 h. The reaction mixture was filtered through celite and the solvent removed & 

vacua to give 1,4-dideoxv-1,4-imino-2,3-0-isopropv1idene-D-a1~ito~ (211, (90 mg, 

9381, a syrup which without further purification was dissolved in pyridine (2 ml) 

and treated with di-tert-butyl dicarbonate (106 mg, 0.48 mm011 at room temperature. 

The reaction mixture was then allowed to stand for 2.5 h, the pyridine was 

evaporated and the residue dissolved in ethyl acetate (50 ml); the ethyl acetate 

solution was washed with brine (2 x 50 ml), dried (magnesium sulphate), filtered and 

the solvent removed. The crude product was purified by flash chromatography (ethyl 

acetate) to give N-tert-Butv1oxvcarbonv1-1~4-dideoxy-1.4-imino-2,3-0-isopro~v1idene- 

D-allitol (22L, (100 mg, 75%1, a coLourless oil which slowly crystallised on 
20 standing at room temperature for several days, m-p. 73O-74OC, [al D -33.5O fc, 0.17 

in CWz13); v max 3600-3100 (OH), 1680 (C!=O) cm-'. 'H NNR (CDCl3) 6 1.34 (3H, s, 

Me), 1.46 (3H, s, Me), 1.48 (9H, s, &&-butyl); the remainder of the proton 

spectrum was complicated due to the existence of rotamers. m/z (ACE, NH31: 304 

(M+H+, 90%), 248 (63%l, 204 (100%). 

(2S,3R,4S)-N-tert-Butyloxycar~nyl-3,4-dihvdroxy-3,4-O-isoeropvl~dene-proline (24). 

The diol (22) (64 mg, 0.21 mmol) in 5:2 ethanol:water f2.8 ml) was stirred with 

sodium periodate (123 mg, 0.57 mmol) at room temperature. After 10 min, the reaction 

mixture was filtered and the solvent removed in vacua; the crude aldehyde so 

obtained was dissolved in &e&-butanol (3 ml) and treated with cyclohexene lo.2 ml!, 

followed by a solution of sodium chlorite (NaC102) (19Omg, 2.1 mmol) and poeasslum 

dihydrogen phosphate (286 mg, 2.1 mmol) In water (2 ml). The reaction mixture was 

stirred overnight at room temperature and then evaporated to dryness; the residue 

was partitioned between ethyl acetate f30 ml) and water (5 ml). The organic layer 

was dried (magnesium sulphatef and the solvent removed to give, after purification 

by flash chromatography, _12S.3R,4S)-N-tert-butvloxvcarbonyl-3,4-dihvdroxv-3,4-0- 

isoworrylidene-proline (241, (45 mg, 7581, syrup, 'H NMR (CHC13) 6 1.34 (3H, 6, Me), 

1.44 f3H, 8, Me), 1.50 (9H, s, s-butyl); the remainder of the proton spectrum was 

complicated due to the existence of rotamers. m/z tDC1, NH3): 288 (M+H', 17%), 249 

(20%), 232 f17%1$ 216 (20%), 188 (100%). 

(2S.3R,4S)-3.4-Dihydroxy-proline (6). The protected amino acid (24) (43 mg, 0.15 

mmol) was stirred in 80% aqueous trifluoroacetic acid (5 ml) for 23 h at room 

temperature. The solvent was removed and the residue purified by ion exchange 

chromatography (Dowex 50 x, 8-100, H+ form, eluted with 0.5 molar aqueous ammonium 

hydroxide) to give (25,3R,4S)-3,4-dihydroxy-proline (61, (18 mg, 81%), a white 

solid, decomposes at 240°-250°C, 101%' +7.s" k, 

04+li+, 100%). 

0.16 in H20). m/z (FAB+): 148 

[data for (2R,3S,4R)-3,4-dihydroxy-proline, the enantiomer of (6), 

decomposes without melting at 247OC, [cr12' -6.8O k, 0.43 in H20)I. The 'H NMR 

spectrum of (6) is superimposable on that of an authentic sample of the enantiomer, 

(2R,3S,4R)-3,4-dl.hydroxy-proline.18*'9 
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