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Abstract: The preparation of the cyclic sulphamidate of (S)-prolinol has been achieved by 
reaction with sulphuryl chloride at low temperature. This material has been shown to be susceptible 
to acid catalysed nucleophilic attack to furnish 2-(N,N-dialkylamino)methyl- and 2- 
(methoxymethyl)pyrrolidines after hydrolysis of the intermediate sulphamic acid derivatives. 

It has been reported that cyclic sulphamidates 11 undergo nucleophilic substitution at oxygen with 

secondary amines (Figure l), albeit under forcing conditions @OH, R2NH, 13oOC, steel bomb, 3h).2 

1 

Figure 1 

The previous workers obtained the cyclic sulphamidates 1 by oxidation of the corresponding 

sulphimidite precursors with potassium pennanganate, whilst others have used ruthenium tetroxide to carry out 

such oxidations.3 In another instance, the sulphamidate derivative of serine has been obtained via DCC mediated 

closure of the 0-sulphate4 and this derivative is currently being investigated in studies parallel to those reported 

here.5 In addition, a cyclic sulphamidate has been postulated as an intermediate in the unexpected fluorination of 

a N-trimethanesulphonyl+amino alcohol.6 

We reasoned that a straightforward preparation of sulphamidate ester derivatives of readily available 

homochiial bamino alcohols, permitting concomitant protection of the nitrogen moiety and conversion of the 

hydroxyl into a leaving group, should form the basis of a convenient, enantiospecific approach to amine 

derivatives if milder substitution conditions than those previously reported1 could be developed. However, the 

most direct approach to cyclic sulphamidates, namely reaction of pamin alcohols with sulphuryl choride, has 

not been reported, the only published attempt to carry out such a conversion leading to the isolation of an 

aziridine after chromatography.7 

Our initial attempts at direct preparation of the sulphamidate of (Stprolinol(2) failed until the reaction 

was carried out at -78OC. 
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At this temperature (S)-prolinol reacted with sulphuryl chloride in dichloromethane containing two 

equivalents of triethylamine to furnish 5(S)-2 in 63% yield after rapid purification by dry flash chromatography 

followed by recrystallisation from ether {m.p. 46-8eC, [a]~20 +43.2 (c 1.02, CHC13)). 

In a stepwise approach to 2, the known cyclic sulphamidite 38 could be obtained as a 1:l mixture of 

epimers at the sulphur in 73% distilled yield from (S)--prolinol by this low temperature modification. Oxidation 

of the mixture (NaI04 / RuO2, EtOAc, OOC) furnished 2 in 78% yield (57% overall from (S)-prolinol). 

The relative stereochemistry of the epimers has been previously assigned by Lowe and coworkers* by 

virtue of the anisotropy of the sulphoxide group.9 Rapid decomposition on silica thwarted attempts at 

chromatographic isolation of both epimers but, on standing, Z(R)S(S)-3 was found to decompose more rapidly 

leaving the ether soluble material highly enriched (ca. 95%) in 2(S),5(S)-3. Pure 2(S),5(S)-3 ([ct]~~O -44.3 (C 

= 2.78 CH2Q)) could then be isolated from this enriched mixture by rapid dry flash chromatography. 

Attempts at carrying out substitutions on substrates 2 and 3 with anionic nucleophiles (MeMgBr, PhLi, 

MeONa) under a wide variety of conditions proved unsuccessful. However, heating a solution of 2 in refluxing 

chloroform with diethylamine, followed by removal of solvent and treatment with aqueous base,2 permitted the 

isolation of 2-(N,iV-diethylamino)methylpyrrolidine (4a) in 28% yield. This yield was increased to 45% on the 

addition of one drop of trifluoroacetic acid to the reaction mixture ( [a]D2’ = +lO (c = 0.44, CHC13)) .tOa.hIn a 

similar manner 2-(pyrrolidinomethyl)pytrolidine (4b) ([a]$0 = +13.0 (c = 1.36, EtOH)}lOa,bJ 2-(piperidino 

methyl)pyrrolidine (4~) ( [a]Dzo = +15.2 (c = 2.4, EtOH)) lOa& and 2-(morpholinomethyl)pyrrolidine (4d) 

{ [a]~~~ = +18.4 (c = 2.99 EtOH)]lOa,h,e were isolated in 45%, 62% and 47% distilled yields respectively. In 

all cases the yield of material, pure by n.m.r. analysis, was quantitative prior to the distillation. Extending this 

procedure, 2-(methoxymethyl)pyrrolidine (5) was obtained in 66% isolated yield ([a]$ = +2.8 (c = 0.60, 

CHC13) 1 1 by refluxing 2 in methanol containing one drop of trifluoroacetic acid, followed by removal of solvent 

and base hydrolysis (Scheme). 

0=5-o f 

Reagents and conditions: 

4a-d: (i) R$H, CHCI,, TFA 

(1 drop), reflux, 24h; (ii) 2M aq. NaOH. 
90°C, lh. 

111, 11 4 c (R2 = -(C!H&-: 62% 
y (Rz = _(cHJ,O(~~-: 47% 

H 5 

r), 
! 

5: (iii) MeOH, TFA (1 drop), reflux 4Sh; 

OMe (ii) 2M aq. NaOH, 9O“C. lh. 

5 68% 

Scheme 

The sulphamidate 2 is a crystalline material and is stable for extended periods of storage at room 

temperature. Homochiral diamines 4a-d have found application as chiral basesl2,lk and also for complexation 



Cyclic sulphamidate of (S)-prolinol 879 

with hydride reagents to obtain enantioselective reducing agents. 10bJ3 This direct approach to the 

enantioselective preparation of bidentate ligands such as 4a-d and 5 from prolinol appears to have potential for 

further application and we will report our findings in due course. 

Experimental Procedures 

Preparation of sulphamidate 2: Met&d 1: (.S)-prolinol(505 mg, 5 mmol) and triethylamine (1.42 mL, 2 equiv.) 

were dissolved in dichloromethane (30 mL), cooled to -78eC and to this stirred mixture was added sulphuryl 

chloride (419 mg, 0.41 mL) in CH2Cl2 (30 mL) dropwise by syringe. The mixture was maintained at this 

temperature for 3h, allowed to warm to room ~rn~a~ and stirred for a further 1Oh. The mixture was washed 

with aq. HCl(2 x 10 mL), brine (10 @I.,), dried and the soIvent removed in vacua. Ruriflcation by dry flash 

chromatography, eluting with pentsne / ether gradient, followed by recrystallisation (ether) furnished S(S)-2 as 

colourless needles (523 mg, 63%). m.p. 46SW, [a]$0 43.2 (c = 1.02, CHCl3); Found, C 36.4, H 5.8 N, 

8.5, S 19.68, CgHgN03S XZQU~ES 6: 36.8, H 5.6, N 8.6, S 19.9%; Vmsx 1370, 1185 cm-l; 6I.g (300 hd.H~, 

CDCl3) 1.82 (lH, m) 2.19 (lH, m), 1.96 (2H, m), 3.27 (lH, dt, J7.1 Hz, J’ 11.5 Hz), 4.28 (lH, m), 3.68 

(lH, dt, J 5.9 Hz, J’ 11.5 Hz), 4.05 (lH, dd, J 6.0 Hz, J’ 8.7 Hz),455 (lH, dd, J 6.9 Hz, J’ 8.7 Hz); 6~ 

(50.3 MHz, CDC13), 25.0, 31.1, 51.0 62.4.71.8; “I, (C.I., NH3) 181 (MNII4+), 164 (MH+). 

Teflon 2:. A solution of (S)-proJino1 (3.03 g, 30 mmol) and triethylamine (8.6 mL, 2 equiv.) in 

~chl~rne~~e (SO mL) was added dmpwise over thii minutes to a stirred solution of tbionyl chloride (2.18 

g, 2.26 mL, 3 1 mmol) in dichlorome@ne (80 mL) under nitrogen at -78’C. This temperature was maintained 

for three hours and then allowed to rise slowly to room temperature overnight. The solvent was evaporated and 

the brown residue was trimrated several times with ether (4 x 75 mL) and ~chl~ometh~e (20 mL). The 

organic extracts were combined and concentrated in vacua to give an oily residue which was purified by short 

path distillation (bath temp.1 10°C / 0.4 mm Hg) to give the epimeric mixture of sulphamidites 3 as a colourless 

liquid (3.21 g, 72%). Found C 41.0, H 6.4, N 9.4%; CsHgNO$ requires C 40.8, H 6.2, N 9.5%; vmax 1165 

cm-l; “f, (CL NH3) 148 (MW), 78; 2(R),S(S)-3: &.l (200 MHz) 1X@- 2.10 (4H, m), 3.20-350 (2H, m), 4 

18 flH, dd, J 8.5 Hz. J’ 3.0 Hz), 4.2&4,32 (RI, m), 4.86 (lH, dd, f 8.5 Hz. S 6 5 Hz); k 24.9, 30.9,47.9, 

64.6,74.1. 2(5),5(S)-3: [a]D20 -44;3 (c = 2.78, CH2C12) 1.90-2.05 (4H, m)$2.S7 (M, m), 3.50 ( lH, m), 

3.97-4.32 (3H, m), 4.44 (1H. dd, S 4.9 Hz, .J’ 6.3 Hz); SC 28.1, 28.4, 44.5, 65.5, 71.2, To an aqueous 

solution of sodium periodate (0.5 M, 12 mL) and ruthenium dioxide (9.5 mg) was added a solution of 

sup~~te 3 (240 mg, 1.65 mmol, ~ast~~i~~c axe) in ethyl acetate (lo mL). The mixture was stirred 

at 00 C in a sealed flask for 30 mitt, transferred to a separating funnel and the organic layer removed. The 

aqueous layer was washed with ethyl acetate (2 x i5 mL) and the organic extracts were combined. Isopropyl 

alcohol (3 mL) was added to destroy any ruthenium tetroxide remaining in the organic layer, the mixture was 

filtered, dried and concentrated in vacw to give a white solid w&h was recrystallii from ether to furnish pure 

2 (208 mg, 78%). 

Representative Procedure for reactipn of 2 with amines: Preparation of 2-(SJ-(N,N-diethylaminomethylJ 

pyrrolidine (4a): A solution of 2 (173 mg, 1.1 mmol), and Et$-IH (1.0 mL, 9 equiv.) in chloroform (15 m.L) 

confining ~~uoma~etic acid (1 dro#) was refluxed for 24 h, Removal of solvent and excess diethylsmine (in 

vacua) !kom the deep red solution gqe a residue which was heated to 9OV with aq. NaOH (2 M,lO mL) for 

lh. After cooling, the solution was extracted with ether (4 x 10 mL), and the organic extracts were combined, 

dried and concentrated at reduced pressure to give Z-~S~,N~iethy~~ino~thy~Jpy~oljdi~e (4a) as a pale 
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yellow oil. Purification by short path distillation (bath temp 60oc  / 0.35 mm Hg) gave pure 4a  (72 rag, 45%) 

with spectroscopic data identical with those in the literature [Ct]D20 +10.0 (e = 0.44, CHCI3).10a,b. The same 

procedure permitted the isolation of  2(S)-(pyrrolidinomethyl)pyrrolidine (4b) in 45% distilled yield, [Ct]D 20 

+13.0 (e = 1.36, EtOH),]0a,b,c, 2-(S)-(piperidinomethyl)pyrrolidine (4el in 62% distilled yield [¢X]D20 +15.2 

(c = 2.40, EtOH), t0a,b.c and 2-(S)-(morpholinomethyl)pyrrolidine (4d) in 47% distilled yield [0~]D 20 + 18.4 (c 

= 2.99, EtOH).10a,b, c 

Preparation of  2-(S)-(methoxymethyl)pyrrotidine (5): To a solution of  2 (266 mg) in methanol (10 mL) was 

added one drop of  trifluoroacetic acid. The solution was refluxed for 48 hours, and the methanol was then 

removed at reduced pressure. The remaining material was d i s ~ l v e d  in aq. NaOH (2 M, t5 mL) and heated to 

90°C for I h with stirring. After cooling, the solution was extracted with ether (3 x 15 mL), the organic extracts 

were combined, dried and concentrated at reduced pressure to give essentially pure 2-(S)-(methoxymethyl) 

pyrrolidine (5) (124 mg, 66%) with spectroscopic data identical with those in the literature. A sample was 

further purified by short path distillation (bath temp. 45oc  / 15 mm Hg), [(I]D 20 +2.8 (C = 0 .60 ,  CHC13).  11 
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