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Abstrack Stepwise Mn~toxycartonylation of (S)-5-aminomethyl-2-pyrrorrolidone to mono-, di- and tri- 
acylated compounds has been elaborated. Ring opening of (S)-5-(Boc-aminomethyl)-N’-Bocd-pyrrolidone 
with LiOH afforded the Boc-pro&ted 4,5diaminovaleric acid, whereas with NaBH, the Boc-protected (S)- 

4,5diamino-pentanol was ob&dned. The acid underwent Cmtius nxmqement to the conesponding 
isocyanate which was transformed to (S)-N’J6di-Boc-1,2,4&aminobutane and to N~J@di-Boc-N’-Z- 
tiaminobutaoe. Cmtios wt of (S)-tijV%Ii-Z-vale.& acid and pTSA cata&ed addition of I- 
BuOH to the imcyanate, yielded I@J&di-Z-@-Boc-1,2,4+iaminobotane. 

We previously reported the synthesis of substituted chiral 1,2,4_triaminobutanes as fl,A&ii-(-)- 

menthyl and di-i-butyl dicarbamatesl. The (-)-menthyl carbamate groups were use&l along the synthetic 

pathway as a tool for the evaluation of optical purity 1.2. The drastic conditions needed for their removal3 

rended these compounds inapplicable in the fields where free amino groups are required: chelation for the 

preparation of &-Platinum analogues4, intermediates in the synthesis of compounds for radiolabelling and 

imaging5 and in the synthesis of heteromacrocycles 6. Now we wish to extend the method based on 

transformation of (S)-pyroglutamic acid as a source of chirality to chiral 1,2,4-triaminobutanes bearing easily 

and preferentially removable t-butoxy-carbonyl (Boc) and benzyloxycarbonyi (Z) groups. 

We reinvestigated the acylation of (S)-S-(aminomethyl)-2-pyrrolidone (1)l with rert-butyl dicarbonate 
(Boc20) in MeCN. Even in the presence of a large excess of @x)20 (3.15 equivalents) only the amine group 

reacted as a single nucleophile yielding (S)-S-(Boc-aminomethyl)-2-pyrrolidone (2) (Rf = 0.20, EtOAc) (see 

Scheme I). After the free amine disappeared and dimethylaminopyridine @MAP) was added to the reaction 

mixture, &butoxycarbonylation proceeded both at the lactam and at the carbamate nitrogens yielding tri-Boc 
derivative 3 (Rf= 0.62, EtOAc; no NH absorption in IR). When 2 reacted with one equivalent of Boc20 in the 

presence of DMAP the di-Boc derivative 4 (Rf = 0.30, EtOAc; NH absorption at 3461 cm-l) was obtained. 

Acylation of the lactam nitrogen occurred prior to that of the urethane nitrogen. Addition of DMAP to the 
reaction mixture of 1 and of an excess of (Boc)zO gave the ureide ~1 (Rf= 0.39, EtOAc; no NH absorption in 

IR) together with 3. The formation of 5 points to the competition for the first equivalent of (Boc),O between 

the lactam nitrogen and the free amine. 

*Deceased November 2, 1993. 
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In the presence of DMAP the l+Boc-dimethylaminopyridinium cation acts as an acylating reagent’-lo. 

Guipe-Jampel and Wakselman have isolated it as the highly reactive chloride and as a more stable tetra- 
fluoroboratell. Using (Boc)20, TEA and DMAP Flynn at al. 12 have prepared a series of ZV-t-Boc lactams and 

amides which were subsequently regioselectively hydrolyzed with LiOH to acyclic amides. Grehn et al. have 
observed that (Boc)20 cannot be replaced by Boc-N3 and Boc-OPh in the acylation of amides and 

urethane@. This observation leads to the conclusion that the counter anion of the r-Boc-dimethylpyridinium 

cation also plays a role in the exhaustive acylation of amides and urethanes. The highly basic t-butoxide 
generated from Dh3AP and (Do420 is involved in proton abstraction from the lactam ring of 1, and the 

anionic species so formed competes even with the amine in the acylation process. Once Z-Boc-lactam is formed, 

the aminomethyl group is involved in intramolecular cyclisation prior to ti.nther acylation to 5 (see Scheme II). 
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Scheme II 
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N-Boc protected pyroglutamates are known to undergo regioselective ring opening with various 

nucleophiles under mild conditions 12-17. When 3 and 4 were exposed to LiOH corresponding acids 6 and 7 

were isolated after acidification (see Scheme III). The sodium salt of 7 was also obtained by refhrxing 6 with 
NaOMe in MeOH. LiOH in a mixture of THP-Hz0 at 6OW was inefficient in transforming N(Boc)z to 

NHBoc. Both acids were converted by a mixed anhydride method to acyl asides (absorption at 2155 cm-l in 

IR), which underwent Curtius rearrangement to isocyanates (2260 cm-l). The isocyanate derived from the acid 

6, with aqueous LiOH in THF, gave a sparingly soluble urea as a result of amine addition. This complication 

was not encountered upon hydrolysis of the less lipophilic isocyanate 8, which gave (S)-NIP-di-Boc-1,2,4- 

triaminobutane (9) in 72% yield. Treating 8 with benzyl alcohol in the presence of a catalytical amount of 

PTSA, according to the procedure of Canonne et al. 18, afforded NIP-di-Boc-fi-Z-triaminobutane (10) 

4 LioH_ BocHN~C02H NaOMe ( 

G-IBoc 

7 
NaBH, 

(B~c)#l~~~” fim 

tGiB0~ 
t---3 
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BocHNwOH 
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~HBOC 

11 IiCH/ a +H,(QWpTSA 

BocHNvNH2 Boc”N~NHCo2C7~ 

tG30~ ~BOC 

9 10 

scheme III 

NaB& at 00 in methanol led to nucleophilic ring opening of 4 and reduction to (4S)-@,I@-di-Boc- 

4,5-diaminopentanol (11). (DIBAL-H at -780 reduces carbonyl amide to hydroxy compound without ring 

cleavagel9). 11 is a higher analogue of 2,3-diaminopropanol known as a racemic mixture of its 

derivatives20~21. A chiral 2,3diaminopropanol could be obtained by Cardillo et al.22 from the substituted 

chiral imidazolidm-Zone systems. 

(4s)~NJ@-di-Z-4,5-diaminovaleric acid (13), prepared by acylation of 12 with benzyl chloroformate, 

was submitted to Curtius rearrangement conditions (see Scheme IV). Hydrolytic treatment of the isocyanate 

14 yielded the undesired urea whereas the addition of t-BuOH, in the presence of pTSA, gave the Boc 

derivative 15 in 79% yield. Treatment of 15 with dry HCl in EtOH generated the free amine 16. 

The optically active 1,2,4-triaminobutanes 9, 10, 15 and 16 might be usefil as ligands. The 

preferential removal of protecting groups has previously been demonstrated with enantiomeric mixtures23. 



890 J. ALTMAN et al. 

H2 
wC02H 

aIN/\/\/ 
C02H 

i 
ZHNvN=C=O 

NH, ~CO2w7 
E clco2iE3u 

6JHZ iHZ 

12 

&OH, p-T.% 
b ZHV 

NHBoc Ha 
I -ZH 

-NH,” 
Z ; 
NHZ NHZ 

15 16 

scheme Iv 

Experimental 

Melting points are uncorrected. Data for the mmpounds 4 - If: Ii&red spectra were recorded on a 257 Perkin Elmer 

spectrophotometer. lH snd 13C NMR wem measured on AM 400 MHz WH spectrometer. Mass spectra were obtained on a TSQ- 

70 mass spectrometer and on a Varisn MAT 7 11 double focusing mass spectrometer. Elemental analyses were performed by the 

Microanalytical Services of the Chemistry Department at the Hebrew University, JerusaIem. TLC was performed on Merck silica 

gel 60 F256, and flash chromatography on silica gel (Merck, 70 - 230 mesh). (S)-puroglutamic acid ( L-S-oxo-proline) was 

obtained from Merck-Schuchardt. Data for the compounds 13 - 16: lR spectra were measured on a Nimlet 520 FT-JR 

spectrometer. lH and 13C NMR spectm were recorded on a Jeol EX-tOO instrument at 400 MHz. C, H, N analyses were 

performed by the Microanalytical Laboratory of the Institute of Inorganic Chemistry, University of Munich. Specific rotation of 

all compounds was measured with a DIP JASCO polarimeter. 

(S)-S-(Aminomethyl)-pyrrolidotte (1): 

1 was prepared according to the previously reported procedurel. 

(S)_5-[(DiJ-butorycarbonyI)aminomethyll_e (3): 

1 (2.8g, 0.0245 mol) was dissolved in dry CH,CN (25 mL) and ccoled in an ice bath. Di-rerr-butyJ tiicatbonate (9.35 g, 0.075 

mol) was added and the mixture stirred 2 h at 0“ and overnight at room temperature. TLC on silica gel revealed a single spot of 

the (S)_5-(t-butoxycarbonylaminomethyl)-2-pyrrolido~e (2) (Rf = 0.20, elution with EtOAc, visualization with ttinhydrin) 

identical with the spo’t of 2 prepared previouslyt. The mixture was cooled again and DMAP (305 mg, 2.5 mmol) was added. 

Strong evolution of COs was observed during 2 h. The stirring continued for 6 h at room temperature. CHsCN was evaporated and 

the residue redissolved in EtOAc (100 mL). The organic layer was washed with cold aqueous 10% citric acid, water, 5% 

NaHCOs, dried (HasSO,) and concetttrated. The residue was introduced in a minimum volume of EtOAc onto silica mhmm (80 

g) treated with hexane. Some impurities were eluted with hexane. Elution with 20% EtOAc-hexane mixture afforded 3 (8.1 g, 

80%), mp 98-99OC, identical in all mapects to the sample reported previouslyt. 
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(S)-5-[(t-Butoxyca~bonyl)nminomethyl]-l-t~a~~yc~ny~Z-py~lido~ (4): 

1 (1.24 g, 0.011 mol) was dissolved in CHsCN (2OmL) and cooled in ice bath. DiJ-bmyl dicarbmrate (5.0 g, 0.023 mol) was 

added. AtIer 12 II stirring at room temperature DMAP (112 mg, 1 mmol) was added. The reacticn mixture was left overnight, 

ccncentrated, redissolved in EtOAc, washed with water, 10% citric acid, dried (Na$O$ and concentrated The residue was 

t&mated with hexane yielding 4,2.74& (75%) mp 133-K (from EtOAc); 23 [a], - 64.0 (c 2. EtOH); IE (CHCI,) 3461, 1779s, 

1738sh, 1709s cm-t; tH NME (CDCI,): 8 1.39 (s, 9H, Me); 1.50 (s, 9H, Me); 1.93 - 2.09 (m, 2H, CH,); 2.35 - 2.60 (m, ZH, 

CH,CO); 3.30 - 3.35 (q, ZH, CH2N); 4.16 - 4.18 (m, HI, CHN); 4.81 (br, H-J, NH); t3C NMR (CDC13): 8 21.1 (C-4); 27.9 (Me); 

28.2 (Me); 31.4 (C-3); 43.0 (C-6); 57.7 (C-5); 79.6 (@le& 83.1 (@les); 150.0; 156.0 (CO,); 174.0 (CO); CIMS: m/z 315 

m+ (lo%), 215 w - C02(Me),] (90%); Anal. Found: C, 57.14; l-2, 8.17; N, 9.05. C,,H,,N,O, requires C, 57.31; H, 8.33; 

N, 8.91% 

(S) -N4-NS~-Tri-t-butoryePrbonyl~~i~inov~e~c acid (6): 

Lactam 3 (3g 7.2 mmol) was stirred overnight in a mixture of LiOHHsO (lg ), water (35 mL) and THF (35 mL). THE was 

evaporated. The aquecus layer was acidified with cold 10% aquecus citric acid and extracted with ether. The ether solution was 

dried (Na2S04) and wncentrated affording 3g (96 %) of the acid 6 as an oil; [a] D23 + 8.0 (c 2, EtOH); IR (CHC13): 1782, 

175Osh, 1710s cm-t; tH NME(CDC1,): 8 1.37 (s, 9H, Me); 1.48 (s, 18H, Me); 1.80 (br, 2H, CH$; 2.41 (t, 2H. C&CO); 3.68 (br, 

ZH, CH,N); 3.92 (br, Hi, CHN); 4.99 (d, 1 H, NH); t3C NM8 (CDCl,): 8 27.8 (C-3); 28.0,28.3,28.5 (Me); 30.6 (C-2); 49.0 (C- 

5); 49.8 (C-4); 79.2, 82.8 (Qvk,); 152.8, 156.0 (C02); 177.8 EOsH); CIMS: negative-ion spxtrum: m/z 431 W-HJ- (100 %), 

331 Ebl- HC02C(Me)3]; Anal. Found: C, 55.48; H, 8.45; N, 6.42. CseH3sN20s requites C, 55.58; H, 8.17; N, 6.49%. 

(S)-N*J@-Did-butoxycarbonyl-4,S-diamioovaleric acid (7): 

A. The lactam 4 (1.59 g, 5 mmol), LiOH.H20) (400 mg), THF (25 mL) and water (10 mL) were stirred for 17 h. THE was 

evaporated, the aqueous layer was aciditied with citric acid, extracted with EtOAc and dried (NasS04). The organic layer was 

ccnccntrated and the residue crystallized from EtOAc-hexane yielding 7, 1.62 g, (97 %), mp 126&C; [a],23 - 12.0 (c 2, EtOH); 

IE (CHC13): 3440, 1706 cm-r; 1 H NMR (CDCI,): 8 1.44 (s, 18H, Me); 1.62 - 1.82 (m, 2H, CH2), 2.30 - 2.40 (m, 2H, CH2CO); 

3.1 - 3.2 (m, ZH, CHsN); 3.64 (br, lH, Cm, 4.93 ( d, lH, NH); 5.00 (t, HI, NH); 13C NMB (CDC13): 6 27.7 (C-3); 28.3 (Me); 

44.6 (C-5); 51.0 (C-4); 79.5 cMe3); 156.4, 156.7 (C02); 177.3 (CO,H); CIMS: negative-ion spectnun: m/s 331 w-H]- (108%); 

Anal. Found: C, 54.02; H, 8.25; N, 8.57. C,,H,sN,Os requires C, 54.21; H ,8.49; N, 8.42%. 

B. The acid 6 (2.68 g, 6.2 mmol) was dissolved in methanol (50 mL) containing NaOMe prepared from Na (720 mg, 31 mmol). 

The solution was refluxed for 6 h. Then MeOH was evaporated, the residue redissolved in water (50 mL), aciditied with citric 

acid, extracted with EtOAc, dried (NasS04) and wncentrated yielding 7, 1.65 g (80%). 

(S)-fl,@Di+butoxycarbony1-1,2,4-triaminobutane (9): 

Iso-butyl chlomfonnate (546 mg, 4mmol) was added to the ccld mixture of the acid 7 (662 mg, Zmmol) and TEA (505 mg, 5 

mmol) in dry THE (10 mL). After 30 mitt NaN3 (2.4 g) in water (8 mL) was added and the reaction mixture stirred for 30 min at 

OOC. EtOAc (50 mL) was added. The organic layer was separated, washed with water, dried (Na.$O$, concentrated and dried in 

vacuoatmomtemperaturefor3h. TheIR(CHCI3)ofthecrudeacylazidehadanabsorptionat214Oand17lOcm-*.Thcresidue 

was redissolved in benzene (30 mL) and heated at 7oOC for lh showing an IR abanrption of isocyanate 8 at 2260 cm-t. The 

Lnmzene was evaporated and the residue redissclved in THE (20 mL) to which LiOH.H20 (200 mg) in water (10 mL) was added 

The mixture was stirred overnight at mom temperature. EtOAc (50 mL) was added, the organic layer separated, washed twice 
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with water, dried (Na.$O.,) and concentrated, yielding 440 mg (72 %) of9, mp 7880°C.; [c&a0 - 28.4 (c 2, EtOH); IR (CHCls): 

1700, 1498 cm-l; tH Nh4R (CDCl,): 8 1.38 (s, 18H, Me); 1.53 (br, 2H, CH,); 1.93 (br, 2H , NI-Q); 2.74 (t, 2H, C&NHa); 3.14 

(br, 2H, CHaN-1), 3.69 @r, lH, CHN); 5.05 (br, lH, NH); 5.10 @r, H-l, NH), t3C NMR (CDCls): 8 28.3, 28.5 (Me); 36.2 (C-3); 

38.4 (C-4); 44.7 (C-l); 49.3 (C-2); 79.2 c(Me)3); 156.3, 156.5 (CO& CIMS: m/z 304 m+ (100%); Anal. Found C, 55.43; 

H, 9.38: N, 13.48. Ct,H,,N,O, requires C, 55.42; I-I, 9.63; N, 13.85%. 

(S)-~~-Di~-butorycarbonyl-~-benzyloxycarbonyl-l~,~t~aminobutane (10): 

Isocyanate 8 was prepared as described above from 331 mg of 7. To the still hot benzene solution, benzyl alcohol (1mL) and 

pTSA (20 mg) were added and the mixture was left overnight at room temperaturn, washed with 10% aqueous Na&O,, water , 

dried and concentrated. The residue was introduced on a silica c&mm (25g) treated with hexane. Benzyl alcohol was eluted with 

a mixture EtOAc-hexane (l/6) and 10 was eluted with EtOAc-hexane (l/l), 80 mg (62%). mp 122-3oC; [a]uz3 - 23.8 (c 2, 

EtOH); IR (CHCl,): 3450, 1700, 1498 cm-t; tH NMR @Xl,): 8 1.30 - 1.50 (superposition of m, part of AB of w-3 with two 

s ofMe, 19H); 1.70 (m, H-I, part of AB, CHa-3); 2.95 (m, part of AB, lH, CH,-4); 3.10-3.15 (m, 2H, t&-l); 3.42 (m, H-l, part 

of AB, CH+); 3.64 (m, lH, CH-1); 4.82 (br, lH, NH); 5.01 - 5.09 (br, 3I-I. NH and CT-DO); 5.65 (In, 1H. NH); t3C NMR 

(CDCl,): 8 28.3 (Me); 33.3 (C-3); 37.4 (C-4); 44.4 (C-l); 49.5 (C-2); 66.5 (QHsO); 79.5 (QMe)s); 127.9, 128.0, 128.4, 136.7 

(arom); 156.4, 156.7 (CO,); HRMS: m/z 437.2552 Fr]+ (0.93%). CazH3,N30s requires 437.2526. Anal. Found: C, 60.12; H, 

7.97; N, 9.79. &H3sN30a requires C, 60,40; H, 8.06, N, 9.60%. 

(S)-N4,@-Di~-butorycarbonyl-4,S-diarninopentan~l~l (11): 

NaBH, (1.52 g, 0.04 mol) was added in small portion to a cold solution of lactam 4 (3.13 g, 0.01 mol) in McOH (100 ml.). The 

reaction mixture was left overnight and quenched with NH4Cl . MeOH waa evaporated and the residue redissolved in a mixture of 

EtOAc (100 mL) and water (100 mL). The organic layer waa washed once with water, dried and concentrated. The residue was 

crystallized fron EtOAc-hexane yielding 2.77 g of 11(87%), mp 86&C; 23 [a], - 13.4 (c 2, EtOH); IR (CHCI,): 3445, 1690 cm-‘; 

tH NMR (CDCI,): 8 1.3 - 1.7 ( m of CH1-2, CHa-3 and s Me, 22H); 2.41 (s br, lH, OH); 3.13 (br, SH, CH2N); 3.61 @r, 3H, 

CHN and C&O); 4.84 (br, IH, NH), 4.96 (br, H-I, NH); t3C NMR (CDC13): 8 28.1,28.3 (Me); 28.6 (C-2); 29.3 (C-3); 44.6 (C- 

5); 51.2 (C-4); 62.1 (C-l); 79.2 a(Me),); 156.3, 156.5 (CO$; Anal. Found: C, 56.81; H, 9.33; N, 8.95. CtsH3,N20s requires C, 

56.58; H, 9.61; N, 8.91%. 

(S)-fl,iVs-Dibenzyloxycarbonyl-4,5-diaminovalerlc acid (13): 

(S)-ti,hn-Diaminovaleric acid (12)’ (460 mg, 2 mmol) was dissolved in 5 mL. of water, neutralized with 1 M NaOH (6 tttL) and 

cooled in an ice bath. Benzyl chloroformate (750 mg, 5 mmol) in THT (5 mL) and 1 M NaOH (5 mL) were slowly added from two 

separate funnels. The mixture was stirred for 1 h at O°C and overnight at mom temperature, keeping pH in the range 9-10. THF 

was evaporated and the water layer extracted with ether to remove neutral impurities. The water layer was acidified with 2 M HCl 

and extracted with EtOAc. The extract was dried (Na$SO,)a.nd concentrated and the residue mctystallized from EtOAC-hexane 

giving 12, 602 mg (75%), mp 136-8oC; 21 [a]n - 7.8 (c 1, EtOH); IR (Nujol): 3333, 1694, 1608, 1541 cm-t; tH NMR (CDCI,): 8 

1.60 - 1.90 (m, 2H, CH,); 2.72 (m, 2H, CHaCO); 3.24 - 3.29 (q, ZH, CH+J); 3.72 (br, HI, CHN); 5.04 (s, 4H, CHaO); 5.27 (d, 

lH, NH); 5.34 (br, lH, NH); 7.29 (s, 5H, arom); 7.30 (s, 5H, arom); “C NMR (CDCI,) : S 27.3 (C-3); 30.3 (C-2); 44.9 (C-5); 

51.5 (C-4); 66.9 cH,O); 127.9, 128.0, 128.1, 128.5, 136.3 (C-arom), 156.8, 157.2 (CO$; 177.2 (CO); Anal. Found: C, 63.11; H, 

6.ll;N, 7.11. C,,H,,N,Os requiresC,62.99; H,6.04; N,6.99%. 
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(S)-N’~-Dibenzylorycarbonyl-~~-butoxyca~nyl-l~,4-triamiaobutme (IS): 

The acid 12 (1.54 g, 3.87 mmol) and EtjN (808 mg, 8 mmol) were dissolved in dry THF (30 mL) and cooled to -5oC. Isobutyl 

chloroformate (790 mg, 5.81 mmol) was added and the reaction mixture stied for 1 h. Nal$ (4.3 g in 13 mL of water) was 

added and the reaction mixture stirred for 30 min at -5OC and for 1 h at room tempzratere, then mixed with EtOAc (150 mL). The 

organic layer was washed once with water, dried (Na2S04) and concentrated. The crude azide had an abso@ion at 2137 cm-l. 

The residue was redissolved in benzene (100 mL) and heated for 1 h at 7ooC showing absorption of isocyanate 14 at 2262 cnr’. 

r-BuOH (15 mL) and pTSA (50 mg) were added to the hot solution which was left for overnight at room temperature, washed 

with 5% NaHCO,, water, dried and concentrated. The residue was dissolved in EtOAc and filtered through a silica gel column (60 

g) giving 15, 1.29 g (71%), mp 112OC, [a] $’ - 17.5 (c 2, EtOAc); IR (Nujol): 3333, 1696, 1544 cm-‘; ‘H NMR (CD,CI,): 6 1.43 

(s, 9H, Me); 1.48, 1.95 (m, 2H, C&-3); 2.98 (m, lH, part of AB of CH+); 3.28 (m, 3H, CH,-1 and part of AB of CH+); 3.75 

(m, lH, CH-2), 5.07 (s, 4H, CH,O); 5.19 (br, lH, NH-4); 5.4 - 5.6 @r, ZH, NH-l and NH-2); 7.34 (s, lOH, arom); 13C NMR 

(CD&l,): 6 23.8 (Me); 33.1 (C-3); 37.1 (C-4); 45.2 (C-l); 49.9 (C-2); 66.7, 66.8 cH20); 79.0 a(Me)$ 127.9, 128.8, 128.1, 

128.6, 136.9 (arom), 156.1, 157.0 (CO*); Anal. Found: C, 63.64; h, 7.14; N, 8.91. CzJHs,Ns06 requires C, 63.67; H, 7.05; N, 

8.91%. 

(S)-N’,f@-Dibcnzyloxycarhonyl-1,2,4-triaminobutane hydrochloride (16): 

15 (700 mg, 1.48 mmol) was dissolved in EtOH (3 mL) and added to a solution of dry 10% HCl in EtOH (7 mL). After 5 h dry 

ether was added to precipitate the salt which was washed three times with dry ether and dried in vacua yielding 485 mg (80%) of 

16, mp 151-S°C; [a@’ + 4.1 (c 2, EtOH); IR (Nujol): 3333, 1685, 1539 cm-‘; *H NMR (CD,OD): 6 1.60 - 1.75 (m, 2H, CIQ3); 

2.89 - 3.05 (m, 2H, CH,N-4); 3.13 - 3.28 (m, ZH, CH2N-1); 3.74 (m, lH, CHN-2); 5.07 (s, 2H, CH20); 5.08 (s, 2H, CH20); 7.32 

(s, SH, arom); 7.33 (s, SH, arom); 13C NMR (CD,OD): 6 31.6 (C-3); 38.0 (C-4); 45.3 (C-l); 50.4 (C-2); 67.6 (CH,O); 67.7 

(CH,O); 128.8, 128.9, 129.0, 129.5, 138.2, 138.3 (arom); 159.1, 159.2 (CO$; Anal. Found: C, 56.61; H, 6.90; N, 10.12. 

C,,H,,CIN,O,~H,O requires C, 56.27; H, 6.84; N, 9.84%. 
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