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Abstract- Samarium iodide promoted reductive coupling of N-ethoxycarbonyl- 
azetidine-3-one (la), N-p-toluenesulfonylazetidine-3-one (lb), and N-benzhydryl- 
azetidine-3-one ( lc)  each afforded the corresponding pinacol (2a-2c, respective- 
ly). Each pinacol was converted into the corresponding dimesylate (3a-3c, respec- 
tively). When heated in the presence of base, 3a and 3b  each afforded the corres- 
ponding spirocyclic oxirane (4a and 4b, respectively). In contrast to the behavior 
of 3a and 3b, 3c proved to he inert under these conditions. Structure 4b was 
established unequivocally via application of X-Ray crystallogmphic methods. 

INTRODUCTION 

The chemistly of N-substituted azetidin-3-ones has received considerable attention in recent y e a r ~ . l - ~  In 

particular, functionalized azetidin-3-ones have been used as intermediates in the synthesis of new energetic 

materials, e.g., 1.3.3-tnnitroazetidine ('TNAZ").4-8 In the present study, samarium iodide promoted reduc- 

tive coupling of N-substituted azetidin-3-ones have been investigated, and some aspects of the chemistry 

of the resulting "pinacols" have been explored 

Samarium iodide promoted reductive coupling was performed by using three N-substituted azetidm-3- 

ones, i.e., l a - l c  as substrates (Scheme 1). In our hands, each of the three reductive coupling reactions 

proceeded smoothly to afford the corresponding pinacol (2a-2c, respectively). Each of the pinacols, in 

turn, could be converted into the corresponding dimesylate (3a-3c, respectively) via reaction with MsCI- 

Et3N in the presence of dimethylaminopyridine (DMAP). 
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TDedicated to Dr. Bernhard Witkop on the occasion of his 80th birthday. 
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DISCUSSION 

Initially, our interest in systems of the type (3) (Scheme 1) was to perform base-promoted E2 elimination 

of two equivalents of MsOH, thereby producing an unusual, conjugated bis(enamine). However, despite 

several attemps, we were unable to promote elimination in this system (e.g., note our inability to convert 3b 

into 7; see Scheme 2). This result is particularly vexing, since we have shown previously that N-tosyl-3- 

ethyl-3-mesyloxyazetidine (5) undergoes smooth base-promoted elimination of the elements of MsOH to 

afford the corresponding, substituted 2-azetine (6, Scheme 2). 1 

Scheme 2 

KOl~Bu 
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Instead, under the basic conditions employed (see the Experimental Section), competing nucleo~ )hilic dis- 

placement of one of the OMS groups in 3a and 3b  by hydroxide ion (presumably either from water or from 

KOH that might have been present in KOt-Bu) occurred with concomitant intramolecular nucleophilic dis- 

placement of the remaining OMS group by -0:-. In this way, two novel, spiroannulated oxiranes (i.e., 4a  

and 4b) were prepared in excellent yield (91% and 84% from 3a and 3b, respectively, see Scheme 1). The 

structures of three compounds that are involved in the reaction sequence shown in Scheme 1, i.e., Za, Zb, 

and 4b, were established unequivocally via application of X-Ray crystallographic methods. 

Interestingly, 3c proved to be inert toward base under the same conditions that had been used previously to 

convert 3a and 3b  into the corresponding oxiranes (i.e., 4a and 4b, respectively). The reasons for the fail- 

ure of 3c to undergo base-promoted conversion into the corresponding spirocyclic oxirane (&) are not ap- 

parent to us and are being investigated further in our laboratory. 

In the course of this study, some additional reactions of 2a were investigated; the results thereby obtained 

are summarized in Scheme 3. Thus, 2a was converted into the correspondmg bis(0-acetyl) derivative (8). 

The structure of 8 was established unequivocally via application of X-Ray crystallographic methods. Sub- 

sequently, the N-benzyl groups in 8 were removed via hydrogenolysis, and the resulting product (9) was 

converted into the corresponding bis(N-acetyl) derivative (10). 

EXPERIMENTAL 

Melting points are uncorrected. Elemental microanalytical data was obtained by personnel at M-H-W 

Laboratories, Phoenix, AZ. 

N,N'-Bis(ethoxycarbonyl)-3-hydroxy-3-(3'-hydroxy-3'-azetidinyl)azetidine (2a). To a so- 

lution of 0.1 M solution of SmI2 in THF (100 mL, 10 mmol) under argon was added N-ethoxycarbonyl- 

azetidin-3-oneg(la, 1.43 g, 10 mmol), and the resulting mixture was stirred at ambient temperature for 8 h. 
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Scheme 3 
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To the reaction mixture was added 0.1 N aqueous HCI (20 mL, excess), and the resulting aqueous suspen- 

sion was extracted with EtOAc (3 x 50 mL). The combined organic extracts were washed sequentially with 

saturated aqueous NaHC03 (2 x 20 mL), water (30 mL), and brine (2 x 20 mL). The organic layer was 

dried (MgS04) and filtered, and the filtrate was concentrated in vacuo. The residue was purified via column 

chromatography on silica gel by eluting with 60% EtOAc-hexane. The eluate was recrystallized from 

EtOAc-hexane, thereby affording pure 2a (1.0 g, 70%) as a colorless microcrystalline solid: mp 230 OC 

(decomp ); IR (KBr) 3418 (vs), 2980 (s), 2532 (vs), 1700 (vs), 1471 (vs), 777 cm-1 (s); IH NMR 

(DMSO-d6) 6 1.22 (t, J =  7.3 Hz, 6H) ,  3.80 (d, J =  9.4 Hz, 4H) ,  3.96-4.13 (m, 8 H), 6.25 (br s, 2 H); 13C 

NMR (DMSO-d6) 6 13.3 (q), 57.0 (t), 57.1 (t), 57.2 (t), 57.5 (t), 60.6 (t), 70.5 (s), 156.6 (s). Anal. Calcd 

for Cl2H20N206: C, 49.99: H, 6.99. Found: C, 49.78; H, 6.92. The structure of 2a was established un- 

equivocally via application of X-Ray crystallographic methods (vide inpa). 

N,N'-Bis(ethoxycarbonyl)-3-mesylnxy-3-(3'-mesyloxy-3'-azetidinyl)azetidine (3a). A so- 

lution of 2a (810 mg, 2.8 mmol) in CH2C12 (15 mL) under argon was cooled to 0 "C via application of an 

external ice-water bath. To this cooled solution was added MsCl(958 mg, 8.4 mmol). T o  the resulting so- 

lution under argon was added dropwise with stirring a solution of Et3N (2.83 g, 28 mmol) and 4-dimethyl- 

aminopyridine (DMAP, 100 mg, 0.82 mmol) in CH2C12 (5 mL), and the reaction mixture was stirredat O- 

10 "C for 3 h. The external ice-water bath was removed, and the reaction mixture was allowed to warm 

gradually to ambient temperature with stimng during 3 h. To the reaction mixture was added CHzClz (80 

mL), and the resulting mixture was washed sequentially with water (20 mL), saturated aqueous NaHCOj 

(20 mL), and brine (20 mL). The organic layer was dried (Na2S04) and filtered, and the filtrate was con- 

centrated in vacuo. The residue was purified via column chromatography on acid-free silica gel that had 

been pre-treated with Et3N by eluting with 40% EtOAc-hexane. The eluate was recrystallized from EtOAc- 

hexane, thereby affording pure 3a (900 mg, 73%) as a colorless microcrystalline solid: mp 124-125 'C; IR 

(KBr) 3022 (s), 1715 (vs), 1346 (vs), 1159 (vs), 885 cm-1 (s); 1H NMR (CDCl3) S 1.21 (t, J =  7.1 Hz, 6 

H), 3.10 (s, 6 H), 4.05-4.26 (m, 8 H), 4.61 (d, J =  11.2 Hz, 4H); 13C NMR (CDC13) 6 14.4 (q), 40.3 (q), 

56.3 (t), 61.8 (t), 81.2 (s), 156.2 (s). Anal. Calcd for C14H24N2010S2: C, 37.83; H, 5.44. Found: C, 38.09; 

H, 5.70. 

Reaction of 3a with Aqueous KOH. T o  a solution of dimesylate (3a) (200 mg, 0.46 mmol) in t -  

BuOH (5 mL), Hz0  (18 mg, 1 mmol) and KOH (26 mg, 0.46 mmol) were added and the mixture was stir- 



red at 40 "C for 3 h. The reaction mixture was extracted with Et2O (2 x 50 mL) and the combined organic 

extracts were washed sequentially with water (2  x 50 mL) and brine (2 x 25 mL). The organic layer was 

dried (MgSO4) and filtered, and the filtrate was concentrated in vacuo. The residue was purified via column 

chromatography on silica gel by eluting with 25% EtOAc-hexane. The eluate was recrystallized from 

EtOAc-hexane, thereby affording pure 4a (1 13 mg, 91%) as a colorless microcrystalline solid: mp: 126- 

127 OC; IR (KBr) 2991 (m), 1713 (vs), 1441 (vs), 1049 (s), 775 cm-1 (s); 1H NMR (CDCI3) 6 1.22 (t, J 

=7.2 Hz, 6 H), 4.02-4.20 (m, 12 H); I3C NMR (CDCI3) 6 14.6 (t), 55.4 (t), 61.3 (s), 61.5 (t), 156.5 (s). 

Anal. Calcd for ClzHlgN205: C, 53.33; H, 6.70. Found: C, 52.96; H, 6.86. 

N,N'-Bis(toluenesulfonyl)-3-hydroxy-3-(3'-hydrox3'-azetidinyl)azetidine (2b). T o  a so- 

lution of 0.1 M solution of Sm12 in THF (1 15 mL, 11.5 mmol) under argon was added l b8  (2.54 g, 11.3 

mmol), and the resulting mixture was stirred at ambient temperature for 8 h. To the reaction mixture was ad- 

ded 0.1 N aqueous HCI (5 mL, excess), and the resulting aqueous suspension was extracted with EtOAc (3 

x 50 mL). The combined organic extracts were washed sequentially with saturated aqueous N a H C a  (2 x 

20 mL), water (30 mL), and brine (2 x 20 mL). The organic layer was dried (MgS04) and filtered, and the 

filtrate was concentrated in vacuo. The residue was purified via column chromatography on silica gel by 

eluting with 10% CH30H-CHzC12. The eluate was recrystallized from CH30H-CH2C12, thereby affording 

pure 2b (1.88 g, 73%) as a colorless microcrystalline solid: mp 260 "C (decamp.); IR (KBr) 3453 (vs), 

3057 (w), 2949 (m), 1602 (m), 1153 (s), 670 cm-I (s); 'H NMR (DMSO-d6) 62.41 (s, 6 H), 3.33 (AB, 

JAB = 7 . 7 H z , 4 H ) , 3 . 5 1  (AB, JAB = 7 . 7 H z , 4 H ) ,  5 .87(s92H) ,7 .45(AB,  JAB = 8 .0Hz ,4H) ,7 .63  

(AB, JAB = 8.1 Hz, 4 H); 13C NMR (DMSO-(16) 621.0 (q), 58.8 (t), 69.3 (s), 128.0 (d), 129.9 (d), 131.0 

(s), 143.9 (s). Anal. Calcd for C20Hz4N206Sz: C, 53.08; H, 5.35. Found: C, 52.90; H, 5.33. The structure 

of 2b was established unequivocally via application of X-Ray crystallographic methods (vide infra). 

N,N'-Bis(toluenesulfonyl)-3-mesyloxy-3-(3'-mesylnxy-3'-azetidinyl)azetidine (3b). A so- 

lution of 2b (550 mg, 1.22 mmol) in CH2C12 (5 mL) under argon was cooled to 0 'C via application of an 

external ice-water bath. To this cooled solution was added MsCl (1.1 1 g, 9.76 mmol). To the resulting so- 

lution under argon was added dropwise with stirring a solution of pyridine (10 mL, excess) and DMAP 

(298 mg, 2.4 mmol) in CHzClz (5 mL), and the reaction mixture was stirred at 0 "C for 10 h. The external 

ice-water bath was removed, and the reaction mixture was allowed to warm gradually to ambient tempera- 

ture with stirring during 24 h. To the reaction mixture was added CH2CIz (80 mL), and the resulting mix- 

ture was washed sequentially with water (30 mL), saturated aqueous NaHC@ (30 mL), water (30 mL), 

and brine (30 mL). The organic layer was dried (MgS04) and filtered, and the filtrate was concentrated in 

vacuo. The residue was purified via column chromatography on acid-free silica gel that had been pre-treated 

with Et3N by eluting with 20% EtOAc-CHC13. The eluate was recrystallized from EtOAc-hexane, thereby 

affording pure 3 b  (510 mg, 69%) as a colorless microcrystalline solid: mp 180-181 "C; 1R (KBr) 3032 

(m), 2937 (m), 1605 (s), 1354 (vs), 1180 (vs), 842 cm-I (vs); IH NMR (CDC13) 6 2.43 (s, 6 H), 2.97 (s, 6 

HI, 3.96 (AB, JAB = 11.0Hz. 4H) ,  4.21 (AB, JAB = 11.1 Hz, 4 H) 7.40 (AB, JAB = 8 , l  Hz ,4H) ,  7.70 

(AB, JAB = 8.0 Hz, 4 H); I3C NMR (CDC13) 621.7 (q), 40.3 (q), 56.9 (t), 128.5 (d), 130.2 (s), 130.3 (d), 

145.3 (s). Anal. Calcd for C2zH28N2010S4: C, 43.41; H, 4.64. Found: C, 43.41; H, 4.58. 

Reaction of 3b with Aqueous KOH. To a solution of 3b  (304 mg, 0.50 mmol) in r-BuOH ( 5  mL) 

were added Hz0  (18 mg, 1 mmol) and KOH (28 mg, 0.50 mmol), and the resulting mixture was stirred at 
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40 "C for 3 h. The reaction mixture was extracted with Et20 (2 x 50 mL), and the combined organic ex- 

tracts were washed sequentially with water (2  x 50 mL) and brine (2 x 25 mL). The organic layer was dried 

(MgS04) and filtered, and the filtrate was concentrated in vacuo. The residue was purified via column chro- 

matography on silica gel by eluting with 25% EtOAc-hexane. The eluate was recrystallized from EtOAc- 

hexane, thereby affording pure 4b (181 mg, 84%) as a colorless microcrystalline solid: mp: 219-220 "C; IR 

(KBr) 2961 (w), 2930 (m), 1609 (s), 1350 (vs), 1165 (vs), 679 cm-1 (vs); IH NMR (CDC13) 6 2.47 (s, 6 

H), 3.89(dd, J =  10.7, 9.3 H z , 8  H), 7 . 4 0 ( d , 4 H ,  J = 8 . 2 H z ) , 7 . 7 4 ( d , 4 H ,  J z 8 . 3  Hz); 13C NMR 

(CDC13) 6 21.6 (q), 56.0 (t), 59.9 (s), 128.2 (d), 130.1 (d), 131.2 (s), 145.1 (s). Anal. Cacld for 

C10H22N20sSZ: C, 55.28; H, 5.10. Found: C, 55.43; H, 5.04. The structure of 4b was established unequi- 

vocally via application of X-Ray crystallographic methods (vide inha). 

N,N'-Bis(benzhydryl)-3-hydroxy-3-(3'-hydroxy-3'-azetidinyl)azetidine (Zc). T o  a solution 

of 0.1 M solution of SmIz in THF (200 mL, 20 mmol) under argon was added N-benzhydrylazetidin-3- 

one8 ( lc ,  4.74 g, 20 mmol), and the resulting mixture was stimed at ambient temperature for 12 h. To the 

reaction mixture was added 0.1 N aqueous HCI (20 mL, excess), and the resulting aqueous suspension was 

extracted with EtOAc (3 x 50 mL). The combined organic exlracb were washed sequentially with saturated 

aqueous N a H C a  (2 x 20 mL), water (30 mL), and brine (2 x 20 mL). The organic layer was dried 

(MgS04) and filtered, and the filtrate was concentrated in vacuo. The residue was purified via column chro- 

matography on silica gel by eluting with 50% EtOAc-hexane. The eluate was recrystallized from EtOAc- 

hexane, thereby affording pure 2c (3.4 g, 71%) as a colorless microcrystalline solid: mp 260 "C (decomp.); 

IR (KBr) 3041 (br, s), 2865 (vs), 1455 (vs), 749 vs), 701 cm-1 (vs); 1~ NMR (CDCI3) 63.09-3.16 (m, 4 

H), 3.38 -3.47 (m, 4 H), 4.44 (s, 2 H), 6.12 (br s, 2 H), 7.10-7.56 (m, 20 H); 1 3 ~  NMR (CDCI3) 6 127.1 

(d), 127.4 (d), 128.6 (d), 141.1 (s). Anal. Calcd for C32H32N202: C, 80.64; H, 6.77. Found: C, 80.22; H, 
6.72. 

N,N'-Bis(benzhydryl)-3-mesyloxy-3-(3'-mesyloxy-3'-azetidinyl)azetidine (3c). A solution 

of Ze (320 mg, 0.67 mmol) in CH2CI2 (10 mL) under argon was cooled to 0 "C via application of an ex- 

ternal ice-water bath. To this cooled solution was added MsCl (262 mg, 2.30 mmol). To the resulting solu- 

tion under argon was added dropwise with stirring a solution of Et3N (700 mg, 7.0 mmol) and DMAP (70 

mg, 0.57 mmol) in CHzCl2 (5 mL), and the reaction mixture was stimed at 0-10 OC for 3 h. The external 

ice-water bath was removed, and the reaction mixture was allowed to warm gradually to ambient tempera- 

ture with stirring during 3 h. To the reaction mixture was added CH2C12 (100 mL), and the resulting rnix- 

ture was washed sequentially with water (20 mL), saturated aqueous NaHCQ (20 mL), and brine (20 

mL). The organic layer was dried (NazS04) and filtered, and the filtrate was concentrated in vacuo. The 

residue was purified via column chromatography on acid-free silica gel that had been pre-treated with Et3N 

by eluting with 40% EtOAc-hexane. The eluate was recrystallized from EtOAc-hexane, thereby affording 

pure 3c (360 mg, 85%) as a colorless microcrystalline solid: mp 88-89 OC; IR (KBr) 3032 (m), 2953 (w), 

2855 (w), 1608 (m), 1346 (vs), 1176 (vs), 891 (s), 711 cm-I (vs); 'H NMR (CDC13) 63.06 (s, 6 H), 3.84 

(d, J = 9.8 Hz, 4 H), 4.1 1 (d, J = 9.1 Hz, 4 H), 4.6 (s, 2 H), 7.25-7.50 (m, 10 H); 1% NMR (CDC13) 6 

40.2 (q), 59.9 (t), 77.6 (d), 82.1 (s), 127.2 (d), 127.4 (d), 128.6 (d), 141.4 (s). Anal. Calcd for 

C34H36N206S2: C, 64.54; H, 5.73. Found: C, 64.73; H, 5.92. 
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Attempted Reaction of 3c with Base. A solution of 3c (400 mg, 0.63 mmol) in t-BuOH (5 mL) was 

cooled to 0 "C via application of an external ice-water bath. T o  this cooled solution was added with stirring 

water (18 mg, 1 mmol) followed by portionwise addition of t-BuOK (292 mg, 2.60 mmol). After all of the 

base had been added, the external cold bath was removed, and the reaction mixture was allowed to warm 

slowly to ambient temperature with stimng durng 3 h. The reaction mixture then was heated at 45 "C for 12 

h. The reaction mixture was allowed to cool to ambient temperature and then was extracted with CHzCl2 (2 

x 50 mL). The combined extracts were washed sequentially with water (2 x 20 mL), saturated aqueous 

NaHC03 (2 x 20 mL), water (30 mL), and brine (2 x 30 mL). The organic layer was dried (MgSO4) and 

filtered, and the filtrate was concentrated in vacuo. Analysis of the 'H NMR spectrum of the crude product 

thereby obtained indicated only the presence of starting material (3c). 

N,N'-Bis(benzhydryl)-3-acetoxy-3-(3'-acetoxy-3'-azetidiny)azetidine (8). A solution of 2c 

(1.9 g, 4.0 mmol) in CH2C12 (20 mL) under argon was cooled to 0 "C via application of external ice-water 

bath. To this cooled solution was added Ac20 (920 mg, 9.0 mmol). To the resulting solution under argon 

was added dropwise with stimng a solution of Et3N (1.21 mg, 12 mmol) and DMAP (200 mg, 1.64 mmol) 

in CH2C12 (5 mL), and the reaction mixture was stirred at 0-10 OC for 3 h. The external ice-water bath was 

removed, and the reaction mixture was allowed to warm gradually to ambient temperature with stirring 

during 12 h. To the reaction mixture was added CH2CI2 (100 mL), and the resulting mixture was washed 

sequentially with water (20 mL), saturated aqueous N a H C e  (20 mL), and brine (20 mL). The organic 

layer was dried (MgS04) and filtered, and the filtrate was concentrated in vacuo. The residue was purified 

via column chromatography on silica gel by eluting with 50% EtOAc-hexane. The eluate was recrystallized 

from EtOAc-hexane, thereby affording pure 8 (1.96 g, 88% ) as a colorlcss microcrystalline solid: mp 19% 

199 T ;  IR (KBr) 2857 (w), 1743 (s), 1250 (s), 760 (s), 712 cm-1 (s); 1H NMR (CDC13) 6 1.78 (s, 6 H), 

3.02-3.18 (m, 4 H), 3.92-4.02 (m, 4 H), 4.28 (s, 2 H), 6.92-7.40 (m, 20 H); I3C NMR (CDC13) 6 21.4 (q), 

61.4 (t), 76.8 (s), 78.2 (d), 127.2 (d), 127.3 (d), 128.5 (d), 142.1 (s), 169.7 (s). Anal. Calcd for 

C36H36N204: C, 77.12; H, 6.47. Found: C, 77.19; H, 6.13. The structure of 5 was established unequivo- 

cally via application of X-Ray crystallographic methods (vide infm). 

~,~'-~isacet~l-3-acetox~-3-(3'-aeetox~-3'-aetidi~l)aztidine (10). A solution of 8 (1.96 g, 

3.5 mmol) in Et20 (50 mL) was cooled to 0 "C via application of an external ice-water bath. Dry HCI gas 

was passed through the solution for 5 min, during which time a precipitate formed. Argon then was hub- 

bled through the reaction mixture to purge excess HCI (g), and the precipitate was collected subsequently 

via suction filtration. The residue was washed with Et20 (2 x 20 mL) and then dried in vacuo. The dihydro- 

chloride salt of 8 (i.e., 8.2HCI. 2.2 g, 100%) was thereby obtained as a colorless microcrystalline solid. 

This material was used as obtained in the next synthetic step. 

To a solution of 8.2HCI (2.2 g, 3.5 mmol, vide supra) in dry MeOH (75 mL) was added 20% Pd(OH)2 on 

powdered charcoal (700 mg, 1.0 mmol),lO and the resulting mixture was hydrogenated with Hz at 58 psi at 

ambient temperature by using a Parr hydrogenation apparatus for 65 h. At that time, tlc analysis of the reac- 

tion mixture indicated the complete absence of 8 (or of 8.2HCI). The reaction mixture was filtered to re- 

move spent catalyst, and the filtrate was concentrated iri vacuo. The residue was washed with Et20 (3 x 30 

mL); after each washing procedure, the organic layer was decanted carefully and discarded. The residue was 
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dried in vacuo, thereby affording 9 (780 mg, 74%) as a colorless micrccrystalline solid. This material was 

used as obtained in the next synthetic step. 

A solution of 9 (780 mg, 2.6 mmol, vide supra) in CH2CI2 (10 mL) under argon was cooled to 0 "C via 

application of an external ice-water bath. To this cooled solution was added Ac2O (2.04 g, 20 mmol). T o  

the resulting solution under argon was added dropwise with stirring a solution of pyridine (5 mL) and 

DMAP (100 mg, 0.82 mmol) in CH2C12 (5 mL), and the reaction mixture was stirred at 0-10 "C for 3 h. 

The external ice-water bath was removed, and the reaction mixture was allowed to warm gradually to ambi- 

ent temperature with stirring during 8 h. Dichloromethane (100 mL) was added, and the resulting mixture 

was washed sequentially with water (20 mL), saturated aqueous NaHC@ (20 mL), and brine (20 mL). The 

organic layer was dried (MgS04) and filtered, and the filtrate was concentrated in vacuo. The residue was 

purified via column chromatography on silica gel by eluting with 50% EtOAc-hexane. The eluate was re- 

crystallized from EtOAc-hexane, thereby affording pure 10 (650 mg, 80%) as a colorless microcrystalline 

solid: mp 181-182 "C; IR (KBr) 2962 (m), 1750 (vs), 1670 (vs), 1468 (s), 1250 cm-1 (s); 1H NMR 

(CDC13) S 1.80 (s, 6 H), 1.98 (s, 6 H), 3.98-4.57 (m, 8 H); 13C NMR (CDC13) 6 18.9 (q), 19.0 (q), 20.8 

(q), 20.9 (q), 55.5 (1). 55.9 (t), 57.6 (t), 58.4 (t), 169.6 (s), 170.4 (s). Exact Mass (CI-HRMS) Calcd for 

C14H20N206: [MI + HI+ 313.139962 Found: [M, + H]+ 313.139176. 

X-Ray Crystal Structures of 2a, 2b, 4b, and  8. All data were collected on an Enraf-Nonius CAD- 

4 diffractometer by using the w 2 0  scan technique, Mo K a  radiation ( h  = 0.71073 A), and a graphite mono- 

chromator. Standard procedures used in our laboratory for this purpose have been described previously.ll 

Pertinent X-Ray data are given in Table 1. Data were corrected for Lorentz and polarization effects but not 

for absorption. The structures were solved by direct methods (2a and 4b  were solved by using SIR12, 

while 2 b  and 8 were solved by using SHELXS-%I3), and the models were refined by using full-matrix 

least-squares techniques. All atoms in 2b were refined with anisotropic thermal parameters, while those in 

8 were refined by using isotropic thermal parameters. Sufficient data were available for the remaining two 

structures (i.e., 2a and 4b) to permit only some of the atoms to be refined anisotropically: i.e., (i) the 

oxygen atoms, nitrogen atoms, and the ethyl group carbon atoms in 2a and (ii) the sulfur atoms, oxygen 

atoms, nitrogen atoms, and the methyl carbon atoms in 4b. Hydrogen atoms were located on difference 

maps and then were included in the model in idealized positions [U(H) = 1.3 Beq(C)] and were allowed to 

ride upon the attached carbon. All computations other than those specified were performed by using 

M~lEN.~~Sca t te r ing  factors were taken from the usual sources.15 
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Table 1. X-Ray data collection and processing parameters for 2a, 2b, 4b, and 8 

Compound 2a 2b 4b 8 

c2oH24Nz06S2 
Elemental Formula C12H20NZ06 .2(DMSO) C Z O H Z ~ N Z O S S ~  C36H36N204 

( C Z ~ H ~ ~ N Z ~ S W  

Size (mm) 0.07x0.22x0.24 0.11 x0.22x0.29 0 .09~0 .10~0 .42  0 . 0 6 ~ 0 . 0 7 ~ 0 . 0 8  
Space Group P-l bar 

b (A) 
c (A) 
a (7 
P (") 
Y ( O )  

v (A3) 
Z-value 
Dcalc (g.cm3) 
P (cm-l) 
T (K) 
2em, (") 
Total reflections 
Unique reflections 
Rim 
I 2 %(I) 
Parameters 
R, Rw 
W ) m a x  
Prnax; Pmin (eA3) 
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