
J. Org. Chem. 1992,57,6339-6342 a a 9  

4 4  (l-Chloro-2-hydroxy-3-propanyl)thio]pyrimidine (16). 
Epichlorohydrin (1.9 mL, 24.5 m o l )  was added to a mixture of 
Cmercaptopyrimidine (2.5 g, 22.3 "01) and sodium bicarbonate 
(1.99 g, 24.5 m o l )  in ethanol (50 mL) and stirred at rt for 4 d. 
The mixture was worked up as deacribed for 10 to give the product 
(1.02 g, 22%) as a colorless oil. 'H NMR (CDC13): 6 3.41-3.69 
(m, 4 H), 4.16-4.20 (m, 1 H), 4.9 (br 8, 1 H, exchanges with DzO), 
7.29 (dd, J = 1.4,5.5 Hz, 1 H), 8.39 (d, J = 5.5 Hz, 1 H), 8.91 (d, 
J = 1.4 Hz, 1 H). IR (neat): 3300,1571,1447 cm-'. MS(C1): 205 
(MH+). 
l-(Thietan-3-yl)-lH-pyrimidin-6-one (17) and -4(3H)-py- 

rimidone (18). Sodium methoxide (1.2 N, 4.1 mL, 4.9 mmol) 
was added to a solution of 16 (1.0 g, 4.9 mmol) in methanol (25 
mL) at 0 OC. The reaultant solution was stirred at rt for 16 h and 
worked up as deacribed for 11 to give 17 as a colorless solid after 
flash chromatography using 5% methanol in methylene chloride 
as the eluant, 40 mg (5%) ,  mp 48-50 "C. 'H NMR (CDCl3): 6 
3.42-3.48 (m, 2 H), 3.55-3.61 (m, 2 H), 5.86-5.95 (m, 1 H), 6.70 
(d of d, J = 1.1, 5.8 Hz, 1 H), 8.45 (d, J = 5.8 Hz, 1 H), 8.74 (8, 
1 H); MS (CD 169 (MH'). Anal. Calcd for C7HJlZOS C, 49.98; 
H, 4.79; N, 16.65. Found C, 50.26; H, 4.65; N, 16.43. 

The pyrimidone 18 was eluted with 5-15% methanol in 
methylene chloride to give 208 mg (44% ) as a colorless solid which 
was identical to an authentic sample (Aldrich). 

24  (l-Chloro-2-hydroxy-3-propanyl)thio]imidazole (19). 
Epichlorohydrin (3.66 mL, 46.8 mmol) was added to a mixture 
of 2-mercaptoimihle (4.6 g, 45.9 m o l )  and sodium bicarbonate 
(4.46 g, 52.4 mmol) in ethanol (100 mL) and stirred at r t  for 16 
h. The reaction mixture was worked up as deacribed for 10 to 
give 19 as a colorleas oil, 5.28 g (60%). 'H NMR: 6 3.21-3.37 (m, 
2 H), 3.65-3.68 (m, 2 H), 4.20-4.23 (m, 1 H), 5.3 (br s,2 H), 7.02 
(e, 2 H). MS (CI): 193 (MH+). Anal. Calcd for CsH9ClNz0S: 
C, 37.41; H, 4.71; N, 14.54. Found C, 37.01; H, 4.83; N, 14.17. 
3,4-Dihydro-3-hydroxy-2H-thiazino[3,2-a ]imidazole (20). 

A solution of sodium methoxide (1.0 M, 12 mL, 12 mmol) was 
added to a solution of 19 (2.32 g, 12.0 mmol) in methanol and 
stirred at rt for 16 h. The mixture was worked up as described 
for 11 and purified by flash chromatography using 5 % methanol 
in methylene chloride as the eluant to give 20 as a colorless solid, 
1.47 g (78%), mp 202-205 OC. 'H NMR (CDCl,): 6 3.17-3.22 (m, 
2 H), 3.95-4.00 (m, 1 H), 4.10-4.15 (m, 1 H), 4.20-4.30 (m, 1 H), 
5.25 (br 8, 1 H, exchanges with DzO), 6.87 (d, J = 1.3 Hz, 1 HI, 
6.96 (d, J = 1.3 Hz, 1 H). MS (CI): 157 (MH+). Anal. Calcd 
for C & a 2 0 S  C, 46.14; H, 5.16; N, 17.93. Found C, 46.38; H, 
5.02; N, 18.11. 

2-[ (l-Chloro-2-hydroxy-3-propanyl)thio]-l-methyl- 
imidazole (21). Epichlorohydrin (3.5 mL, 45.1 "01) was added 
to a mixture of 2-mercapto-1-methylimidwle (5.0 g, 43.8 "01) 
and sodium bicarbonate (4.1 g, 48.2 mmol) in ethanol (100 mL) 
and stirred at rt for 16 h The mixture was worked up as described 
for 10 to give 21 8.13 g (90%) as a colorless oil. 'H NMR (CDCld: 
6 3.31-3.36 (m, 2 H), 3.61 (s,3 H), 3.64-3.68 (m, 2 H), 4.17-4.27 
(m, 1 H), 6.87 (d, J = 1.4 Hz, 1 H), 6.94 (d, J = 1.4 Hz, 1 H), 7.76 
(br s, 1 H, exchanges with DzO). IR (neat): 1460 and 1280 cm-'. 
MS (CI): 207 (MH+). Anal. Calcd for C7H11C1Nz0S C, 40.68; 
H, 5.36; N, 13.55. Found C, 40.50; H, 5.17; N, 13.19. 
3,4-Dihydro-3-hydroxy-7-methyl-2H-thiazino[3,2-a 1- 

imidazolium Chloride (22). A solution of 21 (2.0 g, 9.67 "01) 
in methylene chloride (40 mL) was stirred at rt for 2 weeks. The 
crystalhe precipitate was collected by filtration and dried in vacuo 
to give 22 ae a colorless solid, 0.197 g (10%): mp 178-180 OC; 'H 
NMR (DMSO-dd 6 3.40-3.58 (m,2 H), 3.66 (8,  3 HA4.20 (m, 2 
H), 4.53-4.54 (m, 1 H), 6.104.20 (d, J = 3.7 Hz, 1 H, exchanges 
with D20), 7.74 (e, 2 H). IR (KBr): 3207,3067,1570,1475,1435 
cm-'. Anal. Calcd for C7HllClN20S C, 40.68; H, 5.36; N, 13.55. 
Found C, 40.63; H, 5.21; N, 13.44. 

Alternatively, a solution of 21 (3.14 g, 15.2 mmol) in methanol 
(50 mL) was treated with 1 N d u m  methoxide in methanol (15.2 
mL, 15.2 mmol) and stirred at rt for 16 h. The mixture was 
neutralized with concentrated hydrochloric acid, the solvent was 
evaporated in vacuo, and the solid residue was triturated in 
methylene chloride. Filtration gave a colorless solid (3.82 g) which 
was a mixture of sodium chloride and 3,4-dihydro-3-hydroxy-7- 
methyl-W-thiazino[3,2-a] imidazolium chloride. 

2 4  (l-Chloro-2-hydroxy-3-propanyl) thio]benzoxazole. 
Epichlorohydrin (2.7 mL, 34.7 "01) was added to a mixture of 
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2-mercaptobemxazole (5.0 g, 33.1 m o l )  and sodium bicarbonata 
(2.81 g, 33.1 mmol) in ethanol (100 mL) and stirred at rt for 24 
h. The reaction was worked up as described for 10 to give the 
product as a colorleas solid, 6.06 g (75%), mp 45-47 OC. 'H NMR 
(CDC13): 6 3.46-3.63 (m, 2 H), 3.72 (d, J = 5.8 Hz, 2 H), 4.31-4.36 
(m, 1 H), 4.85 (d, J = 4.8 Hz, 1 H, exchanges with DzO), 7.24-7.33 
(m, 2 H), 7.44-7.48 (m, 1 H), and 7.55-7.59 (m, 1 H). IR (KBr): 
1500,1454,2140 cm-'. MS (CI): 244 (MH+). Anal. Calcd for 

4.21; N, 5.60. 
2-Benzoxazolinone. A 1 N solution of sodium methoxide in 

methanol (13.2 mL, 13.2 mmol) was added to a solution of 2- 
[ (l-chloro-2-hydroxy-3-propanyl)thio]benzoxazole (3.22 g, 13.2 
mmol) in methanol (50 mL) at 0 OC and allowed to stir at rt for 
16 h. The resultant mixture was neutralized with concentrated 
hydrochloric acid, and the solvent was evaporated in vacuo. The 
residue was dissolved in methylene chloride, and the inorganic 
materials were removed by filtration. The solution was dried over 
magnesium sulfate, and the solvent was evaporated to give the 
product as a Colorless solid, 1.5 g (&I%), mp 134-138 OC. IH NMR 
(CDC13): 6 7.08-7.26 (m, 4 H) and 8.2-8.9 (br s, 1 H, exchanges 
with DzO). IR (KBr): 1778, 1736, 1481 cm-'. MS (CI): 136 
(MH+). This material was identical to an authentic sample 
( Aldrich) . 
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The aldol condensation between a-&oxy esters (or their 
synthetic equivalents) and aldehydes represents a versatile 
entry to the 1,Zdiol unit. However, while syn configurated 
compounds are efficiently obtained by several of these 
processes,l precedents for highly stereocontrolled anti diol 
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protected aryl thioglycolates with aldehydes? 
Thioesters 1 and 2 (Scheme I) were readily prepared and 

e n ~ l i z e d ~ . ~  by treatment with TiC14 and triethylamine 
(TEA) at -78 "C in CH2C12. Addition of 0.5 molar equiv 
of aldehydes 3-8 to the purple enolate solution at -78 OC 
resulted in the formation of aldols 9-19 as mixtures of 
diastereoisomers in excellent yields (Scheme I and Table 
I).' The anti (a):syn ( 8 )  ratios were determined on the 
crude materials by 300-MHz 'H NMR spectroscopy and 
confirmed on the isolated products purified by flash 
chromatography. The configuration of 9a and 18s was 
established by chemical correlation. Compound 9a was 
converted (Cu(OAc),, MeOH, reflux;* benzyl bromide, 
Ag20, &O, reflux; 60% overall yield) into the h o m 9  anti 
derivative 20. Compound 18s was transformed into syn 
diol 21 (obtained by osmylation of @)-methyl cinnamate), 
by methanolysis (see above) followed by desilylation (HF, 
acetonitrile, rt, 58% overall yield). On the basis of chem- 
ical shift and coupling constant trend consideration,1° as 
well as of common chromatographic behavior of the 

the anti conf'iiation was reasonably assigned 
to all major isomers of 9-14 and the syn one to the major 
isomers of 15-19. 
h can be seen from the reported data, the use of ben- 

zyloxy thioester 1 led to the formation of anti monopro- 
tectsd diols with high diastereoselectivity (a:s ratio >928) 
that is independent of the nature of the aldehyde R1 
residue. On the other hand, starting from thioester 2, 
which features a bulky oxygen protecting group (R = 
TBDMS), syn aldols were obtained with good steremmntxol 
(s:a ratios >8317), with the only exception being the re- 
action of aldehyde 8. Ancillary experiments, carried out 
by reacting the differently substituted thioesters 22-24 
with benzaldehyde, provided additional information?2 A 
more bulky sulfur residue as in compound 22 decreased 
the anti stermlectivity observed with benzyloxy thioester 
1 (a:s ratio 6337,9970 yield). On the contrary, an increase 
in the steric requirement of the sulfur or of the silyl group 
as in thioesters 23 and 24 did not result in any appreciable 
change in diastereoselection (s:a ratios 88:12 and 82:18 in 
95% and 86% yield, respectively). It must be noted that 
the condensation of phenyl thioesters 1 and 2 with al- 
dehydes almost perfectly parallels that of the silyl ketene 
acetals of the corresponding ethyl thioesters promoted by 
tin(I1) triflate,'hv2b in both the sense and the extent of 
stereoselectivity. 

The uncertainity about the nature of the trichloro- 
titanium e n ~ l a t e s ~ ~ ~  clearly calls for caution in proposing 
models of stereoselection. We feel, however, that the o p  
posite stereoselectivity can be explained by the reaction 
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Table I. Stereoselective Aldol Condensation of Thioesters 1 
and 2 with Aldehydes 3-8 

thioester aldehyde product % yield" 8:s ratiob 
1 3 9 99 97:3 
1 4 10 97 982c 
2 4 1s 99 16:84 
1 S 11 95 982  
2 5 16 98 1090 
1 6 12 81 982 
2 6 17 87 17:83 
1 7 13 99 928 
2 7 18 99 12:88 
1 8 14 95 98:2 
2 8 19 97 2872 

a Isolated yields after flash chromatography. As determined by 
3 0 0 - m  lH NMR analysis of the crude producte. 'As determined 
by 75.4-MHz 13C NMR analysis (see the Experimental Section). 

synthesis by this route are ~ c a r c e . ~ , ~  
We here report that both anti- and syn-configurated 

monoprotected ar,~-dihydroxy thioesters can be obtained 
in good to high diastereoeelectivity by the reaction of easily 
generated trichlorotitanium enolates415 of differently 0- 
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Notes 

of enolatas of different configuration via transition 
structures of similar geometry. In the case of thioester I, 
intramolecular chelation of Til3 between the carbonyl and 
the benzyloxy oxygens should provide the driving force for 
a highly sterecmeldve E enolate formation. On the other 
hand, the eilyloxy group of 2 could prevent ~oordination'~ 
and the enolate should exist mainly in the Z confiiation 
expeded for a thioester-derived en01ate.l~ 

lH NMR experiments supported this hypothesis. In- 
deed, by monitoring the enolate formation at -78 "C in 
CD2C12 solutionFl6 a single enolate (PhCH20CH=C at 6 
6.53 ppm) was observed in the m e  of I, while two species 
in a 7525 ratio were found for 2 (TBDMSOCH=C at 6 
7.33 and 7.90 ppm, respectively). 

On these bases, cyclic boat-like models17 A and B can 
be used as working hypothesis to account for the stereo- 
chemical outcome. The lower stereocontrol observed in 

HVR' 
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1695 m-l. Anal. Calcd for Cl&,O&Si: C, 61.89, H, 8.44. Foun& 
C, 61.77; H, 8.57. Compound 24 was a thick oil obtained in 69% 
yield with a 9 5 5  hexanes-Et20 mixture as eluant. 'H NMR: 6 
7.20-7.80 (m, 15 H), 4.35 (8, 2 H), 1.00 (8, 9 H). IR: 1690 cm-'. 
Anal. Calcd for C,H,OgSi: C, 70.89; H, 6.44. Found C, 70.80; 
H, 6.49. 
S-Phenyl ~Hyatpxy-2-(phenylmetho~)thiobutanocrte (9). 

To a stirred solution of thioester 1 (1 mmol, 258 mg) in dry CH&& 
(10 mL) cooled at  -78 OC was added dropwise a 1 M solution of 
TiC14 in CHzClz (1 mL). After 2 min, TEA (1 mmol,O.l40 mL) 
was added dropwise. After 30 min of stirring at  -78 "C, freshly 
distilled acetaldehyde 3 (0.5 mmol, 0.028 mL) was added, and 
stirring was continued for 4 h at  -78 "C. The reaction was 
quenched by addition of saturated NaHC03, and the resulting 
slurry was filtered through Celite. The organic phase was ex- 
tracted twice with CHzC&, and the combined organic extracts were 
dried and concentrated in vacuo. After NMR determination of 
the isomer ratio, the product was purified by flash chromatography 
with a 50:50 hexanes-Eh0 mixture as eluant. The 97:3 9a:Ss 
mixture was a solid, mp 43 OC. Selected 'H NMR data for Sa: 
6 4.11 (CHOH), 4.03 (CHOR), Jw = 5.0 Hz, J m a ~  = 6.0 Hz. For 

cm-'. Anal. Calcd for C17H1803s 6,67.52; H, 6.00. Found C, 
67.41; H, 6.06. By the same procedure aldols 10-19 were prepared. 
For each compound physical properties of the diastereoisomeric 
mixture and hexanes-EhO eluting mixture for flash chroma- 
tography are indicated in brackets after the compound name. 
Yields and diastereoisomeric ratios are collected in Table I. IR 
data and elemental analyses were obtained on diastereoisomeric 
mixtures. Selected 'H NMR data are given for both isomers when 
possible and are reported in the following order: CHOH (ppm), 
CHOR (ppm); J2,3 (Hz), JCH-OH (Hz). 
S-Phenyl 3-Hydroxy-2-(phenylmethoxy)thiohexanoate 

(10) (oil, 5050). A single isomer was detectad by 'H NMR 4.08, 
3.97,4.7,5.6. Two products were observed by 75.4-MHz '9c NMR.. 
Selected data for 1Oa: 200.50,87.75,34.14. For 10s: 200.90,87.10, 
34.96. IR: 3480,1705cm-'. Anal. Calcdfor C1J-IH,O& C,69.06, 
H, 6.71. Found C, 68.92; H, 6.83. 
S-Phenyl 3-Hydroxy-4-methyl-2-(phenylmethoxy)thio- 

pentanoate (11) (oil, 50.50). 'H NMR data for lla: 3.72,4.09, 
6.0,5.0. For 11s: 3.58,4.12,4.0,7.8. IR: 3475,1700 cm-'. Anal. 
Calcd for C1&2203S C, 69.06, H, 6.71. Found C, 68.94; H, 6.77. 

S -Phenyl 4,4-Dimet hyl-3-hydroxy-2-( pheny1methoxy)- 
thiopentate (12) (80-81 "C, 5545). 'H NMR data for 12a: 3.67, 
4.10, 6.0, 7.0. A single isomer was also detected by 13C NMR: 
200.80,86.53,78.75,73.37,35.26,26.11. IR: 3480,1700 cm-'. AnaL 
Calcd for C&ur03S: C, 69.73; H, 7.02. Found C, 69.84; H, 7.09. 
S-Phenyl 3-Hydroxy-3-phenyl-2-(phenylmethoxy)thio- 

propanoate (13) (77-80 OC, 5050). 'H NMR data for 13a: 4.99, 
4.21,6.5,3.5. For 13s: 5.11,4.23,3.2,6.0. IR. 3485,1705 cm-'. 
Anal. Calcd for CnHm03S C, 72.50, H, 5.53. Found C, 72.38, 
H. 5.47. 

( E ) - S  -P henyl 3-Hydroxy-2-( phenylmet hoxy)thiohex-4- 
enoate (14) (oil, 50:50). 'H NMR data for 14a: 4.39,4.15,4.7, 
7.0. For 14s: 4.37,3.99,4.8, undet. IR: 3470,1704 cm-'. Anal. 
Calcd for CIJ-ImO~: C, 69.48; H, 6.14. Found C, 69.61; H, 6.07. 
S-Phenyl 2-[[( l,l-Dimethylethyl)dimethylsilyl]oxy]-3- 

hydroxythiohexanoate (15) (oil, KR20). 'H NMR data for lk: 
3.77,4.24,3.9,9.0. For 15a: 3.84,4.17,4.0,4.7. IR: 3480,1700 
cm-'. Anal. Calcd for C18Hm03SSi: C, 60.97; H, 8.53. Found 
C, 61.09; H, 8.49. 
S-Phenyl 2-[ [ (1,l-Dimet hylet hy1)dimet hylsilyl]oxy]-3- 

hydroxy-4-methylthiopentanoate (16) (46-47 OC, 80:20). 'H 
NMR data for 16s: 3.46,4.37, 3.0,7.5. For 16a: 3.49,4.39,4.0, 
4.2. IR: 3480,1705 cm-'. Anal. Calcd for Cl&,,,O&lSi: C, 60.97; 
H, 8.53. Found C, 61.08; H, 8.58. 
S-Phenyl24 [ (l,l-DimethylethyI)dimethylsilyl]oxy]-4,4- 

dimethyl-3-hydroxythiopentanoata (17) (54-57 OC, 80%). 'H 
NMR data for 17s: 3.45,4.47, 2.3,5.5. For 17a: 3.60,4.43,4.0, 
undet. I R  3480,1705 cm-'. Anal. Calcd for Cl&3203SSi: C, 
61.91; H, 8.75. Found C, 62.00; H, 8.64. 

S -Phenyl 2-[ [ (1,l-Dimethylet hy1)dimet hylsilyl]oxy]-3- 
hydroxy-3-phenylthiopropanoate (18) (71-73 "C, 80:20). 'H 
NMR data for 18s: 5.06,4.42,3.0,9.0. For 18a: 4.87,4.37,6.3, 
3.5. IR: 3475,1703 an-'. Anal. Calcd for C21Ha03SSi: C, 64.91; 
H, 7.27. Found C, 64.79; H, 7.36. 

9s: 4.09 (CHOH), 3.91 (CHOR), Jz3 = 5 , 5  Hz. I R  3470,1702 

A B 

(E)*O!& -& (qsndate -syn 

the reaction of thioester 2 could arise from the less ate- 
reoselective enolate formation. 

Experimental Section 
S-Phenyl (pheny1methoxy)thioacetate (1) and S-2,6-di- 

methylphenyl (phenylmethoxy)thiaadate (22) were prepared 
from (benzy1oxy)acetyl chloride as described.hb Compound 1 
was a colorlese oil obtained in 95% yield by flash chromatography 
with a 85A5 hexanes-Eh0 mixture as eluant. 'H NMR 6 
7.30-7.50 (m, 10 H), 4.75 (s ,2  H), 4.25 (s ,2  H). I R  1690 cm-'. 
Anal. Calcd for C15H14Oa: C, 69.74; H, 5.46. Found C, 69.87; 
H, 5.37. Compound 22 was a thick oil obtained in 92% yield with 
a W10 hexanes-EhO mixture as eluant. 'H NMR: 6 7.10-7.40 
(m, 8 H), 4.75 (s,2 H), 4.20 (s,2 H). IR: 1690 cm-'. Anal. Calcd 
for C17H1802S: C, 71.30; H, 6.33. Found C, 71.18; H, 6.28. 
S-Phenyl [[( 1,l-dimethylethyl)dimethylsilyl]oxy]thio- 

acetate (2), S-2,b-dimethylphenyl [[(l,l-dimethylethy1)di- 
methylsilyl]oxy]thioacetate (23), and 5-phenyl [ [ (1,l-di- 
~hylethyl)cUphenyIsilul]orylthioaceta (24) were prepared 
from methyl glycolate in two steps involving silylation and 
Me3Al-promoted thioesterification as described.18 Compound 
2 was a colorless oil obtained in 83% yield with a W 1 0  hex- 
anes-EhO mixture as eluant. 'H NMR: 6 7.45 (bs, 5 H), 4.40 
(s ,2  H), 1.05 (s,9 H), 0.20 (s ,6  H). IR 1690 cm-'. Anal. Calcd 
for C14H220dSi: C, 59.53; H, 7.85. Found: C, 59.70; H, 7.97. 
Compound 23 was an oil obtained in 75% yield with a 95:5 
hexanes-Et20 mixture as eluant. 'H NMR 6 7.10-7.25 (m, 3 
H), 4.35 (8,  2 H), 2.30 (8, 6 H), 0.95 (e, 9 H), 0.20 (8, 6 H). I R  

(13) Reetz, M. T. Organotitanium Reagents in Organic Synthesis; 
Springer: Berlin, 1988. 

(14) Chen, X.; Hortelano, E. R.; Eliel, E. L.; Frye, S. V. J. Am. Chem. 
SOC. 1992,114,1778 and references therein. 

(15) (a) Evans, D. A.; Neleon, J. V.; Vogel, E.; Taber, T. R. J.  Am. 
Chem. SOC. 1981,203,3099. (b) Gennari, C.; Bernardi, A.; Cardani, S.; 
Scoleetico, C. Tetrahedron 1984,40,4059. 

(16) A detailed NMFt study of the complexation/enoliion process 
of thew and related thimtera6 will be reported in the future. 

(17) Cyclic modele involving coordination of the aldehyde oxygen to 
the Lawis acidic titanium species should be favored in a noncoordinating 
solvent BB dichloromethane. Boat-like transition states have been pre- 
viously proposed for the aldol reaction of trichlorotitanium enolates: 
Nakamura, E.; Kuwajima, I. Tetrahedron Lett. 1989, 24, 3343. The 
poeeibility that these enolates can exist BB aggregate in solution and/or 
BB 'ate" complexes has also been suggested (see refs 4 and 13). 

(18) Hatch, R. P.; Weinreb, S. M. J .  Org. Chem. 1977, 42, 3960. 
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(E)-S-Phenyl 2-[[ (1,l-Dimethylethyl)dimethylsilyl]- 
oxy]-3-hydmxythiohex-4-e~noate (19) (oil, 8020). 'H NMR data 
for 19s: 4.31,4.26,3.3,9.0. For 19a: 4.31,4.31,4.5, undet. I R  
3480,1707 cm-'. Anal. Calcd for C18H,03SSi: C, 61.32; H, 8.00. 
Found C, 61.23; H, 8.07. 

Synthesis of Methyl 2,3-Bis(phenylmethoxy)butanoate 
20 from Sa. Compound Sa was converted (87% yield) into the 
corresponding methyleeter by treatment with CU(OAC)~ in re- 
fluxing methanol as described? Benzylation with benzyl bromide 
in the presence of AgZO in refluxing EhO afforded 209 in 58% 
yield after flash chromatography with a 8020 hexanes-Eh0 
mixture as eluant. 

Synthesis of Methyl 2,3-Dihydroxy-3-phenylpropanoate 
from 18s. Compound 18s was converted (60% yield) into the 
mrreaponding methyleeter as described above? Desilylation with 
a few drops of 40% aqueous HF in acetonitrile at rt afforded 
compound 21 in 97% yield. The crude product was shown to be 
identical by lH NMR to the diol prepared by osmylation of 
(E)-methyl cinnamate. 
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Introduction 
An electron donor can be converted to the corresponding 

cation radical through a single electron transfer (SET) to 
an excited state of an electron acceptor. Back-electron 
transfer (BET) from the anion radical of the acceptor to 
the cation radical leads to unproductive decay, but rapid 
bond cleavage can compete with this energy-wasting pro- 
ce8s.l Aziridines are reactive substrates under photoin- 
duced SET conditions since their cation radicals can un- 
dergo facile bond cleavage driven by the relief of the ring 
strain. Previous studies have demonstrated that 1,3-di- 
polar cycloaddition is involved in SET photoreactions of 
certain aryl-substituted aziridines with electron acceptors 
in the presences of dipolarophiles.2 In these cases, cy- 
cloadducts are produced through dipolar additions between 
the dipolarophile and the ring-opened intermediates that 
have escaped from the geminate ion radical pairs. Inter- 
estingly, little information is available on the behavior of 
aziridine cation radicals in ion radical pairs? In this paper, 
we report the results of a study of the photoreactions of 
1-substituted 2,3-diphenylaziridines (1) with electron ac- 
ceptors 9,lWcyanoanthracene @CA) and chloranil (CL)? 

(1) Photoinduced Electron Tranujer; Fox, M. A., Chanon, M., Eds.; 
Elsevier: Amsterdam, 1988 and references cited therein. 

(2) (a) Schaap, A. P.; Prasad, G.; Gagnon, S. D. Tetrahedron Lett. 
198a,24,3047. (b) Schaa A. P.; Prasad, G.; Siddiqui, 5. Zbid. 1984,25, 
3036. (c) Schaap, A. P.; giddiqui, S.; Praaad, G.; Palomino, E.; Lopez, 
L. J.  Photochem. 1984,!?.6,167. (d) Caer, V.; Laurent, A.; Tardivel, R.; 
Cebulska, 2.; Bartnik, R. New J. Chem. 1987,11, 351. 

(3) Miyashi, T.; Kamata, M.; Mukai, T. J. Am. Chem. SOC. 1987,109, 
2780. 

(4) Mattay, f i i t  reported that benzaldehyde benzylimine waa formed 
in the photoreaction of cis-2,3-diphenylaziridine sensitized by chiral 
l,l'-binaphthalena2,2'-dicarbonitrile. However, the reaction mechanism 
waa not explained in detail. Vondenhof, M.; Mattay, J. Chem. Ber. 1990, 
123,2457. 
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DCA CL 

PhCHaNHR PhCH=NR PhCHO 

2 3 4 

Results 
The DCA-sensitized photoreactions of cis 1-substituted 

2,3-diphenylaziridines 1 were conducted in methylene 
chloride (entries 1-6 in Table I). To prevent decompo- 
sition of the initial products, irradiation was diecontinued 
at 4447% conversion of 1. 'H NMR analysis of the re- 
action mixture obtained from the irradiation of cis-1- 
benzyl-2,3-diphenylaziridine (la) demonstrated that di- 
benzylamine (2a) and benzaldehyde (4) were the major 
products along with a small amount of bedbemylamine 
(3a). When cis-l-tert-butyl-2,3diphenyleziridine (lb) was 
subjected to the similar reaction conditions, benzyl-tert- 
butylamine (2b), bed-tert-butylamine (3b), and 4 were 
formed. The yield of 4 was nearly the same whether the 
reaction was conducted under a N2 or an O2 atmosphere 
(entries 1 and 2). This result suggests that the oxygen in 
4 does not come from molecular oxygen. Since 2 and 4 
appear to be formed through a formal hydrolysis of 1, a 
trace amount of H20 in photolysis solutions must be re- 
sponsible. Indeed, the yields of 2 increased when H20 was 
added to the photolysis solutions (entries 3 and 6). Sim- 
ilarly, the yield of 2a increased when MeOH was present 
(entry 4). 

These observations suggest that the addition of a nu- 
cleophilic species to intermediates in these processes is 
involved in product formation. To test whether a nu- 
cleophile was involved, DCA-sensitized photoreactions of 
la in methylene chloride were conducted in the presence 
of D20 or MeOD. Under these conditions, we expected 
that one hydrogen at the benzylic position of 2a would be 
substituted by deuterium. Indeed, dibenzylamine obtained 
from the acidic extraction of the reaction mixtures was 
found ('H NMR analysis) to be nearly quantitatively 
monodeuteratsd at the benzylic poeition (see Experimental 
Section). 

The product distributions from photoreactions in MeCN 
were different from those in methylene chloride, and the 
yields were relatively low (entry 7 in Table I). While H20 
had little influence on the product yields (entry 81, MeOH 
significantly increased the yields of 2a and 4 (entry 9). 
Moreover, 2a was not detected when LiClO, was present 
in the photolysis solution (entry 10). The absence of 2a 
is not due to decomposition, since more than 87% of 2a 
was recovered when DCA-sensitized photoreactions of 2a 
were performed under similar conditions. 

In contrast, when a methylene chloride solution of la 
(0.043 M) and CL (0.044 M) was irradiated for 60 min, 
tetrachlorohydroquinone (CLHd was formed in 82 % based 
on consumed la. Products 3a (82%) and 4 (74%) were 
also detected by 'H NMR analysis of the photolysate at 
81% conversion of la. Thus, photoreactions of la with 
CL lead to consumption of the acceptor. Results from 
studies of the photoreactions of la and CL (ca. 0.5 equiv) 
under various conditions are notable in that 2a is not 
formed under any of the reaction conditions used (Table 
II). In both methylene chloride and acetonitrile, H20 and 
MeOH had little effect on the yield of 3a (entries 2,3,5, 
and 6), and appreciable amounts of the dimethyl acetal 
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