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acceptable than triorganotin compounds from t~xicological 
and practical perspectives. Further work on the synthetic 
scope of this material is in progress. 

Experimental Section 
Materials. 1,1,1,2,3,3,3-Heptamethyltrisilane,41 cyclohexyl 

selenide,"2 cyclohexyl xanthate,ls neophyl bromide,4 and di- 
tert-butyl hyponitrite& were prepared following literature pro- 
cedures. (Me,Si)#i(D)Me was obtained f" the corresponding 
silyl chloride" and LAID4. AU other materisls were commercially 
available and used as received. 

General Procedure for Reduction of Organic Derivatives 
(Table I). A solution containing the compound to be reduced, 
(Me3Si)2Si(H)Me (1.2 equiv), and AIBN (10-20%) as initiator 
in toluene or benzene was heated at 348-363 K for 0.5-2.5 h and 
then analyzed by GC. Yields were quantified by GC using do- 
decane or tetradecane as an internal standard. 

General Procedure for Kinetic Measurement. tert-Bu- 
tylbenzene containing a small amount of decane as an internal 
GC standard was used as solvent. In the case of neophyl bromide, 
benzene was used as solvent. (Me3Si)&(H)Me was added at 
concentrations between 1.2 and 4 M, and the bromides were added 
in a ratio of ca. 1:20 reapect to the silane. Samples of the reaction 
mixtures were degassed and sealed under nitrogen in Pyrex am- 
pul- and were thermolyzed or photolyzed. Reaction were initiated 
thermally at  313, 323, 333 (di-tert-butyl hyponitrite), 350, 373 
(AIBN), and 393 K (tert-butyl perbenzoate) and photolytically 
at  298 K. The products of the reaction were analyzed by GC 
chromatography using a 15-m X 0.53" methyl phenyl 5% 
column (Quadrex) with temperature programming from 40 to 250 
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using a Varian 3300 chromatograph. The hydrocarbon producta 
of interest were identified by comparison of their retention times 
with authentic material. 

EPR Measurements. The (M@i)&i  radical was generated 
by photolysis of solution of di-tert-butyl peroxide and 
(Me3Si)2Si(H)Me (1:2 v/v) at 233 K in the cavity of a Bruker 
ESP300 spectrometer equipped with an NMR gaussmeter, a 
frequency counter, and a standard variable-temperature device. 
A 500-W high-preasure mercury lamp waa used aa W light source. 
The spectrum was recorded using 200 G scan width and the 
regions to the left and to the right of the main pattern were 
recorded at higher gain. The other %i hfs shown in Figure 3 were 
taken from ref 46. 

IR and NMR Measurements. IR and NMR spectra of 
(Me3Si)$3i(H)Me were recorded on Nicolet FTIR and Varian 
VXR200 spectrometers. The SiH stretching frequency and 
coupling constant are 2075 cm-' and 163 Hz, respectively. The 
analogous data for Me3SiSi(H)Me2 and (Me3Si)sSiH were taken 
from refs 47 and 48, respectively. The SM stretching frequencies 
for the series Mes,,SiH,+l were taken from ref 9, and the SiH 
coupling constante for the series Me&3i(H)Cl, were taken from 
ref 37. 
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The regioselective ring opening of (S)-4-methyl-2,2,2-triphenyl-1,3,2X6-dioxaphosphole (2) [prepared from 
the bis(transoxyph0sphoranylation) of (S)-l,2-propanediol(l) with diethosytriphenylphoephorane (DTPP)] was 
initiated with several trimethylsiyl reagents (Me3SiX: X = PhS, I, Br, C1, CN, and N3) to afford the regioisomeric 
(sily1oxy)phosphonium salte. A stereospecific extrusion of triphenylphosphine oxide from these oxyphosphonium 
salts gave predominantly the thermodynamically less stable C-2-X-substituted derivatives with nearly complete 
inversion of stereochemistry at the C-2 stereogenic center (i.e., X = PhS). 

Introduction 
A highly r e g i e  and stereospecific method for C-2 hy- 

droxyl replacement in an unsymmetrical 1,2-diol [Le., 
1,2-propanediol (l)] in a 'single synthetic event" would be 
of significance for effecting a host of useful synthetic 
transformations. Previously, we described the benzoylation 
of diol 1 and 2-phenyl-1,2-ethanediol with triphenyl- 
phosphine and benzoyl peroxide. The intermediate and 
transient 4-methyl- (2) and 4-phenyl-2,2,2-triphenyl- 

oO22-3263 f 92 f 1957-3409$03.O0 f 0 

1,3,2X6-dioxaphospholanes, respectively,' were captured 
with the benzoic acid, formed in situ, to afford largely the 
C-2 benzoate with essentially complete inversion of ster- 
eochemistry.' We suggested that an association (i.e., in- 
termolecular hydrogen bonding) between the dioxaphos- 

(1) (a) Pautard, A. M.; Evans, S. A., Jr. J. Org. Chem. 1988, 53, 
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54,2485-2488,4974. 
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Table I. Reactions of 1,3JX6-Dioxaphospholane 2 with Trimethyl(X)silanes 

Me.SiX (reactn condns) 3 4 c-2-x c-1-x vield (%P 
oxyphosphonium ions" regioisomers* 

. .  " .  
Me3SiSPh (-78 "C, 2 h) 1.6 1.0 

Me3SiBr (-78 "C, 2 h) 1.6 1.0 
MqSiBr (-78 OC, 18 h) 5.8 1.0 5 1 77 
Me3SiI (-78 "C, 1 h) 4.5 1.0 

Me3SiC1 (-78 "C, 1 h) 1.2 1.0 

Me3SiCN (-78 OC, 2 h) 1.2 1.0 

Me3SiNS (25 "C, 1 h) >99 <I 

Me3SiSPh (-78 "C, 18 h) >95 <5 17 1 70 

Me3SiI (-78 "C, 18 h) 8.7 1.0 8 1 60 

Me3SiC1 (-78 "C, 18 h) 2.5d 1.0 1.6 1.0 61 

Me3SiCN (-78 "C, 18 h) 1.9 1.0 1.9 1.0 60 

Me3SiN3 (25 "C, -78 "C) >95' <5 >99 <1 85 

aThe relative composition (31P NMR) of the regioisomeric oxyphosphonium ions was not viewed as important after only 1-2 h (-78 "C) of 
reaction, especially considering the large excess of dioxaphospholane 2 which remained. *The relative distributions of the C-2-X and C-1-X 
regioisomera were determined wing 'H NMR spectral analysis of the isolated mixture of the regioisomers. The yields of the "crude product 
mixture" varied from 92 to 99%; however, the yields reported here are isolated yields. dThe regioisomeric distribution was derived from the 
integration of two broad 31P NMR resonances which did not exhibit baseline separation. 'Only one 31P NMR resonance was observed and 
it was assigned the C-2 oxyphosphonium ion structure based on corroborative 13C NMF4 data. 

Scheme 1. Regioselective Substitution of 
4-Methyl-2,2,2-triphenyl-l,3~Xs-dioxaphospholane (2) with 

Me3SiX 

Ph 

2 Major or exclusive product 
X = Br, I, C1, CN, SPh and N, 

pholanes and benzoic acid could adequately rationalize the 
regioselectivity observed in the isomeric mixture. 

Employing the "proton-ilicon analogy"? a strong oxy- 
genophile (e.g., silyl) might be expected to promote a 
highly, regioselective ring opening of 4-methyl-2,2,2-tri- 
phenyl-1,3,2X5-dioxaphospholane (2) to afford the regioi- 
someric (sily1oxy)phosphonium ions with preference for 
the C-2 oxyphosphonium ion. In the presence of efficient, 
nucleophilic X counterions (e.g., X = PhS-, I-, N3-, etc.), 
the (sily1oxy)phosphonium ions might be susceptible to 
substitution by X with the accompanying expulsion of 
phosphine oxide (Scheme I). As an advantage, the 
presence of the silyl ether in the product should certainly 
diminish the propensity for competitive *3-exo-tetn3 alk- 
oxide displacement of X. In principle, such a process 
would provide access to C-2-X derivatives of formally, 
1,2-propanediol, in both a regio- and stereocontrolled 
manner. 

Herein, we describe such a transformation involving a 
thermodynamically-controlled silylation of 4-methyl- 
2,2,2-triphenyl-1,3,2X5-dioxaphmpholane (2) using several 
trimethylsilyl derivativea (Me3SX, X = PhS, I, Br, Cl, CN, 
and N3) to afford a predominance of the C-2 regioisomeric 
(sily1oxy)phosphonium ion, which undergoes stereospecific 
nucleophilic extrusion of triphenylphosphine oxide (TP- 
PO). 

Results and Discussion 
Regioselectivity. Dioxaphospholane 2, prepared by 

bis(trans0xyphoephoranylation) of 1,2-propanediol(l) with 
DTPP,4 was dissolved in anhydrous dichloromethane 

(2) Evans, D. A.; Truedale, L. K.; Grimm, K. G.; Nesbitt, S. L. J. Am. 

(3) Robinson, P. L.; Barry, C. N.; Kelly, J. W.; Evans, S. A., Jr. J.  Am. 

(4) Murray, W .  T.; Evans, S. A., Jr. J. Org. Chem. 1989,54,2440-2446. 
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Chem. SOC. 1985,107,5210. 

solvent and, in a series of separate experiments, allowed 
to react with the individual trimethylsilyl reagents 
(Me3SiX). After 18 h at  -78 "C, dioxaphospholane 2 (6 
-37.2 ppm) was totally consumed and the regioisomeric 
(sily1oxy)phosphonium ions, 3 and 4, were observed at 6 
62.0 and 63.5 ppm, respectively (as monitored by 31P NMR 
spectroscopy). We had previously demonstrated that the 
31P NMR resonances at  6 62.0 and 63.5 ppm are attrib- 
utable to the phosphorus nuclei in the methyl ethers of 
oxyphosphonium ions, 3 and 4, respect i~ely. '*~~~~ Inter- 
estingly, the reactions involving dioxaphospholane 2 and 
Me3SiSPh as well as Me3SiN3 afforded only (sily1oxy)- 
phosphonium ion 3 (31P NMR analysis); there was no ob- 
servable 31P NMR evidence to support the presence of 
oxyphosphonium ion 4. 

When the various reaction mixtures were warmed to 
ambient temperature, the C-2-X and C-1-X regioisomers 
were formed in 92-9970 yield according to 'H NMR 
analysis. The mixtures of C-2-X and C-1-X regioisomers 
were isolated in yields ranging from 60 to 85%. When 
similar reactions were repeated by allowing the reactions 
to proceed for only 1-2 h at  -78 "C, the magnitude of the 
regioselectivity was significantly diminished (Table I). 

Our tentative explanation involves a thermodynami- 
cally-governed silylation of dioxaphospholane 2 a t  -78 OC. 
By analogy with the "proton complexation" rationale 
previously suggested,'* this requires that silylation occurs 
at  the P-O apical oxygens which exhibit enhanced basic- 
il@ compared to the P-0 oxygens which occupy the basal 
or equatorial array (Scheme II). Thus, two conformational 
isomers, 2a and 2b, which can interconvert through a Berry 
polytopal interchange, are important. The large silyl group 
attached to the P-O apical oxygen (i.e., 2b') is sandwiched 
between the C-4 methyl group and the equatorial P-C6H5 
groups in the trigonal-bipyramidal array and is expected 
to experience severe steric encumbrance. It seems rea- 
sonable to assume that if equilibration between silyl adduct 
la' and 2b' is facile, then la', where the steric congestion 
created by the proximity of the methyl, silyl, and phenyl 
groups should be considerably diminished, should pre- 
dominate. Rupture of the labile P-O apical bond leads 
to irreversible ring opening from -78 to 25 OC, favoring the 

(5) (a) Murray, W. T.; Evans, S. A,, Jr. New J .  Chem. 1989, 13, 
329-334. (b) We have assumed that the 31P NMR shift differences 
between the phosphorus nuclei in the oxyphosphonium ions containing 
O-Me and O-SiMes groups will be negligible. (c) Luckenbach, R. Dy- 
namic Stereochemistry of Pentacoordinated Phosphorus and Related 
Elements; George Thieme: Stuttgart, FRG, 1973. 
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Scheme 11. Mechanistic Rationale for Regioselective 
Silylation of l,3fX6-Dioxaphospholane 2 

Me 
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formation of the C-2 siloxyphosphonium ion 3. Subse- 
quent displacement of Ph3P0 by the nucleophilic coun- 
terion, X, affords the C-2-X regioisomer as the dominant 
product. A perusal of the data in Table I shows that in 
all instances the distribution of the C-2 and C-1 (silyl- 
oxy)phosphonium ions parallels the ratio of C-2-X and 
C-1-X regioisomers. This result is interpreted to mean that 
the regioselectivity is created during the relatively rapid 
equilibration of 2a' and 2b' a low temperature. 

Stereochemistry of the Substitution. Reaction 
between (S)-l,3,2X5-Dioxaphospholane [(S)-21 and 
Trimet hy 1 ( pheny It hio) silane. (S) - 1,3 ,2h6-Dioxaphos- 
pholane [(S)-2] was allowed to react with Me3SiSPh for 
18 h at -78 OC. The trimethylsilyl group was removed with 
fluoride ion (Le., CsF) in MeOH solvent after the reaction 
mixture was warmed to ambient temperature. Isolation 
of the products was accomplished using column chroma- 
tography and gave a 70% yield of 2-(phenylthio)-l- 
propanol (5) and l-(phenylthio)-2-propanol (6) in a 9:l 
ratio, respectively, as determined by 'H NMR analysis. 

The configuration of the C-2 stereogenic center in 5 was 
determined as follows. Treatment of (SI-2 with p- 
toluenesulfonic acid (p-TsOH) at ambient temperature in 
THF solvent gave exclusively the regioisomer (R)-2-( ((4- 
methylpheny1)sulfonyl)oxy)-1-propanol [(R)-7] in 60% 
isolated yield? A 'H NMR study using the chiral shift 
reagent, Eu(hfc),, established the enantiomeric excess as 
97%. Protection of the C-1 hydroxyl group as the tetra- 
hydropyranyl ether' allowed nucleophilic PhSLi dis- 
placement of the c-2 b y l a t e  with complete inversion of 
stereochemistry. Removal of the tetrahydropyranyl group 
gave (S)-2- (phenylthio) - 1 -propanol [ (S) -51 (Scheme 111). 

Scheme 111. Stereochemistry of the Substitution of 
(S)-lgfX6-Dio.aphospholane 2 with Me8SiSPh 

p-TsO 
H l h  

PhS Me 

T b O S i M e I  Me,SiO SPh Me OH 
+ H V h  

906 10% (R)7 (97% ee) 

MeOH. CsF 1 1)1.5 equiv DHP 

2) PhSLi, THF 
3) PPTS, McOH 

PPTS in CH2CI2 

Table 11. Reactions of Propylene Oxide with 
Trimethyl(X)eilanea 

Me 

Meh x OSiMe3 + Me3SiO 'h, 
Me 

c-2-x c-1-x 
~ ~~~ 

siloxypropanes 
Me3SiX c-2-x c-1-x 

MeaSiSPh/ZnClz 1.0 4.8 
Me3SiSPh/ BuLi 1 99 

Me3SiBr 1.0 2.7 
Me3SiC1 1.0 2.2 
Me3SiCN/AlMe3 1 99 
Me3SiN3/Ti(O-iPr)4 1 4 

Me3SiI 1.0 3.1 

The direct determination of the enantiopurity of (S)-5 
by HPLC analysis employing the Pirkle chiral column, 
(dinitrobenzoy1)phenylglycine (type 1-A) was not effective. 
However, the peracid oxidation (H202/HOAc) of 6 and 
(SI-5 gave the corresponding sulfones which were more 
amenable to HPLC separation. The sulfones of (S)-5 and 
racemic 5 (rac-5) were examined separately. The HPLC 
analysis of the enantiomeric sulfones of 5 (from the reac- 
tion of (59-2 with PhSSiMe3) indicated that this reaction 
occurs with essentially complete inversion (>98% ee) of 
configuration at the C-2 stereogenic center to afford (R)-5. 

Finally, there are two other experimental observations 
that require comment. First, as a control, it was essential 
that we establish the role and significance of propylene 
oxide, a possible intermediate which might arise from the 
thermal decomposition of dioxaphospholane 2.81~ Pro- 
pylene oxide was allowed to react with Me3SiX in separate 
experiments, and the experimental conditions along with 
the ratios of the C-2-X:C-1-X regioisomers are reported 
in Table 11. A comparison of these findings with those 
obtained from the reactions of 2 with Me3SiX strongly 
suggest that propylene oxide is not a viable intermediate 
nor precursor in these reactions. Secondly, when the re- 
action of dioxaphospholane 2 and Me3SiN3 was performed 

(6) Pautard-Cooper, A.; Evans, S. A., Jr. Tetrahedron 1991, 47, 

(7) Miyashita, M.; Yoshitzoshi, A.; Grieco, P. A. J. Org. Chem. 1977, 
1603-10. 

42, 3772. 

(8) Robinson, P. L.; Barry, C. N.; Bass, S. W.; Jarvis, S. E.; Evans, S. 

(9) Murray, W. T. Ph.D. Dissertation, The University of North Car- 
A., Jr. J.  Org. Chem. 1983, 48, 5380. 

olina, Chapel Hill, NC, 1989. 
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at  ambient temperature, 2-azido-l-((trimethylailyl)oxy)- 
propane was the exclusive product. The absence of a 
temperature dependence on the regiospecificity in this 
particular example is not well-understood and requires 
additional study. 

Conclusions 
Nucleophilic substitutions of 1,Zpropanediol (I) em- 

ploying the 1,3,2X6-dioxaphospholane methodology pro- 
vides an attractive and synthetically useful route to C-2- 
X-substituted 1-propanols in good yields with high re- 
gioselectivity, and in the case of (S)-2-(phenylthio)-l- 
propanol, excellent stereospecificity is also realized. 

Experimental Section 
All 'H, I3C, and ''P NMR spectral data were obtained on the 

Bruker-IBM-200 NMR spectrometer using tetramethylsilane 
(Me4%) as the internal refrence for 'H and 13C NMR and 85% 
phosphoric acid (H3P04) as the external reference for ''P NMR. 
The HPLC analyees were performed using a Pirkle chiral column, 
(dinitrobenzoy1)phenylglycine (ionic, type 1-A). Commercially- 
available 1,2-propanediol was purified by distillation. The 
preparations of DTPP3 and (S)-(+)-l,2-propanedio13 have been 
reported elsewhere. p-Toluenesulfonic acid monohydrate (p- 
TsOH.H20) was dried (90 OC, 12 h) under high vacuum. Tri- 
methylsilyl chloride, bromide, iodide, cyanide, and azide are all 
commercially available and were used without additional puri- 
fication. As previously reported: DTPP and dioxaphospholane 
2 are hydrolyzed immediately in environments not totally pro- 
tected from moisture. Consequently, the detailed spectroscopic 
characterization of dioxaphospholane 2 as a "highly reactive 
precursor" was viewed as totally acceptable. F d y ,  mass spectral 
analyses were performed on a Hewlett-Packard Model 5971A 
GC-mass spectrometer using a GC HP1 nonpolar silica column 
for the analytical separations and molecular mass (M+) deter- 
minations. 
4-Methyl-2,2f-triphenyl-l,3,2X6-dioxaphospholane (2). 

Under anhydrous conditions, 0.22 mL of diol 1 (3.0 mmol) was 
added to 2.20 mL of 1.36 M DTPP in THF (3.0 "01). The 
solution was stirred at ambient temperature for 15 min to complete 
the bis(transoxyphosphorany1ation) process. The solvent and 
residual ethanol were removed in vacuo to afford a paste which 
was subeequently diesolved in 5 mL of anhydrous dichloromethane 
solvent for use in subsequent reactions. Dioxaphoepholane 2 'H 
NMR (CDCla 6 1.2 (d, J = 7.0 Hz, CH3), 3.2 (m, 1 H, Jp-H = 8.6 
Hz, 2J = 8.6 Hz, = 7.15 Hz, CHH'O), 3.7 (m, 1 H, JFH = 17.8 
Hz, 2J = 8.6 Hz, 'J = 5.9 Hz, CHH"), and 4.05 ppm (m, 1 H, 

(d, 2Jc-p = 1.51 Hz, CH), 126-133 (C6HS) and 146 ppm (ipso 
carbon, l J p ~  = 117.5 Hz); ,lP NMR (CDCl') 6 -37.2 ppm. (The 
'H NMR coupling constants were assigned using 2D NMR 
techniques.) 
Trimethyl(pheny1thio)silane (MesSiSPh).lo Thiophenol 

(5.13 mL, 50.0 mmol), imidazole (128 mg, 1.87 mmol), and hex- 
amethyldisilazane (21.1 mL, 100 "01) were mixed and refluxed 
under argon for 5 h. Excess hexamethyldisilazaue was removed 
by distillation at atmospheric pressure, and the resulting liquid 
was fractionally distilled under vacuum to give Me,SiSPh (86%): 
bp 56 "C (2 mmHg) (litlo bp 72-74 "C (3 mmHg)); 'H NMR 
(CDCl,) 6 0.3 (s,9 H, (CH3)3Si) and 7.2-7.5 ppm (m, 5 H, C,H,); 
"C NMR (CDCl,) 6 0.95 [(CH3)3Si] and 126.8, 128.7, and 135.7 
ppm (CBHS). 
General Procedure: Reaction of l,3,2X6-Dioxaphospholane 

2 with MesSiX (X = PhS, Cl, I, Br, CN). The dichloromethane 
solution of 1,3,2Xs-dioxaphospholane 2 (3.0 "01) was transferred 
to a 10-mm NMR tube at  -78 "C (dry iceacetone bath) under 
argon. The trimethyleilyl reagent, Me3SiX (3.0 mmol), was added 
dropwise, and the reaction mixture was allowed to stand at -78 
OC overnight (18 h). The distribution of the C-2 and C-1 (si- 

Jp-H = 8.6 Hz, 'J = 7.0 Hz, = 5.9 Hz, 'J = 7.15 Hz, CHCH,); 
'9C NMR (CDCld S 19.1 (d, 'Jpq = 7.0 Hz, CHJ, 65.4 (CHJ, 68.1 
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1yloxy)phosphonium ions, 3 and 4, formed by this process was 
determined by NMR. Specifically, for MeaSiCN, the two 
regioisomeric oxyphosphonium ions appeared as two poorly re- 
solved NMR resonances: 

C-2 (9ilyloxy)phosphonium ion 3 ''P NMR (CDCI,) 6 62.0 
ppm; NMR (CDC13) 6 -0.3 [(CH9)3Si], 17.8 (CH,), 65.9 (C- 
HZOH), 83.7 (d, Jc-p = 9.52 Hz, CHOP), and 120-140 ppm 
[(Ct~Hs)sPl. 

NMR (CDCl,) S 63.5 
ppm; '9C NMR (CDCld 6 -0.3 [(CH3)&3i], 18.2 (CH,), 64.6 (CH- 
OH), 76.22 (d, Jc-P = 9.01 Hz, CHzOP), and 12&140 ppm 

The reaction mixture containing the regioisomeric ions 3 and 
4 was then warmed to ambient temperature where the temper- 
ature was maintained until the reaction wan complete (Le., ex- 
clusive formation of TPPO was observed by ,lP NMR, 6 28.5 
ppm). The yield of the different regioisomers in the crude mixture, 
determined after removal of CHzClz (rotatory evaporator), varied 
from 92 to 99%. 

The crude mixture was dissolved in 10 mL of MeOH, and the 
resulting solution was stirred for 1 h at  ambient temperature in 
the presence of a catalytic amount of cesium fluoride (CsF). 
Methanol waa removed by rotary evaporation, and the crude 
mixture was redissolved in a 3:l hexanes-ethyl acetate solvent 
mixture. The insoluble TPPO was removed by "column filtration" 
through a thin pad (0.5 in.) of silica geL The filtrate was condensed 
by rotatory evaporation and purified by "flash chromatography" 
using silica gel and a 3:l hexanes-ethyl acetate solution as eluent. 
The isolated yields and ratios of the regioisomers are reported 
in Table I. 
Reaction of (S )-1,3,2X6-Dioxaphospholane 2 with 

PhSSiMep The procedure adopted here parallels the one de- 
scribed for the reaction of rac-2 with PhSSiMe', and it was em- 
ployed without modification of the previously described exper- 
imental protocol. (R)-2-(Phenylthio)-l-propanol [(R)-S] was 
obtained, the R conf i a t ion  was assigned, and the enantiomeric 
purity was established (>98% eel using HPLC analyses of the 
corresponding sulfone. 
Derivatives of If-Propanediol. While all of the producta 

are simple derivatives of 1,2-propanediol and structurally un- 
complicated, all of their NMR spectroscopic data were in full 
agreement with their published literature data, where available. 
Finally, their m w  spectral data were also fully consistent with 
their assigned structure. 
2-Iodo-1-propanol: 'H NMR (CDCl,) 6 1.75 (d, 3 H, J = 6.86 

Hz, CHa, 3.45 (dd, 1 H, 2J = 11.8 Hz, 'J = 6.16 Hz, CHH'O), 3.10 
(br 8, 1 H, OH), 3.60 (dd, 1 H, 2J = 11.8 Hz, = 5.9 Hz, CHH'O), 
and 4.15 ppm (sext, 1 H, CHI; 13C NMR (CDC1,) 6 22.8 (CH,), 
30.66 (CHI), and 69.7 ppm (CH2O); MS m / e  186 (M+), 127, and 
59. 

Hz, CHJ, 3.05 (dd, 1 H, 2J = 10.0 Hz, 3J = 5.82 Hz, CHH'I), 3.15 
(dd, 1 H, 2J = 10.0 Hz, '5 = 5.04 Hz, CHH'I), 3.7 (m, 1 H, CHO), 
and 3.70 ppm (br 8, 1 H, OH); 13C NMR (CDCl,) 6 16.6 (CH'), 
24.3 (CH21), and 67.18 ppm (CHO); MS m / e  186 (M+), 171,162, 
127, and 59. 
2-Bromo-l-propan01:'~ 'H NMR (CDCl') 6 1.65 (d, 3 H, J 

= 6.9 Hz, CH,), 2.65 (br s, 1 H, OH), 3.62 (dd, 1 H, 2J = 12.1 Hz, 
'5 = 6.7 Hz, CHH'O), 3.72 (dd, 1 H, 2J = 12.1 Hz, ,J = 5.0 Hz, 
CHH'O), and 4.20 ppm (sext, 1 H, CHBr); ''C NMR (CDCl') 6 
21.95 (CHJ, 52.75 (CHBr), and 68.55 ppm (CH20); MS m / e  138 
(M+), 59, and 31. 
l-Brom0-2-propanol:~~ 'H NMR (CDCl') 6 1.25 (d, 3 H, J 

= 6.2 Hz, CH,), 2.65 (br s, 1 H, OH), 3.32 (dd, 1 H, Y = 11.0 Hz, 
'5 = 6.7 Hz, CHHBr), 3.45 (dd, 1 H, 2J = 11.0 Hz, = 7.3 Hz, 
CHH'Br), and 4.2 ppm (m, 1 H, CHO); 13C NMR (CDCl,) 6 21.19 
(CH,), 40.59 (CHar), and 67.09 ppm (CHO); MS, m/e 139 (M+), 
123, and 45. 
2-Chloro-l-propan01:~~ 'H NMR (CDCl') 6 1.40 (d, 3 H, J 

= 6.6 Hz, CHJ, 3.45 (dd, 1 H, 2J = 11.4 Hz, 3J = 5.9 Hz, CHH'O), 
3.50(dd,1H,2J=11.4H~,3J=5.85Hz,CHH'O),3.90ppm(sext, 

C-1 (8ilyloxy)phosphonium ion 4: 

[ (CtJHS)$PI* 

l-Iod0-2-pr0~0l:'' 'H NMR (CDClJ 6 1.12 (d, 3 H, J = 6.16 

~~ 

(10) (a) Glass, R. S. J. Organomet. Chem. 1973,61,83-90. (b) Ojima, 
I.; Nihonyanagi, M.; Nagai, Y. J. Orgonomet. Chem. 1973,50, C 2 W 2 8 .  

(11) Shibata, I.; Baba, A.; Iwasaki, H. J. Org. Chem. 1986,5f, 2177. 
(12) Selvig, K.; Ruud-Christensen, M.; Aasen, A. J. J. Med. Chem. 

1983.26. 1514. 
(13) These materials are commercially available. 



Functionalization of 1,2-Propanediol 

1 H, CHCl), and 2.65 ppm (br s, 1 H, OH); 13C NMR (CDCl,) 6 
21.0 (CH,), 59.37 (CHCl), and 67.63 ppm (CH20); MS m / e  94 
(M+), 58, and 31. 

l-Chlor0-2-propanol~~ 'H NMR (CDC1,) 6 1.20 (d, 3 H, J 
= 6.4 Hz, CHJ, 3.3. (dd, 1 H, 2J = 10.9 Hz, = 5.51 Hz, CHHCl), 
3.35 (dd, 1 H, 2J = 10.9 Hz, 3J = 5.7 Hz, CHH'CI), 3.9 ppm (m, 
1 H, CHO), and 2.65 ppm (br s, 1 H, OH); 13C NMR (CDCl,) 6 
20.27 (CHa), 51.0 (CH&l), and 67.40 ppm (CHO); MS m / e  93 
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bient temperature for 15 min. The solvent and residual ethanol 
were removed in vacuo to afford a paste which was dissolved in 
5 mL of anhydrous THF. Ahhydrous p-TsOH (1.87 mL of a 1.66 
M THF solution; 3.1 mmol) was added at ambient temperature 
and stirred for 18 h to give (R)-2-(((4-methylphenyl)sulfonyl)- 
oxy)-1-propanol, (R)-7.6 

Toeylate 7 was isolated by removal of the THF solvent (rotatory 
evaporator) to yield an oily residue (95% of the crude mixture 
as determined by 'H NMR). Tosylate (R)-7 was purified by flash 
chromatography using silica gel and a 3 1  hexanes-ethyl acetate 
eluent to afford homogeneous (R)-7 (TLC) as a syrupy residue 
(60%): 'H NMR (CDCl,) 6 1.2 (d, 3 H, J = 6.6 Hz, CH,), 2.1 (br 

4.67 (m, 1 H, J = 6.0 Hz, CHI, and 7.3-7.9 ppm (m, 4 H, C6H4); 

(CH), 127.7,129.8,134.5, and 145.3 ppm ( C W ;  MS m/e 230 (M+), 
199,155, and 91. A 'H NMR study using the chiral shift reagent, 
Eu(hfc),, indicated a 97% ee. The R configuration was assigned 
on the basis of the expected stereospecificity attending the 
thiophenate displacement of tosylate to afford (S)-%-(phenyl- 
thio)-1-propanol, (8-5 .  

Reaction of (R)-2-(((4-Methylphenyl)sulfonyl)oxy)-l- 
propanol [ (R)-7] with Lithium Benzenethiolate. (R)-2- 
(((4-Methylphenyl)sulfonyl)oxy)-l-propanol(368 mg, 1.60 "01) 
was dissolved in T" solvent and reacted with 0.18 mL (2.0 "01) 
of 3,4-dihydro-W-pyran in the presence of a catalytic amount 
of pyridinium p-toluenesulfonate (PPTS) to afford the tetra- 
hydropyranyl (THP) ether of (R)-7. A solution of PhSLi was 
prepared by adding 0.31 mL (3.0 "01) of PhSH and 1.2 mL of 
n-BuLi (3.0 mmol,2.5 M in hexanes) in anhydrous THF solvent 
(at -78 "C under argon). The PhSLi solution (3.0 mmol) was 
added at -78 OC (dry ice-acetone bath) to the reaction mixture 
containing the THP ether of (R)-7 at -78 OC. The mixture was 
refluxed overnight. The reaction mixture was quenched with a 
saturated NH4Cl solution. The aqueous layer was extracted with 
dichloromethane (2 X 20 mL), and the organic layers were com- 
bined and dried (K2COJ. 

After filtration and removal of the solvents (rotatory evapo- 
rator), the crude mixture was dissolved in 20 mL of methanol in 
the preaence of PPTS (1.5 "01). The crude mixture was purified 
by flash chromatography using silica gel and 3 1  hexanes-ethyl 
acetate as eluent to afford homogeneous (S)-2-(phenylthio)-l- 
propanol (60%). The S configurational assignment for 5 was 
established by HPLC analysis after ita oxidation to the corre- 
sponding sulfone and comparison with HPLC retention times. 

Hydrogen peroxide (1.5 equiv) as a 30% aqueous solution and 
a catalytic amount of AcOH were added to 1 equiv of (59-5 which 
was dissolved in THF, and the resulting solution was refluxed 
for 3 h. The aqueous layer was extracted with dichloromethane 
(4 X 20 mL), and the combined organic layers were dried (K2C0J. 
Removal of the solvent (rotatory evaporator) gave a mixture of 
(S)-2-(phenylsulfonyl)-l-propanol(60%) and the diastereomeric 
2(S)-(phenylsulfinyl)-l-propanols (40%). 
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S, 1 H, OH), 2.45 ( ~ , 3  H, H3C-C&), 3.6 (d, 2 H, J 6.0 Hz, CHJ, 

'9C NMR (CDC13) 6 16.9 (CH3), 21.6 (H,C-C&), 65.5 (CH,), 80.0 

.. 

(M+), 79, tkd 45. 
2-(Phenylthio)-l-propanol: 'H NMR (CDC13) 6 1.20 (d, 3 

H, J = 6.7 Hz, CH,), 2.70 (br s, 1 H, OH), 3.50 (dd, 1 H, 2J = 11.2 
Hz, 3J = 5.9 Hz, CHH'O), 3.6 (dd, 1 H, 2J = 11.2 Hz, ,J = 6.4 Hz, 
CHH'O), 3.3 ppm (sext, 1 H, CHS), and 7.2-7.5 ppm (m, 5 H, 

and 126.5,128.9,129.9, and 132.8 ppm (C&);MS m / e  168 (M+), 
CeH5); 13C NMR (CDC13) 6 17.6 (CH3), 46.3 (CHS), 65.5 (CHZO), 

137, and 110. 
l-(Phenylthio)-2-propanol: 'H NMR (CDCl,) 6 1.15 (d, 3 

H, J = 6.2 Hz, CHd, 2.70 (br s, 1 H, OH), 2.85 (dd, 1 H, 2J = 13.5 
Hz, = 8.1 Hz, CHH'S), 3.05 (dd, 1 H, 2J = 13.5 Hz, = 6.3 
Hz, CHH'S), 3.85 (sext, 1 H, CHO), and 7.1-7.5 ppm (m, 5 H, 
C&); 13C NMR (CDCl3) 6 21.9 (CH,), 43.5 (CHzS), 65.6 (CHO), 
and 126.7-135 ppm (C,H,); MS m / e  168 (M+), 126,91,78, and 
45. 
3-Hydroxy-2-methylprpanonitrile: 'H NMR (CDCld 6 1.25 

(d, 3 H, J = 7.1 Hz, CH,), 2.8 (sext, 1 H, CHCN), 3.4 (br s, 1 H, 
OH), and 3.52 ppm (d, 2 H, J = 7.2 Hz, CH,O); '% NMR (CDCl,) 
6 14.0 (CH,), 28.9 (CHCN), 63.6 (CH20), and 121.9 ppm (CN); 
MS m / e  84 (M'), 55,54, and 31. 

3-Hydroxybutanonitrile: 'H NMR (CDC13) 6 1.28 (d, 3 H, 

CHH'CN), 2.52 (dd, 1 H, *J = 16.9 Hz, = 5.31 Hz, CHH'CN), 
3.4 (br s, 1 H, OH), and 4.1 ppm (m, 1 H, CHO); '% NMR (CDCld 
6 22.5 (CH,), 27.3 (CH2CN), 63.8 (CHO), and 121.9 ppm (CN); 
MS m / e  84 (M+), 45, and 42. 

2-Azido-1-propanol 'H NMR (CDC1,) 6 1.2 (d, 3 H, J = 6.11 
Hz, CH,), 2.0 (br s, 1 H, OH), 3.45 (dd, 1 H, 2J = 11.8 Hz, = 
7.9 Hz, CHH'O), and 3.55-3.7 ppm (m, 2 H, CHH'O and CHN,); 
13C NMR (CDCl,) 6 14.4 (CH,), 58.38 (CHN,), and 65.4 ppm 
(CH20); MS m / e  101 (M'), 42, and 31. 

1-Azido-bpropanol 'H NMR (CDCl,) 6 1.2 (d, 3 H, J = 6.34 

(dd, 1 H, 2J = 12.4 Hz, = 3.89 Hz, CHH'N,), 3.9 (m, 1 H, CHO), 
and 5.2 ppm (br s, 1 H, OH); 13C NMR (CDC13) 6 21.2 (CH,), 58.0 
(CH2N3), and 66.1 ppm (CHO); MS m / e  101 (M+), 45, and 29. 

Reactions of Propylene Oxide with MeSSiX (X = PhS, I, 
Br, C1, CN, and N3).I4 General Procedure. To a solution of 
propylene oxide (3.0 mmol) in CH2C12 was added the Me3SiX 
reagent (3.1 mmol) at room temperature. In some cases the 
addition of a catalyst or an initiator was necessary (Table II). The 
mixture was stirred until the reaction was complete as determined 
by 31P NMR spectroscopy. The crude mixture was dissolved in 
10 mL of MeOH and stirred for 1 h at ambient temperature in 
the presence of 1.5 mmol of methanolic CsF. Methanol was 
removed by rotary evaporation, and the crude mixture was purified 
by "flash" chromatography using silica gel and a 3 1  hexanes-ethyl 
acetate solution as eluent. The isolated yields ranged from 65 
to 92%, and ratios of the different regioisomers were determined 
by NMR spectroscopy (Table 11). 

Reaction of (S)-1,3,2Xs-Dioxaphospholane 2 with p-TsOH. 
Under anhydrous conditions, 0.22 mL of (S)-(+)-l,2-propanediol 
(3.0 mmol) was added to 2.20 mL of 1.36 M DTPP in tetra- 
hydrofuran solvent (3.0 mmol). The solution was stirred at am- 

J = 6.25 Hz, CH3), 2.41 (dd, 1 H, 2J = 16.9 Hz, 3J = 5.95 Hz, 

Hz, CH3), 3.15 (dd, 1 H, 2 J =  12.4 Hz, ,J= 7.1 Hz, CHHN,), 3.15 

(14) (a) Guidon, y.; Young, R. N.; Frenette, R. Synth. Commun. 1981, 
11,391. (b) Andrews, G. C.; Crawford, T. C.; Contillo, L. G., Jr. Tetra- 
hedron Lett. 1981,22, 3808. (c) Kricheldorf, H. R.; Morber, G.; Regel, 
W. Synthesis 1981,383. (d) Gassman, P. G.; Guggenheim, T. L. J.  Am. 
Chem. SOC. 1982,104,5850. (e) Blandy, C.; Choukroum, R.; Gervais, D. 
Tetrahedron Lett. 1983, 24, 4189. 


