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Abstract Stereospcctic tosylate CUTS) or azlde (NJ-) subsmutton at the C-4 stereocenter of a monosubstnuted 

1,3,2kdroxaphospholane (the equivalent of the C-2 stereocenter m an unsymmetrical 1.2drol) 1s readdy achreved 
by treatment wrth uther p-toluenesulforuc acid @-TsOH) in tetrahydrofuran solvent or p-TsOH/sodmm aztde 111 
acetommle solvent, respectrvely 

Introduction 

Monobenzoylatron of unsymmetr~ca.l 1,2dtols 1 k, 1,2-propanedrol (la) and I-phenyl-1,2-ethane&ol (lb)], 

affonhng both the kmettcally and thermodynanucally & stable C-2 benzoate l, can be wlememed by actrvatmg 

mvalent phosphorus m two ways Oxnlattve tihon of mphenylphosphme (‘T’PP) wrth benzoyl peroxuk (BPO). or 

reachon of TPP wrth &ethyl- or dusopropyl azodtcarboxylate (DAD and DIAD, mspecttvely) and benzorc acrd @%A)* 

affords an organophosphorus mtermedrate which readtly reacts wuh l&drols The ongm of the regm-selechvny 
favormg the c-2 benzoate 1s not completely resolved but tt appears to result from an uuttal “complexion” G, 

2. BA) between intermedu%e 1,3,21%hoxaphospholane 2 and the carboxyhc acid 3 We earher speculated that euher 
hsplacement of tnphenylphosphme oxide (TPPO) from oxyphosphonmm Ions 3 by benzoate amon or collapse of a 

“complexed” &oxaphospholane 5 3 could provide access to benzoates 4 (Scheme 1) 

Scheme 1. Reaction of l&Diols with TPP-BP0 or TPP-DAD-PLCOOH. 
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In an effort to enhance our mechamsttc understandmg of thy umque transforma-hon. we have exanuned the 

reactions of dloxaphospholane 2 \Hlth nucleopUes azlde (N3-) and tosylate (OTS-). We have also ldentied an 
eqmhbranon between oxyphosphoruum Ions 3 and tioxaphospholane 2 whch serves to clanfy an unportant tenent 

of the mechamsm4 These findmgs are reported herem 

Results and Discussion 

I. Stereochemistry 

When either (S)-(-)-1,2-propane4hol [(S)-la]1a*5 or Zphenyl- 1 &ethane&ol (1 b >6 arc treated wth TPP/DIAD 

or &ethoxytnphenylphosphorane @TPP)7 reagents m tetrahydrofuran (THF) solvent (O-X!, ice bath), the 

prereqmsite 1,3.2h5&oxaphospholanes 2 were obtamed The reaction of 1.3.2h5&oxaphospholane 2a (R = Me)6 
with p-toluenesulfomc acid @-TsOH) m the presence of -I&-solu& soduun azlde (NaN3) gave nutiy the 

re@ouomenc oxyphosphomum ions 3* m nearly equal quantities. 9 

The lsomenc oxyphosphomum ions 3a are m dynanuc eqmhbnum4 with 1,3,2X5&oxaphospholane 2a as 

shown by the temperature dependence (-78’ + 17’ + -78°C) of then 31P NMR spectra (See Figure 1) m THF 

solvent (v& mfr& However, at ambient temperam & 2YC) the sulfonate amon @-TsO-) rapidly dsplaces 

TPPO affordmg >95% yield of @)-2(4-methylbenzenesulfonyloxy)-1-propanol [(B)-6a] wth tigh stereospecific~ty 

(>92%ee) at the G-2 carbmol center Surpnsmgly, none of the reg~oisomenc G-1 tosylate was observed by 13C 
NMR analysis 

Subsequent heatmg of the reaction nuxture (80°C, 8 h) contauung (B)-6a and NaN3 m THF solvent1o afforded 

cs)-Zazldopropanol [QJ-7a] 11187%~ and 88% yield The configurational Identity of (S)-(+)-7a was confii by 

companng the sign and magnitude of its ophcal rotation with that of the e)-(-)-7a antipode l2 These fmdmgs, 

coupled urlth knowledge of the absolute configuranon of @)-la, quuc. that tosylate 6a form ~rlth nearly complete 
mverslon of configuration from 2a (Scheme 2) 

When the same reaction was performed m acetomtnle (MeCN) solvent rather than THF, sulfonate ester 6 was 
not formed Instead, avde (B)-7a was formed dmzctly In 93% yield wth essentially complete mversion of 
configuration at c-2 (9O%ee) The configuraaonal identity at the c-2 stereocenter was confirmed by catal*c 

hydrogenation of azlde CB>-7a to the known (B)-2-ammo-1-propanol [(B>-81 l3 

Several mterestmg pomts requne comment. Fist, it seems apparent that formation of tosylate 6a from the ion 

pans, oxyphosphomum ions 3 OTs- or mterm&ate 5 HOTS requires displacement of TPPO by p-TsO- through 

essentially an SN2 mode with the accompanymg mverson of configurahon at c-2 Increased solubtity of NaN3 m 

THF solvent (E 7 32)14 at 80°C promotes a facde bsplacement of p-TsO- by Nj with nearly complete mversion of 

conflgurauon In fact, m THF solvent the overall 87%ee for the conversion of 2a to (S)-7a translates tom 
-of configuration at the c-2 stereocenter from d101 la! 

In a high dlelectnc medmm & , MeCN solvent, E 36 5),14 the solubllzed NaN3 affords a lughly nucleoptihc 

N3‘ Ion which captures oxyphosphomum Ion 3 or mtedate 5 with munmal compehhon from p-TsO- affordmg 

(R)-2-azldo-1-propanol urlth 9O%ee and nearly complete mverslon of configuration at c-2 
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Scheme 2. Reactions of 1,3,2X5-Dioxaphospholanes with p’IkOH and NaN, in 
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Tetrahydrofuran and Acetonitrile Solvents 
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The same basic sequence of reactions charactenz.es the chenustry of &oxaphospholane 2 b [prepared by 
transoxaphosphoranylation of 2-phenyl-l&eth~ol (l b) with DTPP or TPP/DAD]. At 0“C m the presence of B- 

TsOH and NaN3 m THF solvent, dloxaphospholane 2 b gwes excluswely (>95% by 13C NMR) 2-phenyl-Ztosyl- 
LZethantiol(6 b) then under higher reachon temperatures (11O’C; 12 h) m DMP solvent, 2-audo-2-phenyl-l- 

ethanol (7 b) 1s formed m 92% overall yield On the other hand, the reaction of 2 b at O’C m MeCN solvent pnth p- 
TsOH and NaN3 gave 7 b ~179% These results emphasize the role and unportance of solvent polarity m ktatmg 
the course of the substitution reaction It 1s apparent that m the more polar MeCN solvent the soluble NaN3 affords a 

highly nucleophlhc N3- ion which reacts with oxyphosphomum Ion 3 or mtermed~te 5 b HOTS to afford 7 b Hrlthout 

the mterme&acy of 6 b 

II. Mechanistic Implications of the Equilibrium Between the 1,3,2X5-Dioxaphospholane and the 

Oxyphosphonium Ions 

The low temperature 31P NMR spectrum of 1,3,2h5&oxaphospholane 2a 111 THF (-7VC) displays a sharp 

smglet at 6 -37 5 ppm (Figure 1) When an eqluvalent of benzolc acid 1s added to the THF solution contammg 
&oxaphospholane 2a, two smglets are observed (-78’C) at 6 610 and 62 5 ppm correspondmg to the c-2 and c-1 
oxyphosphomum ions 3, respectively, as well as a small quantity of TPPO (S 32 ppm) When the temperature is 
msed to 17OC, these resonances coalesce to a broad smglet centered at 6 22 ppm The process 1s entn-ely reversible 
m that a lowenng of the temperature to -78°C reestabllshesthe resonances for Ions 3 along wtth that for 
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Ftgure 1. Vartable 31 P NMR Spectra of 1,3,2X%Xoxaphospholane 

2a and the lsomeric Oxyphosphonium Ions 3. 
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dtoxaphospholane 2a. Durmg the course of this equhbrauon, the mtenslty of the 3 lP NMR resonance for TPPO 

also mueases, mduxttmg that the displacement of TPPO by benzoate amon 1s also a sluggish competttor 
It seems clear that rapid mterconvemion of oxyphosphonium tons 3 1s facilitated through the lntamediacy of 

oxaphospholane 2a m the presence of benzoic acid. Certuly, if the rate of equhbratton 1s faster than the rate of 
displacement of TPPO from the oxyphosphonmm ions 3 by benzoate anion, it is anttctpated that the Q-1 benzoate 
should emerge as the predommant isomer The fact that the Q-2 isomer is favored reflects selective capture of an 
nnermedtate s&arm structural constttution to 2 wnh benzoate (and SXG&E& with tosylate and az.ide m this 

study) 
A tentauve rationale mtght mvolve an uuual coonimauon between dtoxaphosphorane 2 and benzotc acid or R- 

TsOH at the least stencally hmdemd P-Q-C oxygen Thts “complexed’ oxygen should mcreasmgly prefer the apical 

array comudermg the high apicophmcny of highly electronegahve subshtuents t5 Through pa-dn back-bondmg 

between the equatonal or basal oxygen and the phosphorus atom, the adJacent carbon should experience electron 

deficiency msultmg m a net enhancement of the electrophihctty of the equatonal carbon.16 In this way, selective 

complexahon via hydrogen bondmg to the least hmdered oxygen serves to achvate the secondary or Q-2 Carbon for 
associahve sN2 displacement. 

Whde thts is not the final word, the stereochemtcal overvtew msulung from “protectton” of a chual monosub 

sututed 1.2~dial as a 1,3,2h5-dloxaphospholane, followed by “acid-promoted” nucleophihc displacement translates 

to (1) inversion of contigumhon at the Q-2 stereocenter m polar solvents and (11) double mversion or net retenhon of 
configurahon at the Q-2 stereocenter m nonpolar solvents 

Experimental Section 

All melung pomts are uncorrected All lH, 13C, and 31P NMR data were obtamed on the Bruker-IBM AC 200 
NMR spectrometer wtth tetramethylstlane (Me&) and 85% H3p04 as mtemal and external refemnces, WpechVely. 
The commercially-available dlols were put&d and dried by dtsullatton or heatmg at 40°C for 12 h under high 
vacuum p-Toluenesulfomc actd @-‘IsOH) was mcrystalhzed from a solutton of ethanol and water and ultimately 
dehydrated (90°C, 12 h) under htgh vacuum The preparauons of DTPP’ and @)-(+)-1,2propanedi01~~~~ have 
been reported elsewhere 

4-Methyl-, and 4-Phenyl-2,2,2-triphenyl-1,3,2~s-Dioxaphospholanes (2a,b). The preparahons of 
1 ,3,2X5-dioxaphospholanes 2a.b are essentially tdenhcal and the following procedure 1s Rpmentahve Under 
anhydrous comhhons (argon atmosphere), 125 mL of 0 8 M DTPP m THF (10 mmol) was added to the dial (10 
mmol) m anhydrous THF (3 mL) The solunon was stmed at ambient temperature for 1 h The solvent and residual 
ethanol were removed 111 to afford an extremely hygmscoptc, otly residue which could not isolated nor 
purified by convenhonal methods 2a 13C NMR (toluene) 6 19 1 (3Jp_c = 7 0 Hz, QH3), 65 4 (QH$, 68 1 (QH), 

126-133 (QeH5), and 146 ppm (IpsQcarbon,lJpC = 117 5 Hz), 31P NMR (toluene) 6 -37 2 ppm 2 b 13C NMR 

(toluene) 6 66 8 cH2). 72 7 (QH), 126-132 (QeH5), and 145 ppm -carbon, *Jpc = 115 7 Hz, 31P NMR 
(toluene) 6 -36 8 ppm 

Reaction of 1,3,23L5-Dioxaphospholanes 2a,b with p-‘&OH and NaNs in THF Solvent. 

Anhydrous THF (5 mL) was added to the 1,3.215-dioxaphospholane (10 mmol) and stured for 0 5 h The soluhon 
was cooled to 0°C (ice bath) To the cooled solution, 0 72 mL of R-‘&OH m THF (1 54 M. 1 1 mmol) was added 
followed by the addihon of 70 mg of NaN, (1 1 mmol) The soluhon was kept at 0°C (ice bath) for 1 h and allowed 
tc warm to ambient temperatum v&h sumng for 12 h to afford tosylates 6a,b 
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(i) (B)-2-(4-Methylbenzenesulfonyloxy)-1-propanol L(B)-6a] was molati by removal of residual 
NaN3 (fdtration) followed by removal of the THF solvent (rotary evaporator) from the above solution to afford an 

oily residue (>95% by 13C NMR). Tosylate 6a was subsequently punfied by Uash chromatography employmg 
s&a gel and 70% ethyl acetate-30% hexanes as eluents to afford homogeneous (B)-6a1’ (TLC) as a syrupy restiue 
that did not crystalhze lH NMR (CDCl,) S 12 (d, 3 H. J = 6.6 Hz, CH3). 2.1 Qns. 1 H, Oa, 2 45 43 H. H3C- 

C~Hk),36~,2H,J=6OHz,C~~),467(m,lH,J=6OHz,CH)and7.3-79ppm(m,4H,~), 13C 
NMR (CDCl,) 6 16 9 cH3), 216 (H&-C6H& 65.5 GH2), 80 0 0, and 127 7-129.8 ppm (j&H& A chnal 

shift ‘H NMR study usmg Eu(hfc)g mdlcated a 92% ee. The B configurahon was assigned after ande dqlacement 
of the tosylate gave (S)-(+)-Zazldo-1-pmpanol, @)-7a. 

(ii) 1-(4-Methylbenzenesulfonyloxy)-l-phenyl-2-ethanol (6b) was lsolakd by first removal of residual 
NaN3 by filtration, followed by removal of the THF solvent (rotary evaporator) from the above sohnon to afford a 

sohd residue (>95% by 13C NMR) Tosylate 6 b was subsequently punfied by flash chromatography employmg 
sdica gel and 50% ethyl acetate-50% hexanes as eluents to afford homogeneous 6 b . mp %-98OC (ht.J8 7OT), ‘H 
NMR(CD’&)6241 L3H,CH3-C6H4),362(br~ 1H,0~,375~lH,2J=12Hz,3J=38Hz. 

CHflOH),392(dd1H,2J=12Hz,3J=78Hz,C~OH),551(dd,1H,3J=375Hz,3J=77Hz,C~,and 

7 l-7 7 ppm @, 9 H, C& and CA). 13C NMR (CDCI,) 6 20 5 (H&-C6H4), 64 3 KHz), 84 2 (Q-l), and 126- 
136 ppm (i&H5 and &Ha) 

&I-(+)-2-Azido-1-propanol L(S)-7a]. In a separate expenment, the THF solution contammg m-2(4- 
methylbenzenesulfonyloxy)-1-propanol, e>-6a. and Nq was evaporated to dryness b vacua), the sohd residue 
was dusolved m anhydrous N,N-dlmethylformanude (DMF, 3 mL) solvent and the resultmg solution was smred at 
1 10°C (12 h) Removal of so&urn tosylate by filtmtion followed by evaporation of the solvent to dryness (vacuum 
pump) gave an oily residue (88%) Punficatlon by flash chromatography employmg dlca gel and 25% ethyl 
acetate-75% hexanes as eluents gave a noncrystalhzmg syrupy residue 21 lH NMR (CDCl,) 6 12 (d, 3 H, J = 6 15 

Hz, CH3), 18 (hr s, 1 H, Ofl>, and 3 6 ppm (m, 3 H, CfLand (X2), 13C NMR (CDC13) 6 15 4 cH3), 58 8 

&H), and 65 6 ppm aH2), IR (thm film, NaCl plates) 2100 cm-l (N3) A chnal shift lH NMR study unth 
E~(hfc)~ m&cated a 87%ee The a-(+) configuration was confined by companng the optical rotation of this 
sample with that of the @)-(-) antipode, e>-7a, which m turn was further substantiated by catalflc 
hydrogenahon” of avde e>-7a to the known e)-(-)-Zammo-1-propanol, [Q&)-8] l2 

2-Azido-2-phenyl-l-ethanol (7b). In a separate expenment, a THF soluaon contammg 2-phenyl-2-(4- 
methylbenzenesulfonyloxy)-1-ethanol(6 b) and NaN3 was concentrated to dryness (yl vacua) The residue was 
&ssolved m anhydrous DMF (3 mL) and the resultmg soluhon was heated at 1 10°C (12 h) Removal of sodmm 
tosylate by fdtration followed by evaporation of the DMF solvent @@I vacuum) gave an ody residue (92%) which 
was further punfied by flash chromatography employmg sdlca gel and 15% ethyl acetate-85% hexanes as eluents to 
afford azldo alcohol 7b as a viscous 011 ‘H NMR (CDC13)20 6 2 94 & &, 1 H, Oa, 3 75 (g. 2 H, J = 6 3 Hz, 

CH2), 4 750, 1 H, J = 7 2 Hz, 0, and 7 3-7 5 ppm b, 5 H, C&>, 13C NMR (CDC13) 6 66 2 cH2), 67 6 

CH), and 127-136 ppm (C6Hs), IR (thin film, NaCl plates) 2100 cm-l (NJ) 

Reactlon of 1,3,2X5-Dioxaphospholanes 2a,b with p_TsOH and NaN3 in Acetonitrile Solvent. 

In separate expenments, anhydrous CH3CN (5 mL) was added to 1,3,2h5-&oxaphospholanes, 2a,b (1.0 mmol) 
and sti for 0 5 h The solution was cooled to 0°C (ice bath), then 70 mg of NaN3 (1 1 mmol) was added 
followed by 0 72 mL of Q-TsOH m THF (0 8 M, 1 1 mmol) The solution was stnnxi at 0-5°C (ice bath) for 1 h 
and then allowed to warm to 25°C with stunng over a 12 h penod Removal of so&urn tosylate (by filtranon) 

followed by evaporation of CH3CN (rotary evaporator) gave the azldo alcohols 7a (93%) and 7 b (79%) A choral 

shift ‘H NMR study of @)-(-)-2-audo-1-propanol [@)-7a] from above ~th Eu(hfc)3 m&cated a 9O%ee and the 
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e> configuration was assigned after catalyhc hydrogenation (48 PSI of % gas)’ 1 wtb platmum oxide m ethanol to 

gwe the (B)-(-)-2-ammo-1-propanol, O-8: ( [aluD -16’ (0 093 g m 1 mL EtGH) lit.,t2 [alZD -21 8” (0 275 g 111 

10mLEtGH)],1HNMR(CDCl~)12~1.2(P,3H,J=56Hz,~~. 305(dd.lH12J=99Hz, 

3J=70Hz,CEM’OH), 33a 1H. 2J=99Hz.3J=34Hz,~OH),and345ppm(m,1H,QQ, 13C 
NMR (CDCl,) 6 18 8 Q-13), 48 0 a), and 67.3 ppm (Q-l 2) 

Reaction of Propylene Oxide with plb0I-I. 
mterme&ates m the conversion of 2a, b 

To examme the possibtity of epoxuies as transient 
to C- 1 and c-2 denvatwes as described m the above reactions. the rmg 

opemng of propylene oxide was exammed under sumlar reaction con&tions Under anhydrous conditions, 0 07 mL 
of propylene oxide (10 mmol) was added to 0 33 mL of p-TsOH 111 THF (3 M, 10 mmol), 278 mg of mphenyl- 
phosphme oxide (10 mmol) and 65 mg of NaN3 (10 mmol) m hydroxy tosylates Fmally, an addmonal control 
reachon has shown that propylene ox& does not react with benzolc acid m toluene or THP solvents at amhent 
tempera- 

Acknowledgment IS made to the National Science Foundation (CHE-8720270) for support of tis research 
We are especially grateful to MS Isabel Matieu for performmg several control reactions and to M & T 
Chermcals for a generous supply of mphenylphosphme 

References and Notes 

(1) 

(2) 

(9) 
(10) 

::;j 
(13) 

(14) 

(15) 

(a) Pautard, A M , Evans, S A, Jr J Grg Chem ., 1988,~,2300-03, 
(b) Murray, W T, Pautard, A. M , Evans, S. A, Jr, 7th 

Syn&u, July 4-7,1988, Nancy France, Abstr No 6-R5(SC), 
(c) Qlermcal 1988, &a23 
(a) Mltsunobu, 0, Kmura, J , Iuzurm. K , Yanag& N Bull Sot. h 1976, 4p, 510-13 
(b) We are especially grateful to Professor Gyo Mltsunobu for his personal commumcaoon and mslght 

on the monobenzoylation chermstry 
Pauti-Cooper, A, Evans, S A., Jr J., 1989, g, 2485-88 
Recently, Camp and Jenkms reported an eqmhbrahon between an oxyphosphomum salt and an acychc 
dloxaphosphorane See, Camp, D , Jenkms. I D J, Ore. C&em., 1989, j& 3045 

Robinson, P L , Barry, C N , Bass, S W, Jarvls, S E , Evans, S A , Jr J. Or? C&n ,1983, a, 
5396 

Murray, W T, Evans, S A, Jr J., 1989,%, 2440-46 
Robinson, P L , Barry, C N , Kelly, J W, Evans, S A, Jr J. Am. them. 1985, .@Z, 5210-9 
Oxyphosphomum ions 3 3-c-l Ion 13C NMR (C,D& S 18 6 GH3), 65 7 (d J = 7 2 Hz, CH), 

76 5 (g, J = 8 9 Hz, CH 2) and 127-137 ppm (&Hs), 31P NMR (C6D6) 6 62 5 ppm 3-c-2 ion 13C 
NMR (C6D6) 6 17 6 a, J = 2 7 Hz, cH3), 65 4 a, J = 4 2 Hz, cH2), 84 4 (d. J = 10 Hz, CH), and 127- 

137 ppm (CeH$ 31PNMR(C6Dd6607 ppm 
The same oxyphosphonmm ions are also formed m a 1 1 ratio m CH3CN solvent m the absence of NaN3 
Replacement of THF solvent (m with DMF after formation of @)-6a) followed by sturmg at 1 10°C 
(12 h) affords an excellent yield of (S)-7a Avde hsplacements of tosyl groups m DMF solvent are well- 
documented and are characterized by predommant mverslon of con@uration at the reqmslte stereocenter l1 
Bose, A K , K~stner, J F. Farber, L J. Org. Chem 1962, Z, 2925 
Vander Werf, C A , Helsler, R Y, McEwen, W E J. Am. Chem. Sot 1954.x. 1231 
Kagan, H B , “Stereochermstry Fundamentals and Methods”, 1977, \bl4, Georg Thleme Pubhshers, 
p 199h 
Rld&ck, J A , Bunger, W B “Techniques of Chermstry, Organic Solvents”, Vol II, 3rd E&on, Wiley- 
Intersclence, New York, 1970 
(a) Gllesple, P, Hoffman, P, Klusacek, H ; Marquardmg, D , Pfohl, S , Ftamwez, F, Tsohs, E A, Ugr, 

I Angew. Chem. Intemat. Enel. a 1971, u1,687-715 
(b) This hypervalent bondmg concept, mmally proposed by Musher [J I Musher, Aneew. Chem. Int. Ed. 

u, 1969, &54 1, suggest that the “four-electron threecentered apical-apical bond” 1s stab&ed 
when electron wlthdrawmg groups are m the apical array of TBP phosphoranes 



1610 
A PAUTARLLCOOPER and S A EVANS. JR 

(16) We suggest that the hmdered rotation assocutted with pxdx back bondmg between an equatonally bound 
heteroatom and pentavalent phosphorus unphes that such multiple bondmg mcmases the electroph&~ty 
of the attached carbon through an inducttve effect. See Helms, R. R. “Pentacoordinated Phosphorus,” 

(17) 
Lb1 1, ACS Monograph 175.1980 
(a) Mon. K., Senda, S RtrahedTon 

.&l;;$;, ‘$shqton, D.C 

(~)~Dvv; S , Kmn, V N, Yur’eva, NM; Zhdankm, V. V.; Kosmm. A. S. Zn. 1987, 

(18) Watabe. T., Ozawa, N ; Huatsuka, A. 
(19) 

Blochem. 1983.32 5, 777. 

(20) 
“The Aldnch Library of NMR Spectra”, Edition II, Charles J. Puchert, Vol 1,292B. 1983 
Mereyala, H B ; Frel, B Helv. 1986, @zL 415 


