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Abstract: mytiy((-xy)(@yl)M@l~y~]~ (l), r-hydmxy(((diphenyl)phosphmyi)oxy)-
ioda]benrene(2) ti @3ydmxy(((dimethyl)phasphoryl)t3xy)iodo]be33zme(3), obtained from the reaetion of
icdaseberaermwith phsnyl mahylphosphonicmi~ diphenyl-ml dimethylphosphiniedd, nxpectively,effectrho
introductionof the ~g PhIWho~@ orphosphk groapsa- to krione snd estsr carbanylgroups.
Pbenytaeetyl.aeistraasfonnedbyreagents1-3intotheeomespondiaga-fimetionalizedscetaphemonoderivatives.
@ 1997ElsevierScienceLtd.

Hypervalcntiodinechemistryhas showninterestingapplicationsto oxyphosphorylationof carbonin recent
yearsas a newrouteto phosphateesters,in thesynthesisof alkynylphosphatesfrom alkynyl(phenyl)iodonium
phosphates,l in the synthesisof ketol phosphatestkom ketones or slkenoicacids and hypervalentiodine
reagents,2in the synthesisof ketolphosphatesfromterminalalkynesand an iodine(IU)-phosphate3andin the
synthesisof bis- and tris-ketolphosphatesffomp- (difluoroiodo)tolueneand silyl enol ethers.’ Hyperwdent
iodinecompoundshavealsobeenusedas reagentsfor thesynthesisof p-ketophosphonates.s

No studiesof a-methylphosphonylation,a-diaryl- or a-dialkylphosphinylationof carbonylcompounds
involvingorgaaohypervalentiodinereagentshave been performedso far, althoughthe methodcould prove
useful for the formation of internucleotidicbonds in alkyl and arylphosphonate-basedantisense
oligonuclemides.Antisenseoligonucleosidemethylphosphonateshavebeenshownto inhibitproteinsynthesis
illbothbactend“ andmmmdisn cell-freesystemsand in cells in culturein a sequence-specificmanner.6Their

resistanceto nuclease,sequencespecificsntisenseactivityandtheir abilityto be takenup intactby mamdian
cellsmakesthempotentialantivirrdsndchemotherapeuticagents.’

We now report the synthesesand reactionsof threenew orgsnohypervalentiodine oxyphosphorylating
reagents:[hydroxy(((phenoxy)(methyl)phosphoryl)oxy)iodolbenzene(l), [hydmxy(((diphenyl)phosphoryl)-
oxy)iodo]benzene(2) and [hydroxy(((dimethyl)phosphoryl)oxy)iodolbenzene(3). The mtction of
iodosobenzenewith phenyl methylphosphonicacid, dimethylphosphinicacid and diphenylphosphinicacid
affordedreagents 1-3in 88-93%yields.In a typicalexperiment,a solutionof phenylmethylphosphonicacids
(32 mmol) in 20 rnL acetoaitrilewas addedin one portionat room tetnpemttueto a wined suspensionof
iodosobenzene(32 mmol) in 30 mL acetonitrileand the mction mixtum was stirred until almost all
iodosobenzenedissolved(10rein).Insolublematerialwasfilteredandthesolutionwas cooleddown in an ice-
bath;the productcrystallizedout of the solutionas whitecrystals,mp 93-95”C.A secondcmp was collected
from the motherliquorand the totalyieldwas 11.0 g (88%).Reagents2 and 3, using essentiallythe same
procedure,requiredlongerreactiontimes -2 hours and 24 hours, respectively.Reagents1-3 gave coma
elementalanalyses.Theyieldsandspectraldataforreagents1-3arepresentedin Table1.
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1 R1 = CH3, R2 = OC6H~
2 RI = R2 = C6H5

3 R1 . R2 . CH3

Reagent1 effectsthe introductionof the methylphosphonatemonophenylestergroup-0-P(0) (CH.JOC,I-&
a- to the carbonylgroup of ketones; this reagent also carries out a-phosphonyloxylationof ~-dicarbonyl
compoundssuchas dibenzoylmethaneandethylacetoacetate.Typically,an equimolarmixttueof 1 and ketone
orketoesterin 20mLacetonitrileis keptat refluxovernight,thenconcentratedin vacuo and subjectedto flash
chromatography(hexane:ethylacetate= 1:1).The yieldswere between50% and 87%. In the case of acetone,
acetonitrilewas replacedby a large excess of acetone(7Oeq.), which led to the highest yield (87%).
Dibenzoylmethanereactedatroonstempemture.The productswerechamcten“ml by ‘H NMR, “C NMRand
Np~R (Table1),ss wellss micro~~yses or highresolution_ SFtrOSCOPY.9

Similarto 1, reagents2 and 3 introducedimethyl-and diphenylphosphinategroupsa- to ketoneand ester
carbonylgroups.Dueto theirthermalstability(completedecompositionafter4 hours in dluxing acetonitrile),
2 and 3 iweused at room tempermneand accordinglyrequirelongerreactiontimes. The yieidsambetween
19%and48%,consistentlylowerthanin thecaseof 1. Besidestheirnxctivity, the reagentsstabilityseemsto
play an imporkmtrole. The yieldsand spectraldata for productsresultingfromnmctionof 1-3 with various

substratesam presentedin Table 1. The pathway for this nxwtionis based on oxytosylationmechanism
suggestedbyKoseret al.’”(Scheme1).

LHO-~-Ph I

Schemel

All threenewxeagents1-3alsohavetheabilitytonmctwithphenylacetylene3at room temperatureto afford
the correspondinga-fimctionalizedphosphorylketones5b, 6b or 7b, respectively.Typically,an equimcdar
mixtureof 1 and phenylacetylenein C&C12was wined at room temperaturefor 16 hours; concenh-ationin
vucuo andflashchromatography(hexane:ethylacetate= 1:1)affoded 5b as a clearoil.
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Table 1. I(III)-Reagents 1-3, Ketol Monophenylester Methylphosph~:atea 5a-5e, Ketol

Reagent(l-3)
Prod.(5a-7e)

k+dmukJii,) &,(mult, Jo)

~,H, ?-~:” —>

o :
Subslrate

+
o-~~’l

R
-1

R2

OH R’

1 Me OPh 88 1307,- ., 7) 11613 0(2 ) 248
120:6(d,3.~) “

2 Ph Ph 93 1308,- 7.608-. 40(m)
(d,l&,13/(’d,lO) “

3 Me Me 93 1306,- 1 25(d 137). ,. ., . 2s)

l+o ;
O-{-RI

R R2

R’
5a M H w OPh 87 1316,1732

(fietone)
1 75(d 18) 109 123(2s)

4.ti sn~ 4.+2 “ ‘ “
30.0

(dd,9.1and 17.3)
5b Ph H Me OPh 44 13141709, 11212 6(2 ) 308

(aceo~len. 5.25 ad 5.;9 69.’7(d,6.3~‘ “
(dd,8.9and16.8)

SC (CH#
(ix:ne’i.

ME! OPh 50 13121731.
(&$&nd

114 d 128(2d 302
17.4?mdli.4), ‘ “

79.0 and 79.5(2d,
4.9(m) 7.1 and 7.3)

5d Ph PhCO Me OPh 58 13271687, 1.89(d,18.2) 11.3and 127(2 ) 306
(di-Bz- 80.9and 81:5(2;j “

methane)
5e co Me OPh 64 1316,1732 157 d 162 109 d 123( 31.5

(::~:$?
2s),

(M”,7.3~nd;.6), “78~O(d,7:O)
5.21(d,9.6)

6a Me H Ph Ph 48 1357,1739
4.54(i,7.9) 67.9(ti,5.9)

34.6

6b Ph H Ph Ph 22 12301704,
5.30(i,7.5) 65.7(;,5.0)

35.0

6C -(CH~4- Ph Ph 44 1313,1730
4.85(M,6.6)

336
77.4(il,6.1) “

6d Ph PhCO Ph Ph 47 12801710,
6.79(ci,10.6) 79.9(d,5.9)

6e M? CO* Ph Ph 32 1278,1761 36.7
5.26(;,10.5) 76.7(d,5.7)

7a Me H Me Me 47 1305,1735 151 2s), 5/.9
4.56(d’,lo.3j “67~7(d,6:3)

7b Ph H Me Me 19 1305,1703 1.63(d 15.9and 16.9(2s), 58.2
5.32(d’~lo.7j 65.6(d,6.2)

7C (CH2)4- Me Me - 1300,1729 16.3snd17.3(2s), 55.0
4;87{&0.6j 76.7(d,7.7)

7d Ph PhCO Me Me 45 1299,1700 1.60(d14 16.6and 17.6(2s), 59.9
6.89(ci,10.~\’ 78.2(d,6.8)

7e Me co2Me Me Me 8 1302,1738 1.60(d 14 1) 16.3and17.3(2s), 61.5
5 w!’ 10”5< 66 2((’I6 5)
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Ph~
Q ph~o-],~R,

R2

5b(27%), 6b(SO%), 7b(25%)

Wefoundthatif themolarratio1: phenylacetyleneis doubledtheyieldRXMdl’lSalmostunchanged.Based
on thisobservation,we proposea reactionmechanismthatinvolves8rather than9 as intermediate.

R1

L + RI
I—Ph - 02P;R2

Ph

#
0p%R2

L

R1

,1 ‘Ph - 02P;R2
Ph CH +

8 9

Finally, the totalityof these results conformsto a patternof reactiontype originallyfound for Koser’s
reagentin whichthe groupOTSof the reagentPhI(OH)OTsllis _ introducedas ‘OTs a to a carbonyl
groupin a umpolungsense. Accordingly,the reagentsof this paperprovidesyntheticequivalentswhichmay
be~ as ‘0-P(0) (~)OC& (horn 1), ‘O-P(0)(C&)z (from2) and‘0-P(0)(CIQZ (from3).

Acknowledgment.We thankthe NationalScienceFoundation(GrantNo.2-5-2871)for financialsupport.

References and notes

#Onleaveof absencehorn KurukshetraUniversity,Kurukshetra,India.
1. Stang,P.J.; Boeshar,M. and Lin J., J. Am. Chem.Soc.,1986,108,7832.
2. Koser, G.F.; Lodaya, J.S.; Ray, III, D.G. and Kokil,P.B., J. Am. Chem.Soc., 1988,110, 2987.
3. Koser, G.F.; Chen,X.; Chen,K. and Sun, G., TetrahedronLa., 1993J4, 779.
4. Koser,G.F.; Chen, K.; Huang,Y. and Summers,C.A.,J. Chem.Soc.,PerkinTrans.1,1994,1375.
5. Kim, D.Y.; Mang, J.Y. and Oh, D.Y., Synth.Commun.,1994,24,629.
6. Miller, P.S., Biotechnology ,1991,9,358.
7. Miller,P.S.,AntisenseOligonucleosideMethylPhosphonate,in “AntisenseRNAandDNA”,Wiley-

Liss Inc., New York, 1992
8. Behrman,E.J.; Biallas, M.J.; Brass,H.J.; Edwards,J.O. and Isaks, M., J. (lrg. Chem.,1970,35, 3063.
9.1, m.p.=93-50C,Anal.Calcd for C ~H1$041P:C, 39.82;H, 3.60;I, 32.36;P, 7.90. Found:C, 39.84;H,

3.64; I, 32.19;P, 7.98. 2, m.p.=1~1-2C, Anal. Calcd for Cl H ~OqIP:C, 49.33;H, 3.68; I, 28.96;P,
7.06. Found:C, 49.06;H, 3.94;I, 28.93;P, 7.00. 3, m.p.=9&2LC,Anal. Calcd for C*HIZOIP: C,
30.59;H, 3.85; I, 40.40;P, 9.86. Found:C, 30.53;H, 3.80;I, 40.29;P, 9.78. All products a-7e gave*
correctresultsfor highresolutionmasssptroscopy and/orelementalanalysis,exceptfor5a and5d (off
C), 5b, 5Cand 6d (OffP).

10.Koser, G.F.; Relenyi, A.G.; Kales, A.N.; Rebrovic,L. and Wettach,R.H.,J. Org. Chem.,1982,47,
2487.

11. Moriarty,R.M.; Vaid, R.K. and Koser, G.F., SynZett.,1990, 365.
12.CDC$wasthe solventfor all NMRspectrqchemicalshiftsaregiveninppmandcouplingconstantsin Hz.

Chenucalshifts are relativeto CDC~ residualprotonsfor IH NMR and to CDCl~at 77.0 ppm for 13C
NMR. 31PNMR spectrawere recordedwith dempkr on and weremfemncedto 85% aq. HsP04 ss
externalstandard;chemicalshiftsdownfieldof theI-I.#Odreferenceareindicatedas positive.

(Received in USA 6 January 1997;accepted 18 February 1997)


