
Ofg8nic Chemistry in wrter 
(P8rt IIY 

NUCL~D~ILIC ~DI~DN OF WA~R-SOLACE PHOS~~NES ON ACTIVATED 
OLEFINS 

l UACNRSn*704 

(Rrcmud m Brigwn 22 July 1988) 

RESUME 

6107 



in biology, in synthetic 0-k chmlstry ti in indurthl pnmua. For imtmcc, the vtnrtik tcrvakrtt p&ap&r~ 

unupoutMb brvc been widely rtudkd in oQ@c ~1Vcats for their qhtudra to rmbuttc r?active iotcrmcdhta d to 

coordhtc tmmitioa met&. Recently, me cmphuir brr been put oa wrtcr-solubk md hydrupbllk phphina. 

putkuluiy in the aeld of OfgUWtdliCCbCUtltry.bacrpcawboanparadr~updrwhkh~rcadwrUr~ 

cocoordiarcknarm~~~~ffadr~u,wpnw~~f~ylmlpba2.6.~ atlaibutko 

to tltia field hve kd us to dbcovcr uausA khvtoura of u)w wrter-aolubk pbapldrta tm umuurucd ocpnic 

molcculawhkb~DovdcnmplaoforBPkcbembuy&rycr.Effoatvdy,forlkrt- wct8kcprofhoftkb@t 

pohrity of watch and of Itr rddo-buic prupcrtia rhlcb Aor for lmmnct quadtuive rcshm by dbplrsgeot of 

aJulWrim~rcuxln&&Tmcdha~haamW&y~ 

In this ppcr we &scribe the ddlth of TPPTS (Trtpha~yi Pbcaphe-wp Tri-Sulfoatc) & TPPMS (Trtpbmyi 

Phphc mcu-Mooo-SuJfmrte) to vuiour tinted okhs. In tbc prruoct ofrrrcr,wc&t&ncrf~IUad 

phosphahm ntta & pbap&iac oxida wbkb aa be rcgh&ctlvely &uteratcd wh Dfi ia used. The differencea 

hnd between tbc dvitia of TPPTS ti TPPMS m oot the rwzrlr of l we In tbc nuckopltllic popertia ot tbc 

phsphina but tbc -exe of tbc modifkatioa of tbdr water-~IubiHty d vtly of their ~phiphilk 

cfwula. 

- Noclcophilic additioa of rater-rohble pLorphiac8 om a , b - uautumtcd urboxyllc acids. 

Tbc wrsrr-Auble pbmpltine I (TPPTS) reuu in wucr witb Thea. P -uouaurted ahoxyik xi& 2 to form cbe 

pboalhAumti3 Icsuatlal(l)l. 

PI 
R>’ H@+ 

+n 
R* =)lH 

2 

((I)RI-RZ-R3-H 

(b) RI - R2 - H. R3 - CH, 

(c)RI - R2 - H, R3 - CHflOg 

(d) RI - CH3, Iu - R3 - H 

Tbac dam UC Rdily motdtorcd udag 31P NMR spcctracqy. By ddltioa of l e unount of 2 to 

ulaquaWasolutbaofl,tbcatt&tr6- -S.~ppmcbuwtcr(rtkofckpbaphlacbrrmowdrhlk~acw~orl, 

rarlbutedcocbcpbapboniDmPlt3~rtlowrlkld(+2S~~~ppm).TbrcbrmkrlrhiAbpcodraoIbcnavcof 

the rrrbrtinwntt R’, R2 ti R3. For immnce, the ‘H NMR qcctnun of 3a rba two doubktr of tdpka (8 - 2.66 ud 

3.74 ppm) axruponding to the CH2 prutm with )JH_H - 8 Hz, qp_~ - 13.4 Hz d 3Ip_~ - 12.8 Hz. S&ctivc 

~oaofcbrpbapbonuwkurprovachtr~pbocur-~boodbrrbceoformedTbc’~CR~ut 

coahtcot with thae My daaibed for phcspbonhm nlb ‘-8 : bcl -21.60ppm.‘~pc,-s2Ht,~~-331.%ppol, 

1Jp.~r-3Hr;bC~-121.26ppm.~Jp.~-87Hz.SLmlhrly.IbctHudt3CNMR~~of3b,c,dcoo~rmtbdr 

u~~tute. ht dl the CLWI, the 3tP Nh4R spectroscopy, wily &cd OUI lo water, b l very eflldcnt tcchrtiquc for 

moaitorlagIbcnrcfviryofrrrtr-ro~e~.’Ibtrrvdoa~eb&Rvocrdbyucrkfrcar:tbc~rrwrr 

imtaaprranuly md qurultimtively witb the uztivued tcmhul okfl~ 2~ b. c but tbc rue of tbc Iclctloa la much dower 

wl~thcBcu~~tedcroc~rld2drodinchu~rrl~thad~brsqul~.Taacrrulu~cbucbrnuclsophllk 

dditioa of l bydrc+Jlk phspbiac on x&stal okflm rrdlly OCLUR in wate?. Slmlhr nwkophilk -0fcbukA 



R’ R’ I 

(2) 4 PI + x 40, 
R1 CO,H 

Arg&ODp 
R 20 

1 

Q 0 

o- 0 t 
CT 0 

SO, Na 

Q 0 

o- 0 t 
0’ 0 

SO,N8 

- Rcu:loo of wucr-soluble pbospbka wIti wtivatcd oleflu L btp&ulc ryusr. 

8) Ractioo wltb urylooltril8 
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The synthab of tbc umiqtau phpbmiwn nit IPhfl’(CH&CN.X-] rcqira aron& rldk omditknm 12. In 

protic MIVCD(I such 8s dcohk, the aucieupMiic uiditim of PW3 m wryhitriic ia wed to ioithte io ~ioaic 

oUgoatahtbaampafamWitt@rcutiomvktbephphonuylidt~t~. 



6111 

b) Reactloo ritb acrylic uteri 

k,P + A 
(4) CO2R 

R-MC,El 

I- 
H,O, HCl 

PH.4 

Ar- 

- Reutlom of TIIfS with dkyl halldca h blphmic ryucr. 
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(5) h,P + Rx 40 ) A$- R, X 
0 

RX-CH,I;Br-CH&O$te 17; 18 

- Rcac~lrlty of phoapbomlmr ultr im tbe prcacmct of but. 

SO, Na 

-lk lack of sekctivity of thk dimhah 
sulfoatcMklaTbae-~ofd~acr~c 
oddaflwlI8Ild 

(7) 

23 l , b, c, d 

24 l , b 
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CONCLUSION 

ACRNOWLEDGEh4ENT : Vaiuahk wggcabm ma& hy a dacc uc gmtcfuUy W 

Ructlon of TPPTS with a , ) owatnrcd urboxyllc acid. 

- Pquatioa of3a, fb. 3c 

-PIepa&mofM 

3a 3lP( IH) NMR, HP. 6 m : 25.5Q. s. 1H NMR. (Dp), I ppm : 2.66, UH_H - 8 Hz, 3Jp.~ - 13 Hz, do&let of 
tr@ka,CH2;3.74,U~~-8H+2Jp~- 13Ht.QLb)DId~,~:7.72-1.30,m~.Ar-H. IHNMRwith 
h&lath of phap&ma m&U, 6 m : 2.66, 3Jtt.H - 8 Ht, t, CXi2 ; 3.74, ~JH.H - 8 HZ, L CR2 ; 7.70 - 6.30, 

~~~~~~~~.~-H.I~CNLIR.DP.I(I)~W~H~,’(U)~~],~~:~~.~~,UP_C-~~~UCH- 
135 Hz [C(l), (l)d, (I) &I ; 31.96,2Jp_c- 3 lb, ~Jc_H- 133 k lQ2), (1) d. (10 &I ; 121.26, tJpc - 87 )Itz. UC.H - 8 
i&z [c(4), (1) d. (u) dd1; 133.13. tlrc - 14 Hz, UGH - 162 IL, %t - 8 Hz [c(9) (1) d. (ii) 
Hz, lJc_~ - 169 azlc.~ - 8 Fk, [C(5). (I) d, (il) dd] : 135.20. 1Jc.w - 161 Hz.. &_H - ( Hr. dI 

; ly.ls.2Jp~ - 13 
c(7). (I) O. (II) dd] ; 

139.03. Up< - IO Hz, tJc_~ - 167 Hz, UC.H - 8 Hz [c(S). (I) d. (ii) 41 ; 147.73. ‘Jpc - I2 Ht. ~Jc.H - 8 Hz [C(6). 
UP, (iOdd ; 179.77, ‘JPC - 13 Hzlq3h (iP, (UP]. 

3b3lP(tH)NMR,H~,dppa:U.M),r.tHNMR(qO),d~:I.1),U~H-t~Up.H-iHh,dd,CH~;2.78. 
kodmuhl~U,~;3.#.~JH_H-6~~H.H=16~~~_)(-13~wpat 

E 
CH2, H. ; 3.6& %t- - 9 Hr. ~JH.H 

- 16 H4 ZJp* - 13 & accppla. CSI2. &, ; 7.31-8.22. mskipk Ar-H. IH RWttbImdlabsd2Je~ 
audav : .1.29, Ut+.tq- 7 Ek, d, CH, ; 2.78, W nrktllcl, Qi ; X56; UH.H - 6 Hz, UH.H - 16 Hz. bd, CH2. Ha : 
3.88, UH_H- 9 Hz, UHM- I6 Hz, q, CH2, & ; 7.3M.21, w, Ar-fi. 

3~ 3lP (IH) NMR, Hfi. 6 m : 24.37, a. lH LWR. (Dp), 6 p : 2.63, ~JH_H - 6 H.% d, CH2 ; 3.23, UH.H- 7 Hz, 
Up_~-I3Hr,brodocarpkt,CH;3.71,U~_~-6Hr.U~.~-l6~Up.~-I2Hr,kod~a1~.~;3.95, 
UH.H- IOHz. UH_H- l6Hz. Up-l+- 12 Hz,bmmd~, CH2,s; 7.82-8.38, multipkt, Ar-fi. 



36 ‘IP (IH) NMR, HP, d m : 30.85, a. IH NMR, (D@), 6 ppm : I.~S,‘JH.H - 7 Hz, ‘JP.H - 19 Hz. dd, CM’ ; 
2.92, ‘JP_H - 14 Hz, kod multtph, CM’ ; 7.30.8.3S, multtplct Ar-H. 

- Prcpmth of 4a. Ib, 4c, 46 

4~.4b,4c~~dpprcprrdtaqOf~cbccxpcrlmeatrl~ &aaibed hove for 3e, 3b, 3c, 3d. 

S-&h: 

4a 3IP (IH) NMR, H20.8 ppm : ZHO, s. IH NMR, @P), 8 pp8 : 2.61, ‘JH_H - 7 HZ, ‘JP.H - 13 HZ, kod 
acx~pk~,CH; 3.65, ‘JH_H-~H~.UP.H- I3Hrqbcod,QI2;7.6~-1.35,multip~,~u-K IXNMR,D.#,[(i)ti 
IH decoupkg, (ii) wihu~ decouplb] 6 ppm &pbaic cuboa ouckrr (the chemical ahlfb aml ampUu# -of 
uumticattmoardduerrormodlfklbytk d~):21.62,Up_c-53#i& tic;,- 133&(<rlh 
(I)d,(H)L];31.2~,2Jp~-3Hz.IJ~~-I7 3 Hz (c(2), 0) 4 (Ii) ddll. 

4b’lP (IHf NMR,Hfl.&ppm: 24.85,& Iti NMR,(D+),ippm: 1.39,Up.H - I Hz.d.Qi’; 3.67, *H- l7Hta 
~JC.H - I3 HZ, q, CH2, H. ; 3.89, ~JH.H - 17 k, 2Jp.H - 13 k. q, a1, H,,; 7.77-8.35, m”h@kt, h-H. 

4c3lP (IH) NMR. Hfl,dppcn:24.4l,r. IH NMR.(&O),~ppm:Z.8l,r,CH2: 3.79, ~JH.H- I~HY..YP-H- 13 
Hz, q, CH2, &; 4.02, UH_H - I6 Hz, 2Jp.~ - I3 HZ, q. CH2, Hb ; 7.17-1.39. m~ltipkt h-H. 

4d 3lP (IH) NMR. Hfi, d ppol : 30.81, a. IH NMR, (D@h 8 ppm : 1.40, ‘JH_H - 7 Hz, UP-H - 19 m & a’: 
2.85, UP_,, - I4 Hz, d bnmd, CH ; 7.25-8.35, multtplet, Af-H. 

Ructlom of TPPMS rlih a ,p mmatmred c~rboxyllc acIda 

- Prcpmioa of6a (7a), 0 (7b). 

7.104a1okofTPPMS5c~d7.10-4mo&of3eor3 bMdiYdVdd~lOmlofrr(rr(or~).A~~ofrwr 
UDdUWWll,tbcc8IUkproducri8rrbsdwW aceoeemhdclhol.nteylel&ue~.TbtpbQlpbooktm~ 
~lbend&!datWCfa2LyDwlfkvwnlm adaofcdiamczlicaw. 

spcrrmrcrrgkh (*) 

6a (7a) ‘IP (IH) NhfR, HP, 6 ppra : 24.03,#. 1H NMR, CDp), 6 m : 2.55, ‘,“.,, - 7 Hz, ‘Jp.,, - I3 Hz, wxarpkt, 
CHz(CHD);3.61, UH_H-~HZ,ZJ~.H- 13Hz,uxtupl~(e),CH2:7.30-8.37,m~ci,~-H. 

6a (7b) ‘1p (IH) NMIQ H$$d ppn : 23.30, L 1H NMR, @$I), 6 ppm : 1.22. ‘JH.H - 7 &d(r), CH’ ; 2.69, bmd 

ZC$“lX 
) ; CR ; 3.25. UH.H- 16 HZ, ~JH_H - 6 HZ, lJp_~ - I2 HZ, axtupkt (q), CHa : Ii. ; 3.69, ‘JH.H - 6 
~_~-l2~,~(q),~2:~;7.U)-t.l~,mohl~.~-H. 

Rpnrkaoftbrp&qhco~oTpprs6a~IOTppMS9. 

8~9~prrplsdRlpcatvclyfroml~~by~~2no~600m~ofIocSurdtrolvedtn90mlof 
b~pcroxldt(lO%Lwrscr)~cbcroktlaobbclledorrfbux~.AAalrmonlof~tkaudrprodud 
Irdrkduada vaaulmfa24kT&yk~uc~e. 

‘IP (1H) NMR, 6 m : 34.3 for 8 ; 34.8 for 9. 

IR (KEk) : vs-o(ar+l) 1050 (slrq) ; 1200 (alull& brad). 

IE NMR, q0, I(i) witi IH docarplhg, (II) ricbart decarpl@], 8 ppm, 8 : 131.49,$~- I I HZ, IJc.H - 167 HZ, 
2&_H - 8 Hz (c(2) ; (IN ; (ll)dtj ; 132.93, ‘Jpc - 107 Hz, 2J~)j - 6 Hz (c(l) ; (IM ; (li)d~] ; 133.12. ‘Jp< - I I Hz : ‘Jc. 
H - l66Ht ; ‘JCH - 7 HZ (46) ; (l)d : (uhh] ; 133.22, ‘JCH - 167 Hz, *H - 9 Hz [c(4) ; 0). ; (U)dd) ; 137.55, )Jr_c 
- I I HZ, ~JCH - I66 Hz, UCH - 8 HZ [c(J) ; (iP ; (ll)6ql; 146.66, ‘Jp_c - 7 Hz, Z~H- 6 Hz (C(3) ; (i)d ; (U)ql 

Remuir:I~morecllrl~by~by~fcaeloaofPPb’hd~(611%laul~rld)uramtcmpanhtmfa’ 
24 b. 

Reaction of TPPTS I sod TPPMS 5 om acthated olcfh In blphulc l yatcm. 

- Rmct!oa of I ultb l crylonltrilc im mawtml medlma. 

6ml(9.21~2mde)ofrryloottNsurddsd0~~rolutlmof I(l.l4g: 1.9 103mokka4mlofwater).lk 
twoplmemlxweLadmYl ~Yoradlbc~=J=crmpamrr. TbemhafeLdKalkaedmlcbr~~ 
~wtthdlchlorane~.Tbc’IPNMR~rhowcbrr~IIbtpbarphlarbrbacn~formcd2mlofbw 
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l0:IR(KBr)~cm-1:2UO(~),C-N;lOU)(rbwd),l2dO(~,bmd)S-O. 

3IP(IH) NMR (HP) 6 m : 38.2s (a). 

IH NMR (HP) 6 ppm [(I) wkhu dccouplti, (ii) rltb m &UU@ll#l ; 2.78. 3JH$( - 7 HZ, 2Jp.H - 13 HZ [(i) 
rextuplet (tl) II, CX2 ; 2.90. *.H - 7 Hr., *.H - II Hz [(i) acnupla (II) 11, CH2 ; 7.62-6.25 (-1, Artf. 

~~~R@P)dppm[(i)rW~H~,(U)rltbaorkmml~l:26.~,U~~-73HI,U~~-lUHt,IC(l), 
(I) d (Ii) dtl ; 12.61. Up< - 3 Ez, U 
1Jp.c - 106 Hz, aCH - 6 Hz [q4) ; “r (I 

- 139 Hz [q2), (I) d (II) &I ; l22.36, Up< - 3 Hz [C(3). (I) (II) d] ; 132.68, 

(ii) dd] ; 147.07, up< - 12 HZ : UC.,, 
d ; (ii) dd] ; 134.72, up< - 14 Hz, uC.H - 167 Hx, UC.,, - 7 Hz [c(S) ; (i) d ; 

(Ii) dtt ; 138.6, U _c - 10 Hz, UC. 
- 8 Hz [c(6) : (I) d ; (II) drj : 134.32. II .H - 162 HZ, UC.,, - 7 HZ [c(7) (1) I, 

Hz, &Z-H - 8 Hz h9) W d. (11) 4l: 
- 166 Hz, UC-H - 7 Hz [c(S) (I) d ; (ii) dqs ; 133.25,Up.c - I3 Hz, 1JC.H - I63 

Tbt~~C~ladyortk~mlrnut(H2(M)~)rba.LaddldaatorbcrpectnrmoflOdacrfkd~e, 

- ReuUon of 1 rltla wryl~lMlo Ia acldlc mcdlmr. 

6mll9.2 10_2mok)ofuylollltrikurddrdtoP1~~~~of 1(1.14g, 1.9 10-3awk&4mlofdi~ 

ll:IR(KBr)~cm~l:22l0(wcrlr)C-N;l050(rtmog),IZ00(rtrory,~)S-O. 

3lP (IHJ NMR (Hfl) 8 ppm : 24.07 (s). 

IH m f&o) 8 Ppm : l.m, ~JH_H - 7 Hr, Up-H - 13 Ht. WXtUPkt, CH2 ; 2.84, ~JH.H - 7 Ht. 3Jp.~ - 12 Hz, 
wnupkt. CH2 ; 7.63-1.32. multlpkt, Ar-H. 

- Rcutlom of 5 with l ylomltrile In ncmtrml rcdlur. 

12(13):IR(liquld)v~l:22230(rat),C~N:3MO(~,kod) O-H. 

IH Nhfit (m,) 8 ~prn : 3.82. )JH.H - 7 Hz, t(d), CH2 ; 3.55, I, OH ; 2.60, 3J~.~ - 7 Hz, t(t), Q12 (aa>). 

- Reuth of 1 rltb myllc aten IB ontral -odlnm. 

3lP(lHt NMR(H~)d~:26.ll,r,72%. 14:X72,6, 17%, 15,R-Et:40.06,r,1196,1S,R-H. 

IHNMR(H+)~P~LII: l.l5,3~~.~-7)tr,t,CH3; 1.20. UH_H-~H~,~,M~;~.~~,UH_H-~~,UP_H- 12)tz. 

““pk” 
,~2,14:3.03.~J~-~-7~~p.~~3Jp.~1)13~,111~~.~2,l~,R-H0(~;3.73,~~_~-7Fhq, 

CH2 COzEt) ; 3.87, ~JH.H - 7 kiz, zlp.~ - 12 Hz, wdupkt, (X2.14 ; 4.13, UH_H- 7 Hz, q, CH2 (EtOH) ; 7.70-8.42. 
mult#ct, ArH, 14 md IS. 

- Rewrlo~ of 1 rltb acrylic atws lm wldlc modlam. 
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16 : 3lP(lH) NMR (HP) 6 ppm : 24.75, a. 

IH NhiR (w) 6 Ppm : 1.10, UH.H - 7 HZ, 1, CHj : 2.73, UH_H - 7 Ht, UP.H - I2 Hz, ntxWpk& Qi2 : 3.75, UH.H - 
7 HZ, 21P.H - I3 HZ, WXIUpkt, a2 ; 3.88 ; u,+,, - 7 HZ, & CH2 ; 7.50-8.35, mUl+kl, AI-H. 

- Ractlo~ of I rlth alkyl halidea In blpbulc ryarcem. 

Sy~bcrlr of 17 ud 18 

ImlofnK&Yllodidcalnetbvlkorrmce(ucbddsdtom ~rokdaaofl(2Oorm:3.3 IMm&ln2nlofrrsa). 

I7 : ,IP( IH) NMR (H$3) 6 ppm : 23.24, B. 

1H NMR(qO)ippm: 3.05, I]p.,,- 14 Hz,d,CHs; 7.60.6.30,mul~Ar.H. 

18 : 3lP (IH) NMR (H$)) 6 ppm : 21.43, a. 

IH NMR @p) 6 ppm : 3.50, a, CH3 ; 7.63-8.42, multipkt, Ar-H. Tbc &ml of cbt CH2 ~rotom b umked by tba HOD 
rignl. 
IE NMR (Dp) 6ppm I(i)rilb IH decoopHo# ; (11)rttbcrn -1: 33.61, Up-c - 56Hz. %,, - lM?k [c(l); 
(i) d, (11) &I ; 168.52, up.c - 4 Hz [c(2) (0 d, (ii) dl ; 56.53, *H - 149 Siz [c(3) (I) I : (H) J ; 120.41. Up< - 90 Hz, 
aC.H - 8 HZ [C(4) (I) d, (ii) ddj ; 134.35, %.c - I3 HZ, IJC.,, - 169 Hz [q(J) (I) d. (tl) dd] ; 147.93, e<- I3 Hz, 
UC.H - 6 Hz 146) (I) d, (ii) q] ; 135.62, U .H - I70 Hz, 2Jc~ - 7 Hz [c(7) (I) 8, (II) dd] ; 133.44,2Jp - I2 Ht. U 
H - 168 k ~Jc.H - 6 HZ IC(S)(l)d, (II)& ; 139.39, 21p.c- II HZ, ~JcH- 168 Hz, Z~CH -8 Hz [C&(I)d, (H) dpf. 

- Reaction with otbcr l lkyl halIdea 

The 3IP NMR spatn of v sohuiom afkr racth wi& PbCHzBr, CH2-CH-CH2Br, HC I C-CH2Br how aho a 
cpluldmrivc amvefdoa of 1 lmiing m Ihe camspondlaa pbarpbolrkrm ults.n&cbanlalMb((Rrm)ucmPaecty: 
23.31 ; 25.19 ; 22.26. 

19a,b,c,d:3lP(IH) NMR(Hfl)Ippm:40.5O,r, 19~ ;39.10,r, 19b;37.94,~, 19c;43.89,r, 196. 

1H NMR. (DzO), 6 ppm, 19a : 2.60, UH_H - 7 HZ. UP-H - 13 HZ, aext@et, CH2 : 2.92, UH_H - 7 HZ, ZJP.H - I2 HZ, 
SCxtupkt, Q.(2 ; 7.57-6.45. multi&t, Ar-H. l9b : 1.37, 3J)j.~ - 7 k, d, CH, ; 2.96, ~JH_H - 7 HZ. 2J~.~ - I6 HZ, 2Jp. 
H - 13 HZ, W$tUpkt, CH2 (&) : 3.04, 3J~.~ - 8 HZ, 2J~.~ - 16 HZ, 2JP.~ - 13 litr, oqtt~pkt, CH2 (H.) ; 7.59-6.45, 
muldpkt, Ar-H. l9c : 2.95, )JH_H - 7 Hz, d hoed, CH2 ; 3.20, multipkt kad. CH2 ; 7.58-8.44, multipkc, Ar-H. 

20 : 3lP( IHJ NMR, @ifi). 6 ppa~ : 38.69,a 

IH NMR (Dp), 6 ppa~ : 2.06, up.H - I3 Hz, d, CH3 ; 7.40-8.35, muhipkc, Ar-H. 

IX NMR (W) I(I) WMI IH dcc~~plbg, (11) whout drcarplhg] 6 ppm : 17.27,IJp.c - 75 HZ, ~Jc.H - 130 HZ [C(l). 
(I) d, (ii) dq] ; 128.12, ?J _c- I2 ?i~, UCH - I63 ?Iz, UC-H - 8 HZ [c(7), (1) d, (II) dt] ; 132.57, IJc.H - 166 HZ, ~Jc_H 
- 8 HZ [c(5), (I) a, (ii) d& ; 133.55. 
- 162 Hz IW), 0) d, 00 

lJp.c- 106 HZ, ~JCH - 8 Hz [c(2), (I) d, (II) dd] ; 134.25,UP.c - I2 HZ. IJc.H 
; 136.10,2Jp.c - 10 HZ, ~Jc.H - I65 Hz (C(3), (I) d. (Ii) dd] : 146.28.Up.c - I I HZ. UC. 

Rucclvlty of mowsalfooated pbospboalrr ulu In the pmseacc of bua. 
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21 :3lP(lH)NbfR(ata~6ppa1:36.33,r.21~:35.9S,r,2lb 

IHNMR,&~,Il~(C~~):2.6~.muhtplcc,~2;7.27-7.75,muhtplcCAr-H; 10.49,rbn&,CObi.21b(CDIC)Z) 
: 1.22, )JH_H - 7 Hz, d, M, ; 2.39, m, CH ; 2.90, muh@kt, 0i2 ; 7.268.16, muldpkt, Ar-H ; 12.26, r, CqH. 

nCNMR[CDCi .(i)rhh~H~~.(ii)rt~~l6~.21~:U.fI,Upc-73~,~Jc.x- 
130 Hz (c(l), (I) d. (it) d!] * 26.53 II < - 4 Hz, UC H - 130 Hz. [C(2), (1) d. (MI&l ; 
- l63Hz 21~~-7Hz[C&) (l);I (l&&]+O63 3jp 

128.69, up - I2 Hz, UC.H 
- IO Hz, IJCH - I66 Iiz, 21~~ - 7 Hz (q6 , (1) d, (ii) dql : 

131.14. iJ,.c-- 101 ltzfr, 2Jc.i - 7’Hz lC&. (Ijd. ill) 4 ; 132.27, U _ 
i 

(1) 4 (ii) dql ; 174.09, Ilpc - IS Hz. [c(3), (1) d. (iI) d). 
pc-2Hr,UC.H-l160~.~C.H-7~IC(7), 

22:IRv(ar’): lOu)(uroq$, 12OO(~,bwd)S-0; 17lS(ruarpbmd).C-0;36OO(wm6bmndhGH. 

31P (IH) NMR, (HP). 6 ppm : 39.62, s, 22a ; 39.23, I, 22b. 

IH NMR. (Dp), 6 ppm. 22a : 2.57, bnmd mukipla, Cii2 ; 7.40-6.15, muhtpkt. Ar-Ii. 22b : i.38. ~JH_H - 7 Hz. ‘J~.H 
- 1 Hz. dd, CH, ; 2.9S, brad multipkt, CH2 ; 7.57.6.10, utuitipla, Ar-H. 

Syatbcrir of demtcntcd pIorphior oxides 23, 24 

23 : 3IP (IH) NMR, (HP), 6 pp~ : 40.50,~. 23a ; 39.10. s. 23b : 37.94, I, 23~ ; 43.69, II, 236. 

1H NMR, (Dfl), 6 ppn, 23a : 2.55, )JH.” - 7 Hz, 3Jp.~ - I3 Hz wti~pkt, CH ; 2.90, ~JH_H - 7 Hz, 2Jp.~ - 12 Hz, 
dd, CH2 ; 7X-6.45. multipkt. AI-H. 23b : 1.25, s. (313 ; 3.00, $t_~ - I6 Hz. S.H - I3 Hz, dd, CH2 (H.) : 3.11, 
&.,, - 16 Hr, 2Jp.~ - 13 a, &I, a2 w i 7.45-6.40, muhipkt, AI-H, 23~ : 2.70 ; o, Q12 ; 3.10. 2J~.~ - 15 Hz, 
2Jp.~- I~HZ,~.CH~(H~;~.~I,~JH.~- I5Hz,2Jp.~ - IS Hz, 2Jp.~ - I3 Hz, d. CH2 (Hb) ; 7.50-6.45, muhipkt, Ar- 
H. 

24 : 3lP (IH) NMR, (CDCl& 6 pp~ : 36.30,8.24a : 35.9S, a. 24b. 

1H NMR, (CDCl3), 6 ppn, 248 : 2.62, muhtpkt. CH2 & CH ; 7.31-7.75. muitiplet, Ar-H : 10.50,s bmd, CO2H. 24b 
: 1.20, r.CH3 ; 2.6S, muitipla, CH2 ; 7.26-6.16, multlpkt, AZ-H : 12.10. a. aH. 

13C NMR, [CDCl3, (I) with 1H dccoupli~6, (Ii) without kpllry]. 8 ppm, 24a : X62. IJpc - 73 Hz. 11~~ - 130 HZ 
[C(i), (1) d, (ii) dtl ; 26.05, zip. .~-lMHr,1J~.~-l9Hz.(~2),(l)Q,(ii~dd~~;l26.~,U .c-i2Hr, 
U _H - 163 Hz ; UC.,, - 7 Hz (i&q1 * 131 07 u _c - 101 Hz UC.,, - 7 Hz [C(4) (I) d (ii) dtf; 

- IO Hz. ~Jc_H - 163 Hz, 2IC.H - 7 Hz c(6). (I) d, f 
[c(7). (i, d, iii, hq1’: 174.13, U;c - I6 Hz, [c(3). (ii d. (ii) dl. 

132.25,‘Jp.c - 2 Hz, ~JCH - 160Hz.uGH-7ti 
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