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Ab~rrc( 2.2,2-‘~rtmethoxy-4.S-d~methyl-~2-dihydro-1.3.26toxaphospholenc made from trimethyl phos- 

phttc and btacetyl. reacted wtth crotonaldehydc and gave 2.2.2-trtmcthoxy+methyl-4z-acctyl-h- 

(rrons-I-propcnyl) 2,2dihydro-1.3.2-dtoxaphospholane. The hydrolyses of 0~ phospholane by one mok 

cqutvaknt of water tn aprotic solvents and hy an excess ol water were studied Two hydrolyttc pathways 

wcrc obrrvcd at 20 (I) A substitutton ol the OMe groups on phosphorus by OH groups This led to 

5-methyl-2-heptene-4.S-diol-bone_(Sdihydrogcn phosphatck whtch underwent a rclattvely slow isomert- 

ratton to the corresponding I-dthydrogcn phosphate. (2) An attack by water on the allyltc carbon. wtth 

C 0 bond fisston. Thus Ial to the formatton of trtmcthyl phosphate and S-methyl-2-hcptcnc-t,Sdiol-6- 

one. At lo0 , the dthydrogcn phosphate ester lost phosphoric actd and gave an unsaturated dthydroxy- 

ketone. Mcthanolysts of the phospholane produczd trtmethyl phosphate and 4-methoxy-S-methyl-2. 

hcptcnc-Sol-&one by C .<I bond ftsson 

INTRODUCTION 

THIS paper describes the condensation of biacetyl, Me.CO.CO. Me, with croton- 
aldehyde, Me--CH=CH<HO, by means of trimethyl phosphite, (MeC&P, and 
the hydrolysis and methanolysis of the product of that condensation. 

The reductive C- C condensation of two molecules of a CO compound by one 
molecule of a trialkyl phosphite to form a derivative of the 2,2dihydro-l,3.2dioxa- 
phospholane ring system, I. was first reported in l%l.’ 

P 7” R H” 

R’-_C l C-R” + 
I 

(McO),P -- R’- 1, _<‘- K”’ 
I’ ‘I 

I 

These condensations involved an attack of the phosphite on C -0 to form 1: I 
adducts. In some cases, these 1: 1 adducts, with structures like II or 111, were only 
fleeting intermediates that could not be isolated because they reacted rapidly with a 
second molecule of the CO compound to form the corresponding 2: 1 adducts. I. 

l This investigation was supported by Pubhc Health Scrvlcr Grant No. CA-0476SOlt from the Nattonal 

(‘anccr lnstttutc and by the National Science Foundatton Grant NoGP-WY. 
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This happened with certain monocarbonyl compounds like pnitro- and o-nitro- 
benzaldehydes.2 o-phthalaldehyde,’ hexafluoroacetone,’ and fluorenone,s and with 
some crdicarbonyl compounds like acenaphthenequinone’ and methyl pyruvate.6 

RLJ- 
I 0--&Me), 

II 

Sometimes the 1: 1 adducts were relatively stable derivatives of the 2,2-dihydro- 
1,3,2dioxaphospholene ring system,’ l IV. Adducts of this type could bc isolated 
and allowed to react with a second molecule of the same or of a different CO com- 
pound. a lo An example is the condensation of biacetyl with acrolein by means of 
trimethyl phosphite, where the phospholene IV was reacted with acrolein to 
the phospholane V. 

7 
MC MC 
1 Al ‘I 

C\‘ l c-_(‘Ii=<‘ti, - - WC0 

f&C 

IV: 6P”’ - b489 ppm V:6” = t309ppm 

L‘S H,PO . 

The phospholane V underwent a very rapid hydrolysis when treated with 

give 

one 
mole equivalent of water in aprotic solvents. The product was a 5-membered cyclic 
phosphotriester, which was obtained as two diastereomers at phosphorus, Via and 
VIb. The cyclic triester was converted by methanol into an open chain phosphotriester, 
VII, with the phosphate group at the a-position of an Qdihydroxy ketone. The 
a-phosphate VII rearranged to the p-phosphate VIII very rapidly.* 

The hydrolysis of phospholane V by an excess of water gave mainly the open- 
chain a-phosphomonoester, IX, which isomerized to the corresponding j%monoester, 
X. A minor product of this hydrolysis with an excess of water was the open triester 

l An mvesugarron of these compounds was muramd m our Lahorarory m 1957. when il was found Ihal 

the rwctlon of trralkyl phosphrtcs with p-qumona resulted in an attack by the phosphorus on curhonyl- 

oxygm; see Ref. 7a and 7b. Thor reaction was then applied IO the o-qumona Our first publication of 

these results was m 1960; see Ref. 7c. and 7d. The demonstration that these substanazs had pcnracovalenl 

phosphorus and that the phosphorus was situated ar the center ala regular rrigonrl bipyramd was based 

on X-ray analysts published m 1964; see Ref. 7~. 71 and 7g Two reports on tbc reaction of trialkyl phos 

phncs with z-diketones appeared in 1958; see Ref. 7h and 7i. Buum and Dcver assigned IO their com- 

pounds srructurcs with pcnravalenr phosphorus from “P NMR data: alrhough their original report gave 

no data for mdrvldual compounds they were ahle IO repon a range of +47 IO -+ 6IJ ppm CJ H,PO. for then 

compounds: see also Ref. 7J. Kukhtm er a/ have. al varrous ltmcs. assrgncd lo Ihew compounds slruclurcs 

wrrh P C bonds and wrth P 0 bonds. having phosphonatc and phosphate sIrucIurcs and phosphoranc 

structures; WC also Rd. 7k and 71. For a review on this question see Ref. 7m and 7n. 
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VIII. The latter was stable under the conditions of the hydrolysis and hence was 
not the precursor of the monoesters IX and X. 

IX: 6P” _ r4.1 ppm X:6PJ’ -- +ISppm 

The phospholane V and the phosphate esters VI- X derived from acrolein. have 
allylic carbons with a C -0 bond. The purpose of the present investigation was to 
compare the hydrolytic behavior of these compounds with those derived from 
crotonaldehyde. 

RESULTS 

Reacrion oj’ the hiaceryl-trimethyl phosphite adduct with crotonaldehyde. 

biacetyl-trimethyl phosphite adduct, IV, reacted with crotonaldehydc at 30’ 
gave one of the two possible diastereomers of the phospholane Xl. 
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The hydrolysis also produced small amounts (ca. 5%) of a substance that could 
be phosphoric acid or the open-chain esters, XVIII or XIX, or a mixture of all three. 

XVIII; R .- Me 

XIX: R 7 H 

‘I’ALU 2. PARIIAI. ti NMK SPECTRA’ <W PIIOSPIfOMONOMTERS DF..IYEI~ FROM 

T”F HYDROLYSLS 0) Tlu: BIA(‘iTYL(ROTONALDlY~~-TRIM~~HYI. PHOSPHITE 

AIX,tJCT* 

z-Phosphomonoestcr. XII p-Phosphomonoester. XIII 
- _ - _ _ _ 

z Ii’ 7.75 7 no 
I Hb x.45 860 

7 H’ 8.26 

r 11’ 5.10 

J IT u. _c 46 

J ,PP None 8.1 

J I 
ww bil 

’ ‘H E;MR In ppm L’S TMS = IO (7 values). J In c. s 

’ Prorons: a acccyl; b. MC on carbon z IO CO; c. Me of 1 -propcnyl; c. 

proton on carbon fl IO CO ; I and & protons on posIIIons I and 2 rcspcc~wely. 

of I-propcnyl. 

‘ Multiple1 nor resolved. 

The reaction of the phospholane XI with IWO mole equicalenrs of water was 
analogous except that now a correspondingly smaller amount of unreacted phos- 
pholane XI remained at the end of the hydrolysis. These results suggested that the 
hydrolysis of the phospholane XI involved several processes which varied in their 
stoichiometry with respect to water. 

Reaction of rhe hiacerylcrotonaldehyde-rrimethyl phosphite adducr with an excess of 

wafer. The oxyphosphorane was added to an excess oj water at 20,,, and the resulting 
solution was analyzed by 31P NMR spectrometry at various time intervals. The 
results are given in Table 3. Note that in the early stages of the reaction, the z-mono- 
ester XII and trimethyl phosphate (XIV) predominanted. After 4 hr, the main 
products were the l3-monoester XIII and trimethyl phosphate. In other words, the 
a-monoester XII was slowly converted into the g-monoester XIII, but the amount 
of trimethyl phosphate remained essentially constant. 

The monoester XIII lost phosphoric acid when the solution was heated to lo0 
The phosphorus-free dihydroxyketone XV was isolated in about 837; yield from 

the complete hydrolysis of the phospholane XI, first at O- and then at 100”. 
Reaction of the biacetylcrotonaldehyde-trimethyl phosphite adducf with methanol. 

The phospholane XI lost trimethyl phosphate when treated with methanol at 20”. 
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T~illJr 3. “P %%iR SPECTRtJH’ (H SOLlJTlOW OF THE BIA(‘tlYL(ROTOtiAU)EIIYDt- 

TRIWITTHYL PHIXPHITE AVVU(-T IN AN FXC-IS 09 WATFX AI 20’ 

Time ($“p 0. 
‘0 6°F o 0 6°F’ % b”P a 0 

_ - _ - _ - - _ - _ 

5 mm +40 35 t l-3 10 -2.5 so 0 5 

30 mm +4il 30 + I.3 IS .25 SO 0 5 

I-5 hr +4Cl 20 t I.3 2s 2.5 xl 0 7 

4 hr +40 5 Cl3 40 2.5 SO 0 10 

4 hrJ +4Q 0 t 1-3 0 2.5 SO 0 50 

l 6”P in pp. L’S H,PO, as zero. 

’ Singlet due IO 5-mc~hyl-2~hcp~cnc-4.5-dtol-6-onc-Sdihydrogcn phosphate 

(XII) 
’ Doublet due IO the I-hydrogen phosphate Isomer. XIII. 

’ (Mco),PO (XIV). 

’ Probably H,PO, and open-chain phospholriarer XVI or phosphodicsrcr 

XVII. 

’ The solwon was kcpr 3 mm a1 IO0 

The phosphorus-free material was assigned the tentative structure of 4-methoxy-5- 
methyl-2-heptene-5-ol-6-one (XX) on the basis of its *H NMR spectrum, which had 
a singlet at r 7.79 (CH,CO). a singlet at T 8.60 (CH,C), a doublet at T 8.80, JH,, =6.4 c/s, 

(CH,CH), a singlet at T 6.77 (CH,O), a doublet at T 6.19 (methine), a broad signal 
at T 546 (OH), and a multiplet at T 4.16 (vinyl protons). 

\t(c WC ti )( YC 

XI l McOH -L ~Mc0),1’0 l (.A -(‘ --(’ -(’ - --H 
II I I 
0 OII OMC 

DIS<‘USSlOK 

The dioxaphospholanes XI and V, made from the reaction of the biacetyl-trimethyl 
phosphite adduct IV with crotonaldehyde and with acrolein’ respectively, had very 
similar spectral properties. However, their reactions with methanol and with water 
gave significantly dilTerent results. Methanolysis of the crotonaldehyde adduct XI 
gave trimethyl phosphate and the monomethyl ether of an z-Pdihydroxyketone XX. 
Under comparable conditions, methanol did not significantly aflect the acrolein adduct V. 

When the conditions of the latter reaction were forced, complex transformations 
occurred which are now being investigated. A possible explanation of this difference 
is that the C- 0 bond fission involving the allylic carbon was easier when the latter 
was part of a I-propenylcarbinyl than a vinylcarbinyl system. In other words, the 
energy of the transition state associated with the C-O bond fission should be 
lower in the crotonaldehyde case due to increased resonance stabilization of the 
incipient positive charge on the allylic carbon. This is shown in terms of the two 
resonance structures* XXI and XXII. 

l ‘t%c same argument can bc developed whether the IransiIlon sIa@ for !bc methanolysls has a great 

deal of carbomum Ion character or very l~trlc of II ; see Ref. 17. Note rhar the raullmg ether could have 

the mcrhoxy group at either one of rhc IWO powions of the allylic syslcm. Only one nwhanolysti prwlucl 

uar dcrccrcd. and II was formulared as rhc 4-mcthoxy-dcrwatwc XX from the stmdariws of 11s ‘H NMR 

spcc!rum wrh rhox of the dlhydroxykcronc XV and ils phosphomonocstcn XII and XIII. This pow 

was not cstahhshcd concluwcly. however. 
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UC UC H H 
7 

<‘-_c-<‘-(‘=C- H - - 

OMC 
XXI R 2 Me 
XXII: R = H 

O-MC 

.Ue d 1 ‘OMe 

-H 

This difference between phospholanes XI and V was reflected also in the results 
of the hydrolysis. The crotonaldehydc adduct XI gave considerable amounts of 
trimethyl phosphate (XIV) and of the dihydroxyketone XV, when the hydrolysis was 
carried out with one mole equivalent of water or with an excess of water. This rype 

of behacior was not observed in the case of the acrolein adduct V. We suggest that 
one of the hydrolytic pathways open to the crotonaldehyde adduct XI but not to 
the acrolein adduct V-under comparable experimental conditions-involves C43 
bond fission at the allylic position with formation of the intermediate open hydroxy- 
tetraalkoxyphosphorane XXIII. It is possible that both hydrolytic pathways are 
actually available to both adducts, XI and V, but that they will be observable only 
at certain temperatures. 

An intermediate of type XXIII should collapse to the observed products, ie., 
trimethyl phosphate (XIV), and the dihydroxyketone XV. The alternate collapse of 
the phosphorane XXIII to the open triester (an isomer of structure XVIII) should 
be less favorable because it involves the ejection of a methoxide ion. Since methanol 
should be a weaker acid than the dihydroxyketone XV, the methoxidc ion should 
be a poorer leaving group than the conjugate base of the dihydroxyketone. 

MC MC ‘I ‘I “i” 
*E<‘-H - - XIV * XV 

XXIII 

Another dilTerence observed during the hydrolyses of the crotonaldehyde and the 
acrolein derivatives pertains to the stability of the corresponding f3-phosphomono- 
esters, XIII and X. The monoester XIII lost phosphoric acid and gave the intact 
dihydroxyketone XV, in water at 100”. This was not obseroed in the case of the 

acrolein monophosphate X, where no hydrolysis occurred under mild conditions and 

where jorcing conditions led to decomposition of the sensitive unsaturated dihydroxy- 

ketone. This again suggests a facile C-O bond fission in the hydrolysis of B_phos- 
phomonoester XIII. 

A second hydrolytic pathway which is available to both the crotonaldehyde and 
the acrolein adducts, XI and V, involves the nucleophilic substitution of a OMe 
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group by a hydroxy group with retention of the S-membered ring,’ ‘* ‘** XI or V + 
XXIV. The cyclic hydroxytetraalkoxyphosphorane XXIV can collapse to a cyclic 
phosphotriester, XXVa and XXVb, by ejection of methoxide and retention of the 
ring Both diastereomers at phosphorus, XXVa and XXVb, of the cyclic triesters are 
sometimes observable** ‘I*“, and they are readily interconvertible by addition of 
methanol to the phosphoryl group to form the common intermediate XXIV. The 
cyclic intermediate XXIV can collapse also with rupture of the ring to form both 
the 3~- and the g-phosphotriesters, XXVI and XXVII, respectively. There is evidence 
that the z-triestcr XXVI forms first and then rearranges very rapidly to the g-tricster 
XXVII. This rearrangement can easily occur through the cyclic intermediate XX1V.t 

b.-#l 
0 WI 
‘P-9 

ML(cO’ ‘OMe 
XXVI 

a L 

h 

b 

tf 

tt 0 
o=p’ 

WY ‘CM 

(UCO) 10) 

XXVn. XXVb 

XXVII 

The substitution of one OMe group of XXIV by a OH group results in the forma- 
tion of a cyclic dihydroxytrialkoxyphosphorane. XXVIII, which is identical with the 
product of the addition of one molecule of water to the cyclic phosphotriesters XXVa 
and XXVb. As before, the collapse of the cyclic intermediate XXVIII can occur with 
ring retention to form the cyclic phosphodiester XXIX. The cyclic intermediate 
XXVIII can also collapse to form the a- and the g-phosphodiesters, XXX and XxX1. 

The replacement of the remaining OMe group of XXVIII gives the cyclic tri- 
hydroxydialkoxyphosphorane, XxX11. The latter is identical with the product of 
the addition of one mole equivalent of water to the cyclic phosphodiester XXIX. 
Ecidenrly, XXX11 could result directly upon treatment of the crotonaldehyde adducr 
XI or the acrolein adduct V with an excess 01 wafer. The collapse of XXX11 with ring 
retention provides simply a mechanism for the exchange of oxygen from solvent 
water in the cyclic diester XXIX. On the other hand, the collapse of XXX11 with 

l The X-ray analysis of a cychc pcntaoxyphosphoranc (Ref. 7c. f. g) showed ihat the phosphorus was ar 

the ccnra of a regular rrrgonal brpyramid and rha~ the aprcal P, 0 bonds were longer than the corrcs- 

ponding quaronal bonds. If this rctlccts a relarive weakness of the aprcal P-- 0 bonds. then the subsu- 

rurron may commence at the apical posrtion There IS ampk evrdcnce that rapd posrrronal exchange 

OcEurs among rhe groups aiuchcd IO the phosphorus. Thrs point has hcen drscusscd rccmrly in con- 

nection with the mcchamsm of hydrolysis of cychc pcntaoxyphosphorana (see Ref. IS and 20) and of 

cyclic phosphate cs~ers (m Ref. I5 and 20 and Ref. lga. lgb and I&). 

t The mcchanrsm of the isomeriznrion of glycol phosphates whereby a phosphoryl group. SO)(OR),. 

moves from one oxygen IO anorher has attracted a great deal of arrentron due IO IIS s~gndicance In the 

chemrsrry of glycerol and of sugar phosphates and nuckic aadr Prior IO he rccognmon of the rclarive 

srabrlny of cyclrc penuoxyphosphorancs (cf. Ref. 7) rhrs isomentarion was discussed in terms of cychc 

transrrron srarcs rarhcr than in rerms ofcyclr mtcrmediarcs like XXIV. (cf Ref. 19) 



3162 I-‘. RAHIREZ. H. J. KIJGLER and <‘. I’. SMI~M 

ring opening produces the a- and the ISphosphomonoesters. XXX111 and XXXIV. 
respectively. The isomerization of z-XXX111 to I3-XXXIV merely involves the 
reformation of the cyclic intermediate XxX11. 

a ‘ 

h 3 3-t Ii 

Ii \ 
\ 

P=O 

HO’ hi 
XXXIII 

_,, o 

_-_- .- -- XXIX 
f II,0 

)H 

XXXIV 

One of the most striking differences between the crotonaldehyde adduct XI and 
the acrolein adduct V Seems to bc the relative rates at which the OMe groups on 
phosphorus are substituted by OH groups, as indicated in the sequence XI or V + 
XXIV + XXVIII + XxX11. Note that the addition of one mole of water to the 
crotonaldehyde adduct XI led to the formation of considerable amounts of phos- 
phomonoesters XXX111 and XXXIV and left considerable amounts of unrcacted 
adduct XI. On the other hand, the uddirion of one mole equitxlent o/ waler ro the 
acrolein adduct V gate exclusicely the cyclic phosphowiesters+ Via and VIb. WC 
noted very little cyclic triester XVI and cyclic diester XVII in the crotonaldehyde 
case. Again, we observed very little or no open-chain triester XVIII and diester XIX 
in the crotonaldehyde case. The implication seems to be that the formation of a 

’ II was shown thaw most or all of the open phosphotrlesrers I-VII and D-VIII produced m this hydrolysis 

rcsukd from n .s.ccondary merhanolysis of rhc cychc wiesters Vla and Vlh. prohahly w intermediate 

XXIV; set Rcf :o. 
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cyclic trihydroxydialkoxyphosphorane XXX11 from the corresponding penta- 
alkoxyphosphorane was significantly faster in the crotonaldehyde case X1 than in 
the acrolein case V. It is not clear why the substitution of a vinyl group by a 
1 -propenyl group on a dioxaphospholane ring should lead to this difference, although 
the stability of pentavalent phosphorus appears to be extremely sensitive to electronic 
and steric characteristics of the groups attached to the phosphorus.” 

It is conceivable that the key intermediate in the hydrolysis of the crotonaldehyde 
adduct Xl is the open hydroxytetraalkoxy-phosphorane XXIII. Open-chain penta- 
alkoxyphosphoranes are known22 and are much less stable than the Smembered 
cyclic pentaoxyphosphoranes. Therefore, very rapid substitutions of alkoxy groups 
by OH groups in XXIII would be expected. These substitutions lead to open tri- 
hydroxydialkoxyphosphoranes XXXV and tetrahydroxyphosphoranes XXXVI. The 
collapse of XXXV and XXXVI with ejection of methoxide and of hydroxide res- 
pectively would give the observed z-monoestcr XXX111 (i.e. XII) and would account 
for all the observations made in these hydrolyses, including the difference in behavior 
between acrolcin and crotonaldehyde. However, it is not clear why the open 
phosphoranes XXXV and XXXVI or any precursors of them derived from XXIII 
should not collapse by loss of dihydroxyketone XV. Therefore, we favor the 
mechanism XI -. XXIV -+ XXVIII --, XXX111 + XXXIV for the formation of the 
phosphomonoesters XII and XIII. 

\tr \!I. tt II \lc 

LL&-LL 

:i 
\ 

R,;;-‘,‘T(;;y 

011 
XXXV.R . MC 
XXXVI.R=H 

The evidence now available strongly suggests that S-membered cyclic phospho- 
triesters and phosphodiesters like XXV and XXIX arc capable of adding methanol 
or water to the phosphoryl group to form oxyphosphoranes like XXIV, XXVIII, 
and XxX11. There is no evidence, however, for a similar addition of alcohol or of 
water to the phosphoryl group of open-chain phosphotriesters, diesters, and mono- 
esters like XXVI, XXX, and XxX111. This difference has been explained20 as the 
combined effect of the relative instability of a 5-membered cyclic phosphate due to 
steric strain2’ and the relative stability of a 5-membered cyclic oxyphosphorane due 
to a decrease in the intramolecular overcrowding in a trigonal bipyramid.” In the 
open-chain compounds, the phosphate becomes more stable, and the oxyphosphorane 
becomes less stable Consequently, the “phosphoryl-hydration” mechanism* is 
replaced by the usual nuclcophilic substitution at the quadruplyconnectcd phos- 
phorus in the cast of open-chain phosphate esters. 

l Haakc and Wcstheuner (see Ref. 24a) consdcral the possibdity of the involvemcnr ol transttton 

states or of mtermailates in the hydrolysis of five-membered cychc phosphates See also Ref. 24b. More 

ra=tly. Watbeimer cr al. claimed IO have obtamcd cvidencz m favor of mrermaGatcs rather than of 

rransltion slates on the basis of arguments related IO pseudorotation in the trigonal bipyramidal structure 

of compounds wth pcntacoordinalai phosphorus (see Ref. 24~). The trigonal bipyramldal conliguratton 

tfi the pentaoxyphosphorana and d hypothetical mtcrmediata of thu ~ypc formed m the hydrolyses of 

phosphates IS basul on the work of Ref. 7~. f. g). 
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EXPERIMENTAL 

Analyses were performed by Schwarzkopf Mlcroanalyrlcal Laboratory. WoodsIde. N.Y. All “P NMR 

dara are given m ppm from 857, H,PO, as zero; they were dcrerminal a1 405 Mc;s. 

Reacrwn vj the braceryl-phasphtre addtut (IV) with crownaldehyde 

Freshly dis1dlcd crotonaldehyde (441 g, O-21 moles) was mixed wi1h 1bc adduct IV (44.5 g. 0064 mob) 

at 0 The mixrurc was stirrcd 2 hr a1 0” and 2 days a1 2@ The excess cro1onaldchyd-e was removed at 

45‘ (20 mm). and 1hc restdue was disrdlcd IO glvc LT2-rri~rho,~)-4B-nur~~/~.z-~ery(-5~~t~ns-l- 

popmyf)-22-dihydruI.3.2dloxaphospholane (XI). b.p I04 (@2 mm), n, ” 1.4512. The phospholanc XI was 

ob1amcd in 90?, yield. (Found: C. 47.3; Il. 7.9 C, ,Hz,O,P rqulrcs: C. 47.2; II. 7,6”,). The spectral da1a 

arc hsted in Table I 

Reacrton 01. rk biorerylcroroMldehyd~rrimtrhy/ phasphire adducr (XI) wh one and wh tv~ mole equiw 

knls ~4 waler 

(a) A s11rrcd soln conlammg I I.8 g of XI m 30 ml CHCI, was 1rca1cd wl1h one mok qulv waler a1 20 

The “P NMR spaz1rum rakcn rmmaila1cly showed the signals of 1he 5-membered cychc trmlcr XVI 

and dlatcr XVII. These had vamshcd afler Mmin when 1he soln contamed the signals due IO XII and 

XIII (-T, combined) and XIV (15”,). The ‘Ii NMR spcc1rum of 1hls soln confirmed thcsc results and 

showed the presence of XV (153,). An addmonal weak “P NMR slgnal which could be due to H,PO, or 

IO the open phosphates XVIII and XIX was also nored. 

(b) A surrcd soln con1ammg I5 g of Xl m 30 ml CHCI, was trearcd with 2 mole qul\s waler at room 

1emp. “P and ‘H NMR spcclromctry aflcr I hr showed XII and XIII, XIV. and XV In approxima1cly 

equal proportIons A weak slgnal a1 6P” = 0 was also prcscn1. bu1 Xl was abscn1. 

Reaction oj the hiclcefylrroronuldehyde-~rl~fhy/ phasphlfe adduct (Xl) wrh an e.x‘-esq oj water 

(a) The phospholanc Xl was mIxed wl1h an equal volume of waler ar 20 . and the soln was analyzed bj 

,‘P NMR spccrromerry. The rcsul1s arc glvcn m Tabk 3 

(b) Tbc phospholane Xl (3 g) was added IO waler (3 ml) a1 0 After IO mm. the soln was extracted with 

SIX 20 ml ponlons of CH<l, IO remove XIV and XV. the ‘H NMR spectrum of 1bc waler soln taken afer 

I5 mm showed the signals due IO 1hc XII and XIII; 1hcy are hstcd m Table 2 Afrcr 3 hr. the signals due 

IO XII had dccrca.. IO abour l(P,, of thclr origmal m1cnsl1tc3. and the signals due IO 1he ~Xlll had 

mcrca.scd about WO of 1helr orlgmal mrcns&s. These changes were confirmed by the “P NMR spectra 

of rhc aqueous solurlons ahcr I5 mm and after 3 hr. 

(c) The hydrolysis was repealed. and 1hc soln was thoroughly cxrractcd with CHCI, afier 4 hr. The 

“P and ‘I( NMR spcsfra of 1hc aqueous .solns con1amcd only 1hc signals due IO XIII. 

(d) The phospholane Xl (26 g) was added IO waler (I 50 ml) a1 0‘ with stirring. Af1cr IO min a1 0 , rhc soln 

was healal IO 100‘. kep11here 3 min. and ex~ractcd with SIX 100 ml portions CHCl,. The CHCl, ex1ract was 

ds1ilkd giving 5-nurhyl-2-lupreru-4.5-diold-onc (XV). b.p. 75 (02 mm). m 83?., yield. (Found: C. 607; 

H. 8.9. CsH,,O, rquircs: C. 605; H. Kg”/,). The spectral data are given in Tabk I. 

Trlme1hyl phospha1c (XIV) was obramai in 46”, yield from rhc fracltonal dlstlliarlon of the materla) 

In the CHCI, cx1racrs mcnrloncd above 

Reacrwn oj the hrclcelylcroro~ldehyde-~rlmPlhy/ phosphate adducr (XI) wrh merhanol 

A soln of Xl m an excess of McOH was kept 3 hr a1 20 The only “P NMR signal observed was rha~ 

of XIV The ‘H NMR spectrum corresponded IO thar of 4-mrrhox~S-mrrhy/-2~~p~ene-5~~/-~o~ (XX). 
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