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AbdrceA new and general syntksis of ketene S.S-thiitals (1) au4 keteuc O,S-tioacetals (6) which involves 
the Homer-Wittig mtction of carbonyl compounds with the metallated S.S and O&&acetals of formyl- 
phosphonates (4 and 5) is described. The Homer-Wittig reaction of 4 with aromatic aldeltydes can be carried out 
under two-phase conditions. The generatfon of tbe carbanions from 4 and 5 as well as the course of their reaction 
with carbonyl compounds were mtudied by the low tempemture “P NMR s peehorcopy. It was fouud that 
S,S-thioacetals of formylphosphonates (41 are very easily metalked in contrast to O~thfoacetals of formyl- 
pbos&o~tes (5) wbicb form tk Iii derivatives only on treatment with t-butyllii. No evidence was 
obtained from I’P NMR spectrs su~~&ing the formation ef the lithium derivatives of O,O-acetals of fonnyl- 
phosphonates (12). 

Ketene S.S-thioacetals (1) are key intermediites in a 
wide variety of organic syntheses.’ Their hydrolysis’ and 
alcoholysiss afford carboxylic acids and carboxylic acid 
esters, respectively. The reduction of the carbon-carbon 
double bond in 1 gives dithioa&& which on hydrolysis 
may be converted into a homologous al&by&s.’ The 
addition of alkyUithium reagents to 1 results in the 
formation of the corresponding lithium derivatives of 
dithioacetals’ which are also reactive compounds useful 
in further reactions. Therefore, the possibility of the 
conversion of a carbonyl compounds into the cor- 
responding ketene S,!Mhioacetal q ahes it possible to 
perform a letse number of further transformations 
summarized in Scheme 1. 

For this reason the synthesis of ketene S,S-thioacetais 
(1) from as large as possible group of aldehydes and 
ketones is of great impor&mce. Althoogh a number of 
methods for preparing 1 have been reported‘ only two of 
them utilixe c&onyi compouads ai the reaction sub- 

strates. The first method for converting carbonyl 
compounds into 1 is by way of the Wittig reaction 
employing the phosphite ylides (2): Apart from the hard 
availability of 2 this method gives satisfactory results 
only with aldehydes but not with ketones. The second 
method, based on the Peterson reaction of the lithium 
derivatives of trimefhyldilyldithioacetals (3)? is more 
general and efficient but also in this case sterically 
hindered ketones Iii benxophenone yield the cor- 
responding 1 in a moderate yields. 

In the course of our studiis on o-phosphoryl substi- 
tuted ’ organosulphur compounds we have recently 
synthesized two new classes of compounds derived from 
formylphosphonates. (ROhp(OlC(O)H, namely S,S 
thioacetds of formylphosphonates (4)” and 02% 
thioacetais of formylphosphonates (9.” 

In contrast to the parent compounds, thioacetals 4 and 
5arechemicaUystableandcanbereadiiy~ina 
high yields by the Arbuxov reaction of trialkylphosphiis 
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Scheme I. Homologation of ctubonyl compowuts vi8 keteac S.S-thkctats (1). 

with chlorodithioacetals and by the Pummerer-type reac- compounds into 1, in contrast to those utilizi~ 2 and 3 as 
tion of a-phosphoryl sulphoxides with alcohols in the reagents, has practically no limitations. The carbanion 
presence of iodine, respectively derived from 4 reacts smoothly with aliphatic and 

(ROLP + CI-CH! 
SR-. 

: 

,SR-., 

‘SR-’ 
- (RO)o P-CH, 

II 
SR_‘: 

4 

(RO).g--CHe_8-R + ROH 

Since both the phosphoryl lpoup and the S atom are 
known to stabilise the neighbouri~ cubanion one could 
expect that the proton elimiition from 4 and S will 
readily occur and the correspondiq carbaoions formed 
should give on treatment with carbonyl compounds 
ketene S.Sthioacetals (1) aud htene O,S-thioacetals (0, 
respectively. With this consideration in mind we 
develop& a new and general synthesis of 1 and 6 aad 
the full results of these studies we report in the present 
paper. 

Synfhuic of kcrrnr S,!Mi0crcetak (I). We have found 
that the Homer PO-olefination reaction usin 4 as the 
phosphonate component affords kctene S,Sthioacetals (1) 
in h&h purity and yields from 70 to 96%. This novel 
approach for the direct conversion of carbonyl 

tAftcrfappdngourprclimiireportontheryotbc8isof1 
several papers have been pabtishcd on the ssmc approach.” 
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aromatic, acyclic and cyclic aldehydes and ketones. It is 
noteworthy that 6ood results have been obtained with 
acetophenone and benzophenonc as well as with cyclic 
ketones like cyclopentanone and cyclohexanone. During 
attempted synthesis of ketene s,Sdimethylthioacetal 
(18) WC found that the Homer reaction of 4 takes place 
with the lineer polymer of formaldehyde @araformalde- 
hyde) but under the same exptrimental conditions the 
cyclic trimer of formaldehyde (trioxane) is unreactive. 
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To test the genemIity of tk present method the themetaikted4givingtheccaesponding1ingoodyield, 
vafiousIy substituted sShkacetals of fomlyl- 
phosphonates (4)” Iisted below wen wed as the reaction 

it was of iata3st to carry out the Homer-Wittig reaction 
with other, speci8Uy substituted methykryl ketones such 

components. a8 methyl-p-kobutyl ketone (7) and metbyl-Gmethoxy- 
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Asexpected,~nof4takespkcereadiIyon 
treMmentwithasm8uexcessofll-butynithiuminTHP 
sohltionat-78@.An&ernativeprocedureisthe6enaa- 
tion of the aodium derivatives of 4 by means of aodium 
hydride in DME soIution at m temperaare. UsuaUy 
@nentionofthesodium~veof4wascsrriedout 
inthepreaenceofcarbonyIcompounds.Isthiscase, 
however,thereauIting,crude1wereksspureandthe 
ykIds were sIightIy lower. 

The CxperimelltaI procedure can be con&rabIy 
simpI&d by appIyin6 tbc phase-transfer technique for 
the Homer-w* Iaction. However, aa it ha8 been 
found in au previous studks,” the range of carbonyl 
-pounds is Iimited to manstic aldehydes. Tberefofe, 
thereactIonof4w8scarrkdoutwithbenx&Ilydeand 
p-bromobe~yde under the standard twlbpllase 
system conditblls using bcllzyltitby 
chbridc as catalyst. 
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The expe+lltd resuits c4umnhg the syllthesis of 1 
umma~edinTabk1.Tabk2showuphysicaIa~d 

Swzk data of ketenc S,Sthioaa& (1) obtai& 

since we’have found that aMtophenone reacts with 
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llapllthyl ketone (8). These kctollcs are used as stallillg 
matuids in the industrial, mtdti-step synthesis of the 
corrcspoading lo-lKyIpropionic acids 9 and 10 which are 
koown as aefapeutic agcn&? having the fXunmercki 
names Brufen sod Naproxen, respeaively. 

Nowithasbecnfoundtbatbothketoncscanbe 
converted in exceIknt ykIds by means of the Hamcr- 
w* reaction usiag the litl$lml derivarive of c into tbc 
awrespo~lreteae S,S-MS (lm and le) which in 
turnafterhydroIysis~vethedesiredacids9andlOin74 
and 7096 yield, fespectiveIy. It is noteworthy that there is 
noneedforthekoktionofketeneth&ctaklmand1~ 
before hydrolysis. 

Synthda of kmu O$&oacct& (6). The synthetic 
lsppmch to ketcac oJ44hhads (6) we few in 
number and for the most part of Iimited 8pplkabiIity. 

Until now Mmcetals 6 have been prepsred by ad- 
dition of mm to acetyknic ethersI or 
8ltemativeI~ by’ Dddhion of alkoxy-anions to acetyknic 
thioMhm. Auotha method involves alkyktion of 
thionoesters bearing at kast one a-hydrogen atom.luJ . 
Thaatak6canalsobe~byIigandexchangein 
ketene o,o-8cet&‘9 or from tbairwks according to the 
method desc&d by Reap” 

More, with the intent of developing a general 
method for the synthesis of 6 from carbonyl compounds 
we studkd the Homer-Wittig reaction of 0,~%acetals 
of formylphosphonates Q” which are requisite reagents 
for this transformation. However, as it was expected, the 
npkcement of one suIphur atom in 4 by the oxygen 
atomcausedadecreaintbeacidityofthemethine 
proton in 5.3’ For this reason, we were not abk to 
genemtetheIithiumderivativeofSbymeansofn- 
butyIlithium iu THP solution at -7VC or using sodium 
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Table 1. PrepamW of kctene S,fWbauWa (I) and ketene O,S-W (6) 

Ketene thioac*tala stertuyr rillwtal 
fonwbhosphate Lb Yield(Qc 
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1.5328 

1.5225 

1.5626 

l.SS97 

I.36118 

1.6799 

1.70% 

I.6422 

1.6054 

1.6440 

1.5768 

61-62’ 
Wnzme) 

83-84’ 
(bentme 

133~w” 

2.32 and 2.38(3H,s,9qs); 6.80(1H,s, 

qf+@); 7.2S(~~*~~ 

2.03@H~,aq2) ; 2.83@@a,t?+$ ; 6.79 
flH,s$6%+); 7.25~%hcgfs) 

4.05 md 4.12(2H,s.s-q42-S); 6.95(1H,s, 

c6H$+); 7.35(5H.+,$$ 

2.~(~,~,~~~~); 4.18(4H,s,S~-); 6.SO 

(tH,s,u); 7.lO(lH,s,~~~); 7.3!i(SH,ls, 

QS) 

1.20 and 1:27(3H,tJ-7.3,q3-CH2); 2.81(4H, 

q,P7.3.CH3-C$$); 6.%(1H,s,C6H5_C25); 7.43 

(4H,s ,Q$l 

2.10(3H,s,~gC=f; 2.32(6H,s,~); 7.20 

(5H,G6!.!.J 

2.0S(2fi,v+2); 2.18(3H,r,q13-C=]; 2.85 

(4tl,n,6+l$ ; 7.25(SH,m,C6t# 

0.91(6H,dlJ~.4,(MJ)2’Qo; 1.88(lH,m, 

w3),-qJ; %*ll(~*s.~~~~; 2.32@H.s, 

SXii); 2.46(2H,d,S=6.4, CJW$ 7.11(4H, 

s+g, 

2.12(3H,s.CHi-c-1; 2.36 and 2.40(3H,s,X~~); 

3.89(3H.s,Cb$O); 7.W7.80(6H.m,naphthyl) 

2.20(6H,s,=H) ; 7.~~1~1,~,~) 

c4w2 
(120.24) 

VlOsl 
(134.26) 

~~~~ . 

ww2 
(174.33) 

CsHlOsZ 
(168.35) 

c10w+2 
(196.34) 

cllH12s2 
(208.35) 

ww3 
(226.381 

cnlcd. 39.% 6.71 53.33 

faad 39.76 6.73 53.39 

calcd. 44.73 7.51 47.76 

faa~I 44.70 7.40 47.61 

caled. 48.60 8.16 43.24 

fumd 48.51 8.02 43.11 

calcd. 55.12 8.09 36.79 

ibmd. 54.92 8.11 36.51 

calcd. 57.39 8.56 34.05 

feud 57.11 8.44 34.22 

cad. 61.18 6.16 32.66 

famd 61.00 6.33 32,72 

calad. 63.41 S.&l 30.78 

famd 63.45 5.a 30.91 

alai. 53.06 4.45 12.49 

famd 53.30 4.60 42.62 

calcd. 72.44 6.08 21.48 

fund 72.27 6.04 21.46 

cT lH14st calcd. 62.81 6.71 30.48 

g10.36) found 62.60 6.60 30.64 

c12H14s calcd. 64.82 6.35 28.84 

(222.37) found 64.71 6.40 28.66 

c13H22sz calm!. 67.61 8.32 24.07 

(266.47) fund 67.50 8.25 23.91 

c,6H,80S2 calcd. 66.17 6.25 22.08 

@90.45) fomd 65.92 6.10 21.81 

C16H16sz calcd. 70.54 S-92 23.54 

(272.43) fomd 70.30 5.80 23.40 

C,7H,6S2 calcd. 71.78 5.67 22.54 

(284.45) ftmd 71.90 5.80 22.71 

C16Ht4S3 calcd. 63.53 4.67 31.90 

(302.48) fomd 63.29 4.70 32.02 
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Column chromatog&y on silica gel was found unauit- 
able as a method for purification of 6 since their 
hydrolysis was observed to oc~ur.~ It resulted in the 
formation of methyl phenylacetate, and the correspond- 
ing thiol ester in the ratio 84: 16. 

If aldehydes were used for the Homer-Wtttig reaction 
with 5, ketene O.!Mhieacetals 6a and 6h were obtained as 
mixtures of E and Z geqnetrical isomers in a nearly 1:l 
ratio. The isomeric compositions were determined from 
‘H NMR spectra of the crude products by intekrat& 
non-equivalent signals of the methoxy- and thiomethoxy- 
group as well as of the olefinic proton. The latter appears 
in the spectrum of 6a and‘ 6b as a triplet and singlet, 
respectively. 

Our attempt to assign the confqguation around the 
double bond in isomers of 68 by means of the additive 
increments method using Pascual-Siin’s table0 was 
rather unsuccessful since the calculated values of chem- 
ical shift of the ol&ic proton ditfer markedly from 
those experimentally found. Ruthermore, limited NMR 
data on ketene 0Wtioacetal.s precludad also the ap 
plication of the parent compound method proposed by 
Tobey.” In this situation, assuming, however, the 
general applicabiity of the additive increments method, 
one can tentatively demonstrate (see below) that the 
vinylic proton in the E isomers of ketene O,S-thioacetals 
should absorb at higher tkld than that in the Z isomers. 

H\C--C/sR “\ /OR 
X’ ‘OR XiC%R 

E i! 

Calculationr for R = CA,, X = alkyl. arylt 

~=J.25+zx+z~+z- 6=mtzxtz&q_-z~* 
~=‘.25+z~-0.2%1.21 c=5.25t2~-0.131.97 
b,=3.75tzx &=4.ostz~ 

This reasoning is in agreement with the contigurational 
assignments to the geometrkal isomers of methylketene 
O.!3diethylU&cetal given by Brat&ma.= 

H\C_C/sEt 
CHs’ ‘OEt 

“\C_C/OEt 
CH.’ ‘SEt 

E. C, = 4.91 2, 5Hr = 5.i.o 

Therefore, io view of the above results it seems 
teasonable to propose the followhtg assignment of 
con@ration E and Z to the respective homers of ketene 
o&hioacetals6uand6hobminedinourwork. 

F&ally. it is interesting to note that the initially formed 
isomericmixtureofE6bandzcbu&rgoesisomerisa- 
tiontotbemorestableisomerE6bwhenitiskeptin 
chloroform solution for co. 3 weeks. This observ&n 
indicams that the Homer-Wittig reaction of 5 is not 
stereoselective and the ratio of isom+c ketene OQ 
thioa&& is most probably de&mu& by kinetic 
factors. 

An atrempt al kezenc o,O-ocer& (11) synrhcsis. Posi- 
tive resulta on the conversion of carbonyl compounds 

tTbe vdocs of the additive inuements for alkyl 8nd aryl 
sub!j~inthegcmpotittoototheole6nicprotonarc8lway~ 
positive. 

H‘. 
‘Cd 

SC”:, 

CHIC”&“/ ‘OCHI 

H\C_C/oCHa 

CHaCHpCHp’ ‘SC”= 

E. a,_,. = 4.72 2, &_, = 4.95 

E. 8, = 5.78 z. 8%. = 5.84 

into ketene S,S- and O,S-thioacetals with the aid of the 
Homer-Wittig reaction prompted us to extend this ap- 
preach to the synthesis of ketene O,O-acemls (11). This 
WBS possible since the starting 0,09cetals of for- 
mylphosphonates (12) became also readily available.~ 
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Preliiinary experiments showed, however, that O,O- 
diethylacetal of 0.Odiethyl fonnylphosphonate (128) 
does not underpo the memlatkm even if t-butyUithium is 
usedasab9se.Tbisw~notsurprisineinviewofthe 
commonly-known fact that the alkoxy mup is much 
worse than the alkyhhio group in stabilising the a- 
carbanioniccentreasweUasintbe~tof~rtceat 
results~ on the deprotonation of benx4A*xathiolane 
and be~l&dioxolane. Whereas metalation of the 
former compound occmred at the methykne C atom, the 
latter was metalated in the aromatic ring. 

The only limited success in the synthesis of 11 was 
achieved when the cyclic acctal 12b was employed as the 
phosphonate component and the PO-olefmation reactkm 
was carried out in dioxane at 80-9OT using sodhun 
hydrideasabase. 

(EtO)n P C” 
,0 

8 
‘0 

12b 
R’ 

‘C=C< 
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00 

Cl 

RX’ Cl 

lla: R’=R’=-Et 
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Thus, from diethyl ketotm and benxophenone the cor- 
responding ketene O.O-acet& llr and llb were 
obtained in 19 and 3296 yidd,.restively. 

Application of “P NMR spectmscopy to ducidation 
of the Homrr-mig n?acrion course Ill order to obtain 
additionalinforma&nsontheformationofthelithium 
derivativesofp~p~4,Sandl2psw~asto~ 
an insiit into the StNcture of the Homer-wittip reac- 
tion intermediates~ we monitcred both the met&ion 
process and the reacthm with carbonyl compound by the 
low temperatun “P NMR spectra using Fourier trans- 
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form tcchniquc with proton noise decoupling. Such 
proachwassucccssfulinthecascofthetypicalWi ’ 3 
reaction and led to an experimental confirmation that the 
pentavalent phosphorus species ~oxaphosphetanes) arc 
relatively stable reaction intamuMes 

Fit we investigated the Homer-W&g reaction of the 
S.!Mimethyhhii of 0,Odimethyl formyl- 
phosphonate (4a) with bcnxakkhyde. Thus, a solution of 
4a in THP was treated at -7(p with an cquimolar amount 
of n-butyllithhun. After short time the signal at &IF 
20.9 ppm characteristic of 4a disappeared in the spectrum 
and a single signal at bc 46.3 ppm was observed which 
undoubtedly corresponds to the metalation product.? 
Addition of bcnxaldchyde at -7tP caused immediate 
disappearance of the &,, 46.3 signal and appearance of a 
signal at 831~ -2.1 ppm. The latter is due to the lithium 
salt of O,tMimethylphospkric acid. 

A similar picture was observai with the O,Sdimethyl- 
thioacetal of 0,Odimetbyl formylphosphonatc (5). 
However, in this case the lithium derivative of 5 was 
completely formed on treatment with an cquimolar 
amount of t-butyllithium after 1 h at -700 as evidenced 
by the appearance of the signal at 6+ 42.Oppm at the 
expense of the signal at &IF 17.0 ppm of the substrate 5. 
ItisintmstingtonotethatthesienalofthemetallatedS 
did not appear in the spectrum when n-butyllithium was 
used as a base. Upon addii benzaldebyde to the metal- 
lated 5 at -7tP the s&ml at b, -2.1 ppm immediately 
& indicating compktion of the reaction. 

As it could be expected, in the “P NMR spectra of the 
mixtures of phosphonates 12a and 12b with either n- 
butyllithium or t-butyllithium we did not observe the 
appropriate signals of the lithium derivatives. 

For comparison purposes the Homer-Wit@ reaction 
of O,O-dicthyl methylphosphonate with bcnxaldchyde 
was monitored by the low tern- “P NMR spectra. 
We found that OGdicthyl methyllithium phosphonate, 
bIp 60.6ppm. is very easily formed from the starting 
phosphonate, &,, 31.2Sppm, at 270” (ca. 1S min) on 
treatment with n-butyllithium in THF solution and after 
adding bcnxaldehydc it affords the corresponding ad- 
dition product (&1~,35.4 and 35.9 ppm) which is stable at 
room temperature. 

The results reported above demonstrate not only the 
usefulness of “P NMR spectroscopy in the estimation of 
the exact conditions of the phosphonatc carbanions 
gcnezation but also allow to draw some conclusions 
concerning the mechanism of the Homer-Witti5 reaction 
of 4 and 5. Fit of all, the fact that the signals cor- 
responding to the expected products (A) formed by 

tTo the beat of our knowledge the only work dealing with the 
low temperohu, ‘H and “C NMK stud& of the lithium deriva- 
tives of phosphonoacetates is that pubkhed by Botti&&& o. 
Seydon-Penne and Simonnin.w 
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addibofthemctaIbd4and5tobmxak&hydcwcre 
not observed in the “P NMR spectra even at -7(P 
indicates that tbcy are very unstab!e reaction inter- 
mediates. For the same reason one can conclude that the 
decomposition of addacts (A) should be faster than their 
formation. 

Further studies on the applicabn of “P NMR spec- 
troscopy to elucidate the Homer-Wit& reaction 
mechanism are under way. 

AU m.ps and b.ps are uncon~cted. Solvents and commercial 
reagents were dIstIlled sod dried by cwventional methods before 
use; THF aad DME were dirt&d from LAH. ‘II NMR spectra 
were recorded at 48MHz with a R I2 B PeAin-Elmer spec- 
muneter and at 8OMHz with a Tesla B!M87C spectro&r 
osina TMS as an in&nal staudard. “P NMB soectra were 
obt&d on a Jeol-JNM-FX48 Foorier tmnsform spe&me&r at 
24.3 MHZ with 85% Ii94 as external standard. In this paper the 
oew convention d positive “P NMB sigaais to low field from 
H,PO, is used. Column chromatography was dose on silica gel 
Merck lCHM80 mesh. 

Ga~urzl ptvcrdurrs for rynlhcdia of &e&w SiWtioacetals (1) 
Pfucc&n A. To- a s& of S,!khIbmcetal of 4 (0.01 md) ia 

15 ml THF a soln of nBuL.i (0.011 mol) in hexane was added at 
-m under argon atm&phere. The mixture was stirred at -W 
for 0.25 hr. Then a soln of carbonyl compound (0.01 mol) in 
10ml THF was added dropwhe at -7p and the mIxhue was 
stined for 15 q in at this temp. The mixture was warmed slowly 
to room temp. After removal of the solvents the residue was 
dissolved in CHCl, (IS ml). The CHCL soln was washed with 
NHJlaq. then with water, dried and evaporated to afford crude 
1. It was purilled by distilla&. crystalliion or column 
chromatography. 

Rvcednf~ B. NaH (0.488, 55% dispersion in mineral oil, 
0.01011 mol) was washed under argon three times witb light 
petrdcuaretherMdthcllBddBdtoasolnof4(O.Olmd)Md 
carbonyl compound (0.01 mol) ia 25 ml DMR With benxakkhyde 
tbenrctioawrscompletertterlhra(roomtemp.;inthecsaeot 
ketones the mixture was heated at 4V for 1 hr. After evaporation 
of DME the residue was dissolved in CHCL (50 ml). The CHCh 
layer was washed with N&&q, then wi% wat& dried md 
evaporated to afford the cnde I which was further purified by 
&able methoda. 

Procadvn C. A soln of 4 (0.01 mol) sod aromatic aldehyde 
(0.01 mol) in CH& c1 ml) was added to the heteroxeneous _ _. 
&ure if 50% NaOHaq ilO& contahdng triethylb&ylam- 
moniom chloride (0. I g) ind CHfh (5 ml). The mixture was 
stirred for 0.5 hr at room temp. and additional 10 ml of CH&L 
were added. The organic lay& was washed with an NIi,C& 
dricdandevqoratedtoyieldthccnnkt. 

apIaobntylphuty1 pnqhnic acid (9). A soldn uf Ir (1.33~~ 
0.085 mot) in 10 ml EtDH and pto~sulphonic acid (0.1 g) was 
stirredforZhratroomtemp.aodtheardinxalfor0.5hr.EtDH 
was evaporakd and the residue was dissolved ia 1Oml CHC13. 
The CHCb solo was washed with NaHCOlrp and concentrated 
to give the residus which was treatul with KOH (2.8 g, 0.05 mol) 
in 15 ml 95% EtOH. The resulti mixture was relhxed for 24 hr. 
AherremovplofBtoHtbere~uew~~lvcdinwrterrad 
acid&d with coat. HCl. Tk wster phase wss exm with 

\ ,ww- 

4 or 5 (A) 
(X = 0. S) very unstable 
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CHCls aad tha organic phasa was dried over M#So& Remova! of 
CWCI, aSorded cnub 9 whfch was purl&d by e 
from ace- (1:l); 9.766 (74%)). m.p. 74-7% ‘)I NhCR 
(CCQ &pm)z 031(6H, a, J = 6.4 Hz, (~~~~ 1.46 @H* 6 
3 =4.4&r, C&-CtD, L&4 (lH, m. (CH&f!& 2.42 (2H. d, 3 = 
6.4 Hz, CH-CJM, 3.62 (Hi, q, J = 6.4Hx, CH&FD, 7.08 (4H, m, 
C&). 12.1 (lH,s, CGDH). - 

o-12-l~M~~xr~no~klitihvllrrnoPionic acid (Ill. Accordhut to the 
pro&&c descriti aho& i-m (i.45 g. O.ti a&) was co&ted 
into 10 (O.UOg). in 70% yieki: m,p. l5ZlW (lb. tsm.p. 152-1549: 
‘H NMR (CDCls) a&pm): 1.57 (3H, d. J = 6.8 Hz, C&CH), 3.84 
(lH, q. J = 6.8 Hz, Cl&CD), 399 (3H. s. C&O), 7.@7-7.78 (6H. 
m, Ctdif& IO.42 (IH, s, CGGH). 

Syntkesis of ketene O,!Mdoacertus (4) 
I-~~~x~l-tkiomcthoxl-pnrtmc-l (6a). To a soln of 5 (1.06, 

0.005 mol) in THF (IOml) a sola of 0.8 M t-BuLi (6.5 ml. 
0.052mol) in a-pantane was added at -780 uudcr argon 
atmosphere. The mixture was stirred at this temp. for l hr. Then 
a soln of n~h~ (0.36g.O.#5 mol) in TJJP (5 ml) was 
addcdat-~*-Thcmixhuewaswprmedtorooat~p*end 
st~forsomethne.Ahaaeditionofwptcr~arl)tbeorsnnk 
layer was separated and the water soln was extracted with 
CliCls. The combined organic solns were washed With water, 
dried and cvaporatcd to give crude 6a which was purified by 
~~~~ 0.6Oe (82%)). b.p S2&*!50 mm&, au?” l.4580 - 
(Fomuh C, 5738; H, 9.MI; S, 21.74. Calc. for C&OS (146.25): 
C. 57.49z H. 9.65: S. 2192%). Analvsfs of the ‘H NMR an&rum of c~.~.~~ the akin of the EZ ratio at &55. 
~s~rn~~,~~~~~~~~at 
0.7-1.5 ppm (5H. C&-C&-CHa-CH=) and the G-methyl protons 
as a siu&t at 3.56ppm. two singlets at 2.10 aud 2.14ppm (CHJ) 
andtwotriplctsat4.72and4.%ppm(J=7.4Hz)fortheEandZ 
isomer, respectively. 

l-Mdlioxy-l-~~~-2-pffay[-cl~e(~).Tbe 
reaction of 5 (1.06, 0.605 mol) with banxafdchyde (0.536, 
0.~5~) performed in tha same manner as dcs&bad above 
pave crude 6b which was pwitIcd by distillation: 0.721 (SO%), b.p. 
80”10.3mmHg, n,w 1.5960 (Bt. mnuw 1.5955). The product 
composition was determhmd by ‘H NMR to ba FM -46z54. 
Ebb: 2.14 (3H. s, CHsS), 3.61 (3H. s, C&O, 5.78 (IH, s, 
&CD=), 7.0-7.6 (SH, m, C!&& Z-6bz 2.18 (3H, a, CH&. 3.66 
(3JL s, CH@, 5.84 (lH, s, PM&), 7.0-7.6 (SH, m, C&s). 

l-~~~-l-rftionr~~~2-m~~-pntpsffc-I (6c). From 5 
(1.0~ 0.005 mol) and acetone (0.29 g. 9.095 mol) accordii to 
the procedme described for 6a 6c was obtainad: 0.52~ (79%). b.p. 
W/70 mm&, now 1.4640; ‘H NMR (CDCls) 8 @pat): 1.72 and 
1.80 (6H, two s. C&C=), 2.10 (3H. s, C&S), 3.52 (3Jf, I, C&G) 
(Found: C, 54.23: H, 8.91: S, 24.30. Cak. for C&OS (132.23k 
C, 54.5Ot H, 9.15; s. 24.25%). 

G#!Ileiul pickup for syarkeris of k&no O*G-acffflls (1) 
A mixture of 12h (3.27~. 0.01 mol) and NaH (0.4Sa 55% 

Accordina to this proc&re from diethythetona acetal. lla 
was obtaiacd in 1956 yfeti b.p. 10tt-104°10.01 mmHg, m-p. M 
(from l&OH); ‘H NMR (CDCM 8 @pm): 1.03 (6H. I, CUs-CHr). 
2.12 (4H. q. CH,-CH& 6.98 (2Ji. s. aromatic) (Found: C, 
55.40; H, 4.77. Cak. for CrrH1$lsOs (259.13): C, SS.(r2; H, 
4.67%). 

fkuxophcnonc and 128 afforded acatal lib in 32% YleM; mp. 
11FlllF (from petrdemp ether); ‘H NMR (CDCM d @pm): 7.t2 
(2H, a, aromatic), 7.27 (IOH, 8, aromatic) (Found: C, 67.M H, 
3.32; Cl, 29.12. Calc. for C,bI&lsGr (355.22): C, 67.6% H, 3.41; 
Cl, 19.97%). 
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