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1,3,2-Thiazaphospholidin-2-ones Derived From Ephedrine. Preparation 
and Stereochemistry of Ring-opening Reactions 
By C. Richard Hall  and Nancy E. Williams, Chemical Defence Establishment, Porton Down, Salisbury, 

Wiltshire SP4 OJQ 

1,3,2-Thiazaphospholidin-2-ones are prepared by rearrangement of the corresponding 1,3,2-oxazaphospholidine- 
2-thiones. In both the phosphono- and phosphoro-series treatment with alkoxide results in P-N bond cleavage 
with inversion of configuration, while treatment with Grignard reagents results in P-S bond cleavage with retention 
of configuration. The products are consistent with a mechanism which involves initial nucleophilic attack opposite 
endocyclic nitrogen. 

THE direction and stereochemical course of bond cleavage 
on nucleophilic substitution at  phosphorus in 1,3,2- 
oxazaphospholidine-2-thiones varies considerably from 
similar processes in acyclic analogues.1-2 To extend 
such comparisons chiral 1,3,2-thiazaphospholidin-2-ones 
have been prepared for the first time and the stereo- 
chemical course of their reactions which involve endo- 
cyclic bond cleavage has been studied. 

RESULTS 

Synlhesis.-1,3,2-Thiazapliospholidines have generally 
received little attention,J-6 primarily because of the difficulty 
of synthesis and their ready hydro lys i~ .~ .~  The most 
general preparative route is outlined in Scheme l.6 I t  
involves condensation of a P-halogenoamine with a phos- 
phorus chloridate followed by a thermally catalysed internal 
Pishchimuka-type reaction. The sequence is, however, not 

A 
+ HRNCH2CH2X 

RO ' 'a 
A = alkyl, al koxy , chloro 
X = CI, Br 
R = alkyl 

Heat I 
t 
R 

SCHEME 1 

an effective one using p-halogenoamines derived from 
ephedrine, because of the ease with which such P-halogeno- 
amines cyclise to form aziridines. For example (Scheme 2), 
treatment of a solution of (1)  and (2) with triethylamine 
resulted only in the trans-aziridine (3). In the absence of 
solvent the reaction was highly exothermic and yields 
(< 17%) of the two thiazaphospholidin-2-one isomers (4) 
and ( 5 )  could be isolated. 

It has been reported 7 that treatment of the various 
isomers of 2-methyl- 1,3,2-oxazaphospholidine-2-thione with 
phenylmagnesium bromide results in competitive P-N 
and P-0 bond cleavage. P-N Cleavage occurs with 
inversion, and P-0 cleavage with retention of configuration 
at phosphorus. Thus both enantiomers of methylphenyl- 
phosphinothioic acid can be prepared from a single precursor 
Scheme 3).  AttemDts to extend the Drocedure to DreDare 

benzylphenyl- or t-butylphenyl-phosphinothioic acid by 
reaction of the 2-phenyl-1,3,2-oxazaphospholidine-2-thione 
(6) with the appropriate alkylmagnesium halide were unsuc- 

Ph = ::* HCL Me Me p h z : . H C I  

SOBrl 

Me Me 

Me 
MeNf Ph -- Me 

(4) R =Ph, X = O  (3) 
(5 )  R = O ,  X=Ph 

SCHEME 2 

cessful. Instead (see e .g .  Scheme 4) heating (6) and t- 
butyltnagnesiuni bromide in boiling benzene for several 
hours resulted in the 1,3,2-thiazapliospholidin-2-one (4) 

Tlie niost likely course of the rearrangement is initial 
( 8 5 % )  .3 

\ - - -  --  - -  - 1  - -  1 A I 1 .  SCHEME 3 
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C-0 bond cleavage by attack of bromide a t  the benzylic 
carbon, followed by recyclisation of the intermediate (7) by 
selective alkylation of sulphur (Scheme 4). This proposal is 
supported by the fact that  the same rearrangement can be 
catalysed by magnesium bromide or magnesium iodide 

(7) 
SCHEME 4 

etherates. Magnesium iodide is the 
preparative procedures. 

reagent of clioice for 

rearrangement is a general one (Tables 1 and 2) ;  

TAM-IS 1 

2-ones 
parameters for the (4S,AS)- l,R,2-tliiazapliospholi~lin- 

Me 
811 

R 
Ph 

=o 

M c 

=O 

EtO 

=O 

NH, 

=O 

CMP H-4 
1.20 3.81 

1.21 3.64 

1.09 3.57 

1.19 3.37 

1.07 3.40 

1.16 3.45 

1.09 3.49 

1.17 

H-5 (JPlI. 

( < I ,  
9.6) 
4. G4 

( 1  1 

I). 6) 
4.5; 

(2, 
8.8) 
4.40 

(1.5, 
8.5) 
4.27 

(0, 
10.0) 

(3, 

(1.6, 
9.2) 
4.37 

(3.5, 
8.0) 

J H H / H Z )  

4.43 

4.46 

8.5) 
4.27 

SPl" 
51.2 

46.3 

60.6 

68.2 

45.7 

41.7 

0 Downfield from external phosphoric acid. b Data obtained 
from a mixture with (24). 

however, only when the precursor is derived from (+)- 
pseudoephedrine [e.g. (6), ( S ) ,  (9), or (lo)] does i t  yield a 
single product [i.e. (4), (15), (16), or (18), respectively]. 
For oxazaphospholidines derived from ( - )-ephedrine sonie 
inversion of configuration a t  the benzylic carbon occurs. 

N.1n.r 

(2 f 1) 

(21) h 

(22) 

(23) 

(54) 

TABLE 2 

2-ones 
pnrameters for the (4S,5R)- 1,3,2-tIiiazapl~ospl~~~litlin- 

Me 
S H  

R R' 
M c  =( 1 

=O nip 

EtO =o 

=() EtO 

=o w, 

11-5 (JPH? 
CMe 13-4 JHH/Hz) 
0.86 3.76 5.20 

(3.5, 
5.1) 

0.98 4.84 
(5.1, 
5.1) 

5.2) 

( :3 .:I , 
5.4) 

0.98 5.05 
(2.4,  
5.4) 

0.92 3.61 6.13 
(4.2, 

0.93 5.04 

6 P "  
54.1 

58.2 

46.9 

44.3 

43.7 

Downfield from external phosphoric acid. b Data ob- 
tained from a mixture with (15) .  3'lixturc with ( 1 7 ) .  Mix- 
ture with (18). 

Thus ( 1  1 )  gives a cn. 4 : 1 ratio of (15) and (21);  (12) gives 
a 9 : 1 ratio of ( 1  7) and (23) ; and ( I  3) gives a 1 : 1 ratio of 
(l!)) and (24). Halide exchange, with inversion of con- 

( 8 )  R = M e , X = S  
(9) R = S ,  X = E t O  
(10) R = S, X =NH2 

(11) R = M e  
(12) R = EtO 
(13) R = NH2 

figuration, in an intermediate such as (7) ,  is the most likely 
explanation for the loss in stereospecificity. That it 
competes with ring closure only in the (-)-ephedrine- 
derived case presumably reflects the unfavonrable cis- 
relationship of the methyl and phenyl groups generated by 
ring closure in this series. 

The absolute configurations of the 1,3,2-thiazaphos- 
pholidin-2-ones have been assigned by comparison of the 
lH n.m.r. spectra of pairs of isomers epimeric a t  phosphorus 
(Tables 1 and 2). It was assumed that in such ring systems 
groups with a cis-relationship t o  the phosphoryl oxygen will 
be deshielded with respect to those that are trans. The 
assignments are supported by the proposed mechanism of 
formation from substrates of well established configuration, 
e.g. ( 1  1).* In the (+)-pseudoephedrine series, where the 
configurational assignment of the substrate is less solidly 
based, e.g. (8) and (4),3 the assumption that the rearrange- 
ment does not affect the stereochemistry at phosphorus 
relates the phosphorus configurations of (+)-pseudo- and 
(-)-ephedrine substrates (Scheme 5). Degradation experi- 
ments (e.g. Scheme 6, see below) also confirm the above 
assignments. 

Ring-opening Reactions.-The phosphono-adduct (4) 
reacts rapidly with a dilute solution of anhydrous hydrogen. 
chloride in ethanol or with sodium ethoxide to give an 
essentially quantitative yield of the P-N bond cleaved 
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product (25)  (Scheme 6).  The reaction is stereospecific and, 
on the basis of the results of acid-catalysed alcoliolyses on 
similar s y ~ t e m s , ~  i t  can reasonably be assumed to occur 
with inversion of configuration a t  phosphorus. Addition of 
sodium methositle to a solution of (25) in methanol results 

Me 

predoniinantly in enantionierically piire l o  (-1- )-(S)-ctliyl 
methyl pheiiylI’1iosplioiiate (20) . ll  T)ispl:Lceinent of S-  
alkyl from phosplionc,thioates by a1koxidc.s occurs wit11 
inversion of configuration iit This sequence 
(Scliemc 6) therefore either confirms the configuration of  
(4), or tha t  endocyc.lic 1’-X bontl cleavage does in fact c)ccur 
with inversion o f  configuration. ‘Hie pliosplioro-adduct 

0 
II 
P--- OEt H*-EtOH MeO- 

NHmHCI 0 MeO’ \ P h  Me 

( 1  7)  reacts with both anhydrous hydrogen chloride in 
nietlianol and with sodium methoxide to yield the same 
single product, i . e .  that  resulting from 1’-N bond cleavage, 
again presumably occurring with inversion of configuration. 

Compound (4) also reacts rapidly and quantitatively with 
metliylningiiesinin ioditlc a t  room temperature to givc the 
product of 1 ’ 5  bond cleavage (27)  (Scheme 7) ,  acetylation 

0 

(27) R = H  
(28) R = A c  

(30) R =  H 
(31) R = A c  

SCHEME 

li 
_I___c H’-MeOH ,P---Me 

Me0 \ 
Ph 

0 

P---OEt H +-M eO H 
I___Icr 

Ma’ \M, 

7 
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of which gives (28). Acid-catalysed (hydrogen chloride or 
trifluoromethylsulphonic) methanolysis of either (27) or (28) 
gives enantiomerically pure (+)- (R)-methyl methyl- 
phenylphosphinate (29).  lo, l2 Since, under the conditions 
used, acid-catal ysed 1’-X bond cleavage in phosphinami- 
dates occurs with inversion of configuration a t  phospliorus,lZ 
then P-S bond cleavage in (4) must occur with retention of 
configuration. Similarly, treatment of (17)  wit11 methyl- 
magnesium iodide followed by acetylation and acicl- 
ca t a lyml  nietlianolysis yieltls enantiomerically pure ( - ) -  
(S)-ethyl metliyl ~nctliylphosphonate (32) (Schenie 7 ) .  
llcicl-catalysetl 1’--9 cleavage ciin again be assumed to 
occur with inversion of configuration ; tlierefore enclocyclic 
1 3  bond cleavage must occur with retention of configur- 
ation. 

Tlirect :ilP n.1ii.r. monitoring of all ring-opcning reactions 
failctl to reXmi.1 any  rcnctioii iiiterniediates. 

‘ 1 ‘ 1 1 ~  h s i c  liytlrolysis o f  acyclic N-tli;Lll<yl phosphorainitlo- 
thioxtes results in prerloiiiinmit 1 ’ 5 ,  i v i t l i  some I’--O an( l  
(..-O, h 1 l t  no l)--K, honcl c-lc:~vage.~“ 

l~IscrssIox 
In a rcvicw l4 of tlic rcCe1it litcm.ture it was colic-luclcd 

tliat I’s“u(lo-rotaticjiis, or othcr ligand reorganisation 
proccssos, in trigonal bipyraniidal reaction interincclintcs 
(TBl’s) arc liinitctl to the pairwisc cscliangc of apical 
and equatorial ligands about tlie 1’-X as pivot. This 
nicans tliat thc stereoclicmistry of nucleopliilic s u b  
stitution at  tet raco-ordinate phospliorus is clctermincd 
by tlic clirection of initial nucleopiiilic attack. (Any 
possible rcclundant equilibria, such as tliosc bctwccw 
substrate and THI’ wliich result only in regcncratioii of 
substrate, are ncglccted.) Thus if  attack occurs oppo- 
site tlic cvcntual leaving group substitution occurs with 
inversion of configuration ; where this is not thc casc 
substitution occurs, after pseudo-rotation, with retent ion 
of configuration. \$%en mixed stereochernistry is 
observed it results from competitive attack opposite 
more than one substrate ligand. The factors tliat 
determine tlie direction of nucleopliilic attack are not yct 
undcrstood. It is not alwa57s correct to assume that 
attack will occur opposite the most apicophilic group, 
because apicophilicity is a thermodynamic term that 
relates the propensity of ligands to occupy apical 
positions in stable TBPs. The concept of ligand apical 
potentiality 1*3 is intended to relate the likelihood, during 
iiucleophilic attack at  tetraco-ordinate phospliorus, of a 
ligand being in-line with the nucleophile and therefore of 
occupying an apical position in the initially formed TBI’. 
The apical potentiality of any ligand will depend on the 
other ligands attached to phosphorus, the nature of tlic 
nucleophile, the solvent, the presence of metal ions, etc., 
and therefore the term is intended primarily as a descrip- 
tive one rather than as a measure of any particular 
parameter. It should be stressed that the apical 
potentiality concept does not allow a prediction of wliicli 
bond to phosphorus will be cleaved, only the stereo- 
chemical consequences of cleavage of any bond. 

The difference in the stereochemical course of nucleo- 
pliilic substitution between 1,3,8-oxazaphospliolidine-2- 
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t Iiiolies and tlicir acyclic aiialogucs iiiay be ratioiialised if 
in the cyclic case nitrogen has a higher apical potentiality 
than oxygen, but that in the acyclic case the reverse is 
true.l The stereochemical results of ring cleavage of 
1,3,2-thiazaphospholidin-2-ones reported here are con- 
sistent with nitrogen having a higher apical potentiality 
than sulphur in this system. Thus tlie mechanism of 
ring opening can be envisaged as involving attack of the 
nucleophile (S) opposite endocyclic nitrogen to form a 
TBP intermediate such as (33). When the nucleophile is 
alkoxide, apical P-h' cleavage occurs, resulting in a pro- 
duct formed with inversion of configuration. When the 
nucleophile is alkyl, pseudo-rotation of (33) to tlie new 
TBP (34) is presumably fast compared with the rate of 

Me 

(33)  ( 3 4 )  

F A '  I~oiitl clo;iv;ip. 1% 1301~1 c1~;ivitgc in (34) result5 

If it is assuriied that the TBP (33), once fonnetl, has a 
sufficiently long lifetime to enablc it to adopt (by pseudo- 
rotation if necessary) the 1owcht energy form (as deter- 
mined by a comparison of the relative apicophilicities of 
all  tlie groups at  pliospliorus; RS > RO > R,N > 
Ale > 1'11 15) before bond cleavage occurs, thcn it can be 
argued that the observed reaction products are those that 
would be prcdicted except for tlie case wlicre X = OAIe 
niid R = OEt, where 1'-S cleavage with retention of 
configuration niiglit be expected. I t  is, however, likcljr 
that the rate of 1'-N bond cleavage in tlie relatively 
~ ~ ~ t o n - r i c h  IlleONa-nIcOI1 i5 fast (comparcd witli pscudo- 
rotation) but in  tlie nun-protic h'lc~MgI-I<t,O it is slow. 
Thus only in the latter docs reaction occur, througli tlic 
t 1 i en 11 od yn an I i c ally ni o h  t stable I'B P . 

As was argued for nitrogcn and oxygen iii tlic 1,3,2- 
c~saz;i~)Iios~)liolidine cndoq-clic 11 i trogcn in  I ,3,2- 
tliiaz;il)liosi,liolidii?cs may 11;t\rc a grcatchr apical potential- 
it)' tliati ciidocyclic siiIi)liur, eit1ic.r I)ccauw of the 
stc~rcotlectroiiic cbffcct5 ' 9  14,16 of the fisccl lonv pairs on 
sulpliur, or liecausc nuclt.o~~liilic attack oppo\i tv sulpliui- 
is ~terically liiiidcrcd 1)y tlic alkj~l su1)stitucnt on nitrogen. 
In eitlicr case the rcsults rcyortecl Iicrc coiistitutc a furthcr 
~xariiple 1 4 p 1 7  of Iiow the confining of ligands within a 
fivc-inembered ring can alter the stcrcocl~eriiistry and 
course of nucleopli ilic substitution react ions c o m p  red 
witli the acyclic analogues. 

1 1 1  il ~)i-oduct formed witli rctciition of configur ;1 t '  1C)l-l. 

EXPERIMENTAL 

113 n'.m.r. spectra wcre rccortletl at I00 M I  Iz in  tlcutcrio- 
cliloroforin as solvent and with tetranietli~lsilane as internal 
standard, and optical rotations were measured in chloroform 
(path lcngth 1 dm) unless otherwise stated. 31P N.1n.r. 
shifts are quoted in 6 downfield from external phosphoric 
acid. Column chromatography was performed over Merk 

I\;ieselgcl 60, particle size U.O-iOL-O.U(j3 iiini, under a slight 
positive pressure. All organic solutions of reaction pro- 
ducts were dried over magnesium sulphate. Light petrol- 
eum refers to the fraction of b.p. 60-80 "C. 

1,3,2- Tl~~ ia . zn~hos~ l~o l i~ in -2 -o l ze s .  General Pvocedwe. -A 
solution of the 1,3,2-oxa.zaphospholicline-2-thione 3* '-* sub- 
strate and an excess of t-butylniagnesium bromide, mag- 
nesium bromide, or magnesium iodide in benzene or ether 
was refluxed until t.1.c. indicated that reaction was com- 
plete (1-30 11). The mixture was then cooled, poured 
into ammonium chloride solution or water, and extracted 
with benzene. The combined extracts were concentrated 
and the residue purified by crystallisation or by rapid column 
Chromatography, l8 eluting with benzene-acetone or ben- 
zene-acetone-methanol. Isolated yields were in the range 
30-900/6. lH N.m.r. spectra of the crude reaction pro- 
ducts demonstrated tha t  where isolated yields were low 
this was primarilv because of loss during the purification 
procedure (chromatography). The following were obtained : 
(2S,4S,5S)-2,3,4-triniethyl-5-phenyl- 1,3,2-tliiazaphosphol- 
idin-?-one (14), m.p. 11 1-1 13 "C (from di-isopropyl 
ether), [aID -+ 74" ( G  1 . 1 )  ; (2R,4S,5S)-2,3,4-trimethyl-5- 
phenyl- 1,3,2-thiazaphospholidin-2-one (15), m.p. 93-95 "C 
(from di-isopropyl ether), [d, -75" ( G  0.9);  (2S,4S,5R)- 
2,3,4-trimethyl-5-phenyl- 1,3,2-thiazaphospholidin-2-0ne 
( ? ( I ) ,  m.p. 125 "C (from di-isopropyl ether), [aIT, - 1 . 5 O  (c 1.2); 
(?S,4S, 5s) -2-ethoxy-3,4-dinietliyl-5-phenyl- 1,3,2-thiaza- 
p~iospliolicliii-2-one (l(i),  m.p. 55 "C (from light petroleum), 
[all, - I l o  ( G  0.9) ; (2R,4S,5S)-2-ethoxy-3,4-climethyl-5- 
plieiiyl- 1,3,2-thiazaphospliolidiii-2-one ( 17) ,  m.p. 68-70 "C 
(from di-isopropyl ether), [a], +33" (c 1.0) ; (25,4S,5R)-2- 
ethosy-3,4-dimethyl-5-phenyl- 1,3,2-thiazaphospholidin-2- 
one (22),  as a clear oil, [a],, -76" (c 0 .5 ) ;  (2S,4S,5S)-2,5- 
tliplienyl-3,4-climet hyl- 1 ,3,2-tliiazaphospholidin-2-one (4), 
m.p. 164-1 66 "C (from di-isopropyl ether-benzene), 
[a],, --B(i" (c 1 . O )  ; (2S,4S,5S)-2-amino-3,4-dimcthyl-5- 
phcnyl- 1 ,:J,2-tliiazapliospliolidi1i-~-one ( I S ) ,  m.p. 184- 
187 "C (from chloroform-light petroleum), [aIn 4-6.3 ( G  1 . 1 ) .  

1,3,2- TI1 irr~n~iios~l~olid.i~a-~-ones via Scheme 2.-A solution 
o f  freshly distilled tliionyl bromide (60 g)  in benzene (200 
nil) was ;itldc(l to a. suspension oi finely divided ( - - ) -  
cplietlrinc 11ydroc:liloricle (50 g)  iii benzcne (200 1111). After 1 
11 the inistiire i vas  i\xrmed gctitly, then rctlused u n t i l  
evolution o f  gas ceased ( 3  11). Coiict:iitration gave a buff 
s( )I id w 11 ic 11 \v as  f r ax t i  01 i a 1 I y cry s t a1 1 i sec 1 f rum e t han o 1- 
nietliaiiol to j i c : l t l  ( 1 )  (32.4 g,  A!)',?,',) ;LS white crystals, m.p. 
184 "C;  &(in CI ) : jO l l )  1.3-4 ( 3  H ,  ( I ) ,  8.78 ( 3  11 ,  s), 3.66 ( 1  H ,  
dq) ,  m i d  5.ti7 ( 1  11, ( 1 ) ;  [a:,, --!)7" ( G  1.1 iii nietlianol). 

-lri~tl-i!~l~~iiiiiit~ ( 3  nil) i vas  atltlctl t,o a, suspension of ( 1 )  ( 1  g )  
in 0-inctliyl ~ ~ l i e i i ~ ~ l p l i t ~ . . ; ~ ' I l o n o t l i i o ~ l i l ~ ~ i - i ~ l ~ ~ t ~  (2) (3  ml). 
Tlie re;Lctioii is csotlicriiiic. After 5 ri i i i i  dichloronietliane 
( 2 5  1111) was aclclctl and stirriiig coiit.inuet1 for a further 16 
inin. ' l ' l it!  solution ivas  filtered, conceiitrated, and the 
resitluc c1iroiiiatogr;Lplietl [ Ixiizciie-awtone (7  : 3)] to give 
tlie imzs-aziridine l 9  (3) ( 0 . 3  g, 54(',;), (4) (0.2 g, 17"/,), and 
(5) (0.2 g, li '?;,).  

E:ndocy~IZ'c P-9 Bo.rzd-cleaungc Recict ions.-A c id-cntdysed .  
An excess o f  a dilute solution of anhydrous hydrogen 
chloride in methanol was ndded to a solution of (4) ( 1  g) in 
rnethanol. After 15 min the solution was purged with 
nitrogen and concentrated to give 0-methyl S-[( 1S,2S)-1- 
phenyl-2-niethyla1ninoproppl] (S)-phenylphosphonothioate 
hydrocliloride (35); 8(CD301)) 1.19 (3 H, d) ,  2.72 (3 H, s ) ,  
3.76 ( 3  H, cl, J 13 Hz), and 4.36 (1 H, dd, J 11.8 and 9.0 
Hz); [0(ID +Sl" (G 0.9 in methanol). Likewise (20) gave 
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O-nie t li y 1 S- 1 ( 1 It!, 2 S) - 1 -plienyl-2-methylaniinopropyl] ( S )  - 
rllethylphosphoiiotliioate hydrochloride (36) ; sll (CD,OD) 
1.39 (3 H, d), 3.76 (3 H, d),  2.83 (3 H, s), 3.57 (3 H,  d),  and 
5.07 (1 H, dd, J 11.2 and 4.8 Hz); 6~ -56.4, [all) -138" (c 
1.4); and (17) gave O-ethyl O-methyl [( 1S,2S)-l-phenyl-2- 
~~ietliylamiriopropy1](R)-phosphorotliioate hydrochloridc 
(37); 6(CLI3O1>) 1.09 ( 3  H, d), 1.20 (3 H, t), 2.78 (3 H, s), 
3.60 ( 3  H, d, J 13.2 Hz), and 4.62 (1 H, dd, J 13.4 and 
8.5 H z ) ;  

Direct 3il' monitoring of the reaction of a 
solution of (4) in methanol with a dilute solution of sodium 
methoxide in methanol revealed a smooth ( 5  min) reaction 
to give a single product (38) which on storage (1 h) was 
converted to cliiiietliyl plienylphosphonate. Compound 
(38) was spectroscopically identical to tlie conipound 
generated by treatment of (35) above, with dilute base. 
Conversely treatment of (38) with dilute methanolic 
hydrogen chloride gave (35). 

Similarly treatment of ( 17) with sodium niethoxide in 
methanol followed by acidification with hydrogen chloride 
gave (37) above. 

(+)-(S)-Et/LjJl  Methyl Pf~e?zylplLosplconnte (26) (Scheme 
0) .-An excess of a dilutc solution of anhydrous hydrogen 
chloride in ethanol w i i b  added to a solution of (4) (1 g) in 
ethanol. After 15 niiii the solution was concentrated and 
the residue dissolved in cliloroforin and washed with dilutc 
sodium carbonate solution. l l ie  solution was again 
concentrated antl tlie residue dissolvc(1 in a dilute sulutioa of 
sodium inctliositle in iiietI~.nol. ,liter 12 11 tlie niisturc: 
was poured into water aiitl extracted with cliloroforin. 
C once n tra tio n o I the clilo ro f o riii solu t ic n and c 1 ~roiiiatt j- 

grapliy of the residue, eluting witli ethyl acetate-liglit 
petroleum (4 : l ) ,  gave (2ti) (0.34 g, 68%) [a]L, -+2.9" (C 2.0) l1 

aiid diniethyl pheiiylpliosphonate (0.09 g,  15'5;). 
E.tzdocycliL 1'-S Bond Cleavage by Grignavct Reicgents .-An 

excess of a solution of iiietliylinagiiesiuiii ioclide in benzene 
was carefully atldetl to a solution of (4) (0.5 6) in benzene 
(25  nil). After 30 min the mixture was poiired into an 
aqueous solution of anirnonium chloride arid extracted with 
benzene. l h e  solution was concentrated and the residue 
crystallisetl to give (27)  (0.5 g, 95%), ni.p. 13G--137 "C 
(from clilorofortii-lib.lit petroleum) ; 811 l.CJ(i ( 3  H, d) ,  I .94 

[a],, + 113" (c 0.6). Storage of a solutioll of (27) (0.5 g)  in 
pyridine-acetic anhydride (2 : 1 ; 15 nil) for 3 11 followed by 
coiiveiitiorial processing gave the acetate (28) (0.5 g, 880/) ; 

2.34 (3 14, tl ,  J 10.2 Hz), 4.30 (1 €4, in), and 4.74 (1 H,  ti, J 
11.3 Hz); 14, -t 164 (c  0.5). 

Similar treatinent o f  ( 17) with i~ictliyl~iiagnesiu~~l iodidc 
followed by avetylation of the crude reaction mixture gave a 
mixture of (31) (75(y0); FjrC 0.95 ( 3  H, rl), 1.30 (:1 H, t), 
1.42 (:I H, d ,  J 16.7 Hz) ,  2.24 (3 13, s), 2.49 (3 I-I, ti, J 9.8 
Hz), and 4.71 ( 1  €I, d, J 11.1 Hz) ; [a],, 4- 141" (c 1.8) ,  and its 

[a], +109" (6 1.5). 
Base-cntalysed. 

( 3 H , t l ,  J 13.4Hz),ntid2.48(3H,tl ,  J 11.0l-I~);  81, -38.1; 

811 0.97 (3 H, d),  1.75 ( 3  H, d ,  J 13.8 Hz), 8.16 (3  13, s), 

diiiiethyl pliosyliinainidate analogue (15q/,) ; 8~ 1.00 (3 H,  
d), 1.47 and 1.51 (3 H, d, J 13.4 Hz), 2.25 (3 H, s), 2.48 
( 3 H , d ,  J10 .4Hz) , and4 .68( lH ,d ,  J11.2Hz);  [a],+219O 
(c 0.7). 

( + )-(R)-nlethyZ Metl~ylphenylphosplzinate (29) (Scheme 
7).-A solution of (28) (1.2 g)  and trifluoromethanesulplionic 
acid (1.5 i d )  in methanol (25  nil) was stored for 30 min, 
then poured into water and extracted with chloroform. 
The solution was concentrated and the residue chromato- 
graphed, eluting with benzene-acetone-methanol ( 8  : 1 : l),  
and distilled to give (29) lo (0.55 g, 86%), [aID f51"  (c 2.3). 
Likewise methanolyses using (27) as precursor, or anhydrous 
hydrogen chloride as acid, gave similar results. 

( -)-(S)-Et/zyl Methyl Methylphosphonate (32) (Scheme 
7) .--A solution of (3 1) (0.5 g) and trifluoroinethanesulphonic 
acid (0.75 nil) in methanol (30 i d )  was stored for 80 h, then 
processed as above to give (32) (0.15 g, 71y0), [a], -1.9" 
(c  1.5). 

\Ve wish to thank Dr. T. D. liich for his interest and 
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