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Reactions of 4-chloromethyl- 1,3,2-dioxathiolane 2-oxides 
with sodium phenoxide. A reinvestigation 
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The reactions of 4-chloromethyl-l.3.2-dio~alhiotane 2-oxides with PhONa in EtOH are 
accompanied by ring opening under the action of the e,,lloxidc ion rather than leading to a 
rearrangement of the starting rnolecule as has been assumed previously. Under condflion's 
precluding competition with otl~er nucleophiles, the phenoxide anion smootMy replaces the 
chh)rine atorn in chloromethyl-substitured c~clic sulr~tes. 
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In 1988, it was demonstrated t that cyclic esters of 
sulfurous and sulfuric acids (cyclic sulfites and sulfates, 
CSS) behave analogously to epoxides. The study cited 
was followed by a large number of investigations of the 
properties and applications of CSS (for reviews, see 
Refs 2--5). However. 4-chloromethyF 1.3.2-dioxathiolane 
2-oxide ( | )  and 2.2-dioxide (2), which can be consid- 
ered as synthetic equivalents of epichlorohydrin, are 
poorly studied. Apparently, this is due to the anomalous 
behavior aserit'ed to chloromethylsulfite I in reactions 
with nucleophiles. 

Previously. it has been reported 6 that the reaction of 
sulfite I with the phenoxidc anion was accompanied by a 
rearrangement leading to a mixture or phenoxy-sub- 
sti tuted cyclic suliites 3 and 4 with symmetrical  
six-membered sulfite 4 substantially predominat ing 
(Scheme I). 
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In the reviews of the chemistry of CSS 2--4 ~ith 
reference to tl~e original study. 6 this anomaly was par- 

ticularly emphasized because the fin:,l product prevailing 
in this process has lost the chirality inherent m starting 
compound 1. As a result, this reaction holds no promise 
m enantioselective symhesis. 

Recently, we have developed a new procedure for {lie 
preparation of cyclic sutfites 1 and sulfates 2 from 
scalemic glycidol with retention of the conliguration of 
the starting chiral center in the final products. 7 
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1 (n= 1) 
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Hence, we decided to return to the previous stt,dy ~ 
and to reveal the scope of the reaction shown in 
Scheme 1. 

When reproducing [t~e reaction conditions reported 
in the study cited 6 (the reaction of a mixture ofdiastere- 
omers of ra t -1  with sodium phenoxide in anhydrous 
EtOH). we did not detect 1.3.2-dioxathiane 4 at all and 
obtained rac-3-phenoxypropane-l .2-diol  (5~ as the ma- 
jor product (~45%). In addition, we identified diethyl 
sulfite (-20%).  glycidol, phenol, the starting sulfite 1, 
and traces of phenoxymethylsulfites 3 in a complex 
mixture of reaction products. A mixture ofdiastereomers 
of rac-3 was obtained from diol 5 and SOCI~. Both the 
physical properties of the final product and its I R spec- 
trum (see the Experimental section) differ from those 
reported previously 6 for sulfhe 3. 

To draw an unambiguous conclusion, we synthesized 
diastereomeric sulfites 4 according to Scheme 2. 
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Scheme 2 
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Reagetits: a. t4+: b TsCI. Py: c PhOH. KOH/H~O, MeCN; 
d. H-. H,O: e. SOCI 2, CH,CI,. 

The s t ructures  of  the resulting s ix -mcmbered  suit]Its 
4 were c o n f i r m e d  by X-ray d i f f rac t ion  analysis. Both the 
individual i somers  4 and [t~eir mixture  are cp,sialline 
comf)ourlds ( ra ther  than liquids, as has been reported 
previously6). T h e  IR spectra o f  these compounds  are 
also inconsis tent  with those repor ted  previously. 

All the aforesaid gave g rounds  to state thai the data 6 
presented  in S c h e m e  ! and c i t ed  in the reviews 
(Rcfs 2--4)  are erroneous and the  reaction of  chloro-  
meth)tsulf i le  I with the pheno•  an ion  is not accom-  
panied by a rear rangement .  

It should be noted  that at least two nucleophiles ,  
vt=.. P h O -  and E I O - .  are preseut  s imul taneous ly  in the 
reaction mix ture  under  the c o n d i t i o n s  used in the paper 
cited. 6 (Appa ren t ly ,  free E I O H  and  PhOH may be 
ignored because  a control  e x p e r i m e n t ,  wT.., prolonged 
refluxing of  r o c - I  in pure E t O H  o r  in t.-tOH conta in ing  
dissolved P h O H .  was not a c c o m p a n i e d  by noticeable 
Ioxses of  the s tar t ing sulfhe.)  A de ta i led  stud-`" of  all 
reactions p r o c e e d i n g  under these  cond i t ions  was not 
the aim o f  the present  study. H o w e v e r ,  the products  
identified in the  resulting mix tu re  suggest that the 
reaction o|" the P h O -  an ion  with the substrate (the 
starting sulfi te 1 and its de r iva t ives )  involves attacks 
p redominan t ly  on  dm C a tom o f  the terminal  ch loro-  
methyl f r agment ,  while the h a r d e r  E r e -  anion attacks 
p redominan t ly  the  S atom o f  the suJfite fragment it] the 
initial sutfite 1 and  the newly f o r m e d  sullitc 3. In the 
presence of" R e -  as bases, 3 - c h l o r o p r o p a n e - l , 2 - d i o l  
{ ie /  p roduced  in the forlner r eac t ion  is conver ted  into 
g lycidol ,  w h e r e a s  the i r r eve r s i b l e  c o n s u m p t i o n  o f  
atkoxides in this process is r espons ib le  lbr the appear-  
ance of  free P h O H  and the r e t en t ion  of  the initial 
sutfite 1 ( S c h e m e  3). 

Scheme 3 
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To avoid the above-meni ioned  complicat ions ,  we 
carried otit the reaction of  chloromcthylsull i te  1 with 
PhON:l under  condi t ions  precluding the presence or  
other reactive nucleophites.  The reaction was performed 
in toluene. Phenoxzde was generated from phenol trader 
the action o f  metallic Na or N'iH. In both cases, 
phenoxymethylsulf ' i te 3 was isolated as the only reaction 
product. The reaction performed with the use of  sodium 
hydride afforded the final prodtict wilh a higher purity 
and in substantially higher yield. 

Therefore,  the assumption of  the anomalous behavior 
of sull]te I i,1 reactions with nucleophiles is erroneous. 
Under  appropriate  condit ions,  compound I behaves 
analogously to epichlorohydrin to give replacement  prod- 
ucts o f  the CI atom (Scheme 4). 

Scheme 4 
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The IR spectra were recorded on UR-20 and Bruker Vec- 
tor-22 spec[rometcrs. The NMR spectra were meastlrcd or} 
Varian ~,M-250 (250.2 MHz A)r IH) and Broker MSI.-400 
(100.6 Mtlz fbr I?C} spectrometers in CDCI 3 with M%Si as the 
imernal standard. TLC was carried out on Silufol pla,es. 

4-Chloromethyl- i,3,2-dioxathiolane 2-oxides (1). A solu- 
,ion ot'racemic glycidol r g, I00 mmob hi CH2CI 2 (20 mL) 
~.as added dropwisc to :t stirred solution of s e e n  (12.0 g, 
100 retool) iri dr3. CH2Ct 2 (30 mL) at - l0 io 0 "C. The reaction 
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mixture was stirred for 1 h with a gradual increase in the 
temperature to -20 ~ Then  the mixture was refluxed for 
30 rain and cooled [he solvent was distilled of Tunder reduced 
pressure. Tile re~,idue was twice distilled in vacuo. Racemic 
:,ulfites I were obtahled a,', a mixture of  cis and trans diastere- 
diners ia a yield of I3 5 g (89~) :  b.p. 68- -69  "-C (l .0 Torr). 
nD 2n 1.4840, Other characterist ics were reported previously 7 

Reaction of 4-ehl,romethyl-1,3,2-dioxathiolane 2-oxide (1) 
with sodium phenoxide in ethanol. Nletallic Na (t .15 g, 
50 ntg-at.) was added to anhydrous  g t OH (25 ink)  m such a 
way as to maintain unitbrm boiling of the mixture.  A solution of  
freshly distilled PtlOH t4.7 g, 50 retool) in toluene was added to 
tile resulting solution of  KrONa at ~1()0 ~ T hen  sulfite 1 
(7,9 g, 50 mmol) was added dropwise with stirring and the 
reaction mixture was heated lk~r I h. "The precipitate that lbrmed 
was immediately fi!tcred olT and wasbed with anhydrous  EtOI4. 
The fihrate was concentrated in :,acuo. the residue was distilled. 
and the fl)ilowing fractions were collected: 11 2.3 g. b.p. 
4 5 - 6 0  "C (10 TorrL nD 2~ 1.4250: 2) 1.2 g, b . p  70--77 ' C  
{10 T o m ,  nD> 1.5120; 3) 0.7 g, bp .  77--85 ~ ( t0 rorr). 
nk-j 2~ t.4985: and 4'1 5.0 g, b.p. 120--122 ~C (0.05 Tom. 
at-) 2~ 1/5250. After repeated [ractionation of  the first fracuon.  
diethyl sullite was isolated m a yield of  1.4 g (20%), b.p. 
50--51 ~ (I0 TorrL nDl0 1.4t60 (cf lit. data8: b.p. 53--54 ~ 
t l3  T o m ,  at.) 2~' 1.4130k According to the data from I H NM R 
spectroscopy, the xecond and third fractions conta ined diethyl 
tutti(e, glycidol, pher'ol, and sulfite I. The fourlh fraction 
crystallized upon ',torage. After rec~stal l izat ion from CCI 4, 
3-phenoxypropane-I,l-diol (5) was (sullied in a yield of 4 5  g 
f45%), m.p. 50--51 ~C (~j: ht d;.t[;19: m . p  53--54 ~'C~ IH N M R  
(CI)Clat.  , 5 : 3 5 4  !brs ,  1 H. OH): 366--38,",;  (m. 3 H. 
C H--CF.I,(:)H): 3.95 id. 2 H, P hOC t ! : ,  . /=  5.3 Hz); 4 0 6  (b rs ,  
I H, OFIL 675- -7 .37  (m. 5 H. Phi. ! 'C  N M R  (CI)CIaL 
5 : 6 3 . 5 4  fCHI):  68.S J, (CHI) :  7t).45 ( C H k  114.44 (,J-CI-tl; 
12105 (p-CH): 129.34 fl 'n-CH): 158.30 (i-C).  IR, v /e ra - t :  
1580, 159t) (Ph). 307(1 ~C,.x,--H), 33C)0 (OH).  

4-Phenoxymethyl-I,3,2-dioxathiotane 2-oxides 13). A. A 
,,ol',llioa of  SOCI 2 (2.2 g, t 8 4  retool) iu CHICI  2 (5 ink) was 
added dmpwise with stirring and cooling (.-30 ~'C) to a soiution 
of diol 5 (3.I g, IS.4 retool) in CH2CI 2 (25 m E ) T h e n  the 
reaction mixture was stirred I'~w 30 rain and the temperature ~as  
gradually increased to -20  ~ The solvent was removed in 
vactw "lnd the residue was dist i l led Isomeric sulfites 3 (accord- 
ing to the NMR data. the rrans : cis ratio was ~1 : II were 
isolatedin a y i e l d o f 3 . S g t g 0 % L  b .p  112- -114 ' :C  (0 .07Tor rL  
nD 21) 1.5390. The mixture cr,,.stallized upon storage, m.p. 
59--64 "C (c/: lit. datag: trans-3, re.p, 66--67 ~ os -3 .  m.p. 
5 7 - 5 8  ~ IR. v/era-I :  065, 1050, 1180, 1220. 1250 (C- -O ,  
: 5 - 0 ,  S=O),  1500. 1590. 1600 {PhL 3050, 3070 tCA,--H} 
!H NMR (CDCta),  8:3.88 (d, ~1 H, C.HIOPh,  trans-3, J = 
6 Hz}; 4.15.--4 77 (m,  -3 .5  H, C H I O S ,  C H l O P h - c t v - 3 ,  
CH-cL~-3): 4.83--5.18 (m. -0.5 H, CH- t rans ) ;  6.83--7.40 (m, 
5 H, Ph}. 13C NMR (CCID, fi: 66.27 (CH2OPh, trans-3k 67.98 
(OCH 2, (tans-3); 68.36 LCHIOPh,  cm3) :  69.18 (CHIO,  c i s -3k  
77.71 iCHO,  Irons, 3); 79.85 (CHO, cL~-3): 114.54 (o-CH):  
121.45 tp-CH):  129.34 {m-CH):  157.82 ( i-C) (c~ Re(. 10). 

B. A solution of phenol (I.88 g. 20 mmol' l  ia toluene 
(4 ml,) was added dropwise with stirring to a warm suspension 
of Na i l  (0.48 g, 20 retool) in iotuene (4 mL)  and  the mixture 
was reOuxed lor 31) rain. A solution of stdfhe I f313  g. 
20 retool) in toluene (4 mL} was added to the resu!ting paste. 
The mixture was stirred h)r I h with beating and kept overnight. 
Then the precipitate was filtered off and washed with toluene. 
The combined filtrates were conccmrated  in vacuo and the 
residt,e was distilled to give a mixture of  sulfites 3 in a yield of  

3.42 g (80%), b.p. 105--il)7 ~C (0.05 Torr), nol~ 1.5370. The 
spectral characteristics are identical with those reported pre- 
viously. 

C. Metallic Na li).23 g. 10 nlg-a,t.) was added to u solution 
of phenol (0.94 g, 10 retool) in toluene (50 mL) ;rod the mixture 
was refiuxed until the precipitate dls,~olvcd completely. Then 
sulfile I v, as added (158  g. 10 mmol)  ;rod the mixture ',,vas 
refluxed for I h. Sulfite 3 ,.:a,, isolated as described in procedure 
B in a yield of 0.9 g t42%), b.p. 105--107 ~ (0.05 Tom.  
nD:~ 1.5380 

c i s -5 -Hydroxy-2-pheny l - l ,3 -d ioxane  (6) was prepared ac- 
cording to a procedure reported previously, It m.p. 81--,82 ~C 
f c f  lit. datall: m.p. 83 ~C). 

cis-l-Phenyl-5-(p-toluenesulfonyloxy)- 1.3-dioxane (7) ~as 
prepared according to a procedure reported previous]v, It m.p 
124--125 ~C t~f lit. datalt: m.p. 125.5--126,5 ~ 

Irans-5-Phenoxy-2-phenyl-l,3-{lioxane ( 8 )  A solution of 
powdered KOH (5.9 g, 105 mmoi) in a minimurn amounl ol 
water was added to a solution of phenol (8.5 g, 90 retool) in 
anhydrous NIECE (35 mLt :rod the reaction mixlure ~,as heated 
to boiling. Then tosytate 7 (10 g, 30 mmol)  was added :md Ihe 
mixture was refiuxed Ibr -40 h until the tosylate v, as completely 
consumed (TLC controlI. Ai"ter remo~al of the solvent in vacm~. 
the residae was partitioned between a 2 : I ethe.r:-CH,Cl~ 
mixture  and water. The organic phase was washed three tm;es 
with 2 A /NaOH and dried ',',lth Na lSO 4. Then  the mixture was 
cr )ncentra ted  File residue that crystallized was washed w~th 
methanol  and dioxane 8 was obtained in a yield of-$.5 g (60%~. 
m.p. 83--84 ~ [:ouad I%~: C, 74.73: H. 603.  CI(,H,~,O-, 
Ca l cu l a t ed  (%): C, 7 5 0 :  H, 6.25. ~H N M R  fCDCI3) .  
6 :3 .67 - -4 .06  {m, 2 H, C H , k  4.43--4.70 {m. 3 H, CHCHi ) :  
5.57 (s, I H, CHPh):  6 .93--) .57 Im, 10 H, Phi, 

2-Pheuoxypropane-l,3-diol (9). A suspension of  dioxane 8 
(I .2 g. 4.7 mmol) in I ,',1 HCI (1(/ mL) was stirred at 80 'C for 
I h. crystals of 8 being completely dissolved. The mixture was 
co,,)led to -20 "C, neutralized with N H a O H ,  and extracted with 
an ether~-CH?CI2 mix ture  The extract was dried with MgSO 4. 
the  solvent was remo,,cd, and the remaining oil was dissolved m 
a m i n i m u m  amount  of  CC[ 4 with heating. After cooling, 
propanediol  9 precipitated in a yield of  (1.6 g /77%): rap.  
71- -72  'C.  tl-t NMR (CDCIal,  8 :2 .60 (s. 2 H. OH);  3.88 (br.d, 
4 H, CH 2. J = 4 Hz): 4.33--4.53 (m,  I H, CH):  6.77--7.40 
(m. 5 H. Ph). 

5-Phenoxy-l,3,2-dioxathiane l-oxides (4). A solution of 
SOCI 2 (0 3 g, 2.5 retool) in CHICI 2 (2 mL)  was added with 
stirring to a :,;olution of did[ 9 t0.4 g, 2.4 retool) in CH. ,Ch 
(10 mL) at -3(I ~C. The reaction mixture was stirred for 30 rain 
and warmed to -20 ~  The solvent was removed in vacuo. 
Isomeric sulfites 4 were isolated with ac i s  : tran.~ ratio o f  I : 3 in 
a yield of  05  g (97%), rap.  49--56 ~ Found  (%): C, 52.63: 
H, 4.72: S, 15.97. CgH mO4S. Calculated (%): C,  52.94: H, 4.90: 
S, 15.69 Column chromatography on silica ~eL (40/100 tO 
(co lumn 180>,20 ram. a 15 : I h e p t a n e - - C H l C I  2 mixture as the 
eluent)  of  the mixture of diastereomers (0.2 g) ga',e cis-4 
IRr 0.49, CHICI 2) in a yield of  20 rag, m.p, 63 'C.  IR (CC14), 
v / e r a - t :  994. 1203. 1236 (C--O,  S- -O,  S=O) ,  1493, 1551, 1600 
(Phi ,  2895, 292S, 2961, 3050 ( C - - H ) .  ~3C N M R  ( C D C I 0 ,  
d: 59.18 (CFt,I; 65.75 (CH); 115.36 (o-CH):  122. t9 (#-CH):  
I29.52 (m-CkiL I55.80 (i-C). tH N M R  (CDCIa) ,  ,~,: 4 .12--4 20 
(m,  I H. C H ) : 4 . 6 3 - - 4 7 8  (nl, 4 H, CI-I?): 6 . 90 -  7.34 qtn. 5 tt,  
Ph). Further elution afforded trans-4 (Rf 0.38, CHICI 2) in a 
yield of l l0  rag, m.p. 72 ~ IR (CCI4), v . l c m l :  1020, 1120, 
1194. 1239 (C--O,  S - O ,  S=O),  1495. 1599 fPh).  2900, 2949. 
3043 ( C - - H k  uC NMR (CDCIa), 8 :57.53 (CHI);  68.29 (CH): 
116.20 1o-(,'tt): t22.12 ~p-CH): 129.57 ( m - C H k  155.62 I.i-CI. 
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t t l  N M R  (CDCI3). 8 : 3 . 9 2  (d~, 2 H, CH 2, d = 12{} and 
1.4 Hz): 4. I4 (pseudoquin[ .  l H, CH, d = 1.4 Hz): 488 (dd, 
2 H. CH 2, J = 12.0 and 1.4 Hz): 6.76--7.22 (m, 5 H, Ph). 

W e  thank  0 N.  K a t a e v a ,  A. 1 .  G u b a i d u l l i n .  and  
I. A.  Li tv inov ibr p e r f o r m i n g  X - r a y  d i f f r ac t ion  s tudies  o f  
s o m e  c o m p o u n d . s  r e p o r t e d  in this  v, ork.  
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