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ABSTRACT 

Th~odlglycolaldehyde (1) has been synthesIsed by dehydration of Its hernIaIda 

form, crs-2,6-dlhydroxy-I ,4-oxathlane (2a) The hydration and polymerlsatlon of 1 
have been studled The composItlon and conformatIona population has been 

estabhshed for solutions of 2a m various solvents In aqueous solution, 1, 2a and 11s 

t~ntzs Isomer 2b, and the acychc dehydrate and monohydrate were detected The 
preferred conformer of 2a has dlequatorlal OH groups 

INTRODUCTION 

Thlodlglycolaldehyde (2,2’-thloblsacetaldehyde) (l), m the form of the cychc 
hemlaldal 2, has been prepared’ by actd hydrolysis of thlodlglycolaldehyde bIs(dl- 

methyl acetal) (3) or bls(dlethy1 acetal) (4), but the geometrlcal lsomerlsm and 
conformatlon m the crystallme state or m solution have not been described We now 

report a study of these aspects by 1 H-n m r spectroscopy 

RESULTS AND DISCUSSION 

When ‘H-n m r spectra were obtamed for freshly prepared solutions of 2 m 

MezSO-&, cis-2,6-dlhydroxy-l,4-oxathlane (2a) was Identified on the basis of a 
multlplet at 6 4 76 correspondmg to the acetal hydrogens coupled wth wcmal 

methylene and OH groups (double resonance) The values (6 7 and 4 3 Hz, J,, + Jbx 

HrC-CH=O 

/ 

=>C-CH=O z 

2(2a CIS , 2b tram) 4R=Et 

5R=H 
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11 Hz) of JcH ctiz accord with the CIS configuratlon and predommance of the axial 
d:sposttron of the acetal hydrogens m the conformational equilibrium Chair con- 

formers are assumed for these derivatives, as in 1,4-oxathiane’ Also detected were 
small amounts of acyclic forms on the basrs of signals between 5 3 2 and 3 4 

After 24 h, the spectra revealed that the proportlon of cls Isomer had d,mn-ushed 
to 61% Signals at 6 5 25 (CN-CH,), with J,, + Jbx = 5 Hz, showed the presence 
of the ttam isomer 2b (22 %) This figure, and that noted above for the CIS isomer 2a, 

agree with the correspondmg values reported for the related CIS- and trclrrs-dioxane 
deri\atives3 -X The J,, + Jbr value for 2a and 2b Indicates’ a conformational 

equthbrmm relevant to the acetal protons of 57 5 “/o dlaxlal and 12 5 oA dlequatorlal 
for 2a The set of values J, -L 9 5. J, r 2 5, and J, c l-5 Hz was selected, and checked 
by its apphcation to the tlnm Isomer 2b, where N IS 0 5 Signals at ii 9 45 and 3 30 
Indicate the existence m the solution of 1 (2"jo) The fact that the signals appear 

somewhat comphcated and the existence of a doublet at S 5 57 (J 6 Hz, proton 

exchargeable with D,O) suggested the presence of the acychc monohydrate 6 (15 %) 
The mtegration for acetal hydrogens m the spectra was the same as that for hydroxyl 
hydrosens, and showed the absence of any appreciable amount of the dehydrate 5 

For glutaraldehyde, it has been postulated 6 ’ that it IS not possible to differentiate 
between cychc monomers and such dlmers as 8 by ‘H-n m r spectroscopy. However, 
for the stereolsomerlc drmers’ 9. the signals of the acetal hydrogens were more 
complex than rn the correspondm g monomeric species This findmg suggests that 
there IS no appreciable amount of dImerIc compounds m the solutrons of 2a When 
the temperature was increased, the proportion of free aldehydic forms increased 

at 120”, the only signals were due to I and water If the temperature was decreased, 
the process was reversed 

fi’rc 
/’ \ 

-2 

I 

h2= +hi 

i I I2 

7 R = t-lax = 0 

BR = H,X = S 

SR = k,X = 0 

For a soWIon of 2 In acetone-& the spectra mdtcated the clJ-Isomer 2a to be 
more abundant, but considerable proportions of dtaldehyde 1 and its monohydrate 

6 were observed The presence of the tram Isomer was not clearly proved, but signals 
at 6 5 35 may be partially ascrlbed thereto In the conformatlonal equilibrium for 2a, 

there was -91% of diaxial character for the acetal hydro,oens Addttton of a small 

amount of acetic acid promoted rapid dehydration, to give the dialdehyde 1, which 
was then the only structure present in solution 

For solutions of 2 in D,O, the rate of equihbration between the different forms 
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was faster than m acetone-&, and the dehydrate 5 was clearly observed The nature 
of the solvent appears not to change apprcclably the conformatlonal population, 
as would be expected of an anomerlc effect was operatlve As III other oxathlane 
derlvatlves, the “hocbey-stlch’ effect seems to be more trnportdnt’ 

Few 3-hetero-1,5dlaldehydes have been obtamed in anhydro forms-E ’ ‘O 
Muhlstadt and co-workers” reported the preparation of 1, but It wets not Isolated 
and the acychc structure was not probed We ha\e prepared 1 In ‘1 pure state In 
almost quantltattve yield. by dlstlllatlon of the corrc>pondlng herniaIda 2a under 
dlmmlshed pressure The stablhty and easy preparation of 1 contr,lsts with the 

situ&on reported for Its oxygenated analogue, d@ycoMdehyde The tendency of 1 
to hydrate IS IoMer than for dlglycolaldehyde, but can be observed by I r spectroscopy 
by leavmg a film of 1 on a NaCl wIndo\\ exposed to moisture The ‘tbsciptlon ‘It 
1710 cm- ’ (C = 0) gradually dechned m parallel with cl11 mcreclsc In the O-H and C-O 

stretchmg bands at 3300 and 1176-950 cm- I, respectlveiy A freshly prepared sample 
of 1 showed a band at 1613 cm-’ that some authors4 ’ la have ascrlbed to henualdctl 
forms m some dlglycohc derlvatlves. and others to hydration w&er’3 In our case, 
longer exposure to moisture Increased the areed of thI\ band but m a proportion lower 
than those of the two other bands mentIoned above These facts, and the absence of 
this band m the spectrum of the pure hemlaldal 2a, pomt to the latter hypothesis. 
The ‘H-n m r spectra of 1 m DzO showed the rapld formation of the hemlaldals 
2a and 2b, and the hydrated, acychc forms 5 and 6, the same signals were observed III 
the solutions of 2a In D,O Consequently, 1 was transformed Into 2a (9s 5”“) by 
simply removmg water from Its aqueous solutions 

Upon prolonged storage clt room temperature In ‘1 dry atmosphere, 1 polymerlsed 
by a process that could be followed by ‘H-n En r spectroscopy The sharp signals of 

1 gradually fLded and, slmultaneousiy, broad signals, corresponding to the polymer 
10, appeared at 5 2 20-3 40 (-CH,-) and 4 SO-5 SO (-CH-) The latttr slgndls consist 
of two broad signals that correspond to hydrogens with more or less axial or equato- 
real character Structures such ‘1s 10a and lob can be proposed for the polymer 10 
The structure slmllar to that reported3 for dlglycolaldehyde cannot be consrdcred, 
because the polymerlsatlon occurred m the absence of water and no I r absorptlons 
for hydroxyl groups were observed The ratlo between free and polymeric aldehyde 
appears to be solvent-dependent After 3 days, the monomer-polymer ratios were 
66 34 (neat), 68 32 (acetone-&), and 20 SO (CDCI,) Even after a long tune, 
monomer or free formyl groups were present m the solutions The polymer 10, 

m p 66-6S”, was stable at room temperature, but could be depolymensed [yleldmg 
the monomer (momtormg by ‘H-n m r spectroscopy)] by heatmg It above Its m p 
On the other hand, the monomer 1 can be obtamed (75’j=) from 10 by dlst1llatIon 
under dlmmlshed pressure Depolymerlsatlon was also promoted by solvents By 
‘H-n m r momtormg, 16% of 1 was observed after 2 h m chloroform The polymer 
10 was msoluble In water, but, on shakmg with water for 3 days at room temperature, 
depoIymerIsat1on occurred with formatIon of 2a (74 “/o) 
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The hem&da1 2a shows the normal reactlvlty of these compounds, yleldmg 
thlodIglycolaldehyde bts(semIcarbazone) (II), bIs(p-mtrophenylhydrazone) (12), and 
bls(2,4-dmltrophenylhydrazone) (13) The spectra and elemental analyses were 111 

agreement with the acychc structures 

Cm2-CH=h-&t--Q 

/ 

s\ 
CH2-Ch=U--Yk-R 

11 R = COVH, 

12 R = P-NO,-C6H, 

13 R = 2 4-drF102-C6H3 

EXPERIMENTAL 

General metllods - Solvents were evaporated under dlmmlshed pressure at 

~40” 1-r spectra were recorded for films on NaCl wmdows or KBr discs with Pye- 

Umcam SP 1000 or Perkm-Elmer 137 (Infracord) spectrometers ‘H-N m r spectra 
were obtamed for solutions m various solvents (Internal Me4SI or DDS) with Perkm- 
Elmer-Hltachl R-20B (60 MHz) or R-32 (90 MHz) spectrometers Chemical shifts 

(first order) are given on the 6 scale with first-order couplmg m Hz Melting pomts 

were obtained with an Electrothermal Melting Point apparatus and are uncorrected 
TJziodlglycoIaideJzyde bw(dmetJzyJ acetaI)14 (3)_ - This compound was prepared 

from Na,S 9H,O (71 9 g) and bromoacetaldehyde dlmethyl acetal (38 9 g) m 
ethanol-water (195 mL, 132.63) After bollm, 0 under reflux for 20 h, the solvent 
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(100 mL) was removed and anhydrous K2C0, (50 g) was added The mixture was 
extracted with ether, and the extract was concentrated, to yield 3 (90”/,), b p 136- 

138“/12 mmHg, w,,, (selected bands) 1195, 1125, 1065, and 965 cm- ‘_ ‘H-n m I- 
(CDCI,) data S 4 39 (t, 1 H, .J 5 5 Hz), 3 26 (s, 6 H), and 2 68 (d, 2 H, J 5 5 Hz) 

Tlrlodtgf_t colaldch~ de brr(dterhyl aceral)’ (4) - This compound, prepared 

(93 6%) 1n a manner analogous to that described above, had b p 115-I 19”/1 3 

mmHg, v,,,,, (selected bands) 1207, 1162, 1117, 1058, and 1015 cm- ’ ’ H-n m r 

(CDCI,) data 6 4 55 (t, 1 H, J 5 5 Hz), 3 53 (m, 4 H, J 6 5 Hz), 2 72 (d, 2 H, J 5 5 

Hz) and 1 20 (t. 6 H, J 6 5 Hz) 
c1s-2,6-D1/13~it OIJ -1,4-ox-arhane (2a) - When 3 or 4 was hydrolysed by acet1c 

acid m water at 50”, ~90% of 2a was obta1ned Purlficatlon by recrystall1sat1on from 
ether or washing with cold chloroform gave material (8S”/0) having m p 73”, I$$ 

3500-3000, 1150, 1099, 1064, 1015, 966, 797. 784, 772, and 760 cm-‘, ’ H-n m r 
(Me$O-&) data 6 5 62 (d, I H, J6 S Hz), 4 76 (m, 1 H), and 2 50 (m, 2 H), 1mmed1- 

ately after the sample had dissolved (Found C, 35 5; H, 5 9, S, 23 4, C,H,O,S, 
talc C, 35 2, H, 5 9 S, 23 5) 

Tllronlgl~colaI~e~l~~fe (1) - Compound 2a (5 92 g) was heated at 100” under 

atmospheric pressure After cool1n g to room temperature, the non-crystalline residue 
was distilled at 70-71 “/O 4 mmHg to give 1 (4 52 g, 8s 1 “/0), I,,,,~ (selected bands) 
2785, 2658, 1710, 1608, and 1030 cm-‘, ‘H-n m r (CDCI,) data 5 9 50 (t, 1 H, 

J 2 75 Hz) and 3 22 (d, 2 H, J 2 75 Hz) (Found C, 40 4, H, 5 3, S, 27 1 C,H,O,S 

talc C, 40 6, H, 5 1, S, 27 1) 

When a solution of 1 (3 g) 1n water (3 mL) was concentrated 1n a desiccator 

over KOH to constant weight, 2a (3 4 g) was obtalned 

When 1 was stored 1n a desiccator m a dry atmosphere for 2 Ironths, the weight 
rema1ned constant and a vitreous soltd lo_ m p 66-6S”, was formed with I::: 

(selected bands) 2940, 1720, 1100, 1040_ and 960 cm-’ ‘H-N m r (CDCI,) data 

S 5 704 SO (2 bm, 1 H) and 3 20-2 20 (bm, 2 H) The ‘H-n m r spectrum showed the 

presence of -5’j= of 1 The polymer 10 was sparmgly soluble 1n water, methanol, 
ethanol, acetone, and carbon tetrachlonde, and soluble 1n methyl sulphoxlde and 
chloroform (Found C, 40 3 H, 5 3 (C,H,O,S)” talc C, 40 6. H, 5 1) 

When 10 (4 g) was melted and then d1rt1lled under diminished pressure, 1 

(3 0 g, 75 'X) was obta1ned 
When 10 (0 5 g) wds shaken for 3 days with water (10 mL) at room temperature 

and, after removal of 5 ‘YO of unreacted polymer, the .qucous solution was concentrated 

under dImInIshed pressure at 40”, 2a (0 45 g, 74’%,) was obta1ned 

Throrhgl~ colaldehyde br3 (xvnrcarbazom) (11) hr ~(p-nlr~ opileq 111~ (ii CIZOIIL~) (12), 
and bis(Z,l-dinrrt opl~e~zy~hyd~ azone) (13) - These compounds were prepared from 

2a m the usual manner 

Compound 11 (97 5%) had m p 201-202” (from water) ‘H-n m r (Me,SO- 

Cr,) data 6 9 90-9 50 (s, 1 H, proton exchangeable with D,O), 7 10 (t, 1 H, J 6 Hz), 

6 6-6-O (m, 2 H, proton exchangeable with D,O), and 2 70 (d, 2 H, J 6 Hz) (Found 
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C, 30 9 H, 5 2. N, 35 9, S, 14 1, CBH,,N,OIS, talc C, 310, H, 5 2, N, 36 1, 
s. 13 8) 

Compound 12 (95%) had m p 229-230” (from 1 Cdmxane), ‘H-n m r 

(Me,SO-rl,) data B I2 0 (bs, 2 H), S 05-6 10 (m, 5 H), and 3 45 (m, 2 H) (Found 
C, 49.2. H, 4 4, S, S I_ C,,H,,N,O,S talc C, 49-4 H, 4 1, S, 8 2) 

Compound 13 (quanrltotwe yield) had m p 228-229’ (from NJ-&methyl- 

formamlde-methanol) ht ‘a ‘s m p 219-221 O and 220-222”, ‘H-n m r (Me,SO) 

data S 1 I-72 (s, 1 H). 8 IO-7 50 (m, 3 H), 7 36 (t, 1 H, J 6 Hz), and 3 50 (d, 2 H, 
J6 Hz) (Found- C. 39 9. H, 2 9_ N, 23 6. S, 6 4 C,,H,,N,O,S talc C, 40 1, H, 2 9 

N, 33.4 S, 6 7) 

ACKNOWLEDGi\lEN-l S 

We thank Drs M G6mez GulllCn and J A Galbls Perez (Umverslty of Extre- 
madura, Spam) for some ‘H-n m r (90 MHz) spectra 

REFERENCES 

1 R D COGHILL, J Am Cirem Sot , 59 (1937) 801-802 
Z R S MCEWE~ AND G A Sru J Chem Sot A. (1967) 271-275 
3 H R GRELhBERG AhD A S PERLIY, Carbo&fIr ReA , 35 (1974) 195-202 
4 F J LOPEZ APARICIO, J !&&hz, AUD J J GIMEWEZ MARTINEZ, d~r Qmn 72 (1976) 975-980 
5 N S ZERROV, V S BLAGOVESHCHEMKY, i V KAZIWRCHlh, AND N S SUROVA, Tettuhiror~, 

27 (1971) 3111-311s 
6 P hl HARDY, A C NrcHoLLs, AND H N RYDOX, J Chrm Sot , PejXm Trarrq 2, (1972) 2270- 

227s 
7 A H KORN,S H FEAIRHELLER AND E ivl FILACHIONE, J Mof Btol, 65 (1972) 525-529 
S F .J LOPEZ APARICIO, A E~P~OSA UBEDA, A&D F ZORR~LLA BEXITEZ, An Qurm, 73 (1977) 

725-727 
9 A Espm.osa UBED~, M A G~LLO MEZO, AND F J LOPEZ APARICIO, Atr Qum, 74 (197s) 

494-49s 
10 W A BOhhER ~VD C D HLRV, J FIJI Chenz Sot , 73 (1951) 42904294 
11 M MIJHLSTADT D MARTINETZ,XNV P SCHNEIDER, J PI&~ Chem, 315 (1973)940-918 
12 C D HURD, P J BAhER, AND R P Horlsz, J Otg Chent, IS (1953) 186-191 
13 J W ROWEN, F H FORZIATI, AVD R E REEVES, J Am C/rem SOL, 73 (1951) 44S444S7 
1-I C L ZIRKLE, F R GERVS, A M PAVLOFF, AVJ A BURGER, J Otg Chem ,26 (1961) 395407 
15 V C BARR\, J E h’kCoRMrcs AND R S MCELHIUYEY, Carbohvd Res , 7 (1968) 299-310 


