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Abs&c&-The NMR spectra of a series of sodium alkane-I-suiphoaat~s md sodium I-hydroxy~~~-l-sui- 
phonates show that the two systems may be characteriscd by the CH+3Ur- aad Sff@itS03~ resonance signals 
at 8 = CQ. 2.85 and ca. 4.4ppm. nspcctively. Alulysis of the NMR spectra of the bisulpbite adducts formed by 
u~~n~t~t~ aidehydes con&ms the t&ii structural ~si~rn:n~ of the l~disul~honic acid salts. The NMR 
spectra of the 1: 1, 1:2. aml I :3 citral:bisuIphite adducts indicate that the I :2 adduct is disodium Iax+3.7. 
dlmctbyloctane-3.adisulphonrtc and not the 3.7disul~nate as reported by ptw&us workers. The acid-catalysed 
HID exchange of I-hydroxyJLnc-I-sulphonrtes at the C-2 atom has been exam&d. 

In the course of our study of the preservative action of 
sulphur dioxide (intr~c~ as sodium bisulphi~) upon 
citrus essentitd oils* and, in particular, in its reaction with 
citraJ, it was necessary to identify tJm structures of the 
initiaJ bisulp~te ~di~n products. Previous workers 
have established that sodium bisulpJtite only reacts with 
isolated alkerns in the presence of oxygen or of oxidising 
agents to yield tJtc anti-hfarkownikov aJkancsuJpJtonate 
salts via a radical rn~c~isrn~ whereas the reaction of 
sodium bisulphite with saturated aldehydcs proceeds 
rapidly by an ionic pathway to form the well known 
J-hydroxy~kane-i-suJphonat~s~ The course of thi: reae- 
lion of sodium bisulphim witJt a,~~~tu~t~ aldehydes 
has received less attention and, in the case of the reac- 
tions of terpcnoid aldehydes evidence for the mode of 
formation and the structures of the adducts is ambi- 
guous. In genera), the stnt~tural d~~~inatio~s have 
been based upon the chcmieal reactivity of the adducts 
and, for example, the ability of a bisutphitc adduct of an 
~,~unsat~t~ aidehyde to react with scmicarbazide or 
a hydrazinc derivative has been t&en as ~onfirmato~ 
evidence for the presence of a free aJdchydc group. This 
dcductio~ faits to t&e into account the facile rever- 
sibifity of the formation of the aIdehyde: bisulphite 
adducts over a wide range of pH valucss and tJtercfore 
throws considerable doubt on the validity of many 
structural assignments. infrnrcd spectrtd analysis of the 
bisuJphite adducts aJso leads to ambiv~ent ~nctusions 
for, although the alkane-stdphonate s&s produced by the 
edition of the bisuIphite group to an alkenic bond, have 
been characterised*~’ by the strong IR absorption bands 
ntaf 1200, 1170 and 1050 cm-‘, we have found, not 
u~x~~#~, that the afdehyde : bisulphite adducts aJso 
absorb Sandy in the same regions; the major difference 
being a shift to JtigJter freqtuncy (J~Ocm-‘) of the 
asymmetric vS0, vibrations. OnJy when these data are 
taken in conjunction with tJte absence of the CO stretch- 
ing frequency from the IR spectra and the appearance of 
bands characteristic of the OH group is it possible to 
confirm tJte formation of tJtc J-hydroxy~~-J-suJ- 
phonatc. Such an analysis fails, however, in any study of 
the reaction of terpenoid ~dehydes witJt sodium bisul- 
phi% as acid-caudyscd rearrangements freqoentJy occur 
under the ~ndit~ns prevafent in tJre fo~ation of the 
bisttlphite adducts with the formation of carbocyclic 
products and the con~mi~nt loss of the CO fun~ion~ 

it was considered that NMR spectral data could pro- 
vide more conclusive evidence of the addition of the 
bisulphite group to both the alkenc and aldehyde groups. 
Examination of tJtc NMR spectra of a series of sodium 
~kanc-J-sutphon~s, measured in 40, show that the 
J-methylcne protons resonate at S = 2.85 ?: 0.02 ppm, 
whilst the signals for the metbine proton of the sodium 
I-hy~oxy~~~c-J~s~pho~tes resonate at Jowcr field at 
6 = 4.3WzO.J ppm. Previous workers have shown that 
the formation of a disulphonic acid salt from the reaction 
of a,~-un~t~t~ aldehydes with sodium bisuJphite is 
not dependent upou the presence of an oxidant and it has 
been suggested that the reaction procads via an ionic 
Michael addition Wtowed by addition to the CO group. 
The reaction of acrolein with an excess of sodium bisul- 
phite yieIds a disul~o~c acid salt to which structure 1 
(R = H) has been assign&’ and sodium J-hyiiroxyprop 
2~~-J-sulpho~~ has been shown to be the primary 
product.” As the rate of tJtc I~-edition of the bisul- 
phi& ion to the CO group is faster than that of the. 
l,~Mic~ei addition, the re~os~c~~ edition of the 
bistdphitc ion to the ailrenic bond must result from the 
slow irreversible reaction of tJte bJsuJphitc ion with an 
equilibrium concentration of the free aldehyde. The tJtrcc 
NMR resonance signaJs at S = 4.64 (dd, ~~(OH~O~-~, 
3.20 0, -CH2S0,-) and 2.33 ppm (m, -AI&-) provide 
unequivocaJ evidence for the structure of adduct I (R = 
Hf. Simii~ly, the NMR data, obtained for the adduct 1 
(R = CH3 from the reaction of croto~dehyde with two 
~uiv~cnts of sodium bisulphitc*’ and for the monosul- 
phonate (2) formed from mesityl oxide” con&m the 
~~os~~city of the a~itio~ of the bisulphite ion to Ore 
a&alkenic bond. 

The sodium salts of the all-J-s~phonic acids were 
converted into the corresponding p~dinium salts, which 
were soluble in organic solvents, but attempts to obtain 
tJte pyrJdinium s&s of the f-hydroxyslkane-I-sulphonic 
acids generally resulted in regeneration of the aldehydes. 
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Similarly, although the methyl esters were readily 
obtained from the alkane-1-sulphonic acids through their 
reaction with diazomethanc, the corresponding reactions 
on the aldehyde: bisulphitc adducts and all attempts to 
prepare the trimethylsilyl esters via the pyridinium 
salts” failed. 

3 4 5 

M=No 01 C&,NH 

\ ,SOfNa* 

9 IO 

In the reaction of citral with sodium bisulphite there 
are three sites at which addition could occur, although it 
would be expected that addition at the isolated double 
bond would require the presence of an oxidant. 0”‘~ one 
1: I cibnl : bisulphitc adduct (3) has been isolated.’ It is 
readily hydrolysed tu the aldehyde and its formation has 
been used to purify c&l.” Of the five isomeric di- 
sulphonste salts (6-10) it has been claimed, on the basis 
of the reactivity of the adduct with phcnylhydrazine, that 
the compound normally isolated from the reaction of 
citral with an excess of sodium bisulphitc has structure 
6.” This report is contrary to the work of HI&M and 
Cannon,‘6 who claimed that, under similar reaction con- 
ditions, a labile disulphonatc salt is formed which, by the 
action of acid, is converted into the stable disulphonatc 
adduct (6). Coticting evidence ha8 also been presented 
for the stability of the adduct 6 in basic dia”*“ and it 

has been claimed that the labile disulpho~te salt ia 
converted under mildly basic conditions into a monosul- 
phonatc, formulated as 4 or 5. In view of the known 
stcrcospccilkity of the reaction of isolated 8lkcncs with 
sodium bisulphite and the relative stabilities of the alk- 
ane-I-sulphonatcs and the l-hydroxy-alkane-l-sul- 
phonatcs in alkali, the reportal structures and trans- 
formations of the citral :biaulphitc adducts appc8r in- 
consistent. 

The NMR spectrum of the simpk citral:bisuiphitc 
adduct identifies it as the I-hydroxy-1-sulphonate salt (3; 
Table 1). Subsequent reaction of 3 with an excess of 
sodium bisulphitc produced the hitherto unreported 
triwdium trisulphonate salt. Of the four iwmeric struc- 
tures possible for the trisulphormtc, (12) would be con- 
sistant with previous rc 
with sodium 

F of the reactivity of citral 
bisulphite. ’ The NMR spectrum of the 

compound (Table I), however, provides unequivocal 
evidence for structure 11. In patticular, the multiplicity 
of the rignals for the ~-MC and the gemin8l dimethyl 
groups, tug&her with the I : 1 integration of the signal8 

characteristic of the )CH.SO,- and the -CIj(OH)SO; 

protons cot&m the attfzhmcnt of the So,- proups to 
the l-. 3- and &positions. Hydrolysis of the trisulphotWe 
salt produced a I : 2 citral: bisulphite adduct, which ia 
assumed to be identical with that isolated by Ticmann” 
from the reaction of citml with an cxccsa of aodium 
bisulphitc. The adduct was chamctcriscd as its bispy- 
ridinium salt, the NMR spectrum (Table I) of which 
showed the presence of the aldehydc group, an isopropyl 

I I 
group, and the CH,CW, and HC*SO, groups, 

I I 
thereby identifying the disulphonate salt BS the 3.G 
isomer (7) and not the 3Pisomcr (6) as prcviouxly 
reported. 

\,SO,-NP + \ ,S03-No+ 

13 

Table I. ‘H NMR chemical rhift data for the biiulpbite adducts of chl ud 
CibDlldW 

ICH Z-CH 3-Me 4/SCHI &CH 7-Me2 

3 4.55 (dd) 5.13 (m) 2.08 (I) 2.3-0.8 5.13 (m) 1.62 (d) 
7 9.8661) t 1.50((s) 2.6+ 13 2.74 (ml I .04 (dd) 
9 3.64(dd) 

: 
1.38 (I) 25+15 2.62(m) 1.02 (dd) 

13 3.93(dd) 0.83 (d) 2.2-0.7 5.06 (m) I.64 (d) 

t2CH1. to&cr with 7CH sign& hidden beneath the 4/5-CH, w. 
#2-CH, signals hidden beneath the 4/5-CH, si&s. 
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Structures 7 and I1 arc both consistent wifb the 
observed reactivity of o,@nsaturated aldchydcs and of 
isolated alkenic bonds. Citro&al reach with sodium 
bisulphite to yield only the 1: I adduct (13). An extended 
reaction with an excess of sodium bisulphitc resulted in 
molecular rearranpment.’ 

In view of the reports tJmt hydrolysis of tbc simple 1: 1 
bisulphitc adducts from o&unsaturated aldehydes and 
from citral is not quantitative” and tbat sodium l- 
hydroxyallr-2cne-I-sulphonates may be converted into 
sodium loxoalkane-I-sulphonatcs, it was considered of 
interest to follow the acid-catalyscd hydrolysis of the 
bisulphitc adducts of the o&unsaturated aldehydcs by 
NMR spectroscopy. Contrary to expectations, disodium 
I-hydroxypropaae-IJ-disulphonate was stable in 25% 
(w/w) deuterosulphuric acid at room temperature but 
H/D exchange occuned rapidly on the C-2 atom (Fii. I). 
Similarly, H/D exchange was observed on the C-2 atom 
of the sodium I-hyQoxyalLane-I-sulpbohates without 
any obscrvabk hydrolysis. Predictably, the rate of 
exchange increased with the concentration of 
dcuterosulphuric acid, indicating general acid-catalysis, 
and, although no resonance signals were observed for the 
aldehydes, it is assumed that the H/D exchange occurred 
on a low equilibrium concentration of the aldehyde. A 
comparison of the rate of H/D exchange of the Me 
protons of acetaldehyde and of iu bieulphite adduct (Fu. 
2) show that, with the exception of measurements in 20 
and 25% deuterosulphuric acid in which the rates of 
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Fii I. H/D excballgc of the ZCH, group of disodium l- 
bydroxypropane-ISdisulpbouate in 2096 D#o,. 

exchange are comparable. the rate of the H/D exchange 
for acetaldchydc is faster that that for the bisulphite 
adduct. The acid-catalyscd hydrolysis of the 
citral: bisulphitc adduct led to the formation of rear- 
rangement products. 
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Fw 2. Relative rates of H/D exchange of the CH, noup of (A) 
acetaldehyde and (B) sodium I-bydroxycthane-I-supine. 

4504 acid sangtb (a) 5% fb) 10% fc) 15% fd) 20% (e) 25%. 

fR spectra were obtained for Nujd q ulk or liquid films 
between NaCl plates using a Pergin-Elmer 257 spectropbo- 
tometer. NMR spectra of the bisulphite adducts in DsO or CDCI, 
wete measured at 60 MHz using a P&in-Elmer RI2 instrument. 
Chemical shifts (g) were measured relative to sodium 22- 
dimethyl-2-silapen-5-sulphonate in 40 and TMS in CDCI,. 
The H/D exchange NMR studks on tbc bisulphite adducts were 
conducted using co. 10% solns in DsSO, (3-2596 w/w). 

Sodivm alkane-I-rwiphonares 
(a) The appropriate alh-l-ene (O.oII mok) was beated for 2.5 hr 

at 110’ in a sealed glass tube with NaHSO, 4 (40% w/w, t8.61) 
sod 2,2d@utylperoxy)-b~ane (0.2g) in MeDH (IO ml). The 
solid. obtained after removal of tbc solvent, was extracted with 
hot BtDH (3 x SO ml). The cooled extracts ykhkd the sodium 
alhane-lsuipbonate f-S%) m.p. > 3OtY. 

@I The approprirte I-bromoakane (0.1 rook) was heated un- 
der r&x with Na$O, (0.2 mole) in water (100 ml) for 2 days. 
The sofid. obtamed after removal of the water under reduced 
pressme, was ttihlnted with bot EtOH (ISOmB. Tbe cooled 
eutaoolk extracts ykhkd the sodium alhane-I-sulphonate (30- 
M%). which were recrystaBised from BtOH (Tabk 2). 
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Tabk 2. Sodium alkane-I-rulphonater CH,(CHr),SG,-Na’ 

Sulpbur analysis NMRl 0) VSQ (cm-‘) 
ll cak. Found -C:H**so,- UYm. SYIII. 

1$ 18.4 17.9 2.86 l200 1050 
1185 

5$ 15.5 15.3 2.85 I290 1045 
1180 

6f 15.115 15.6 2.85 1198 1055 
1170 

7t4 14.8 IS.3 2.87 1200 I050 
1170 

9tSf 13.1 13.1 2.82 120s 1035 
1170 

Wrepared by method (a). 
fRepu#l by method (b). 
iDonated by Procter & Gambk Ltd. 
WaWred in 40. 

Pyrfdi&m alkane-l-rulphonates 

Ambditc min IR-120(H) was converted into the pytidiium 
ion form by passing pyridine tbrou& a column of the resin. 
Excess pyridine was removed by washinp the resin well with 
water until the pH remained at co. 8.0. The sodium alkane-l- 
rulphonate (1.09) in water (5 ml) was 1lowly passed through a 
15 cm x I.5 cm column of the resin and eluted with water (co. 
3Oml). Evaporation of the eluate under reduced pressure gave 
the tlWrmally unstabk pyridi&n alhanc-1-sldphonate Owe 3). 

Tabk 3. Pyridinium alkane-l-sulphon- 
ates CHI(CH&tG,CrH,NH+ 

Sulphur analysis NMRt (d) 
0 Cdc. Found -CHrSG,- 

4 13.9 13.35 2.92 
J 13.1 13.0 2.95 
6 12.4 12.3 
7 11.7 12.1 
9 10.6 11.1 

tMeuured in CDCI,. 

Methyl alkane-l-rdpi 

(a) The appropriate sodium alluac-I-sttlphonate (1.09) in water 
(5ml) was passed through a column of Amberlite resin IR- 
120(H). The clueat (co. 30 ml) was evaporated in a freeze dryin 
,qpuatus to ykld the aulphonic acid. Addition of an etheral sok 
of diazomethane to the acid in MeGH pave the correspondinp 
methyl ester. 

(b) The appropriate sodium alkane-I-1ulph0Nte (1.01) in 
MeGH (2Oml) was passed throupb a cohmn of Amberlite resin 
IR-120(H). which had been washed with MeGH. The etBuent was 
allowed to drop directly into an etheral solo of diazomethane. 
Evaporation of the solvent pave the methyl esters @O-MO%). 
lhe purity of the products were conhrmed by GLC analysis on 
Apkzon at #KT (Table 4). 

AIdehyde : rodbm b&&hire addwrs 
The appropriate aIdehyde (0.1 rook) was shaken with sat 

NaHSG, aq (1Oml) for 5min. The ppt was cdkcted. washed 
with EtOH (lOmU and witb ether (1Oml). m.cry~tahii from 
MeOH, ami dried under hi vacuum over silica to yield the 
sodium l-hydroxyafkane-I-rulphonatea (> 7S%) Wbk 5). 

Tabk 5. Sodium I-bydroxyalhane-I-rulphonates 
CHr(CHr),CH(OH)SG,-Na’ 

Yz4? azzl! 
NMRt (9) vSGr (cm-‘) 

n +UOH)so,- asym. rym. 

0 19.3* 20.0 4.55 1220 I040 
1180 

1 19.8 19.6 4.39 1240 1030 
1160 

2 18.2 18.2 4.40 1230 1040 
II80 

5 14.7 14.7 4.35 I230 1049 
1175 

6 13.8 13.75 4.30 1230 1040 
1160 

tMeuuruJ in 40. 
Wonohydrate. 

React&n of amkin with sodium bisulphitr 

Aadein (13.8~) was added over a period of 20 ntin to 
NaHSG, aq (75.5 p in 100 ml H,O) with constant stirring. The 
tcmpofthemixturcwP(rmin~~calb~tbcpHofthe 
medium was kept between 3.6 and 4.0 by the gtadual irttkw of 
So,. After the compkte addition of the acrokii, the mixture was 
kept at Q for 12 hr and then diluted with EtGH (100 ml). The ppt 
was colkcted, washed witb e&r (10 ml), ad rcaystallid from 
aqueous EtGH to give dii I-hydroxypropanA&dktddiwl- 
phonate (29.9~ 36%) as its tetnbydrate. (Found: S. 19.3. Cllc. 
for C,H&S&4H,O: S, 19.1%). NMR (D@) 6 4.64 (dd. IH). 
3.20 (t. 2H) and 2.33 ppm (m, W). IR 3550 (uOH). 1210 and 1180 
(asym rSG3 and 1030 cm-’ (sym vSGr). 

Ramion of cmtorddehydt with dim btdpbite 

Crotonahkhyde (IO r) and NaHSO, aq (rosS wlw. 80 ml) were 
stirred at 20’ for 8hr whilst the pH of the cola wu maintained 
between 3.6 and 4.0 by the gradual inBow of SC+. Ihe sok was 
hept at (r and l2hr and tlm voktik compounds removed under 
bigb vacuum to give a gum, which was dissolved in water (25 ml) 
and paased through a coknm of Ambdit~ min IR-120 in itr 
pyridinium ion form. The cfkmnt was evaporamd to ykld b&y- 
dinivm I-hydmybuane-1.3-disdpho~~ u a tbcrmrlly WI- 
stabk oil (2.4~4%). (Four& S. 11.7. C,,HrcNIG& t~ires: S. 
11.2%). NMR (CD&) 8 9.0-6.0 (m, 1OH). 4.49 (dd. IH). 3.10 (m. 

IH), 2.24 (m, 2H) and 1.37ppm (d. 3H). lR 3450 br (vGH). 1200 
vbr (asym vSGr) and 1030 cm-’ br (sym rSG&. 

Rtuction of muityi oxide with sodium bidphite 

Mcaityl oxide (5.0 I) md NaIlSO, rq (40% w/w, 30 ml) we= 

stirred at W for 10 hr. whilst the sola was maintained at pH 3 by 
the madual inilow of So,. Evaporation 
imp& solid product, wh& was passed 

of the sohi Bave an 
througbacohmnof 

Tabk 4. Methyl akane-I-sulphonatat CH,(CH&SO,CH, 

Sulphur analysis NMRS (6) vSGr (cm-‘) 
n Cdc. Found B.p. -CH,SO,- asym. sym. 

4 19.3 19.3 SO’at03mmHp 3.11 I355 1165 
5 17.8 17.6 75’ at 05 mm Hg 3.10 1350 1165 
! 16.6 15.4 16.4 15.7 103’ 95’ at at 0.3 0.3 mm mm Hg Hg 3.10 3.13 1350 I360 II70 1160 

9 13.6 13.5 12VatO.3mtnHg 3.14 1355 1165 

tPrcpared by method (b). 
tMcaaud in CDCI,. 
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An&&e resin IR-120 in its pyridinium ion form lo ykid pyti- 
d&m 2-me&y/4oxopm~ane-2-rwlpblcatc as a pale yellow oil 
(2.08, #%I w&h decomposed upon being heated. (Fond: S. 
11.9. CI,H,,NO,S requiresz S. 12.4%). NMR (CDCl& b 9.15-8.W 
(m, lOH), 2.90 (s, 2H). 2.17 (s. 3H) and 1.49 ppm (s.6H). IR 170D 
(VCO), 1220 and 1160 (aaym v!30& end KUOcm- (rym &Ox). 

Reaction of citml with sodim birufpMt 
(~1 Citral (I a) was added to NaHSO* ~q (0.83 f in 1s ml I&O) 

and &CM (O.&B and the soln stirred at 2@ for 2ll min. The ppt 
was collected, washed with ether (2 X 5 ml), and recrystnllii 
from aqueous EtOH to give the thermally unstabk sodium l- 
bydrox~3.7dlncthyloctr-2~~-l-~honoe (1.1 g. 72%). 
(Found: S, 12.4. Cak. for C,&,NaOrS: S. 12.5%). NMR 
(DMSOd,) 8 513 (m, ZH), 4.55 (dd. lH), 2.3-0.8 (m, 4H), 2.08 (s. 
3H) and 1.62 ppm (d. 6H). IR 35&l and 3460 (uOH), 1210 and 1180 
(asym vw and 1023 cm-’ (sym uSD&. 

(b) The normal ~:~w~p~ adduct (7.01) was stirred at 
20’ for 6 hr with NaHSO, aq (19% wfw, 75 ml) whilst the pH of 
the aoln was maintained below 3.0 by the gradual inilow of SO,. 
Removal of the solvent and recrystailisarion of the residue from - ---_ 
aqueous EtoH gave r&o&m l-hyd~y-3,7-~h~~~- 
l~,~f~s~~e @lg. 61463, m.p. 3300‘ @kc.). (Feud: S. 
20.2. C&#a,O,& requires: S. 20.7%). NMR (40) 6 3.64 (dd. 
IH), 2.62 (m, lH), 2.5-1.5 (m, 7H), 1.38 (s, 3H) and 1.02 pm (dd, 
6H). IR 3%0 aud 3460 &OH), 1205 and 1185 (prym v &and 
1025 cm-’ (sym vso3. 

(cl Conversion of the trisulphonate salt (2.Og) into the pyri- 
dinium salt using Amber&e r&n IK-I20 in the pyridinium ion 
form produced b~py~~~~ l-oxo-3,7-dtnUhy~~~-3,~- 
su1p~~~e (1.5 g, 79%) as a thermally unstabk oil. (Found: S, 
13.6. C&&O,!& requires: S, 13.5%). NMR (40) d 9.86 (t. 
lH), 9.0-8.0 (m, lOH), 2.74 (m, IH), 2.6-1.3 (m, 7H). 1.38 (s, 3H) 
and 1.04 ppm (dd, 6H). 

Reactiot~ of ~~rn~~ with sodium b~~hitt 
Citron&al (5.1 g) and Na$B& (1.0~) was added to NaIKQ aq 

(40% w/w, 1O.S ml) and the soln was stirred at Up for 1 hr. A 
further volume of NaH!IO, aq (4O%w/w, 3Ond) was added and 

the soln stirred for a further 2 hr. The aqueous solo was exlrac- 
ted with ether (2 x 20 ml) and evaporated to yield a did, which 
wm wxymlJised from EfOH to give sodium l-hydroxy-3,7- 
~~Y~~t~~l*S~D~~C (4.Oe. 47%). m.p. >MQ @kc.). 
(Found: S, 12.4. Cak. for CtoH&a&S: S, 12.496). NMR (D&8 II 
J.06 Im. 181.3.93 Idd. 1H). 22-0.7 (m. 7Hf. 1.60 Id. 6Hl. and 0.83 
ppm’(d, 3tij. IR 3540 a& 3466 &&I)*~ I210 and liso &sym 
vSOJ and 1045 cm-’ (sym vSO& 

~~wf~~-We thanh Rechitt 6 Colman (Food 
Division), Norwich for finnnciai support to TJJ. 
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