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The addition of lithiothiazoline to carbonyl compounds provides an adduct which may be transformed into p- 
hydroxy aldehydes. The latter are rather labile compounds and may be stabilized by temporarily masking the 0- 
hydroxy group to avoid retro-aldol condensation. The use of chloromethyl methyl ether to trap the thiazoline- 
carbonyl adduct 12 proved to be synthetically useful with respect to the preparation of p-oxy aldehydes. This 
masking group was stable to all the conditions necessary to construct p-hydroxy aldehydes. Wittig olefin conden- 
sations were employed to convert the 0-hydroxy aldehydes to homoallylic alcohols, after release of the hydroxy 
protecting group. 

In the previous article1 we described the preparation of 
mono-, di-, and trialkylated acetaldehydes by sequential 
metalation-alkylation of 2-methyl-2-thiazoline (1). We 
wish to further exemplify the utility of 1 with respect to 
forming /?-hydroxy aldehydes, 4, the elusive primary ad- 
ducts of aldol condensations,2 and derivatives containing a 
temporarily masked hydroxy function 13. The latter are 
useful precursors to homoallylic alcohols 16 by the usual 
Wittig condensations. 

Metalation of 1 with n-butyllithium (THF, -78') fol- 
lowed by addition of an aldehyde or ketone gave, after hy- 
drolytic work-up, the hydroxy thiazoline in 80-95% yield. 
Attempts to purify 2, when they were oils, by distillation 
resulted in thermal reversal to the original carbonyl compo- 
nent and 1. Alternatively, attempts to pass the hydroxy 
thiazolines through silica gel columns resulted in consider- 
able reversal to  starting materials. However, this was not a 
major deterrent, since the crude hydroxy thiazolines were 
of sufficient purity (88-94% via NMR and TLC) to proceed 
further. Reduction to the thiazolidine derivative 3 was ac- 
complished in 80-90% yield using aluminum amalgam in 
moist ether as previously described.l In some instances, the 
pure thiazolidine was isolated and completely character- 
ized (Experimental Section), whereas in most cases the 
crude material (85-95% purity via NMR and TLC) was 
treated directly with mercuric chloride in aqueous acetoni- 
trile. The /?-hydroxy aldehydes 4 released in this mild fash- 
ion were obtained in good yield and the crude material was 
of 90-95% purity. Herein lies the major feature of this tech- 
nique. The neutral conditions employed for the cleavage of 
3 allow for the isolation of the usually labile P-hydroxy al- 

dehydes. However, the extreme lability of these substances 
was consistently observed when more complex structures 
were involved. For example, 3-phenyl-3-hydroxypropional- 

'R' 

"H\ok; P R '  
HO 

3 4a, R = H: R' = Ph 
b, R E R = -(CHJ5- 

c, R =Me; R' = 

,OH ,Ph 

Y \ C H o  OH - ph*J 2Ph 

4a OH 
\ 

5 

Ph 
, , C Y p h  -+ OHC- 

OH 
6 

7 



2026 J. Org. Chem., Vol. 40, No. 14, 1975 Meyers, Durandetta, and Munavu 

dehyde (4a) was isolated as its condensed dimer 5,  which 
when treated with 2,4-dinitrophenylhydrazine gave the 
2,4-DNP of cinnamaldehyde. Reaction of the lithio salt of 1 
with cinnamaldehyde gave good yields of the expected ad- 
duct 2 (R = H; R' = CHC=CHPh) as well as the corre- 
sponding thiazolidine 3. However, upon mercuric chloride 
cleavage of the latter, a mixture (-2.51) of the hydroxy al- 
dehyde 6 and the diene aldehyde 7 was obtained. Thus, 
even this mild cleavage step caused dehydration. The use 
of buffers during the mercuric chloride step failed to 
change this result. The ease of dehydration to the dienal 
was demonstrated further when the mixture of 6 and 7 was 
passed through an alumina column providing pure 7. When 
p-ionone was alkylated with the lithio salt of 1, good yields 
of the adduct 2 were also obtained. The reduction to 3 and 
the cleavage to the @-hydroxy aldehyde 4c also proceeded 
without event. However, the latter (90-95% purity) upon 
attempts a t  dehydration to the unsaturated aldehyde in a 
manner similar to that used for 7, gave only retro-aldol 
products (p-ionone recovered quantitatively). The generali- 
ty of the thiazoline alkylation and reduction was further 
demonstrated by use of l-methyl-4-piperidone, which fur- 
nished 8 and 9, respectively. Cleavage with mercuric chlo- 

NMe "0 

8 

9 
ride, however, gave only 1-methyl-4-piperidone and none of 
the hydroxy aldehyde 10 was isolated. These results sug- 
gested that a hydroxyl protecting group would be necessary 
to  avoid the retro-aldol process. 

We, therefore, investigated the feasibility of introducing 
a hydroxyl protecting group during the sequence which 
would withstand all the conditions encountered along the 
route to the aldehyde. The most obvious point in which to  
introduce a masking group appears in the acylation of 11 to  
the lithio adduct 12. Without isolation, 12 could be treated 
with an appropriate electrophile, furnishing 13. When ace- 
tyl chloride was introduced to the solution of 12, a poor 
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(10-20%) yield of 13b was obtained, the major product 
being elimination. Use of trimethylsilyl chloride gave 13a 
in 70-75% yield, but subsequent treatment with mercuric 
chloride to free the protected aldehyde resulted in loss of 
the trimethylsilyl group. The mercuric ion was found to be 
responsible for the aqueous instability of the O-trimeth- 
ylsilyl group and therefore this route was abandoned. On 
the other hand, introduction of a slight excess of chloro- 
methyl methyl ether to the solution of 12 gave the methox- 
ymethyl ethers 13c in 63-72% distilled yield. The crude 
thiazoline product 13c was always contaminated with 
5-10% of the hydroxy thiazoline 13 (X = H) and attempts 
to use a larger excess of chloromethyl methyl ether resulted 
in poor yields of 13c. I t  was shown that excess chlorometh- 
yl methyl ether slowly forms a highly colored, unstable 
quaternary salt with the thiazoline in T H F  solution. Re- 
duction of 13c using aluminum amalgam in moist ether 
proceeded in 80-88% yield to furnish the corresponding 
thiazolidines, which were then cleaved, using mercuric 
chloride, to the @-methoxymethyleneoxy aldehydes 14. The 
protecting group survived the two previous steps without 
incident and the pure aldehydes were isolated in 42-53% 
yield. 

Several additional experiments were performed using ke- 
tones in place of aldehydes. The in situ methoxymethyla- 
tion proceeded in 40-50% yield (as estimated by NMR 
spectra), which presumably was a result of increased steric 
interaction. Further experimentation will be needed before 
tertiary alkoxides can be adequately protected. 

In order to demonstrate that  these P-alkoxy aldehydes 
were suitable for further synthetic transformations, we 
elected to carry out typical Wittig couplings with benzyltri- 
phenylphosphoranes. The couplings proceeded smoothly 
(71-84% yields) giving rise to the olefinic acetals 15 as 
mixtures of cis and trans isomers with the latter predomi- 
nating by 2-4:l (GLC). Geometrically pure materials could 
be collected from the GLC instrument although this was 
only done in one case. 

Hydrolysis to the homoallylic alcohols 16 was accom- 
plished in 95-98% yield by treatment with dilute hydro- 
chloric acid in aqueous tetrahydrofuran. The reaction pro- 
ceeded with no discernible dehydration to the correspond- 
ing dienes nor with any change in the cis:trans ratio present 
in the olefinic acetals. 

In summary, this and the previous article demonstrate 
rather convincingly that a route to alkylated acetaldehydes 
and their @-hydroxy derivatives is indeed feasible and that 
homoallylic alcohols can be prepared with a wide variety of 
structural features whose architecture is compatible with 
the schemes described. This method should take its place 
among other routes to homoallylic alcohols which involve 
(a) addition of allylic metallics to carbonyl compounds, (b) 
reaction of formaldehyde with olefins: (c) allylic ether 
rearrangements: and (d) ring cleavage of THF deriva- 
tives.596 

Experimental Section' 
Condensation of Carbonyl Compounds with 2-Methyl-2- 

thiazoline (1). General Procedure. The lithio salt of 2-methyl- 
2-thiazoline was prepared as described previously.' A solution of 
1.05 equiv of the carbonyl compound in 20 ml of dry THF was 
added at -78' over 5-10 min, resulting in the disappearance of the 
suspension of the lithiothiazoline. The mixture was allowed (2-3 
hr) to warm to room temperature and then poured into 150 ml of 
ice-water, acidified to pH 2-3 with 6 N hydrochloric acid, and ex- 
tracted with pentane-ether (1:l). The latter extracts containing 
only unreacted carbonyl compounds were discarded and the aque- 
ous layer was rendered alkaline by slow addition of 20?? sodium 
hydroxide, The resulting oil was removed by extraction with ether 
(three times) and the combined ether extracts were dried (KzC03) 
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and concentrated to give 85-97% of crude hydroxy thiazoline 2. 
Purification procedures varied for each compound; however, the 
purity (85-95%) of the crude material was sufficient to proceed 
further. Distillation of 2 could not be performed for purification 
since reversal to starting materials occurred for all compounds 
above 120-140'. The following were prepared according to this 
method. 
2-(2-Hydro:~y-2-phenethyl)-2-thiazoline (2, R = H R' = Ph) 

was obtained from 3.39 g (33 mmol) of 1, 21.0 ml (34 mmol) of n -  
butyllithium in hexane, and 4.20 g (38 mmol) of benzaldehyde. 
The yield of product was 5.91 g (87%) of a viscous yellow oil: ir 
(neat) 3300, 1625 em-'; NMR (CDC13) 6 7.3 (s, 5), 2.6-2.8 (d, 2), 
3.0-3.3 (t, 2), 4.0-4.3 (t, 2), 3.7 (br s, 1, exchangeable with DzO), 
4.8-5.2 (t, 1). The product was 93 f 2% pure as determined by the 
NMR spectrum. Attempts to assess purity by GLC led to varying 
amounts of starting materials which depended on the temperature 
of both the injection port and column. 

2 4  l-Hydroxycyclohexylmethyl)-2-thiazoline [2, R, R' = 
-(CH2)5-] was prepared on the same scale as the previous product, 
giving 94% crude material (95% purity) which was recrystallized 
from hexane: mp 92-94'; ir (KBr) 3600-3000, 1615, 1170, 1018 
cm-l; NMR (CDC13) 6 1.2-2.0 (m, lo), 2.6 (t, 2), 3.3 (t, 2), 4.4 (m, 3, 
one proton exchanges with D20 leaving this signal as a triplet). 

Anal. Calcd for CloHITNOS: C, 60.26; H, 8.60; N, 7.03; S, 16.08. 
Found: C, 60.50; H, 8.43; N, 6.96; S, 16.30. 
2-[(2-Hydruxy-4-phenyl)-trans-3-butenyl]-2-thiazoline (2, 

R = H; R' = CH=CHPh) was obtained from 10 g of 1 and 10.35 g 
of cinnamaldehyde in 95% crude yield (18.8 g). Recrystallization 
from benzene-hexane (1:l) gave pure material: mp 81-83'; ir 
(KBr) 3600-3000, 1625, 740, 700 cm-l; NMR (CDC13) 6 2.7 (broad 
d, 2, long-range coupling through the C=N to C-4), 3.2 (t, m, 21, 
4.2 (t, 2), 4.4-4.9 (m, 2, one proton exchanges with DzO), 6.2 (d of 
d, J = 5, 16 Hz,, l ) ,  6.7 (d, l ) ,  7.3 (m, 5); mle 233 (M+). 

Anal. Calcd for C13H15NSO: C, 66.92; H, 6.48; N, 6.00; S, 13.74. 
Found: C, 66.84; H, 6.44; N, 5.84; S, 13.98. 
B-Ionone Adduct 2 (R = Me; R' = 8-iononyl) was prepared 

from 3.7 g of 1 and 7.13 g of P-ionone to give 10.9 g (97%) of crude 
product (-95% purity) as an oil: TLC (ether) gave one major spot 
(Rf  0.48) and several minor spots; ir (film) 3600-3610, 1623 cm-l; 
NMR (CDC13) 6 0.95 (s, 6), 1.37 (9, 3), 1.63 (s, 3), 1.4-2.3 (m, 6), 2.7 
(t, 2), 3.2 (t, 2), 4.2 (t, 2), 5.1 (m, 1, exchangeable with DzO), 5.5 (d, 
J = 16 Hz, l ) ,  6.2 (d, J = 16 Hz, 1). 
2-(4-Hydroxy-l-methylpiperdinylmethyl)-2-thiazoline (8) 

was prepared from 1.87 g (18 mmol) of 1 and 1.92 g (17 mmol) of 
l-methyl-4-piperidone, giving 3.25 g (90%) of 8: mp 88-89.5' (hex- 
ane); ir (KBr) 3600-3100, 1615 em-'; NMR (CDC13) 6 1.5 (m, 4), 
2.3 (9, l ) ,  2.3-2.8 (m, 7), 3.2 (t, 2), 4.3 (m, 3, one proton exchange- 
able with DzO leaving a triplet of two protons). 

Anal. Calcd for CloHlBNzOS: C, 56.01; H, 8.46; N, 13.08. Found 
C, 56.14; H, 8.61; N, 12.84. 
Reduction to 2-(2-Hydroxy-2-alkylethyl)-2-thiazolidines 

(3). General Procedure. The aluminum amalgam was prepared 
as previously describedl from either aluminum foil or granylar alu- 
minum (8-20 mesh) and the reductions were carried out in ether 
which had been previously saturated with water (or deuterium 
oxide). The thiazolines 2 or 8 dissolved (0.05-0.1 M )  in moist ether 
were treated with the freshly prepared amalgam (10-12 g-atoms 
excess) and the mixture was heated to reflux gently for 2 hr. The 
solids were removed by filtration and washed with small portions 
of ether. The combined ethereal solutions were dried (KzCO3) and 
concentrated to leave the crude thiazolidines. Purification was 
only performed on crystalline products although the spectral data 
indicated that all reduced materials were at  least 90% pure and 
could be carried on to produce the aldehydes. 
2-(2-Hydroxy-2-phenethyl)-l,3-thiazolidine (3, R = H R' = 

Ph) was obtained in 86% yield: mp 81-82.5; ir (KBr) 3250, the 
peaks a t  1630 (C=N) and 2350 cm-l (SH) were absent, indicating 
complete reduction and no ring cleavage to mercapto amines; 
NMR (CDC13) 6 4.4-5.1 (m, 2), 2.7-3.6 (m, 6, two protons were ex- 
changeable with DzO), 1.8-2.3 (m, 2). 

Anal. Calcd for C11H15NOS: C, 63.14; H, 7.23; N, 6.69. Found: C, 
63.09; H, 7.15; N, 6.50. 
2 4  1-Hydroxycyclohexylmethyl)-l,3-thiazolidine [3, R, R' = 

-(CH2)5-] was prepared in 97% yield mp 81-82' (from silica gel 
chromatography); ir (KBr) 3200, 1445, 1200, 973, 945, 920, 905 
cm-'; NMR (CDC13) 6 1.1-2.1 (m, lo),  2.4-3.6 (m, 2, exchanges 
with DzO), 3.0 (m, 2), 3.3 (m, 2), 4.8 (d of d, 1); MS m/e 201 (M+), 
183,158,155,154,103,99,88 (base). 
24 (2-Hydroxy-4-phenyl)- trans-3-butenyl]-l,3-thiazolidine 

(3, R = H, R' = CH=CHPh) was prepared in 94% crude yield: mp 

79-81' [benzene-hexane (l:l)]; ir (KBr) 3240, 3140, 1595, 1490 
cm-l; NMR (CDC13) 6 1.7-2.2 (m, 2), 2.6-3.5 (m, 6, two protons ex- 
change with DzO), 4.6 (m, 2), 6.1 (d of d, J = 4, 16 Hz, l ) ,  6.6 (d of 
d, J = 2,16 Hz, l), 7.2 (m, 5); mle 235 (Mf). 
8-Ionyl-1,3-thiazolidine (3, R = Me; R' = 8-iononyl) gave 

82.4% of crude product (>go% purity) which was recrystallized 
from hexane: mp 90-91'; ir (KBr) 3600-3100, 1460-1430, 1370, 
1360, 1215, 1145 cm-l; NMR (CDCl3) 6 1.0 (9, 6), 1.25 (5, 3), 1.7 (s, 
3), 1.3-2.2 (m, 8), 2.5-3.5 (m, 4, two protons exchange with DzO), 
4.8 (t, 2), 5.5 (d, J = 16 Hz, l), 6.3 (d, J = 16 Hz, 1); MS mle 295 
(M+), 281,262,237,193,192,177 (base), 143,88. 
2-(4-Hydroxy-l-methylpiperdinylmethyl)-1,3-thiazolidine 

(9) was obtained in 83% yield as a viscous oil: ir (film) 3600-3000 
cm-l; NMR (CDCl3) 6 1.4-2.0 (m), 2.25 (s, 3), 2.2-3.5 (m), 4.9 (t, 
1); m/e 216 (M+). Cleavage to the corresponding aldehyde 4 [R, R' 
= -(CHz)4NMe] proceeded only to return 1-methyl-4-pyridone 
and no aldehydic product could be isolated. 
Cleavage to 8-Hydroxy Aldehydes 4. General Procedure. 

The thiazolidine (1.5 g) was dissolved in 3 ml of acetonitrile and 
slowly added to a solution of mercuric chloride (2.5 g) in 30 ml of 
80% acetonitrile-water which resulted in a suspension. The mix- 
ture was stirred for 1.5 hr and then diluted with 25 ml of water and 
filtered. The filtrate was extracted several times with ether-pen- 
tane (1:l) and the organic layer was dried (KzC03 or MgS04) prior 
to concentration. The crude aldehydes were generally 90+% pure. 
The following were prepared in this manner. 

3-Phenyl-3-hydroxypropionaldehyde dimer ( 5 )  was obtained 
in 75% yield as a viscous oil: ir (neat) 3400 cm-l, no C=O absorp- 
tion; NMR (CDC13) 6 7.0-7.4 (m, lo),  4.1-4.8 (m, 4), 1.0-2.7 (m, 6). 
Treatment of the dimer with 2,4-dinitrophenylhydrazine solution 
gave the 2,4-DNP derivative of cinnamaldehyde, mp 251-252' 
(lit.8 mp 252'). 
2-(l-Hydroxycyclohexyl)acetaldehyde [4b, R, R' = 

-(CH2)5-] was prepared in 94% yield: mp 92-94' (hexane); ir 
(KBr) 3440, 2740, 1720 cm-'; NMR (CDC13) 6 1.6 (br s, lo), 2.6 (d, 
J = 1.5 Hz, 2), 3.5 (br s, 1, exchangeable with DzO), 10.0 (t, J = 1.5 
Hz, 1). On standing at  room temperature for several hours, the 
product slowly dehydrates to the a$- and P,y-unsaturated alde- 
hyde as seen by vinyl absorptions appearing in the 5-6-ppm re- 
gion. The hydroxy aldehyde is stable for long periods of time when 
stored in the freezer (-20°). A 2,4-DNP derivative gave mp 194- 
195' and when admixed with an authentic sample of the 2,4-DNP 
of cyclohexylidineacetaldehydeg produced no melting point de- 
pression. 
Aldol of 8-ionone and acetalhhyde 4c (R = Me; R' = 840- 

nonyl) was obtained in 64% yield (>go96 purity) from the mercuric 
chloride cleavage as a viscous oil: ir (film) 3430, 2730, 1721, 1655 
cm-l; NMR (CDC13) 6 1.0 (8 ,  6), 1.4 (s, 3), 1.63 (s, 3), 1.0-2.4 (m, 6), 
2.65 (d, J = 2 Hz, 2), 3.4 (br s, 1, exchangeable with DzO), 5.5 (d, J 
= 16 Hz, l), 6.2 (br d, l ) ,  10.0 (t, J = 2 Hz, 1). Attempts to dehyd- 
rate 4c to the unsaturated aldehyde by passing through neutral 
alumina (activity 1) gave only p-ionone by a retro-aldol reaction. 
5-Phenyl-2,4-pentadienal (7). Mercuric chloride cleavage of 

the corresponding thiazolidine 3 gave, after work-up, a mixture of 
the &hydroxy aldehyde 6 and the dienal7. Passage through acid- 
washed alumina (hexane-ether) furnished 7, mp 37-39' (lit.9 mp 
37-39'). 
2-(2-Cyclopentyl-2-methoxymethyloxyethyl)-2-thiazoline 

(13c, R = Cyclopentyl). A solution of 2-methyl-2-thiazoline (1, 
9.76 g, 96.6 mmol) in 95 ml of dry THF was cooled to -78'. n- 
Butyllithium (44.5 ml, 97.8 mmol) in hexane was added dropwise 
over 35-40 min. The resulting suspension was stirred for 30 min 
after n-butyllithium addition and 11.1 ml (106 mmol) of cyclopen- 
tanecarboxaldehyde was added over 30 min a t  -78'. The clear so- 
lution was stirred for 30 min and then allowed to warm to ambient 
temperature (2-3 hr). Chloromethyl methyl ether (7.5 ml, 2-3% ex- 
cess) was added and the solution was stirred overnight, after which 
i t  was poured into 100 ml of ice-water. The pH of the aqueous 
mixture was adjusted to 2-3 with 6 N hydrochloric acid while kept 
a t  0-5' and extracted with 100 ml of hexane. The organic layer was 
discarded and the aqueous layer was neutralized to pH 10 using 
20% sodium hydroxide, saturated with sodium chloride, and ex- 
tracted with 4 X 100 ml of ether. The dried extracts (KzC03) were 
concentrated, giving 21.9 g of an oil which was distilled (bulb-to- 
bulb) furnishing 16.6 g (72%) of 13c: ir (film) 1625, 1450, 1210, 
1145 cm-l; NMR (CDCl3) 6 4.75 (AB quartet, -OCH20), 4.2 (t, 2), 
3.8 (q, -CHO), 3.4 (s, 3), 3.2 (t, 2), 2.8 (d, 2), 1.1-2.2 (m, 9); m/e 243 
(M+). 
2-(2-Methoxyrnethyloxyoctyl)-%-thiazoline (13c, R = n- 

Hexyl). Under the same reaction conditions, 9.48 g of 1,43.5 ml of 
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n-butyllithium, 13.8 ml (1.1 equiv) of n-heptaldehyde, 7.25 ml 
(1.03 equiv) of chloromethyl methyl ether, and 95 ml of THF were 
used. Bulb-to-bulb distillation gave 15.3 g (64%) of product: ir 
(film) 1625, 1150, 1095, 1035 cm-l; NMR (CDC13) 6 0.8-1.8 (m, 
13), 2.8 (d, 2), 3.3 (t, 2), 3.4 (9, 3), 4.0 (9, l), 4.3 (t, 2), 4.75 (s,2). 

Anal. Calcd for C13HzbNOzS: C, 60.19; H,  9.71. Found: C, 60.26; 
H, 9.87. 
2-(2-hlethoxymethyloxypentyl)-Z-thiazoline (13c, R = n- 

Propyl). Under the same reaction conditions, 5.2 g of 1, 24.0 ml of 
n- butyllithium, 4.95 ml of butyraldehyde, 3.95 ml of chloromethyl 
methyl ether, and 65 ml of THF were used. Purification of the 
crude reaction product on 15 g of silica gel (hexane-benzene) gave 
7.05 g (72%) of pure product: ir (film) 1622, 1150, 1095, 1035, 910, 
673 cm-'; NMR (CDC13) 6 0.9 (m, 3), 1.2-1.8 (m, 4), 2.75 (d of d, J 
= 7, 2 Hz, 2), 3.3 (t of d, J = 7, 2 Hz, 2), 3.4 (s, 3), 4.0 (p, l), 4.2 (t, 
2), 4.7 (5, 2). 
2-(2-Methoxymethy!oxyphenethyl)-2-thiazoline (13c, R = 

Ph). Under the same reaction conditions, 1.81 g of 1, 8.4 ml of n- 
butyllithium, 2.0 ml of benzaldehyde, 1.36 ml of chloromethyl 
methyl ether, and 35 ml of THF were used. Bulb-to-bulb distilla- 
tion furnished 3.42 g (75%) of product: ir (film) 1620, 1145, 1095, 
1060, 1020 cm-l; NMR (CDCl3) 6 2.9 (d, 2), 3.2 (t, 2), 3.3 (s, 3), 4.2 
(t, 2), 4.5 (s, 2), 5.0 (d of d,  l), 7.3 (m, 5). 

Reduction of 13c to  Thiazolidines. General. The previously 
described preparation of aluminum amalgam was employed. A ten- 
fold excess of aluminum foil was used. Approximately 100 ml of 
moist ether was used for each 2.0-2.5 g of thiazoline 13c. This solu- 
tion was added to the amalgam immediately after its preparation 
and the mixture was stirred vigorously. Spontaneous reflux usually 
occurred; however, if it did not, heat was applied to the flask to 
bring about gentle reflux. Progress of the reduction was followed 
by TLC and the complete absence of starting material was noted 
after 2-4 hr. Isolation of the thiazolidines was identical with that 
described for 3. No attempts were made to purify the products, al- 
though cursory examination by NMR and ir spectroscopy indicat- 
ed that the products were 85-95% pure, with crude yields of 87- 
94%. 
3-(Methoxymethyloxy)alkylacetaldehydes (14). General  

Procedure. The crude thiazolidines from above were dissolved in 
30-40 ml of acetonitrile-water (4:l). Solid sodium bicarbonate 
(100-200 mg to neutralize any hydrochloric acid that might form) 
was added followed by 2.5-3.0 g of mercuric chloride. The immedi- 
ately formed precipitate, which often became pasty and required 
mechanical separation, was stirred or manually agitated for 1-2 hr. 
Saturated brine was added (30-40 ml) and the solids were removed 
by suction filtration. Extraction and washing of the aqueous solu- 
tion and the solids, respectively, with n-hexane gave a combined 
n-hexane extract which was washed once with cold 2 N hydrochlo- 
ric acid followed by 5% aqueous bicarbonate. Drying (KzC03) and 
concentration gave the protected aldehydes 14 listed below. 
3-(Methoxymethyloxy)hexaldehyde (14a) was obtained in 

55% distilled yield: bp 78-80' (20 Torr); ir (film) 2710, 1720 cm-'; 
NMR (CDCl3) 6 0.9-1.8 (m, 7), 2.6 (d of d,  2), 3.4 (s, 3), 4.1 (p, 11, 
4.7 (s, 2), 9.8 (t, 1); mle 160 (M+). 

Anal. Calcd for CsH1603: C, 59.98; H, 10.07. Found: C, 59.76; H, 
10.07. 
3-(Methoxymethyloxy)nonaldehyde (14b) was obtained in 

61% distilled yield: bp 73-74' (0.30 Torr); ir (film) 2710, 1723, 
1640, 1370, 1205, 1150, 1100, 1031, 915 cm-l; NMR (CDC13) 6 0.9 
(t, 3). 1.0-1.8 (m, lo), 2.6 (d of d, J = 7, 2 Hz, 2), 3.4 (s, 3), 4.1 (p, 
l ) ,  4.7 (9, 2),9.8 (t, J = 2 Hz, 1). 

Anal. Calcd for CllH2203: C, 65.31; H, 10.96. Found C, 65.15; H, 
10.80. 

3-Cyclopentyl-3- (methoxymethyloxy)propionaldehyde 
(14c) was obtained in 59% distilled yield bp 74-75 (0.35 Torr); ir 
(film) 2710, 1723, 1450, 1210, 1155, 1095, 1031, 915, 753 cm-l; 
NMR (CDC13) 6 1.0-2.4 (m, 9), 2.6 (d of d, J = 7, 2 Hz, 2), 3.4 (s, 3), 
4.0 (p, l ) ,  4.7 (s, 2), 9.8 (t, J = 2 Hz, 1). 

Anal. Calcd for C10H1803: C, 64.49; H, 9.74. Found: C, 64.22; H, 
9.83. 
l-Alkyl-l-(methoxymethyloxy)-4-phenyl-3-butene (15, R = 

n-Propyl, n-Hexyl, Cyclopentyl). A suspension of benzyltri- 
phenylphosphonium chloride (1.5 g) in 10 ml of dry THF was 
treated with an equivalent quantity of n-butyllithium at  0'. The 
reddish-brown solution was stirred for 45 min and 1.0 equiv of the 
aldehyde 14a or 14c in 1-2 ml of THF was added. The color of the 
phosphorane disappeared and the solution was stirred for 8 hr a t  
room temperature. The reaction mixture was poured into 10-12 ml 
of water and acidified (pH 4) and the mixture was extracted with 4 
X 25 ml of ether. The dried (KzC03) extracts were concentrated 

and the residue was passed through 10-15 g of Florosil using hex- 
ane-benzene (1:l). The olefins were examined by GLC. The yields 
of 15 (R = n-propyl), 15 (R = cyclopentyl), and 15 (R = n-hexyl) 
were 78,71, and 84%, respectively. 

(15, 
R = n-propyl) was composed of 82% trans and 18% cis isomers. 
Collected from GLC (FFAP) was pure trans isomer: NMR (CDC13) 
6 0.9 (m, 3), 1.5 (m, 4), 2.4 (t, J = 7 Hz, 2),  3.4 (s, 3), 3.6 (m, l), 4.7 
(s, 2), 6.1 (d of d,  J = 6, 16 Hz, l), 6.5 (d, J = 16 HZ, l), 7.3 (m, 5). 

Anal. Calcd for CljHzz02: C, 76.88; H, 9.46. Found: C, 76.69; H,  
9.22. 

l-n-Hexyl-l-(methoxymethyloxy)-4-phenyl-3-butene (15, R 
= n-hexyl) was composed of 76% trans and 24% cis isomers. No 
separations were attempted. The NMR spectrum was quite similar 
to that of 15 (R = n-propyl) a t  chemical shifts downfield from 2 
PPm. 

1-Cyclopentyl- l-(methoxymethyloxy)-4-phenyl-3-butene 
(15, R = cyclopentyl) was isolated from Florosil (hexane-ben- 
zene) as a 63:37 mixture of trans:cis isomers. The NMR spectrum 
was indicative of the mixture and showed considerable similarities 
downfield from 2 ppm to 15 (R = n-propyl). 
l-Alkyl-l-hydroxy-4-phenyl-3-butenes (16). The olefinic ac- 

etals 15 (0.6-0.6 g) were dissolved in a solution comprised of THF 
(0.23 ml), water (2 mi), and 6 M hydrochloric acid (5 ml) and heat- 
ed at  50-55' for 6-8 hr. The reaction mixture was poured into an 
equal volume of saturated sodium chloride solution and the mix- 
ture was extracted with ether (3 X 10 ml). The dried ethereal ex- 
tracts (KzCO3) were concentrated to give the homoallylic alcohols 
16. GLC analysis indicated that the ratio of the cis to trans isomers 
were unchanged. 
l-~n-Hexyl)-l-hydroxy-4-phenyl-3-butene (16, R = n- 

hexyl) was recovered in 94% yield, cis:trans (25:75): ir (film) 3400, 
3030, 3060, 3080, 1599, 1493, 1040, 963, 930, 740, 690 cm-'; NMR 
(CDC13) 6 0.8-1.0 (m, 3), 1.2-1.8 (m, lo) ,  1.9 (s, 1, exchangeable 
with DzO), 2.4 (d of d,  m, 2),  3.7 (m, l), 6.1 (d, J = 16, 0.76 Hz), 6.5 
(d, J = 16,0.76 Hz), 7.3 (m, 5); mle 232 (M+, weak). 

Anal. Calcd for C16Hz40: C, 82.70; H, 10.41. Found: C, 82.58; H, 
10.27. 
l-Cyclopentyl-l-hydroxy-4-phenyl-3-butene (16, R = cyclo- 

pentyl) was recovered in 95% yield, cis:trans (37:63): ir (film) 3400, 
3020, 3060, 3080, 1595, 1490, 1445, 1030, 965, 740, 690 cm-l; NMR 
(CDC13) 6 0.8-2.2 (m, 9), 2.1 (s, 1, exchangeable with DzO), 2.4 (m, 
2), 3.5 (m, l ) ,  5.6-6.7 (m, 2, cis and trans vinyl H), 7.3 (m, 5); mle 

1-n-Propyl- 1 - (methoxymethyloxy) -4-phenyl-3-butene 

216 (M+, weak). 

9.22. 
Anal. Calcd for C15Hz00: C, 83.29; H, 9.32. Found: C, 82.99; H, 
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Fleaction of methyl 2-mercaptobenzoate (2) or dimethyl 2,2'-dithiodibenzoate (3) with bromine, chlorine, or 
sulfuryl chloride gave 2-methoxycarbonylbenzenesulfenyl halides (4), which were not isolated. Halides 4 reacted 
with primary aliphatic, aromatic, and heterocyclic amines to yield N-substituted 2-methoxycarbonylbenzenesul- 
fenamides 5. The latter underwent catalytic cyclization by strong bases, providing 2-substituted 1,2-benzisothia- 
zolin-3-ones (6) in good to excellent overall yields. Evidence supports a general base catalyzed mechanism initiat- 
ed by the abstraction of a proton from the sulfenamide nitrogen, and followed by intramolecular attack on the 
ester carbonyl group and expulsion of methoxide ion. This route is simple and presented as a new general method 
for the synthesis of 2-substituted 1,2-benzisothiazolin-3-ones. 

The first preparation of 1,2-benzisothiazolin-3-one was 
reported1 by McKibben and McClelland in 1923. A few 
years later tho synthesis of 2-substituted 1,2-benzisothiazo- 
lin-3-ones (6) was achieveda2 The chemistry of 6 was re- 
viewed3 in 1947. Since that time, it has been discovered 
that  structure 6 possesses high antibacterial and antifungal 
a ~ t i v i t y , ~ ~ ~  which have also been reviewed recentlyU6 A few 
years ago, the first commercial product (6, R = H) useful 
for the preservation of aqueous media containing organic 
matter was introduced.' I t  seems quite possible that other 
members of the benzisothiazolinone series will be intro- 
duced for similar commercial applications. 

Benzisothiazolinones are prepared according to two well- 
established routes,8 both of which use 2,2'-dithiodibenzoic 
acid as starting material. The acid is firstlyg treated with 
thionyl chloride to give 2,2'-dithiodibenzoyl chloride, which 
is converted into the desired diamide, treated with bro- 
mine, and cyclized in boiling glacial acetic acid. Alterna- 
tively, halogenation of the acid chloride can precede amida- 
tion and cyclization. In this report, a third general synthe- 
sis utilizing methyl 2-mercaptobenzoate for starting mate- 
rial is presented. 

Results and Discussion 
Our continued interest in the chemistry of benzisothiazo- 

linones led to a search for a different synthetic route, possi- 
bly circumventing the key intermediate 2,2'-dithiodiben- 
zoyl chloride. For this purpose methyl 2-mercaptobenzoate 
(2), obtained directly by the Sandmeyer reaction on methyl 
anthranilate, was chosen as the starting material. I t  was 
thought that 2, or its oxidation product 3, could be easily 
converted into sulfenamides 5, which might subsequently 
undergo cyclization to  6 (Scheme I). 

In this work, methyl 2-mercaptobenzoate (2) was pre- 
pared from commercially available 1 by passing dry hydro- 
gen chloride through a solution of 1 in methanol.1° Oxida- 
tion of 2 by the theoretical amount of bromine gave solid 3, 
which was also used extensively as starting material. In 
fact, oxidation of 2 to 3 by bromine was found to  be a more 
convenient laboratory preparation as compared to the 
known preparation of 3 by esterificationll of 2,2'-dithiodi- 
benzoic acid or methanolysis12 of its acid chloride. Further- 
more, the isolation of 3 in high yield confirmed existing evi- 
dence13 that nearly all of the thiol is converted into disul- 
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a, R = C6H,CH2 

b , R =  S e 
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fide before the latter is cleaved into sulfenyl halide by halo- 
genating agents. Attempts to prepare 6a from 2 by treating 
4 with an equimolar amount of benzylamine in pyridine 
gave 7. 

The fact that 7 (mp 131-132O) was not disulfide 3 (mp 
131-133O) was shown conclusively by elemental analysis, 
mixture melting point, and the appearance of the methy- 
lene signal (singlet a t  4.62 ppm) in the NMR spectrum. 
When an excess of benzylamine or triethylamine was used 
instead of pyridine, amidation of 4 to 5a proceeded 


