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Use of 0- and p-Hydroxybenzyl Functions as Blocking Groups Which Are
Removable with Base

Lloyd D. Taylor,* J. Michael Grasshoff, and Milan Pluhar

Chemical Research Laboratories, Polaroid Corporation, Cambridge, Massachusetts 02139
Recetved May 23, 1977

The successful development of the o- and p-hydroxybenzyl functions and the corresponding esters thereof as
blocking groups which are removable with base is described. Specific illustrative examples include protecting and
subsequently releasing 1-phenyl-2-tetrazoline-5-thione and thiosulfate anions.

In photography many compounds are used which react
in some way with silver halide either as silver precipitants,
complexers, or solvents. For example, 1-phenyl-5-mercapto-
tetrazole (PMT) (1) is a development restrainer and forms a
very insoluble silver salt.! On the other hand, sodium thio-
sulfate (hypo) is a silver solvent and is used for fixing emul-
sions (dissolving undeveloped silver halide).2 We became in-
terested in preparing derivatives of these types of compounds
which would be stable in a film system before processing the
system with a highly alkaline developer fluid, but during such
processing these same derivatives would have to release the
active photographic species.

Esters of PMT are not hydrolytically stable. For example,
the acetyl derivative readily hydrolyzes, since the PMT anion

0022-3263/78/1943-1197501.00/0

is a very good leaving group. PMT is a fairly strong acid,
having a pK, of 3.65.3 In the solid state, the compound exists
as the tautomeric 1-phenyl-2-tetrazoline-5-thione (2).4
There is considerable literature on the base instability of
o- and p-hydroxybenzyl groups,® the decomposition going
through quinone methide intermediates.® We decided to
prepare o- and p-hydroxybenzyl chlorides or the corre-
sponding esters as reagents to generate alkali-removable
blocking groups for photographically active compounds.
The reagents with which we did the most work were 0- and
p-acetoxybenzyl chlorides 3. These compounds are prepared
in one step by reaction of the o- and p-hydroxymethylphenols
with with acetyl chloride.” The isomeric m-hydroxymethyl-
phenol does not undergo this reaction. It is desirable to have
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these esters, since the unsubstituted chloromethylphenols
readily decompose and polymerize.

We found that the above compounds smoothly react to
generate blocked PMT derivatives 4a,b, which we formulate
as the S-alkylated derivative. These ester derivatives can be
hydrolyzed in acid to give the free hydroxybenzyl compounds
5a,b. All of these compounds when treated with alkali rapidly

OCOCH OH

H+
N—-N —

__[/ \

N-N

CHb—( \{'

4a

b (ortho isomer) \0H’ OH~ (ortho isomer)

B\V)'_S +

C H, CH,OH

decompose to release the PMT anion. The quinoné methide
is converted to the anion of the hydroxymethylphenol. These
reactions are readily followed by analysis of the products as
well as by TH NMR and UV spectroscopy.

Although the cleavage reaction is very rapid in the case of
PMT, a nitrogen analogue, 1-(p-acetoxybenzyl)benzotriazole
(6), reacts much more slowly.

As a synthetic “proof” of the mechanism, we decided to
prepare the meta derivative 7. The intermediate, m-acetox-
ybenzyl chloride, was prepared in two steps.8 The PMT de-
rivative was found to undergo a very slow decomposition in
alkali to vield a different product. Thus, instead of PMT anion
being generated, the product was 1-phenyl-5-tetrazolone (8),
the reaction most likely being attack of alkali on the tetrazole
ring with cleavage of the sulfur bond in the opposite direction
to that observed with the other isomers.

Another useful reagent was found to be the previously un-
reported 4-chloromethyl-2,6-dichlorophenol (9) readily pre-
pared by chloromethylation of the phenol.? This compound
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is quite stable and can be stored if kept dry. The PMT de-
rivative 10 is readily prepared and deblocked with base.
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e

OH OH

Cl Cl Cl Cl
PMT

CH.Cl

10

We then focused on the special Bunte salts based on this
chemistry, by reaction of sodium thiosulfate with p-acetox-
ybenzyl chloride. We succeeded in preparing sodium S-(p-
acetoxybenzyl)thiosulfate (11), and this compound does in-

OCOCH, o
— NaQSZO .+

CH.SSO,Na
1

CH.OH

deed release hypo when treated with alkali while the corre-
sponding sodium S-benzylthiosulfate does not.

A similar release of sulfite ion was attempted. In this case,
however, no sulfite ion could be detected after treatment for
several hours with aqueous alkali.

OCOCH, 0~
Z OH"
[ - Na,80, +
AN
ChH.80,Na CH.OH

12

Partial accounts of this work including applications have
appeared in the patent literature.10-13

Experimental Section

p-Chloromethylphenyl Acetate (3a). Acetyl chloride (300 mL)
was stirred in an open beaker with ice cooling. p- Hydroxybenzy! al-
cohol (99.3 g, 0.8 mol) was added in small portions so as to keep the
evolution of HCl at a moderate rate. The excess of acety! chloride was
allowed to evaporate overnight, whereupon the remainder was neu-
tralized with concentrated sodium bicarbonate solution. The organic
phase was separated and the aqueous layer extracted twice with ether.
The combined organic layers were filtered and dried over Drierite.
Vacuum distillation through a 12-in. severed Vigreux column yielded
81 g (55%) of a colorless liquid; bp 104-106 °C (1.5 mm); n25p
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1.5290.

Anal. Caled for CgHgClOs: Cl, 19.3. Found: 19.3.

o-Chloromethylphenyl Acetate (3b). Acetyl chloride and o-
hydroxybenzyl alcohol were reacted in the same manner as described
above to yield o-chloromethylphenyl acetate, bp 98-100 °C (1.5 mm),
n?5n 1.5235, in 75% yield.

Anal. Caled for CgHgClO4: Cl, 19.3. Found: 19.3.

5-(0-Acetoxybenzylthio)-1-phenyltetrazole (4b). Sodium 1-
phenyltetrazole-5-thiolate (45 g, 0.225 mol) and o-chloromethyiphenyl
acetate (41.5 g, 0.225 mol) were dissolved in 600 mL of acetone. The
solution was refluxed for 2 h and then filtered. The filtrate was
evaporated to dryness and the residue extracted with 3% aqueous
NaHCOj; solution. The remaining solid was washed with water and
dried to render 72 g (98%) of white crystals, mp 103-105 °C.

Anal. Calced for CgH14N405S: C, 59.0; H, 4.3; N, 17.2; 8, 9.8. Found:
C,58.8; H,4.6;N,16.9; S, 9.7.

5-(p-Acetoxybenzylthio)-1-phenyltetrazole (4a). Similarly,
the reaction of sodium 1-phenyltetrazolethiolate with p-chloro-
methylphenyl acetate gave the corresponding thioether, mp 71-72
°C, in 80% yield.

Anal. Caled for C1gH14N4028: C, 59.0; H, 4.3; N, 17.2. Found: C,
58.9; H, 4.3; N, 17.3.

5-(o-Hydroxyvbenzylthio)-1-phenyltetrazole (5b). 5-(o-Ace-
toxybenzylthio)- l-phenyltetrazole (57 g, 0.175 mol) was dissolved in
1.3 L of methanol containing 0.2% concentrated HCl. The solution
was stirred at 56-57 °C under nitrogen for 3 h followed by solvent
evaporation. The residue was powdered, extracted with warm dilute
NaHCOj; solution, washed with water, and finally dried. Recrystal-
lization from benzene/hexane gave 40 g (80%) of colorless crystals, mp
102-103 °C.

Anal. Caled for C14H;3N4O8S: C, 59.2; H, 4.2; N, 19.7; S, 11.8. Found:
C,59.2;H,4.3; K, 19.7; S, 11.8.

5-(p-Hydroxybenzylthio)-1-phenyltetrazole (5a). Acid hy-
drolysis of the corresponding acetate in the previously described
manner gave the free phenol, mp 130-131 °C, in 70% yield: '1H NMR
(Me2S0) 6 4.40 (CHy), 6.58, and 7.12 (arom protons), 7.83 (CgHs), 9.37
(OH); UV (50% rert-butyl alcohol) Apax 228 nm, € 17 000.

Anal. Caled for C14H5N408S: C, 59.2; H, 4.2; N, 19.7. Found: C, 59.2;
H, 4.4; N, 19.7.

Alkaline Hydrolysis of o- and p-Hydroxybenzylthio-1-
phenyltetrazoles. The free phenols as well as their acetates were
stirred in 5% aqueous NaOH at 25-30 °C for about 2 h. The reaction
mixture was centrifuged and repeatedly extracted with ether. Acid-
ification with HCI gave a voluminous, slightly yellow precipitate,
which was recrystallized from benzene. The product was identified
by means of elemental and spectral analysis as pure 1-phenyltetra-
zoline-5-thione. The 'H NMR spectrum of the compounds in
MesS0-dg containing KOD showed a complex aromatic signal and
a shift of 0.3 ppm from 6 4.4 (CHsS) to 4.1 ppm (CH0). Although in
the parent compounds we have no direct proof of S-alkylation, we feel
that not only is it the predictable isomer but also that the chemical
shift for CHyN would be more like that of compound 6, 6 5.7.

1-(p-Acetoxybenzyl)benzotriazole (6). To a solution of 2.5 g
(2.06 mmol) of 2,4,6-trimethylpyridine in 50 mL of diethyl ether was
added with stirring a solution of 3.5 g (1.89 mmol) of p-acetoxybenzyl
chloride in 10 mL of ether. The hazy reaction mixture was refluxed
overnight, followed by solvent evaporation and extraction with 10 mL
of water and 50 mL of ether. The ether phase was washed with water
and dried with anhydrous NaySO,. Solvent evaporation yielded a
pale-yellow oil which solidified on treatment with a hexane/methanol
mixture, Recrystallization from hexane/methanol gave 2 g (40%) of
white crystals; mp 89 °C; 'H NMR (CD30D) 6 2.0 (CH3), 5.7 (CH3N),
multiple signals at 6.6, 7.0, 7.4, and 7.8 ppm (aromatic ring sys-
tems).

Anal. Caled for Ci5H:N300: C, 67.4; H, 4.9; N, 15.8. Found: C, 67.3;
H, 5.2; N, 15.6.

Alkaline cleavage: to the CD30D solution was added 5 wt % of KOD,
followed by heating at 70 °C for 4 h. The following changes in the 'H
NMR spectrum were recorded: decrease in the intensity of the signal
at 6 5.7 (CHgN) and appearance of new signal at 6 4.1 ppm (CH20);
signal strength ratio 3:1 (25% cleavage).

5-(m-Hydroxybenzylthio)-1-phenyltetrazole (7). A solution
of sodium 1-phenyltetrazole-5-thiolate (4.5 g, 22.5 mmol) and m-
chloromethylphenyl acetate® (4.15 g, 22.5 mmol) in acetone (200 mL)
was heated to reflux for £ h. Filtration and solvent evaporation yielded
a pale-yellow oil. The latter was heated at 54 °C in methanol in the
presence of HCI to give a solid which was recrystallized from benzene:
white crystals, mp 111 °C, yield 2 g (31%).

Anal. Caled for C14H{3N4OS: C, 59.2; H, 4.2; N, 19.7. Found: C, 59.1;
H,4.2; N, 19.8.
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Alkaline Hydrolysis of m-Hydroxybenzylthio-1-phenylte-
trazole. Unlike the ortho and para isomer, the meta-substituted
derivative was not changed by dilute aqueous NaOH at room tem-
perature. Heating at 50-60 °C with 10% NaOH gave a clear odorous
solution. The pH was adjusted to 8, followed by ether extraction. The
aqueous layer was evaporated to dryness, and the solid was extracted
with ether and recrystallized from 2-propanol/water. The colorless
crystalline product melted at 190 °C and was found to be identical
with 1-phenyl-5-tetrazolone (8).14

Anal. Caled for C;HgN4O: C, 51.9; H, 3.7; N. 34.6. Found: C, 52.2;
H, 3.7; N, 34.5.

4-Chloromethyl-2,6-dichlorophenol (9). 2,6-Dichlorophenol
(41.8 g, 0.256 mol) was dissolved in heptane (300 mL) with heating
and stirring under a nitrogen blanket. A mixture of 37% aqueous
formaldehyde solution (250 mL, 3.1 mol) and concentrated HCI (500
mL) was prepared, three quarters of which was added to the phenol
solution. The remainder was introduced after letting the reaction
mixture reflux for 8 h. Simultaneously, the introduction of HCI gas
was started. The reflux conditions were maintained for a total of 24
h. The organic layer was separated, the aqueous layer was extracted
with ether, and the extracts were combined with the oil phase. Re-
crystallization of the evaporation residue gave 35 g (64%) of white
needles, mp 87.5-89 °C.

Anal. Caled for C;H5Cl30: C, 39.7; H, 2.4; Cl, 50.3. Found: C, 39.4;
H, 2.4; Cl, 50.6.

5-(3,5-Dichloro-4-hydroxybenzylthio)-1-phenyltetrazole (10).
A solution of sodium 1-phenyltetrazole-5-thiolate (3 g, 0.015 mol) in
acetone (20 mL) was treated with 4-chloromethyi-2,6-dichlorophenol
(3.2 g,0.015 mol) in acetone (20 mL). Immediate precipitation of NaCl
was hoticed. The mixture was refluxed for 2 h and then filtered and
evaporated to yield a white solid, mp 127-130 °C. Recrystallization
from benzene/hexane gave the pure compound, mp 132-134 °C, in
90% yield (4.8 g).

Anal. Caled for C14H;oCIoN4OS: C, 47.6; H. 2.9; N, 15.8; Cl, 20.2;
S,9.0. Found: C, 47.7; H, 3.0; N, 15.7; Cl, 19.9; S, 8.9.

Sodium S-(p-Acetoxybenzyl) Thiosulfate (11). To a solution
of NagS:03-5H50 (27.3 g, 0.11 mol) in Hz0 (60 mL) was added ethanol
(5 mL). The mixture was heated at 55-65 °C and p-chloromethyl-
phenyl acetate (18.45 g, 0.1 mol) in 60 mL of ethanol was added from
a dropping funnel over a period of 45 min. The clear solution was
stirred at 65-70 °C for another 45 min. Then the solvent was evapo-
rated and the residue extracted with hot ethanol (about 700 mL). The
extract was filtered hot and refrigerated to give a crystalline material
(19 g, 75%): mp 220 °C (decomposition); UV (in ethanol) Apax 265, 272
nm (e 435, 325).

Anal. Caled for CoHgS,05Na: C, 38.1; H, 3.2; S, 22.5. Found: C, 37.9;
H, 3.2; S, 22.4.

Treatment of the compound with aqueous NaOH gave a white
precipitate. The supernatant liquid acted as silver complexing agent,
solubilizing silver ion in alkaline solution.

Sodium S-Benzyl Thiosulfate. By use of the above procedure
substituting p-chloromethylphenyl acetate with benzyl chloride,
sodium S-benzyl thiosulfate was isolated as white platelets, mp ~210
°C (decomposition). Aqueous NaOH caused an oily brown precipitate
to form. Silver ion was not solubilized, indicating hypo was not re-
leased.

Sodium p-Acetoxybenzyl Sulfonate (12). To a solution of 6 g
{0.048 mol) of NapSO3 in 30 mL of water was added at 70-73 °C a
solution of 8.8 g (0.048 mol) of p-chloromethylphenyl acetate in 30
mL of ethanol. The hazy solution was diluted with 50 mL of ethanol
and stirred at 75 °C for 2 h. A small amount of a white solid settled
out. The clear supernatant was freed of solvent to render a white
crystalline residue which was recrystallized twice from ethanol. The
yield was 2 g of an extremely hygroscopic solid. The IR spectrum
showed only a very weak carbonyl absorption band at 1720 cm™1.
Elemental analysis showed the solid to be a mixture of the p-acetoxy
and p-hydroxybenzy! sulfonates. When the solid was treated with
aqueous alkali, no evidence of sulfite release was found, as evidenced
by a negative iodine test. Since neither the hydroxy compound nor
its acetate released sulfite, no further work was done to separate these
compounds into pure components.

Registry No.—3a, 39720-27-9; 3b, 15068-08-3; 4a, 39720-25-7; 4b,
39720-28-0; 5a, 39720-23-5; 5b, 39720-24-6; 6, 64706-07-6; 7, 64706-
08-7; 8, 5097-82-5; 9, 45952-61-2; 10, 64706-09-8; 11, 39941-32-7; 12,
64706-10-1; acetyl chloride, 75-36-5; p-hydroxybenzyl alcohol, 623-
05-2; 0-hydroxybenzyl alcohol, 90-01-7; sodium 1-phenyltetrazole-
5-thiolate, 15052-19-4; 1-phenyltetrazoline-5-thione, 86-93-1; m-
chloromethylphenyl acetate, 4530-44-3; 2,6-dichlorophenol, 87-65-0;
formaldehyde, 50-00-0.
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Synthesis of v- and 6-(1,3-Dithianyl) 3-Keto Esters!

Edward C. Taylor* and John L. LaMattina?

Department of Chemistry, Princeton University, Princeton, New Jersey 08540

Received September 21, 1977

The preparations of ethyl v-(1,3-dithian-2-yl)acetoacetate (1), tert-butyl 3-oxo-4-trimethylenedithiopentanoate
(2), and ethyl 5-benzyloxy-3-oxopentanoate (3) are described. Some additional reactions relevant to the chemistry

of dithiane are also discussed.

Previous papers from this laboratory have described an
unambiguous approach to the synthesis of 6-substituted
pteridines by guanidine cyclization of 2-amino-3-cyano (or
alkoxycarbonyl) pyrazines suitably substituted at position 5.
These latter critical intermediates were prepared in turn by
cyclization of aminomalononitrile (or esters of a-aminocy-
anoacetic acid) with an a-ketoaldoxime, followed by deoxy-
genation of the resulting pyrazine 1-oxide (see Scheme I).? In
this sequence, the group « to the carbonyl! of the a-ketoal-
doxime becomes the C-6 substituent on the final pteridine.
Since the a-ketoaldoximes are themselves prepared from 3-
keto esters by hydrolysis, oximation, and subsequent decar-
boxylation, the preparation of a specific C-6 substituted
pteridine requires an appropriately substituted 8-keto ester.
Our current interest in the preparation of certain 2,4-diami-
nopteridines carrying side chains at position 6 substituted
with carbonyl groups thus necessitated the preparation of a
variety of 3-keto esters containing a (potential) carbonyl at
either the v or é position. This paper describes our efforts to
prepare (-keto esters 1, 2, and 3.
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Initial approaches to 1 attempted to attach the dithiane
moiety directly to the v position of an appropriately substi-
tuted acetoacetic ester. A promising model was the successful
conversion of ethyl y-chloroacetoacetate (4) with excess alk-
oxide to yield y-alkoxy derivatives in good yield.# Unfortu-
nately, however, no reaction occurred between 2-lithio-1,3-
dithiane and 4 (as its sodium salt). The dithiane anion is ap-
parently not sufficiently nucleophilic to displace the y-chloro
substituent.5 Attempts to carry out this reaction in the pres-
ence of 1 equiv of sodium iodide® resulted only in self-con-
densation of 4.
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An alternative approach to 1 involves treatment of 2-

chloro-1,3-dithiane (5)7 with the dianion of ethyl acetoace-

tate.® No displacement of halide ion occurred; instead, the

dianion was protonated by 5, leading to the recovery of ethyl

acetoacetate and to the decomposition of the dithiane moi-
ety.
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Since direct linkage of 1,3-dithiane with the v position of
ethyl acetoacetate did not seem feasible, an attempt was made
to incorporate this moiety indirectly. Treatment of the dianion
of ethyl acetoacetate with methyl formate gave the unstable
aldehyde 6,° but attempted reaction of this material with
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propane-1,3-dithiol resulted only in the formation of an in-
tractable tar; no 1 could be isolated.
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