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the pmr spectra of amides upon addition of pyridine,2?
shifts in the electronic spectrum of pyridazine in the pres-
ence of benzophenone,?4 and the rapid rate of which 8-
keto alcohols effect displacement of halide from 2-halopy-
ridines.?> As a test of this mechanism we examined the
rates of hydrogen evolution accompanying acylations of 1
with methyl p-chlorobenzoate and ethyl trifluoroacetate,
anticipating that the more positive carbonyl groups of
these two esters would favor complex formation. If this
occurred, the rates of hydrogen release should exceed the
rate observed with methyl benzoate. The indeed proved to
be the case, as shown in.Figure 2, where it may be seen
that the reaction with trifluoroacetate was greater than
60% complete after only 1 hr. It should also be noted that
excess methyl benzoate should favor formation of complex
13, thereby increasing the rate of hydrogen evolution as is
observed. Thus, the course of the sodium hydride promot-
ed benzoylation of 1 via complex 13 appears to be consis-
tent with our experimental findings. It is also possible
that acylations of 8-diketone monoenolates in the pres-
ence of excess sodium hydride might also involve similar
complex formation prior to removal of a terminal methyl
proton, since the rates of such reactions are dependent on
ester concentration,2° ‘
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Hydrogen sulfide reacts with 2,3-dihydropyran to form 2-tetrahydropyranthiol (1}. 1 has been shown to be a
useful reagent for direct introduction of a.protected mercaptan into a variety of organic compounds. Addition
reactions under ionic and free-radical conditions and displacement reactions have been studied. Subsequent
facile cleavage utilizing neutral aqueous silver nitrate followed by treatment of the mercaptide with hydrogen

chloride gave the desired mercaptans.

2,3-Dihydropyran reacts with aliphatic and aromatic
hydroxyl or sulfhydryl groups under acidic conditions to
form alkyl or aryl tetrahydropyranyl ethers® or sulfides,?
respectively. These cyclic acetals and monothioacetals are
readily hydrolyzed, in most instances, under mild acid
conditions to yield the free alcohol or mercaptan.

It seemed possible that the same protected thiol func-
tion might be prepared directly by addition of 2-tetrahy-
dropyranthiol (1) to multiple bonds or by appropriate dis-
placement reactions. Of perhaps greatest interest was the
possibility of preparing derivatives of otherwise unstable
tautomers such as enethiols or thioimidates. Although our
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original efforts* in the latter direction were inconclusive,
there were, nevertheless, indications of potential utility.
2-Tetrahydropyranthiol (1) can be prepared in 40-60%
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RSH + R'C=C—R” C=CHR”
1 RS

3 R

\
7~

H; R”=CO.Et

yield by treating a four- to fivefold excess of hydrogen sul-
fide with dihydropyran in the presence of an acid catalyst.
A mixture of p-toluenesulfonic acid and trifluoroacetic
acid gave the best results. The other product in signifi-
cant quantities appears to be the bis(2-tetrahydropyranyl)
sulfide (2). 1 is relatively stable but undergoes gradual dis-

R" = cone
H; R”=Ph

4, R
5 R

addition, as anticipated from the work of Truce® on similar
reactions with simpler thiols. The cis/trans ratios were

0]
S

07" >sn

1 2

proportionation to 2 and decomposition to polymeric ma-
terial. The thiol 1 is stable when stored under nitrogen in

the cold for several weeks.

With the potential reagent in hand a study of its addition
reactions under ionic and free-radical conditions was under-
taken. The addition products of 1 and acetylenes are the
2-tetrahydropyranyl
sulfides (3, 4, and 5). All base-catalyzed additions of 1 to
the acetylenes gave predominantly the product from trans

corresponding  substituted vinyl

J00u2 7=
axprimenTaL'?
2-Tetrahydropyranshiol (1), Hydrogen sal<ida (90 g) was ligquefied 1n a
200 m1 stainless stee] cylinder placed fn an acetore-dry ice bath. 2,3-Dihydro-
pyran (30 g) was adde¢ dropwise to the cylinder over a pericd of 10 ~in, Five to
ten drops of trifluoroacetic acld and 50 mg of p-teTuenesuifonic scid were added,
the cylinder valve was clased and the reaction mixture aas allowed to attafn and
remain at ambient temperature for 12 hr. The unreactec HyS was released slowly
and the resulting Ticuid distilled at reduced pressure to yield 26 g (87%) of the
desired product, bp 58° (18 wm) n2® 1.4973; wnr 6 5.02 (m, 1, CH), 3.78 (n, 2
€00, 2,17 (8, 1, Sk}, 1.85 (or, 6 (CHyig)s fr 2685 an” (5K}
Ana, Calcd for CgHi(0S: C, 50.60; H, 8.53; 5, 27.73
Fourd: C, 50.82; 4, B.58; §, 27.28
A second fraction, presumed to be bis-2-tetrahydropyrany] sulfide (2) wa:
obtained, bp 108% (1.6 m-}, np 1.8107; rmr 5,08 (q, 1, ¢4y, 3.72 (m, 2, CHEO},
1B (7, 6, (CAy)
Anal. Caled Far cwumnZ
Found:

s, 15.85
S, 14.14,

C, 59.38;
C, 53,79;

H, 8.87;
b, 8.82

Ethyl cis and trans-3-(2'-Tetrehydropyranyithio)propencate (3). A. Base
Catalyzee Addftion. A mixture of 5.3 g (50 mmol) of sthyl prepiolate, 5 g snhy-
drous K05, 2nd 300 ml ThF ¢istillad from LiXTH, was placed in a 3-neck 500 ni
Yound 20tto~ flask equipped with & magnetic stirrer, 2 nitrogen Snlet tube, ana &
pressure equalizing droppirg funnel. To this reaction mixture was 2dded 5.9 g
(50 mnol) of ] dissolves 1n 5G mi of THF over a pertod 0% 1 hv, Tne mixture wa
stirred for 6 fr at ambient temperature, wasned witn 3 volumes of saturated NaC
solution, and dried with MgSd,. The THF wes evaporated and the rezaining yeilow
of1 was chromatographed an s111ca gel using CHIly as solvent to afford 10.9 g
{100%) of a ¢ rans (7C%:30% calculated from pmr and 3lc data) mixiure of the
additfon products. Separation ¢f the somers was accomplisned by preparative gic
using 2 colum tems of 175°, s detector and injector te-> of 225°, anc a collector
terp of 230°, Bp trans §8-100° (5 w) and gis 134-138° {25 u); nme 6 trans 7.97
and 6.15 (2d, 2, olefinic, < = 16 Hz), 5.45 (m, 1, CH-G), 4,32 and 1.33 (g and ¢,
2and 3, CHGY, 4.03 (=, 2, CH0), 1.80 (m, 6 (Chy)o)s gls 7.51 end 6.09 (24, 2
alefinic, J = 12 kz), 5.23 {m, 1, CH-0), 4.33 and 1,33 lq and t, 2 and 3, Cz“s)'

4.04 (M, 2, CHip0), 1.8 (M, 6, (SHy}q). The elemental anslysis was obtained o
the cis/irans mixture.
Anal. Salcd for CighyelySc O, 55.551 F, 7.46; 3, 14.80
Foand: T, 55.47; H, 7.215 S, 1474

JCn2Tul,
ir 2355 ™ (SH),

SgHgly 6.32 (my 2, vinyt), 2,39 (m, T, SH, exchangec witn 0,0);
Trere was no evidence for a tafccarponyl grodp,

anal, C, 70.88i h, §.92;
S, 70,485 H, 6,03;

S, 23.50
5, 23,32,

Caled or CgHyS:
eund:

Clethyl 2-y2'-Tetrahydropyranyithfo)succirate {§). 70 &.6 g {50 moi) of
frasnly distilled cieshy] maieate, 5 g anhydrods <,C04, and 206 ml of THF disttlled
from LiAlky in a 563 =1 three-necked round botto~ flask equipped With a nftrogen
inlet tube, pressure equalizirg dropping funrel, and magnetic stirrer was added

9 (50 mmol) of 1 ‘n 50 ml of THF dropwise irto the reaction mixture over a
This mixture was stirrea for 8 hr at amblent temperature, I
was then extracted with 2 volumes of saturatec NaCl solution anc the THF dries
with anhydrous Na,30,. The THF was evaporated ana the resuiting *fquid distilled
at reduced pressure to afforc 10.3 g (725) of 2 coloriess 11quid, bp 128-130
{100 )5 23 1.4386; rr 6 5,76 {m, 1, CH-D), 4.76 (2q, 4, 0CHy), 3.83 {m, 2,

period of 15 =ir.

hy0), 5,92 (m, 1, <), 2,90 (m, 2, CHy), 1.67 (m, 6, (Cgly)y 1.23 (2T, 6, CH,).
Arn!, Caicd for Cyqps06Si €, 53.77; 4, 7.641 S, 11.04.
Found: G, 53.55; d, 7.68; §, 1091,

2-Phenylethyl 2-Tetranydropyranyl Sul<ide {7). Styrene (5.2 g, 50 mmol),
1 (5.9 g, 30 mmo), benzene (250 mi}, and azabisisobutyronttrile (0,25 g, 1 mnol
in a 500 m1 lask was flushed with nitrcgen and heated in ar oit kath for & min
at 56°, The reaction mixture was allowed to stand at 25% for 4 deys and then
distilled to give 10 g (90%) cf *he additfon product, bp 124-125° (250 u), nor &
7.78 (m, §, Ph}, 4.92 {m, 1, CHe0), 3.78 (7, 2, CHy-0), 2.82 (m, 4, (cnz)z), 1.68
(m, 6, (CHyly).
Anal. Calcd for T 5,05
Found:
Diethy] Mercaptosuccinate, To 5.8 ¢ (20 mol) of 6 r 20 m! CH,0H wa
added 3.4 g {20 mo1) AgiD, dissolved 1n water. The silver mercaptide was col-
“ected, suspendad in 100 ml CHC1,, and cooled o 0°. Excess HC1 was bubbled into
the suspension and the solid (AGC1) was removed by filtration. Tne CHC1y was
dried (NayS0,), evaparated, and the resulting 11autd was dfsti1Ved ot reduced
55) of the desired product, bp 62-64° (50 1), nZ®
5 2.86

S, 14,39
S, 14.58.

C, 70.2¢;
<, 69.59

H, 8.16;
H, B,09;

pressure fo afford 3.6 g
tass (e ! by 1:0°-1:5=). ni 6 4.16 (2a, 4, CHy), 3.72 {t, 1, OH
2, CHy), 2.72 {4,
2:-Phenylstnanthiol , Cleavage of 7 with AghO; gave 905 of the aesired prod.
uct, bp 41° (125 ) (1112 95-58° at 12 ma), ror § 715 (, §, CgHg), 2.75 (m, &

S, exzhanged with 0,0); 2

{Chylp), 317 (m, 1 ir 2387 co

., Sk, exchanges with D,0), 1.27 (2t, 6, CHy); tr 2562 ea’ ’Sﬂ)4

determined for both ionic and free-radical additions by
analysis of the nmr spectra which was in some cases con-
firmed by glc analysis.

Addition reactions of the thiol 1 were also studied with
diethyl maleate and styrene as representative olefins. The
expected tetrahydropyranyl derivatives of diethyl 2-mer-
captosuccinate (6) and 3-phenylethanethiol (7) were ob-
tained in good yield.

R’ R’
—_—
H R” RS

1 6, R"=R" = CO,Et
7. R'=H; R"=Fh

CHCH.R”

~
RSH + P

™~
-

JOCa2 73
156%) of an B0/20 cis/trans mixtu~e. Attempts to separate ths
Nme 5 ois 6.67, 6.44 (2d, 2, virylic #, ¢ = 10,5
= 16,7 Hz), 5.32

was obtained 6.1 g
fsomers were not successful,
Hz), 4.38 {(t, 1, Ci-C}; trans €,97, 6.71 {(&¢, 2, vinylic 4,

ity 1, CH0).
Anal, Calcd for Cgfiyc05:
fourd:

Ca0-27-2
A mixture of 5.8 g (50 mmol) of ethy
mrol) azobisisobutyronitrile, and

B. Radical Initiated Addsition.
propiciate, 5.8 g (50 mmol) of }, €135 g (1
10 m o THF distilled from LiATH, was sealed in a 20 ml ampoule which had been
flushec with nitrogan, The ampoule mas placed 1n an ofl batn at 50°. At tie end
0f 1 hr the ampoule was opened, the THF evaperated, and tne contents distilled at
reduced pressure to afford 6 ¢ (55%) of a 208/80% cis/trans mixture (calculated
fram the por spectrum).

5, 14.82
5, 1449,

‘¢, 70.87;
G, 70,97

H, 7.32;
K, 7.28;

8, Paotolytic Addition. Fhenylacetylene (3.1 g, 50 mrol} and 1 (5.9 g
50 -mo1) sesled in a nitrogen flushec ampoute at C° was a:lowed to vemain at 25
yaletile materiais were removed under vacuum (20°) and the resicue
Afer

cis- and trass-Dimethyl (2-Tetrahydropyranylthia)busandicate (4}, 4. Base
Catalyzed Addition. A mixture of 7.7 g (50 rmol} of freshly distilled dimethyl

acetylenedicarbory’ate, g of annydrous KZCOJ‘ ard 300 m of THF cistilled from
LMH4 was piaced in a 3-necked 500 mT rounc bettom flask equioped with nitrogen
iriet tube, a magnetfc stirrer, and a pressure equaiizing dropping funnel. To this
mixture was edded dropwise §.8 g (50 mmol) of ] in 50 ml of THF at -20 to ~18
a period of 30 min. The mixiure was stirred for 8 hr, washed with saturated NaCl
selution, dried {Na,30,), end chromatographed on & stlica gel column using 50-50
ether-petrolew etagr (30-70°) for elution. The column afforded 8.5 g {(64%) of a

for 3 days,
was taken up fn CHOly and wased with 5% NadH, 5% HCT and saturaved Nac®
drying and evzporation there wes obta’ned 4 g (40%) of a 80720 gis/irars mixTuve
Variatfons fr reactant ratfos nas very little'effect on the yield

° over .
. T6 6.32 g (20 mme”)

cis~ and trans-Ethyt 3-Mercapiopropenoa $
n 20 m1 CHyOH was acded 3.4 g {20 =me?) AgN 3 10 40 1 Of water. ire prec’pitetz
was removed by filtratior, suspenced 1n 1C =1 CxCly, and cooled 30 €7, Exzess HCI
was buoblec frto the suspension, This -ixture was filtersc trrough fﬂter aid and
Filtrate was washed with saturazed KHCO, ard concenirated to give 2.6 g

35%/65% ¢is/trans mixture.
Anal. Celed for CyMheOgSs G, 80,775 H, 6.20; 8, 12.29 the §H5E
Found: C, 50.86; 4, 6.07; S, 12.28, (99%) of an ofl which cculd rot be distilled or chromazographed or silica gel witn-
) out decomposition. Indata: 2852, 2517 (SH}; 1751, 1712 (C=0); 966 {SH-t-ans
Separation was scconplished on 8 s11ica gal (60-200 mesn) column wsing CHCTy 0% ) (Ggls)s e € 7,98 (n, 1, ¥, sxcnanged with 0,2, 5.53 P

: 508 ( ¥
cis isomer gave nmr 8 6,08 (s, 1, CH), 5.45 (=, 1, CH-0), 3.68 1.3 and 1.28 (2t 6, EP:,)V

as 4 solvent, The .
clefinic), 4.28 and 4.27 {2q, &, CH,)
s 3, CHgdy 3.02 (s, , 3.85 ), 1,77 (m, 5, v 1edl, 2! ‘
;:5 ¢ H3 Tn3 . ls (3 Chg)y 3,58 (n, 62340( Jl cZ) 2 5 ((CHf)ii* U,r ; 7505 Aral. Calcd for CoHg0,S: C, 46.85; H, 6.00; 5, 26.22
o v by v 3 s by -0, 3.72 B x 4
e @ trans, fsoner gave fr & # o ! ' Found: G, 45.63; H, 5.96; S, 26,04

3, Ch3):13.80 (5,3, CH3)y 3.78 (m, 2, CHy=0), 1,73 (m, 6, {CHylg); 1r 1366,
1005 an!,

Cimethy] Mercaptofumarate, T5 3.2 g (20 cmol) of a mixture of 38% cis/

65% trans § Tn 25 @] MeOH was acded 3.& g {20 mmel) of AgND. 50 ml of water,
The orecipitate was collectec and syspendec 1n 100 -1 CHC'y at 3%, Excess HCT
bubbled throigh the suspensicn and the precipitate {AqC1) was removed by fiizration

1.82 g s

A mixture of 5.9 g {50 mmel) o* ],
{1 mvo1} of azabisisobutyro~

B, Radical Inftiated Addition,

{10 o1} dimechy) acatylenedicarboxylate, and 0.13 g
1 20 % N o g N . . N n

" "‘15 was p:“*: ina ‘WTE“::°‘leeof1“s:°: wt‘" :‘t ?g‘"‘ “"‘T:e°'e:1 The The GHCTy was weshed with water unti tae Washings ecewe nevtral, arfec (ha,S;
o " at 60° and heate ofn, The yella

gnpoule wes placad im an o1l b an ¢ far Jeion and evaporated. Tha result’ng lquid sub”ired to form a colorless solic upon d's

tillation at reduced pressure thus afforcing 1.5 g (435} of zne desired preduct.
Subsequent atterpts to resublime the procuct provided an oil, bp 80-82° (15 nm};
rmr 6 6,82 (s, 1, CHJ, 6.32 (s, ", SH, exchanged with D’EO)‘ 3.90 {5y 3, CHJ}. 3,80

moterial was then chrometagraphed on a silica gel column sing 50-5C stner=petrol
eum ethar (30-70%) for elution. The colurn offorded 3.6 g (84%) of a 50%/50%

cis/trans mixture.

2-Phenyiviny) 2-Tetrshydropyranyl Suifide (§), A. Base Catalyzed Addition. (s, 3, CHy); ir 2488, 1733, 1596 en”
Freshly distilled phenylacetylene (5:1 g, 52 mo1}, | {3.9 g, 50 mnol} and <,C0, Anal. Calce for Celgbyp$s €, 40,905 K, £.58; 5, 18,16
{1.36 g, 10 =mo?) were Stirres 1n 250 m1 TAF for 5 hr, After weshing (saturated Found: C, 41.78; H, 4,50; 5, 18.08
28-130%) there 2:Phenylethenethigl. Cleavage of § with AQND, as described o~ & afforde

NaClj, drying {Na,504), concentration, and distillation (250 1,
7.25 (m, §

§9% of a gis-trang mixutre, ol 24 21,6387, vp 57-60° (2.5 mm}, nmr ¢
2004215 ftetind
Zthy1 (2" -Tetronyaropyrany thtolgroptonste (8. A mixtuve of 5.9 3 (50 _acToluenerntol. Cleavags of 10 wih ASiCy geve 9% of a-3olusretrics, bp
mol) of ., 3,05 g (50 “woi) of ethyl 2-bromoprogonate, 3.5 g (25 mmol) Kp030 60-61° (2mm) {dentical ir all respacts to an auttentic samp’e

o:thioaxalditzfaate (11). irto 3.C ¢ {26 ol of
=1 of heptane at -80° was
waintained througn-

ml round bottom flask equippec with &
mixture was refluxed for 12 hr, The XBr
the acetone evaporsted, anc the resulting
afford 7 g (843) of the desirac product,

Bis-2-Tetratydropy -any’
frasaly ciszilled | ane two arops ¢f busyla=ire 1n 250
Vigo-aus stivring was

and 100 ml acetone were placed in a 200
magnetic stirrer and o condenser, This
which formed was vemoved by FiTtration,
Tauid efstilled at veduced pressure to

passea 1.44 g {3 mmol} of cyanogen ges
out the addition, whien reauirad about 30 min snd for tro addtional nrs ai -60°

EDQ;EEEC 1‘ng sil ?rgsé 5. °: \méH : j“‘$)324;11 ;”v ‘vg”z)’ 3.73 m, 2, CHy-0), After settling, the solvent was decanted, leaving a wnite sol“d in tre reacticn
43 (g, (m, 6, (BHp)gs. 1.32 Im, 6, Cky). 125k to be used imediately fn toe next reaction
Anal, Caled for Cyoh 008: €, 55.03; H, 8.31; §, 14.46
Tound: C. 54.82; H, 8.1%: 5. 14.52, In 3 previous experfment an effort was ~ade %o fsolate the diinidate. After
standing three hrs at -30° she react‘on mixture wes Perr*tzed to wam to yocm

temperature, A portien of tae solic materizl was collectsa on 2 fitter and wisned
with heptane, which caused tie materfal to "1quify. A portian of the oil was
crystailized using a mixture of heptane anc beazene, %o give colorless needles,

1-Buty] 2-Tetrahydropyrany] Sulfide {9). To a solution of 2,7 g (50 mral)
of 45002 and 5.0 g (50 mmc®) of | 1n 100 ml Chalk was added, witn stirring, 6,85 g
(50 rmol) of 1-broobutane in 50 m1 CHiOH. After heating under reflux for 6 hr

tha mixtura was diluted witn 200 ml of saturated NaCl and extracted with ether- " 0G-104°. Fartner attempts to rec.ystllize tne produst gave only cfenfooxa=ice.
banzere (3:1), The extract was dried (MgS0,) and evaporated and the restdue ois-
t116e to give 5.5 g (634), bp 48° (250 1), mr 5 .98 (1), 3.92 (2), 2.72 (2), S-Benzy’d pheny] -4 [2-tesrahydropyrenylercaptn)oxazote |12

11 prepared “ro~ 3.0 g {26 mol) of } was ~efluxed for 3 ar with 7 g (56 mol) of
benzaldatyde in 60 ml oF cry benzens in 2 flask equipped with a Dean-Stark tras

A qark brown 011 collected in the trap and on the base of tre refl.x condenser
The benzene was evaporatsc from tre reacticn ~ixture leaving a derd brewn, viscou
ofl. The o1l was erysta’lized from etharol to give yellow resettes, =» 152-156°
Additional materiz) was obtained from the mcther 1quo=. Four recrystallizatians,
tHo Fro ethanol foiltowed by tmd from acetone, gave yellow needles, mp 157-1567,
The yteld was 2.76 g (835 oasad on 1), mr § 8.57 {s, 1, N=CH), 7.94 end 7.42

1,67 (13}, 0,96 (3)
Anal. Caled for Cofty 5950
Founds

Benzy} 2-Tetratydropyrany] Sulfide (19}, a-Chlorotoluene {3.1 g, 24 mol;

1{2.87g, 24 mol), and KyC04 (1.65 g, 12 mme1} <n 50 ml acetone was stirved under
reftux for 14 hr. Removal of KC1 ard acetone follawed by distillation gave 2.3'3
(47%) of the substitution product, bp 102-111° (250 u), n-r & 7,44 (5}, 4.8 (1)

€, 62,04;
<. 61.57;

H, 10,413
K, 10.37;

5, 18.37
S, 18.41.

3,92 (2), 3.87 and 3.84 '2}. 1.68 (6}, (m, 16, Pa}, 5.97 (t, 1, CH}, 3.4 anc 3.5 (m, 2, Chg0) s 1.8 (m, 6, (CRyly)
Anal. Caled for C M 081 C, €3.215 H, 7.74; §, 15.37 fnal. Calcd far CpyHpgN,058iC, §2.205 H, 5.53; N, 7.59; §, 8.80
Found: €, 69.16; H, 7.61; s, 15.42, Found: C, €9.13; W, 5.53; N, 7.63; S, 8.13

Slanencal anelyses uere perfomad st the Wicroamalytical sboratory,
Department of Chemistry, university of California, 3erkeley, A1
spectra far analysis of gis/trats ratios were Sotiined on 4 Garien Mode
A~60A spectrometer using (DCT, with THS as interral standard except for
the analysis of cis and trans [5‘ NW\ was carried ouT on a Jeoico Model
JMM 4K-100 M4z spectrometer. 4lc anaiysis of cfs and trans 3 was accom-
plished ustng & 12" X 173" aluminum nnTn n pacK’H with TO0Z polyethylene
glycol succinate AR 6/60

1. A Emr and F. Roudtnek, Chem. Listy, 50, 664 (1958}
4, 1093 {1556).

Etnyl 2-Mercaptopropionate, To 4.4 g (20 rmo1) of § dfssolved in 20 ml of

CHyOH wes added 3.4 g (20 mial) of AgND dissolved fn 50 m of water. The precipi-
tate wes collected, suspended in 100 m1 CHCTy, and cooled 40 0°, Excess HI1 was
bubbled through the suspension and the prectpitate (AgCl) was removed by “iltration
Tae CHCl, Tayer was washed with water unii] the washings beca®e neutral, dried
(NaSGy) and evaparated. Tne resulting 1iquid distilled at reduced pressure to

afford 2.5 g (924) of the desired product, bp 90° (60 mm), 11t.'3 5% (6 mm),

identical in all respects to an authentic sa=ple. 2. M. Kdlka, Can.d.Chem

E. A Katz, and J, H, Zistedt,

- Kreavy, pinger, . E. Story
Chem

e
AgND, gave 84% of the butanetatel J rg. zg, 1541 (1964,

I-Butansthio], Cleavege of § with

idantical in all respects to an authentic sample.
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Substitution reactions using 1 with ethyl 2-bromopro-
pionate, n-butyl bromide, and benzyl chloride provided
the expected products 8, 9, and 10, respectively.

RSH + R’CHX — R’CHSR
1
RN RN
8, R’ =CH; R”=C0;Et; X =Br
9, R"=n-CH; R"=H X =Br
10, R’ =Ph; R”=H; X =C(l

Having established that the thiol reacts in the expected
ways to provide a series of thio ethers, it was then neces-
sary to demonstrate that cleavage to the free mercaptan
could be accomplished in satisfactory yield. In contrast to
the facile cleavage -of acetals by hydrochloric acid, mer-
captals and monothioacetals are generally more resistant
to this acid.®-7 The use of silver nitrate to form the mer-
captide of a monothioacetal has been reported.®

During our preliminary attempts to cleave the 2-tet-
rahydropyranyl sulfides, including the heterocyclic sys-
tem discussed below, this resistance to mild acid treat-
ment was borne out. Most systems were resistant to aque-
ous, ethanolic or gaseous hydrogen chloride and aqueous
or ethanolic p-toluenesulfonic acid. However, the silver
salts of the mercaptans are easily obtained by addition of
an equivalent amount of aqueous silver nitrate to a
methanolic solution of the sulfide. The precipitated mer-
captide is then suspended in chloroform through which
excess gaseous hydrogen chloride is passed. After filtration
of silver chloride the mercaptan is recovered from the
chloroform.

In the case of enethiols derived from cleavage of the ad-
dition of 1 and acetylenic compounds there was no evidence

!

1. AgNO, ~
C_ 14
_C=CHR

3 4 or 5——
2. HCI HS

for the formation of tautomeric thicketones or thio alde-
hydes. With these substances, all of which contain sub-
stituents expected to stabilize the enethiol tautomer, this
is not surprising. Since preparation of protected enethiols
appears to be one of the more useful applications of 1 we
plan to conduct a more complete study of such substances
and their cleavage products.

The potential use of the reagent is further illustrated by
preparation of the protected mercapto oxazole 12, Previ-
ous reactions with dialkyl and diaryl dithiooxaldiim-
idates? provided alkyl- or arylmercaptooxazoles which
could not possibly provide the free thiol. Reaction of 1 with
cyanogen provided the expected thigimidate 11, which was
too unstable to be characterized completely. However, it

Missakian, Ketcham, and Martin

reacted with benzaldehyde in the usual way to give the
fully characterized heterocyclic product 12. This and other
uses of the reagent are the subject of continuing studies.

G

NH
s\c/
PhCHO
(CN), + 1 — | —_—
C
HN/ \S\(QJ
11

O

N S
S -
Ph” 0" “N==CHPh
12
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