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nique and which markedly reduced the yields of the alkylation processes.

Alkylation of ketone enolates and other substances with approximate pK;

of <24 were not markedly affected.

All new compounds exhibited consistent spectral data (IR, NMR (H, 13C))

and correct combustion or exact mass analytical data. Yields cited are for

distilled or carefully chromatographically purified materials. Yields have
not been optimized and in several cases crude materials of acceptable
purity are obtained directly without purification (yields in parentheses, losses
occur upon purification). Selected spectral data: 3, 'TH NMR § 4.55 (t, 1H),

3.97 (t, 2H), 2.75 (m, 2H), 2.3-1.4 (m, 8H), 1.3 (d, 3H); 5, 'THNMR 0 4.73

(m, 1H), 4.02 (1, 2H), 2.4-1.6 (M, 8H), 2.1 (s, 3H), 1.04 (d, 3H); 9, 'H NMR

64,55 (t, 1H), 3.97 (t, 2H), 2.73 (1, 1H), 2.35-1.42 (m, 8H), 1.31 (s, 3H), 1.27

(s, 3H); 10, THNMR & 3.90 (t, 2H), 3.52 (t, 1H), 2,25-1.35 (m, 9H), 1.05 (s,

3H), 1.00 (s, 3H); 13, 'TH NMR 6 4.50 (t, 1H), 3.98 (t, 2H), 2.60 (s, 2H),

2.25-1.4(m, 10H), 1.35 (s, 3H); 15 characterized as the acetate, 'H NMR

6 3.95 (m, 4H), 2.1 (s, 3H), 2.25-1.20 (m, 10H), 1.03 (s, 3H); 16, 'H NMR

8 3.6 (M, 4H), 2.17-1.06 (m, 12H), 0.88 (s, 3H), and IR 2900, 1450, 1375

em™'; 21, 'THNMR 6 5.37 (m, 1H), 4.82 (m, 1H), 3.86 (m, 2H), 2.13 (s, 3H),

1.12 (d, 3H).

Agitated magnetic stirring for 8 h followed by standing for 16 h. This het-

erogeneous reaction was found to depend on the activity of the Al,O3 uti-

lized.
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cyclization and only the trans ring junction can result since the sp? nature
of the ring junction carbon bearing the positive charge permits the adjacent
hydrogen to occupy only an axial environment if effective overlap of the
adjacent oxygen lone pairs is to occur.
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Hydroxysulfenylation of Olefins. An Olefin
Cleavage with Functional Group Differentiation
Sir:

We report that combination of a lead (+4) salt and a di-
sulfide provides a convenient general approach to hydroxy-
sulfenylation of olefins.!> The importance of vicinal oxygen
and sulfur substitution stems from the great flexibility for
structural elaboration.? Among such reactions is the ability
to cleave the C -C bond bearing these substituents.* The
combination of the hydroxysulfenylation with an improved
cleavage of a 3-hydroxylsulfide allows an olefin cleavage with
differentiation of regiochemistry and functional groups. The
application of this latter reaction toward a precursor of (£)-
verrucarinic acid, a portion of the macrocyclic chain of ver-
rucarin A3 is reported. An unusual conversion of a hydroxy-
sulfide to an epoxide which can represent a net epoxidation
from the sterically hindered face of an olefin is also noted.

Lead tetraacetate (1.0-1.5 equiv) and dipheny! disulfide
(1.0-1.5 equiv) in the presence of 8-15 equiv of trifluoroacetic
acid (generating a lead (+4) trifluoroacetate in situ)® in
methylene chloride at 0 or —40 °C form a blue solution which
rapidly turns yellow. Addition of 1 equiv of an olefin at this
stage leads to smooth and rapid reaction at 0 or —40 °C to
produce initially the 8-trifluoroacetoxysulfide which upon basic
workup generates the thiohydrin as summarized in eq 1 and

>"—_< + P5(0Ac), + ArSSAr + CFaCO,H

CCFB OH

SAr SAr
Eq. 1

Table 1.7 The chemoselectivity as well as the electrophilic
nature of the reaction is illustrated by the case of carvone
(Table 1, entry 11) in which only the isolated double bond
reacts.

The regiochemistry is dependent upon the temperature, the
olefin, and the disulfide. Thus, with 1-methylcyclohexene, the
regioselectivity increases from 4:1 to 27:1 of 3:4 by dropping
the temperature of the reaction from 0 to —40 °C. In the case
of cholesteryl benzoate, an ~1:1 mixture of the regio- and
sterecisomers 10 and 11 is obtained even at —40 °C. Increasing
the steric hindrance of the sulfenylating agent by switching to
di-o-anisyl disulfide improved the selectivity to 1:3. That this
enhanced regiochemistry represents a steric and not an elec-
tronic effect is evidenced by the nearly 1:1 ratio obtained with
di-p-anisyl disulfide.?

The stereochemistry has been proven for a few cases and
assumed for the remaining examples. In the case of the addi-
tions to cyclopentene, cyclohexene, and 4-tert-butylcyclo-
hexene, the adducts are identical with authentic samples of the
trans isomers available by independent methods. In the case
of steroid 9 the protons at C(2) and C(3) are broadened singlets
at 6 4.06 and 3.45, indicative of these protons being equatori-
al.

The mechanism of the reaction is obscure. It does involve
transfer of an equivalent of ArS*.° Thus, unsaturated acids
(Table I, entry 8 and 14) lead to sulfenyllactonization. The ease
of this procedure and the avoidance of handling benzenesul-
fenyl chloride give this method some advantage over a recently
reported version of this reaction.'® The stereo- and regio-
chemistry are also in accord with initial complexation of an
ArS+ species to the least hindered side of an olefin to generate
the equivalent of an episulfonium ion followed by nucleophilic
opening with trifluoroacetate. In this regard, the cholesteryl
system is of great interest since the isomer ratio is dependent
upon the initial complexation. The bulkier o-anisyl reagent
leads to reaction via preferential 8 side attack and thus ac-
counts for the enhanced selectivity.
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Table I, Hydroxysulfenylation of Olefins
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entry olefin (ArS), temp, °C product % yield®
OH
3 T
" s
! 2
1 Ln=1 (PhS), 0 2,n=1 61
2 Ln=2 (PhS), 0 2n=2 74
3 1,n=4 (PhS), 0 2,n=4 80
JOH 5Pn
& f5Ph oA
s S o
3 4
4a (PhS); 0 41 78
4b (PhS), —-40 27:1 63
NN S~y P Lot
OH sPh
5 €
Sa (PhS), 0 21 87
sb (PhS), —-40 32 62
OH §Ph
o 5Ph O
6 E? (PhS), —40 94
7 E
Ph
7 @ (PhS), —40 é’“ 52
C0,H 0 0
8 ©/ (PhS), 0 6 60¢
phs"
PhCHZO PhCHZO
H
9 @ (PhS) 0> RT @’Q 75
PhCH,0 PRCH,0 31
OH
10 (PhS); —40 4
i SPh
0 0
Il Il
o~ e
ArS
lla (PhS), —-40 Ar = Ph 92
11b (0-CH3OC6H4S)2 —40 Ar = 0-CH3OC6H4 96
g7
4o S
12 (PhS), —-40 N 82
Phs”
i o
CH s
817 ’\ —-\_\
0 R0 H R'0 H
PheD ArS oy HO G
i v
13a (PhS); —40 12414 81/
13b (p-CH30C¢H4S)» —-40 14:1.44 95¢
13¢ (0-CH30C¢H,4S), —-40 1:3 68
COH o~0 .
14 NP (PhS); -78 P‘h:}_‘\j 91

@ Reaction times of from 20 to 30 min were employed. ¢ All yields are for isolated products. Compounds have been fully characterized. ¢ |
h at 0 °C and overnight at room temperature. ¢ A mixture of R” = COPhand R’
94 °C. /10 (R’ = PhCO, Ar-Ph), mp 109-112 °C. £ 10 (R’ = PhCO, Ar = p-CH3;0CsH,); mp 149-50 °C. # A small amount of the 28-
phenylthio-3a-hydroxy isomer was detected in the NMR spectrum. / A small amount of 5-phenylthio-6-ethyl-y-valerolactone (<10%) was
detected by NMR spectroscopy.

= H resulted from incomplete hydrolysis. ¢ Product had mp



Communications to the Editor 7105
Table 1. Oxidative Cleavage of a-Hydroxysulfides
hydroxysulfide ratio of
entry (HS) HS:LTA:PY:HOAc® product % yield?
OH OAc
(CHZJ Pns'j\/(mzvc’*o
"'t SPh
1 2,n=1 1:1.8:3:0 12,n =1 88
2 2,n=4 1:2:4:3 12,n =4 ¢
3 2,n=28 1:2:4:3 12,n =8 72
4 &OH 1:2:4:3 12,n =8 79
$Ph
H Ph S)\/r
RIP QR
5 é 1:2:4:3 13 64
§h
(CHy) L8100, M
6 &y 1:2:4:3 83
2/~ osw—c CHy
Ph 1
: oA 16 clH
15 :
B 0
Jl
H /©/\ 82
7 e L Pn 1:2:4:3 o
P C
s ’
1 $Ph
OHC )
8 1:5:25:50 m{jj/ 404

Phs™

4 HS:LTA:PY:HOAc = mole ratio of 3-hydroxysulfide:lead tetraacetate:pyridine:acetic acid. ® All yields are for isolated pure products.
Since these products do decompose to some extent on chromatography, the isolated yields reported are lower than the actual yields. All compounds
have been fully characterized. < In this case, the product is contaminated with an unidentified substance and thus a yield was not obtained.
4 This cleavage was performed under an earlier set of conditions as evidenced by the ratio of reagents. 1t is anticipated that a significantly higher

yield would be obtained under the best conditions reported herein.

The ready accessibility of the thiohydrins (and by extension
the B-ketosulfides) from olefins greatly expands their utility
as synthetic intermediates. Most interesting to us is an oxida-
tive cleavage which previously was restricted to strained ring
systems.*® A greatly expanded scope for this reaction results
by the following procedure. To a solution of 2 equiv of lead
tetraacetate and 3 equiv of acetic acid in refluxing benzene is
added 4 equiv of pyridine. Thirty seconds after addition of the
pyridine, 1 equiv of the hydroxysulfide is added and reflux is
maintained for 10-15 min, at which point the reaction is
worked up in the normal fashion. As can be seen from Table
I six-membered and larger rings do cleave under these con-
ditions. A trans diaxial arrangement appears to be required.
Thus, the hydroxysulfide from cyclohexene which has the
substituents diequatorial fails to cleave, whereas the hy-
droxysulfides 7 and 8 which have the substituents rigidly
diaxial cleave nicely. Steric hindrance also appears to play an
important role as exemplified by the difference between 9 and
10 or 11. Thus, the former cleaves to give the desired alde-
hyde-acetoxysulfide, whereas the latter two do not cleave.
Attempts to increase the oxidizing power of lead tetraacetate

Pb(OAc},, CF,LOH \
10 — 3 0 MP 172-3° Eq. 2
R'=PhCO, Ar=Ph pyr, CH,C1, PhCO

reflux
597

by converting it to Pb(O,CCF;3),(OAc),—, also fails to lead
to cleavage. Instead, a rather interesting conversion to the
corresponding epoxide occurs (see eq 2 and 3) and constitutes

™~

1 —_—
- 65+ y
R'sPhco, Ar=ph PrCo E

MP 165-7° fq. 3

a net olefin epoxidation. Apparently, coordination of the lead
(+4) with sulfur makes it a good enough leaving group to be
displaced by the neighboring hydroxyl group. Acyclic com-
pounds also cleave as demonstrated by 17 (Table II, entry
7.

The structures of the products are easily discerned spec-
troscopically. In contrast to our earlier work, only open-chain
compounds (i.e., no lactol acetates) are observed.* In the case
of hydroxysulfides 7 and 8, the regioisomeric products 13 and
14 are characterized by reduction to the single diol 18, Of

LiAtH
13414 —i Ho/\/‘t/\/ﬂH

92

NasH4
12 (n=1) —2— o CH,0H Eq. 4

914

+

course, the functional group differentiation allows selective
reduction of the free aldehyde (eq 4). In this regard, the
cleavage of 15 to 16 (Table 1, entry 6) is most interesting, since
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the product can serve as an excellent precursor of verrucarinic

acid 19.!
RN Phs S
H0,0 N
o o
H How

19

)

T

28

This direct hydroxysulfenylation of olefins offers a very
convenient and general approach to 8-hydroxysulfides, par-
ticularly useful synthetic intermediates. In addition, this
method provides a regio- and stereochemistry not available by
alternative procedures. For example, whereas A2-5a-cholestene
gives 9 under our conditions, epoxidation and nucleophilic
opening gives the isomeric 20. This difference proved critical
for the ring cleavage since 9 does cleave but 20 does not. The
ring cleavage provides just one illustration of the utility of this
methodology since the combined procedures allow the use of
lead tetraacetate in effecting a net olefin cleavage!'? and also
maintaining an intrinsic difference between the ends of the
chain in the case of cyclic olefins. The question of the nature
of the oxidizing agent remains one of the goals of future
work.
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X-ray Evidence for the Metal Ion Bridged
Intra- and Intermolecular Stacking Interactions
between Nucleotide Bases and Aromatic
Heterocyclic Rings within the Ternary Complex
[Cu(5'-AMP)bpy)(H;0)]2(NO3)2:6H,0

Sir:

The involvement of the charge-transfer interactions between
nucleic acid bases and aromatic amino acid residues in bio-
logical systems is now widely recognized,' but such stacking
adducts are usually weak unless they are additionally stabilized
by polar interactions, e.g., proton or ionic bridges.? In a solution
study? of the spectroscopic properties of the ternary complexes
such as Cu(bpy*)L (L = 5-AMP, 5-1MP, ATP, and ITP),
which are known to be possible models for substrate-metal
lon-enzyme complexes, it has been demonstrated that the
metal ion bridge formation between the two constituents of the
adducts can stabilize them in the following way: the metal ion
is coordinated to the nitrogen donors of the bpy ligand and to
the phosphate chain of the nucleotide, bridging and stabilizing
the stacking between the aromatic amine and the purine
moiety. In order to substantiate the formation of such a metal
ion bridged stacking adduct and to elucidate its stereochem-
istry, we have undertaken a systematic X-ray crystallographic
study? of the ternary complexes containing various metal ions,
aromatic amines, and nucleotides. We report here the prepa-
ration and the structure of the ternary 5-AMP-Cul'-bpy
complex, which is the first example providing the direct evi-
dence for the existence of such a metal ion bridged stacking
adduct.®

The complex was prepared from 5-AMP (3 X 107¢ M),
Cu(NO3)»2H,0 (9 X 10=* M), and bpy (9 X 10~* M), ad-
justing pH to ~4 with dilute NaOH solution, and the mixture
was allowed to stand at room temperature. Blue columnar
crystals formed after ~3 weeks. They were collected, washed
with a little water, and air dried. Crystals of [Cu(5’-AMP)-
(bpy)(H;0)12:(NO3),-6H,0 are triclinic, space group Pl,
witha = 10.195 (2), b = 12.305 (4), c = 11.805 (1) A; o =
88.92 (1),3=108.99 (1),y = 104.41 (1)°; Z = 1; V= 1353.2
A3 D, =1.70and D, = 1.673 g cm™3. Intensity data were
collected on a Rigaku automated diffractometer with Mo Ko
radiation up to a 26 limit of 45°. The structure was solved by
Patterson and difference-Fourier methods and refined to
present discrepancy indices Rr7 and R,,r of 0.046 and 0.051,
respectively, for 3567 reflections with F, 2 3a(F,).%

Figure 1 shows the molecular structure of the dimeric
[Cu(5’-AMP)(bpy)(H>0)],2* unit, where each AMP mole-
cule exists as a monovalent anion with the N(1) of the adenine
base being protonated,® and with the phosphate group doubly
ionized.'® The two independent [Cu(5’-AMP)(bpy)(H,0)]*
units are approximately related by a noncrystallographic center
of inversion except the sugar parts. The most remarkable
features in this structure are that the nucleotide is coordinated
to the metal ion through the phosphate group only and not
through the base moiety!! and that the complex forms a metal
ion bridged intramolecular stacking adduct, in which the im-
idazole part of the purine base is stacked on one of the pyridyl
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