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methyl substitution at the C-I atoms has little effect in 3 and 
4 (X = 13CH3), whereas substitution at the C-2 or C-3 atom 
decreases 3/cc(180°) by the same amount because of the 
equivalence of these positions. As a consequence, the equality 
of the calculated results and the near equality of the experi
mental results for 2-methyladamantane and 1-methylada-
mantane (10 and 13, respectively; X = 13CH3) is a unique 
situation in which the two 7-methylenes give equal contribu
tions to 37cc(180o). Any change in the nature of X from a 
methyl or methylene group is expected to lead to different 
values of 3/cx( 180°) for 10 and 13. Because the interactions 
between hydrogens make negative contributions to the cou
plings, it is reasonable to expect that vicinal Vex for 10 would 
be consistently greater in magnitude than the values for 13. 
This is the case for all of the experimental data obtained for 
the two compounds. For example, the vicinal 13C-13C coupling 
constants for 10 and 13 with X = 13CO2H are 4.2 and 3.6 Hz, 
respectively;6-7 for X = 13CH2OH the values are 3.54 and 3.27 
Hz, respectively.13 In the more complex physical situation in 
which X = ' 19Sn(CH3)3 the experimental values are 60.0 and 
51.1 Hz, respectively.14 It seem likely that the recognition of 
the substituent 7-methyl effect will prove to be important in 
understanding other types of vicinal coupling involving 
13(^ 15,16 
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Tricoordinate Hypervalent Sulfur Species. 
Sulfuranide Anions1 

Sir: 

Over the past twenty years interest in trithiapentalene 
(6a-thiathiophthene) and its derivatives, a class of tricoordinate 
sulfur(IV) species, has continued at a high level,2 primarily 
reflecting chemists' fascination with the unusual chemical 
bonding in these compounds. Recently, a series of tricoordinate 
sulfuranes with apical halogen and equatorial 7r-acceptor Ii-
gands has been prepared by Arduengo and Burgess.3 We now 
report the synthesis of tricoordinate anionic sulfurane salts 1 
and 2, salts of fulfuranide anions, and their reactions with 
electrophiles. 

CH3 CH3 

CH, CH, 

M+ 

1 2a, M = K 3 
b, M = (Bu)4N 

Compound I,4 an anionic analogue of 35 lacking its ir-
electron system, was obtained as a white precipitate by treat
ment of a THF solution of sultene 46 with 1 equiv of KH. 

KH 
) 

THF 
25° 

The structure of the anion of 1 may, a priori, be represented 
as a resonance hybrid of structures la, lb, and Ic or as an 
equilibrium mixture of structures of different geometries which 
may also be represented by la, lb, and Ic. Even at tempera
tures as low as —70 0C no evidence was seen in the 1H NMR 
spectra of 1 for unsymmetrical structures such as lb or Ic. 

4—+ X O - «-

+ ^ ^ 
la lb Ic 

The 1H NMR spectrum of 1 shows substantial upfield shifts 
of all peaks (5 (Me2SO-Af6) 6.68 (s, 2, ArH), 1.25 (s, 9, t-
C4H9), 1.20 (s, 12, OCCH3)) when compared with that of 4 
(5 (Me2SO-^6) 7.03-6.99 (m, AB pattern, 2, ArH), 5.70 (s, 
1, OH), 1.48 (s, 6, OCCH3), 1.41 (s, 6, OCCH3), 1.31 (s, 9, 
J-C4Hg)). This suggests negative charge derealization into 
the benzene ring as well as the apical alkoxy ligands. The sharp 
singlet for the ring protons of 1 in THF solution, with 18-
crown-6 as solubilizing agent, does not exhibit any sign of 
broadening even at —70 0C. In contrast, the aromatic ring 
protons of 4 have been found to be nonequivalent at room 
temperature.6 

Reaction of a THF suspension of 1 with trimethylsilyl 
chloride or benzoyl chloride produces exclusively O-substituted 
products. Treatment with methyl fluorosulfonate or methyl 
iodide affords a mixture of sulfurane 57 and sultene 6 (Scheme 
I) in a ratio of 1:2 and 10:1, respectively. These results can be 
explained by applying the principle of hard and soft acids and 
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Scheme I 

(CH3)3SiCl 
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Scheme II 

COOH 

-HQ-SH pyridine 

\rt COOH 
Br2 

CHCL, O0C 

t 2a 

bases8 since 1 is an ambident nucleophile with soft (S) and hard 
(O) loci for reaction with electrophiles. 

The carbonyl analogue of 1 (2a) was prepared by reaction 
of cyclic sulfenyl carboxylate 79 with methanolic KOH, as 
shown in Scheme II. 

The infrared spectrum of 7 ( C = O peaks at 1736 and 1670 
cm - 1 ) is consistent with this structure rather than the hydri-
dosulfurane tautomer, 8. In contrast, the infrared spectrum 
of the analogous tetrabutylammonium salt (2b) in chloroform 
solution shows only a single carbonyl absorption at 1638 cm"' 
consistent with the postulated symmetrical structure of the 
anion. Reaction of 2b with CH3I gave only 9, with no product 

2b 
CH3I 

from nucleophilic attack at the sulfur atom detectable by 
NMR. Compound 9 shows infrared peaks at 1739 and 1670 
cm - 1 (CHCI3) similar to those of 7. (The carbonyl stretching 
frequencies quoted for 7 and 9 are consistent with the 0 - S 
interactions represented by the dotted lines in these structures, 
interactions expected10 to lower the C = O stretching frequency 
of the carbonyl involved.) 

Sultene 4 was successively oxidized by w-chloroperbenzoic 
acid tosultine (10) and sultone (11). Treatment of 10 and 11 

with KH in ether affofds white precipitates of 12 and 13, re
spectively, or their open chain analogues. The NMR spectra 
of the more soluble 10 and 11 show singlets for the aromatic 
protons in the presence of NaOH. 

_ y ° H 
KH 

K+ 

10 

^ O H 

12 

+^C -=• +QM, 
U 13 

Further work on the structures of these hypervalent sulfur 
anions and their reactions with other electrophiles is underway 
in our laboratory. 

The NMR spectroscopic evidence which we have presented 
is consistent with the symmetrical structures postulated for 
1 and 2. The alternative formulation of rapidly equilibrating 
unsymmetrical forms such as lb and Ic cannot rigorously be 
ruled out. A similar ambiguity exists in interpretation of the 
experiment showing predominantly S-methylation of 1. While 
electrophilic attack at the sulfur of a sulfuranide anion is ex
pected, electrophilic attack on the sulfur of sulfenate esters 
such as lb is also possible. The short time scale of infrared 
spectroscopy ( ~ 1 0 - 1 3 s) makes the observation of a single 
carbonyl stretching frequency in 2 more convincing evidence 
for a symmetrical sulfurane structure for these species.10'1' 
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9 provided evidence for O-S interactions similar to those that we postulate, 
no evidence was obtained for symmetrical species such as the anions 
described here. 
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Revision of the Structure of Xylomollin 

Sir: 

The structure of xylomollin was reported in 1976 to be 1, a 
secoiridoid hemiacetal acetal isolated from an East African 
tree and found to have insect antifeedant and other biological 
activities.1 Its structural assignment was based almost solely 
on NMR and mass spectral data, which, by analogy to all 
known iridoid structures,2 appeared to justify that 1 was related 
to 8(5)-secoiridoids like kingiside (2)3 and sarracenin,4 but 
having the 8(R) configuration. However, it seemed to us that 

Scheme I 

the 3 ZH 5 H 9 value of 10 Hz found for 1 was too large for a cis-
fused decalin system in view of some NMR data obtained 
during our recent total synthesis of the secoiridoid aglucone 
acetals, 1-methoxysecologanin (3) and 1-methoxysweroside 
(4).5 We thus considered that xylomollin could actually be a 
trans-fused iridoid. This appears to be true since partial syn
thesis of ( - ) - l -OMe-I and its C-3 epimer (9) has provided 
spectral evidence that xylomollin is not 1. 

The strategy for the partial synthesis of 1 was based on its 
possible biomimetic relationship to (—)-loganin (5a), from 
which two tactical developments were pursued to provide the 
target molecules. Addition of methanol to (—)-l-methoxylo-
ganin aglucone (5b)6 or (—)-l-methoxylogan-7-one (5c)6 was 
effected cleanly under basic conditions (Scheme I) to give 6a 
(71%;7 mp 91-92 0 C (Skelly B-Et2O); [ a ] 2 4 5

D -56.0° (c 3.3 
mg/mL, MeOH)) or 6b (58%;7 mp 81-82 0 C (Skelly B-
Et2O); H 2 4 5 D -169.8° (c 18 mg/mL, MeOH)) as colorless, 
crystalline solids.8 The addition was clearly cis as judged by 
the appearance of a doublet (<5H 4.85 ( 3 J H 3 H 4 = 8.3 Hz)) for 
the new acetal proton in 6a and in 6b (5H 4.93 ( 3 ZH 3 H 4

 = 8.5 
Hz)). Presumably the expected trans diaxial addition of 
methanol is not observed because of the ease of the reversibility 
of the reaction, although 6a,b itself appeared to be in equilib
rium with 5b,c since extended reaction times did not increase 
the amount of the 6a,b formed relative to unreacted 5b,c. 
Conversion of 6a to 6b (quantitative) with Cr(VI) and/or 
subsequent Baeyer-Villiger oxidation gave ( - ) - l -OMe-I 
(60-70%; mp 99-100.5 0 C (Et2O); [a]2 4-5

D - 102° {c 12.2 
mg/mL, MeOH)). 

Alternatively, Baeyer-Villiger oxidation of 5c to 7 (50-60%; 
mp 84-85 °C (Skelly B-Et2O); [ a ] 2 4 5

D -46.0° (c 0.87 
mg/mL, MeOH)) followed by bromomethoxylation9 of the 
enol double bond gave 8 (75%; glass; [ a ] 2 4 5

D -3 .8° (c 3.15 
mg/mL, MeOH)). The addition of bromine at C-4 was clearly 

R. = OH, R, = G]u 
" - «.- - / - CH 

6 a , R - OH 
6b_, R! = =0 

a Mg(OMe)2 (10 equiv), MeOH (0.5 M), reflux 6-72 h. b Pyridi-
nium chlorochromate (1.7 equiv), CH2Cl2 (1.8 M), 25 0C, 1 h. 
<• /W-CIpBzA (3 equiv), NaHCO3 (7 equiv), CH2Cl2 (3 M), 25 0C, 
4 h. ''m-ClpBzA (1.2 equiv), NaHCO3 (3 equiv), CH2Cl2 (0.1 M), 
25 0C, 20 h. e NBS (1 equiv), MeOH (0.2 M), 0-*25 0C, 30 min. 
/(M-Bu)3SnCl (2 equiv), NaBH4 (7 equiv), absolute EtOH (0.015 
M)1ZtJ-, 150C, 45 min. 

evident in the 1H NMR spectrum of 8: downfield shift of the 
carbomethoxy resonance (A5 0.09), and the appearance of new 
singlets at 5 3.44 (C-3 OCH3) and 5.16 (H-3). This is shown 
to occur with the trans diaxial endo stereochemistry by analogy 
to the known stereoselectivity of bromomethoxylation of 
pentaacetyl 5a;10 the axial C-I OMe must effectively inhibit 
formation of the intermediate bromonium ion on the exo face 
of 7. Reductive denomination of 8 under free-radical condi
tions using Corey's catalytic (/7-Bu)3SnH method" resulted 
in an ~1:1 mixture of 9 and its C-4 epimer (50%).12 The for
mation of two C-4 epimers is consistent with equilibration of 
the intermediate radical before it can be reductively cap
tured. 

Since ( - ) - l -OMe- l and (—)-9 were prepared from (—)-
loganin, whose absolute configuration has been secured by 
X-ray crystallography,10b these two secoiridoid diacetals must 
have the 5(S),%{R),9(S) absolute stereochemistry originally 
assigned to 1. However, synthetic 1-OMe-l has an 3 J H 5 H 9 of 
4.8 Hz and 9, 4.0 Hz, consistent with an approximately gauche 
relationship of the bridgehead hydrogens in a m-decalin 
system.13 This and other spectral data1 lead us to propose that 
xylomollin's structure be revised to 10, a 5(5),8(S),9(R)-

secoiridoid, in which the all-trans diaxial orientation of the 
methine hydrogens is more consistent with the reported 1H 
NMR coupling constant data than is I.14 Consequently, 
xylomollin is the first example of a trans-fused iridoid to be 
found in Nature. Its biogenesis probably parallels that of 2 and 
morroniside, the 7-hemiacetal analogue of 2,3a which are de-
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