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This investigation has established the occurrence of transaiinular interactions and reactions of the sulfoxide and ketone 
groups in medium rings. The representative compound, 1-thiacyclooctan-5-one-1-oxide (11). used in this study was obtained 
in excellent yield by oxidation of 1-thiacyclooctan-&one ( I )  with aqueous sodium metaperiodate, a general method. The 
monocyclic 1-thiacyclooctan-5-one-1-oxide was converted to  a bicyclic perchlorate salt by transannular reaction involving 
protonation of the carbonyl oxygen. From infrared, proton magnetic resonance, kinetic and oxygen-18 exchange data, the 
perchlorate salt, its methoxy and acetoxy derivatives were assigned the 5-hydroxy-, 5-methoxy- and 5-acetoxy-9-oxa-l- 
thioniabicyclo[3.3.1]nonane structures (Va, VIa, VIIa), with an oxygen bridge between the sulfur and the carbonyl carbon. 
Hydrolysis of 5-acetoxy-9-oxa-l-thioniabicyclo[3.3.0]nonane perchlorate (VIIa) was shown to proceed by nucleophilic sol- 
vent attack on sulfur. The sequence 1-thiacyclooctan-5-one-1-oxide t o  5-acetoxy-9-oxa-l-thioniabicyclo[3.3.l]nonane per- 
chlorate and hydrolysis back t o  the sulfoxide-ketone was shown t o  effect the transannular transfer of an oxygen atom. 

In  this Laboratory the study of transannular 
effects of diametrically opposed donor-accep tor 
groups in mesocycles has now been extended to in- 
clude the combination of sulfoxide and ketone 
functions in an eight-membered model system (11) .3 
Initial difficulties in arresting the oxidation of the 

known 1-thiacyclooctan-5one (I) 4 $  a t  the sulfoxide 
stage (11) were resolved when we turned to sodium 
metaperiodate as the ~ x i d a n t . ~  The thiaketone 
and a slight excess of aqueous sodium metaperio- 
date, when stirred overnight a t  ice-bath tempera- 
ture, gave the extremely hygroscopic I -thiacyclo- 
octan-5-one-1-oxide in 91% yield. 

Physical Properties.-The infrared spectra of 
-1-thiacyclooctan-3-one-1-oxide (11) showed typical 
carbonyl and sulfoxide absorptions, both giving the 
expected shifts to lower frequency with increasing 
polarity of the solvent. These data, accompanied 
by those of model compounds, are assembled in 
Table I. 

TABLE I 
ISFRARED ABSORPTION MAXIMA ( C h i .  - 

Cyclo- 

bd\ ent C=O 
octanone 

GHI? 1709 
CCla 1701 
CHBCS 1695 
CHCk 1689 
DLO 

l-Thiacyclooctan-5- 
m e - l  oxide 

c--0 s=o 
1714 3 000 
1700 105' 
1 705 
1704 1023 
1688 . .  

-1) 

Hepta- 
methylene 
sulfoxide8 

s = o  
1044 
1038 

1011 
. .  

. .  

(1) Partial support by research grants (A 
G11121) from the  Sational Science Foundation is gratefully ac- 
knowledged. 

(29 Lubrizol Foundation Fellow, 1960-1961. 
( 3 )  This work has been reported in part:  Abstracts of Papers, 139th 

Neeting of the  American Chemical Society, St. Louis, R l o . ,  Xlarch 
21-30, 1961, p 30.0. 

(1) S. J. Leonard, T I .  Hrown and 1'. Slilligan, .I. l i n .  Chem.  

( 5 )  C G .  Oserberger and A Lusi, ibid , 81, 506 (1959). 
tG)  S .  J .  I,eunnril, 'r. \'.' hlilligan and  ' r .  I . .  Bruwn,  i b t c / , ,  82, 1U7; 

( 7 )  N .  J.  1,eonard and C .  R.  Johnson, J .  Or# Chriiz.,  27, 282 ( I H W ) ,  

tS) A. li .  \ ;ethm, University ( i f  I l l i i i i i i ,  iiri, i . ~ , i i i i i i ~ i i i i C ~ t i , , i i  

S O L . ,  81, 504 (19.59). 

(1960); 83, 5017 (1Y61). 

;and references therein 

The electric dipole moments of l-thiacyclooctan- 
5-one-1-oxide and the corresponding 1,l-dioxide were 
obtained in benzene solution. These values, along 
with others recorded earlierj6 permit, by simple 
trigonometric relations, the calculation of the aver- 
age dihedral angles formed by the C-CO-C and 
C-X-C planes in our series of mesocyclic ketones 
(Table 111). The assumed C=O and C-X-C 
moments are taken from the model compounds de- 
scribed in Table 11. The dipole moment of the 

TABLE I1 
DIPOLE ~ ~ O M E X T S  OF MODEL Cou~ouxu~s 

Compound (in benzene) P, Debye 

Cyclooctanone 2.939 
Diethyl ether 1 ,2210 
Diethyl sulfide 1. 5811 
Diethyl sulfoxide 3. 8511 
Diethyl sulfone 4.4311 

TABLE 111 

A 

I11 
Av 

P, dihedral 
Cornpound (in benzene) X Debye anglea 

1-Oxacyclooctan-5-one 0 4.096 21° 
1-Thiacyclooctan-j-one ( I )  S 3 . 8 1 6  oxo 
l-Thiacycli~~ctan-5-011c- I-oxide 

l-Thiac?-clooctari-j-oiie-l, 1- 
(11) so :3 37 81" ( IUI")"  

dioxide SO: 3 . 7 0  lZi0 
a Calculated ahsuiiiing I I O  tr-~i~iwnnui:~r iiitlucctl t l i [ ) l J lC  :LII(I 

tlie absence o f  intcractioii. * T h e  dilictlrnl aiigles o f  81" m t l  
161' correspond to the S-0 Ixmd a t  14f.6" and ~ , , j ' ,  
respectively, from the plane of the carboiiyl group (see Fig. 
2 ) .  

oxygen compound (111, X = 0) requires a near- 
parallel orientation of the GCO-C and C-0-C 
dipoles,6 which in turn may be satisfied by a pre- 
ponderance of a folded conformation. The average 

(H i  'r. R u r r r  aiirl Hs IT C h h t h ' u c l ,  I f r l i ' .  17h!1ii Aci i i .  39, :<;ti 
1 1 !r.X).  

(10) J. X' Smith, "Electric Dipule hloments," Butterworths Pul,. 
lications, L td . ,  I.ondon, 1935. 

( 1  1) C. W. S. Cumper and 5 .  \Valker, 7 r u u ~ .  F ~ i r ~ i d ~ i ~ '  .So< ., 52, I!):$ 
(1Ll.Tlj) 



NELSON J. LEONAIW AND CARL R. JOHNSON vol .  s4 

1.40 R 

@ 
E t h e r  

210 

1.85 1 

Su 1 f i d e  

680 

S u l f o x i d e  S u l f o n e  

Si0 126O 
Fig l.--C/CO/C-C/X/C dihedral angles (ill 111); iiiudels 

based on van der LVaals radii. 

dihedral angle e of 21’ suggests a folded form inter- 
mediate between a regular crown (IIIa) and an 
extreme with 6 = 0’ (IIIb),  that  is, a crown in 
u hich the opposed hydrogen interactions are 
balanced by spreading between the C-3 and C-7 
methylenes and allowing the 0-1 and the C-5 atoms 
to come into closer proximity.6f12 The dipole 
moment of the sulfide ketone I indicates a 

A 0 

Crown, IIIa Folded, IIIb 

larger dihedral angle 8 = GS”, for a time- 
average folded conformation, assuming no S-Cco 
interaction in the ground state.la The calculation 
of the dihedral angle for the sulfoxide ketone I1 
from the observed dipole moment must take into 
account the fact that the resultant vector of the 
sulfoxide group does not lie in the C-S-C plane. 
The value of the angle is based on the assumption of 
Cumper and Walker1’ that the angle between S=O 
and the C-S-C plane in a sulfoxide is 61.5’, and on 
the values of ps = 1.61 D. (as in ethyl sulfide) and 
APSO = 2.82 D. for the change in dipole in the S=O 
direction in going from the sulfide to the sulfoxide. 
The dipole moment (3.37 D.) of the eight-membered 
sulfoxide ketone indicates an angle of 121’ between 

(12) (a) N. L. Allinger and S.-E. Hu, J. A m .  Chem. SOL., 83, 1664 
(1961); (b) N. L. Allinger, ibid., 81, 5727 (1959). (c) The terms 
“skrwe<l c rown”  and “distorted crown” have also been employed 
( w e  alsc! G ~ ‘ I i i i i r ~ l u ~ l t ~ ,  ’ ~ 1 1 .  1)ueh;irrrl ziid U. ‘lhrscli, Clieiiiisluy b’ 
I d U A o y ,  1433 (1939)). 

(1Y) The shifts in the  infrared carbonyl frequency and carbonyl 
splitting previously observed6 are now regarded a s  not necessarily in- 
dicative of s-Cco interaction and may be due rather t o  Fermi reso- 
nance and/or combination bands in the  infrared.8 

carbonyl (~co) and sulfoxide (PI<, 40’ out of the 
C-S-C plane) dipole vectors. This corresponds to a 
dihedral angle formed by the C-CO-C and C-S-C 
planes of either 81’ or 161°, since the oxygen may 
lie above or below the C-S-C plane A study of 
models reveals that a dihedral angle of 161’ (IIa) 
results in extremely unfavorable hydrogen-hydro- 
gen non-bonded interactions, so that the dihedral 
angle of 81’ (IIb) better defines a time-average 
conformation of the sulfoxide ketone, in benzene 
solution, intermediate between crown and folded. 
The dipole moment of the sulfone ketone I11 (X = 
SO?) indicates a dihedral angle of 126’, which can 
be accommodated bv a time-average conformation 
in which the opposing non-bonded interactions re- 

/ I 0 

I Ia  

I I b  

sult in spreading the crown between S-1 and C-5. 
The interesting structural feature depicted by the 
dipole moment data is the increase in C/CO/C- 
C/X/C dihedral angle with a corresponding in- 
crease of the steric requirement of group X in the 
series of compounds 111. This is shown clearly by 
comparison of the van der Waals radii in Fig. 1. 
The concept of distortion from the regular crown 
conformation by spreading between C-3 and C-7 
or between X-1 and C-5 in compounds of type 111, 
depending upon a balancing of the non-bonded in- 
teractions, is potentially useful in application to 
other eight-membered ring compounds.12 

Although I-thiacyclooctan-5-one-1-oxide (11) 
showed no abnormality in infrared spectrum or 
dipole moment, the medium ring sulfoxide ketone 
has an unusual ultraviolet spectrum. A maximum 
appears within the region 226 5 to 235 mg, depend- 
ing upon solvent, with an extinction of cu. log 2.8 
(Table IV). A “blue shift” of this maximum is 
observed with increasing 2, a spectroscopic index of 
solvent p01arity.l~ The parent l-thiacyclooctan-ci- 
one (I) also exhibits an anomalous maximum within 
the region 226 to 242 mp with extinction of uz. log 

(1958). 
(14) E. M. Kosower, J .  A i n .  Chem. Suc., 80, 3 2 . 3 ,  3261, 3267 
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TABLE IV 
ULTRAVIOLET ABSORPTION MAXIMA 

bicyclic salts of the aza- and thiacyclooctanones, 
this was a clear demonstration that salt formation 

l-'rhiacyclo6ctan.3- l-Tbiacyrlo6ctan- had proceeded by transanniilar reacfioii intlolvinr: 
one-1-oxide 5-0nen protonation of the carbonyl oxygen. The ambident 

Z Xrnali. mp log ea Amax. mp log character of the sulfoxide grouping introduces a 
2.78 226 3.39 novel and subtle structural question to these studies 
2*76 229 3'43 of transannular reactions-the bicyclic salt may be 

94,6 226,5 2 , 8 3  242 3,45 formed by either transannular oxygen (type A) or 
sulfur alkylation (type B). The resolution of this 
problem is now described. 

Solvent 

CeHi: 60.1 235 

C2H50H 79.6 227 2.83 238 3 .41  
HsO 
(1 .-ldditional uncertainty due to the extreme hygroscopic 

CHaCK 71.3  231 

nature of the sulfoxide. 

TABLE V 
ELECTRONIC ABSORPTION MAXIMA IN CYCLOHEXANE 

1-Thiacyclooctan-5-one-1-oxide (11) 199" 3.38 2 3 5 " ~ ~  2.78 -290b 1 .3  
Compound Xmar, mp log t X m a ~ ,  mp log X~,,SX, nw Iclg e 

1-Thiacyclooctan-5-one ( I )  192" 3.52 227b.c 3 .46 2 8 8 b . d  1.25 
Methyl 4-ketopentyl sulfoxide ( I V )  207," 3.46 ... . .  275" 1 .n 

Methyl 4-ketopentyl sulfide 198," 3 .4  . . .  .. 278" 1 . 3  

Cyclooctanone < 185b >2.9  . . .  . .  28Sb 1.18 
Dimethyl sulfoxide 203" 3 . 4  . . .  . .  . . .  . .  

-215 

-210 

0 Bausch and Lomb Spectronic 505 spectrophotometer. * Cary model 14 spectrophotometer. Beckman DK 2 spec- 
IYe wish t o  record our appreciation to  Professor C. A. Grob, University of Basel, for providing these 

This maxinlum exhibits fine 
trophotometer. 
spectra from our samples. 
structure. 

3.4; however, a "red shift" is found with increasing 
Z. 

Such a reversal in solvent dependency can only 
be accounted for by a change in the mode of the 
electronic transition. The transition for the thiake- 
tone I has been visualized as an effective electron 
transfer from the divalent sulfur into the nearby 
carbonyl system6 The spectrum observed for 1- 
thiacyclooctan-5-one-1-oxide (11), by contrast, ap- 
pears to have retained the character of the sulfoxide 
chromophore, which is known to give blue shifts 
with increasing solvent polarity.15.16 Neither a 
maximum nor a shoulder appears in the same region 
in the spectra of dimethyl sulfoxide or methyl 4- 
ketopentyl sulfoxide (IV) the open-chain model 

226.5 to 235 mk, depending upon the solvent, ap- 
parently results from some electronic interaction 
between the sulfoxide grouping and the "neighbor- 
ing" carbonyl across the ring. 

The technique for short wave length has been described.17 

I n  contrast to 5-hydroxy-1-thioniabicyclo [3.3.0]- 
octane perchlorate (V111)6f18 simple recrystalliza- 
tion of V from methanol or ethanol did not afford 
the bridgehead alkoxy perchlorates. Nevertheless] 
easy access to the methoxy derivative VI was gained 
by treatment of V in acetone with 2,2-dimethoxy- 
propane. Acetylation of V with acetic anhydride 
gave the 5-acetoxy compound VII. 

c104 O c10; c10,- 
compound (Table V) . Accordingly, the absorption A B 
maximum for 1-thiacyclooctan-5-one-1-oxide a t  V , R = H  VIII, R = H 

VI, R = CHI IX, R CH3 
VII, R = COCHj X, R = COCI13 

Entirely in agreement with the motif of investi- 
gations of transannular effects in medium rings, 
neither the open chain analog IV nor the common- 
ring 1-thiacyclohexan-4-one-1-oxide formed salts 
with perchloric acid under the experimental condi- 
tions used for the mesocyclic ketones. 

Dimethyl sulfoxide is known to form two series 
0 of alkyl derivatives. The products of kinetic con- 

trol-the 0-alkyl derivatives, illustrated by di- 

e 
IV 

Chemical Properties.-Dropwise addition of 70% methy~-methox~sulfonium perchlorate y = 
C104)-are obtained by isolation of the reaction 
product of an alkyl arenesulfonate with dimethyl 

dimethyl sulfoxide with methyl iodide and silver 

perchloric acid to 1-thiacyclooctan-5-one-1-oxide in 
ether afforded a perchlorate salt in 939;b yield. 

of carbonyl absorption but possessed a strong 0-H 
The infrared spectrum (CH3CN) of thesaltwasfree sulfoxide at the proper stage1g Or by Of 

stretching band a t  3320 Cm.-' (Cf. VIII, YOH 3300 
cm. -1). In parallel with the previously obtained 

(18) Previouslye this compound has been named 5-hydroxybicyclo- 
T h e  change is made t o  conform [3.3.0]octane-l-thianium perchlorate. 

t o  IUPAC 1957 Rules: J .  A m .  Chem. Soc., 82, 5372 (1960) 
(16) H. P. Koch, J. Chem. SOC., 2829 (1950). 
(16) A. Mangini, Gazs. chim. ital.,  88, 1063 (1958). 
(17) K. Stich, B. Rotzler and  T. Reichstein, Helu. Chim. A d a ,  42, 

(19) S. G. Smith and S. Winstein, Tetrahedron,  3, 317 (1958). The  
oxo-sulfonium nomenclature of Smith and  Winstein, as  opposed t o  
"sulfoxonium," correctly emphasizes the  sulfonium, rather than t h r  
oxonium, character of salts of type X11 (d. refs. 21, 22). 1480 (19.59). 
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nitrate,lg fluoroborate20 or perchlorate. The ther- 
modynamically stable isomeric adduct of type XI1 
(Y = I, trimethyl-oxosulfonium iodide) may be ob- 
tained from dimethyl sulfoxide and methyl io- 
dide.19321,22 Anion exchange between the iodide 
and silver salts is readily accomplished .19.31 

OCH? 0 
I I 
I 

A S 
CH,/+\CH, CH/SqCH, CH3 1 CH3 

T - T - Y -  
SI XI1 SI11 

The infrared spectra of the S-alkyl sulfoxide 
adducts would be expected to exhibit a strong 
> S*=O absorption. Kuhn and TrischmannZ1 have 
assigned the strong 1227 cm.-' band (Nujol) ob- 
served in trimethyl-oxosulfonium iodide (XII ,  X 
= I) to the S=O stretching vibration. Trimethyl- 
oxosulfonium perchlorate, in acetonitrile solution, 
has this strong band a t  1245 cm.-l. The only other 
maximum of trimethyl-oxosulfonium iodide found 
in the general region of S=O stretch is a t  1027 
cm.-'; however, a band appears a t  this same posi- 

CHa CH3 

('70) H. Meerwein, V. Hederich and K. Wunderlich, Arch. Phavm., 

(21)  R. Kuhn and H. Tr ivhmann .  Ai i r i  , 611, l l i  (1958); A I I X P ~ ,  

(221 12. T. Major and €1.-J. Heis. .T. O i g .  Ckpffz., 23, 1563 ( l$ l%) ,  

291, ,541 (1958). 

( - k t , 1 1 ! , ,  69, > T O  (1!3,*17), 

2 .  

tion in trimethylsulfonium iodide. Additional evi- 
dence for the +S=O stretching assignment is found 
in the infrared spectrum of the perdeuteriotri- 
methyl-oxosulfonium iodide.73 All frequencies be- 
low 1300 cm.-' are lowered by more than 20 cm.-' 
except the band under discussion, which moves from 
1227 to 1233 crn.-l. 

The decrease in electron density a t  the sulfur 
atom in trimethyl-oxosulfonium salts would be 
expected to raise the frequency of the sulfur-oxygen 
stretching vibration over that of dimethyl sulfoxide 
(ca. 1050 cni.-l) by increased contribution of 
+S+=Oinrelation to >S++-O-.24-26 I n  the per- 
chlorate \J and in its derivatives VI and VI1 no 
bands appear in the region near 1245 cm.-' in 
acetonitrile that are not present in the correspond- 
ing sulfonium compounds (VITI, IX, X) ,  suggesting 
structures of type A (Fig. 2) .  
-2 comparison of the proton magnetic resonance 

spectra of the sulfoxide-ketone perchlorate and 
(23) F.  A. Cotton, J. H. Fassnacht, W. D. Horrocks, Jr . ,  and S. A. 

Nelson, J .  Chem. SOL., 4138 (1959). 
( 2 2 )  L. J.  Bellamy, "The Infrared Spectra of Complex Molecules," 

John Wiley and Sons, Inc., S e w  York, 1958, and references cited 
therein. 

( 2 5 )  A. Simon, H.  Kriensmann and H. Duty,  C h r m .  Be?., 89, 2390 
f 19.;6). 

( 2 6 )  P. B. D. d e  la %lare. 1%' Klyne, D J ;2Iillcn, J G Pritchanl 
and I ) .  \Vrtson, . I .  <,huiu S o < ,  1Rl:i (I!l.iii) 



TABLE IrI 
PROTOX MACSETIC RESOXANCE DATA FOR SULFONIUM PERCHLORATES 

7 T 

p,y-Protons Other Cnmpound, perchlorat e n-Protons 

TrimethS.lsulfoniuin" (XII I )  6.97s" . . . .  

Trimethyl-ososulfoniumn (XI I )  6.12s . . . .  
Dimethyl-metliosysulfonium" (SI )  6.58s . . . .  -0CH3, 5 . 7 5 s  

5-Hydroxy-1-thioniabicyclo [3.3.0] octaneb (VII I )  6.44m 7.481~1 

5-dcetosy-1-thioniabicyclo [3.3.0] octanea (X) 6.23m 7.32m -CCHs, i . 6 7 ~  
~i-Hydrox~--9-oxa-l-thioniabicyclo[3.3.1] nonaneb (VAL) 6.30m 7.6F)rn 
5-Methosy-9-osa-l-thioniabicyclo [3.3. l]nonaneb (VIA) . . . .  . . . .  -OCHa, G ,510s 
5-ALcetoxy-9-oxa-l-thioniabicyclo[3.3.1] nonanes (VILLI) 6,25111 7.48m -CCH?, 7.73s 

5-Methoxy-1-thioniabicyclo [3.3.0]octaneb ( IS)  . . . .  . . . .  -0CH3, 6.30s 

a Trifluoroacetic acid solution. Perdeuterioacetone solution. s = singlet, m = multiplet, value given is the center 
of the multiplet. 

derivatives (V, VI, VII) utilizing both simple model 
systems (I) and the perchlorate and derivatives of 
1-thiacyclooctan-5-one (VIII, IX, X) augments the 
conclusion that the structures in question are of 
type A. 

An examination of the n.m.r. signals of the pro- 
tons alpha to the positive sulfur of the compounds 
enumerated in Table VI is instructive. The dif- 
ference in r-values observed for the a-protons of 
trimethylsulfonium perchlorate (XIII,  Y = 
Clod) and the cr-protons of 5-acetoxy-1-thionia- 
bicyclo [3.3.0]octane perchlorate (X) is 0.74. Ap- 
proximately the same relationship would be ex- 
pected to hold with trimethyl-oxosulfonium per- 
chlorate (XII,  Y = C104) and the bicyclic analog, 
5-acetoxy- 1-thioniabicyclo [3.3. O ]octane- 1 -oxide per- 
chlorate (VIIB). This assumption then leads to the 
prediction of a value of 6.12 - 0.74 or 5.38 for the 
a-protons in a formulation like VIIB. In like 
manner, using the value of 6.58 for the S-methyl 
protons of dimethyl-methoxysulfonium perchlo- 
rate, and correcting by +0.15 for the transition 
from a five- to a six-membered ring,27 one estimates 
5.99 for the a-protons in expression VIIA. With 
similar treatment of data, the estimations of 6.20 
and 5.58 are obtained for the a-protons in V-4 and 
VB, respectively. The observed values of the ace- 
toxy compound (6.25) and the hydroxy compound 
(6.30) are indicative of the bicyclononane systems 
VIIA and VA, respectively. 

The upfield shift of the signal of the P,y-protons 
in the sulfoxide-perchlorates (VA, VIIA) in compari- 
son with the thiaketone perchlorates (VII I ,  X) is 
consistent with a transition from a five- to a six- 
membered ring system. The existence of the type 
-1 structure is also supported by the resonance of 
the 0-methyl protons of VI a t  6.30 as compared 
with 6.30 in IX ( c j .  (CH,O)?C(CH,),, T = 6.93). 
Upon examination of the models the conclusion is 
reached that the 0-methyl proton resonance in the 
expression 5-methoxy- 1-thioniabicyclo [3.3 .O]octane- 
1-oxide perchlorate (VIR) would be a t  least a t  as 
low a field as that  of 5-methoxy-1-thioniabicyclo- 
[3.3.0]octane perchlorate ( IX) ,  especially in view 
of the recent conclusion of Pritchard and Lauter- 
burz8 that  the contribution made by magnetic 

(27) For example, we find t h e  multiplets attr ibutable t o  the  ring a- 
protons of 1-methyl-1-thioniacyclopentane and l-methyl-l-thionia- 
cyclohexane perchlorate centered a t  6.37 and 6.52. 

128) J. G. Pritchard and P. C .  I,auterhur, J A m  C ' h ~ i n .  Sor . ,  83,  
2in.i I I R R I ) .  

anisotropy to the chemical shift of protons above 
the S=O bond is toward lower field. 

Additional model compounds for n.m.r. spectros- 
copy, especially examples containing the group- 

A I  
ingS -cH2CH2-S=0 I and -CHaCH2-$-OR, + 

preferably in appropriate ring systems, would be 
advantageous. Such compounds were not accessible 
by the synthetic routes chosen, possibly because of 
competing elimination reactions. 

Smith and U'in~tein'~ have recently found the 
0-alkyl adducts of dimethyl sulfoxide to be 
rapidly hydrolyzed in aqueous media, whereas the 
S-alkyl adducts, like sulfonium salts, were inert. 
The solvolysis of these 0-alkyl derivatives could 
proceed either by nucleophilic attack on sulfur or 
by carbon-oxygen cleavage, depicted by schemes a 
and b. Smith3$ did not find benzyl methyl ether 
produced by the solvolysis of dimethyl-benzyl- 

Schemea R'0:-S-OR \+ - 
Y-  H /  

XIV 
i H X  

(R '=H)  

\ i 
S=O + ROH 

/ 

oxysulfonium tosylate in absolute methanol but, 
rather, benzyl alcohol was isolated after addition of 
water. The production of acid without the ac- 
companying formation of an ether follows scheme 
a ;  moreover, the possible intervention of a neutral 
intermediate (perhaps XIV) is suggested. Such a 
compound (XIV), which might be capable of being 
isolated, may be named a "sulfoxal." In ketal 
hydrolysis Kreevoy, Morgan and Taft30 have found 
the rates to indicate that the transition state has 
considerable carbonium ion geometry. One would 
predict, then, in the breakdown of a hypothetical 

(29) S. G .  Smith, P h . D .  Thesis, University of California, 1.0s 

(30) hI. M Kreevoy, C. K. IIorgan and R. \V. Taft ,  J r . ,  J .  A?!? 
Angeles, Calif., 1959. 

C Y W W .  SOC. ,  83, 3 1 x 4  (ist in).  



3706 SELSON J. LEON.IRT) ANII CARL R. JOHNSON 1101. 84 

intermediate such as XIV (R = alkyl), that the 
transition state would have substantial sulfonium 
ion character. 

In order to gain additional evidence for nucleo- 
philic solvent attack on sulfur, dimethyl-methoxy- 
sulfonium perchlorate (XI, Y = Clod) was sol- 
volyzed in oxygen-18 enriched water (1.67 atom % 
excess oxygen-18). That path a was predominant 
was shown by the oxygen-18 enrichment (1.48 atom 
7c excess) of the dimethyl sulfoxide isolated from 
the solvolysis, in consideration with the observation 
that dimethyl sulfoxide did not exchange oxygen 
under acid (perchloric)  condition^.^^ 

On the basis of these observations i t  appeared 
that chemical e\ idence for expression A, heretofore 
argued from physical data, might be at hand 
through a comparison of solvolytic rates and oxy- 
gen-18 exchange reactions of the bicyclic systems 
with those of simple model compounds. The 
bridge-head acetates VI1 and X were chosen for the 
initial experiments, since if structure VIIA were 
correct the solvolysis of the bicyclic salt, in analogy 
to the model compound dimethyl-methoxysulfon- 
ium perchlorate, might proceed by solvent attack 
on sulfur. The solvolysis of the corresponding 
methoxy compounds (VI  and X) more likely would 
occur via ionization (XV and XVI) facilitated by 
stabilization of the incipient carbonium ion by the 
methoxyl group 

L 2 L 

xv XVI 

The first indication of the great difference in 
reactivity between 5 - acetoxy - 1 - thioniabicyclo- 
[3.3.0]octane perchlorate (X) and 5-acetoxy-9- 
oxa - 1 - thioniabicyclo [3.3.l]nonane perchlorate 
(VIIX) was provided by following the extent of 
their solvolyses in water from the appearance of the 
ultraviolet maxima of the parent ketones. While 
the full extinction expected of the sulfoxide ketone 
was observed thirty seconds after mixing VIIA with 
water, the solvolysis of 1 -acetoxy- l-thioniahicyclo- 
[3.3.0]octane perchlorate in water was less than 
25y0 complete after 180 hours a t  room temperature. 
In consideration of the known stability of both 
trimethylsulfonium and trimethyl - oxosulfonium 
perchlorates in water, there can be little doubt, 
therefore, that a change in structure more deep- 
seated than going from system X to VIIB would be 
required to produce such a difference in the rates of 
solvolysis. Kinetic data for both bicyclic and model 
systems were available by titration of the acid 
developed during solvolysis. The results cata- 
logued in Table VI1 were obtained through use of an 
automatic recording titrimeter, set t o  hold constant 
@H 5 ,  with sodium methoxide as the titrant. Ab- 
solute and 95% methanol were used as solvents. 
The key points of these data are the similarity of 

(31) S. Oae, T. Kitao and Y .  Kitaoka, Chemistry l i id t rs lvy ,  291 
(1961), likewise, found tha t  phenyl sulfoxide in concentrated sulfuric 
acid solution did not incorporate the  lahel when the  solution was d i -  
lilted with oxygen-18 enriched water .  

TABLE VI1 

PERCHLORATES* 
SUMMARY OF SOLVOLYTIC RATE CONSTANTS FOR SULFONIUM 

IO3 k i ,  sec.-l ($H 5 )  
Temp., 93 yo 

Compound, perchlorate "C. Methanol methanol 

Trimethylsulfonium (XII I )  25 n'.R.b K.R. 
Trimethyl-oxosulfonium (XII )  25 S.R. N.R. 
Dimethyl-rnethoxysulfoniurn 2 7 . 3  . .  

(XI)  4 . .  41 
5-A4cetoxy-9-oxa-l-thionia- 2 3 . 0  . .  

bicyclo[3.3. llnonane (VIIA) 4 . .  13 

[3.3.0]octane (X) 25 . .  <o. 01 

bicyclo[3.3.l]nonane (VIA) 4 > 100 . .  

[3.3.0]octane ( I X )  4 -15 .. 

5-Acetoxy-I-thioniabicyclo- 

5-Methoxy-9-oxa-1-thionia- 

5-Methoxy- l-thioniabicyclo- 

For complete data see Table I X  in Experinient:tl section. 

the rates of solvolysis of the bicyclic salt VIIA and 
dimethyl-methoxysulfonium perchlorate and the 
inert nature of the isomeyic trimethyl-oxosulfoniuni 
perchlorate. The increase in rate of the bridgehead 
methoxy compounds over the corresponding 
acetoxy compounds in both the sulfide and sulfoxide 
series is taken to reflect the predicted change of 
mechanism to solvolysis by ionization rather than 
by solvent participation (XV, XVI).  

Scheme c 

N.R.  means no reaction. 

I 

OCH3 

c10,- 

0 0' 

I1 
I 1 ('I O 

V n 

CIOT 

xv111 

6CO 1 0 5  ~ 6C02 mass ratio 
9000 1 c a i  hon 46/44 

a The asterisk does not signify isotopic label, but serves 
only to indicate the oxygen derived originally from periotlal e. 
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TABLE VI11 
SUMMARY OF OXYGEN-18 LABELING DATA 

Excessb 0-18 
Compound Source Ra (atom %) 

Dimethyl sulfoxide CHISOCH~, HC104, Hz0'8 0.00407 0.00 

Dimethyl sulfoxide (CHs)zSOCHa ClOa-, Hz013 .01910 1.48 
+ 
+ 

Trimethyl-oxosulfonium iodide (CH3)aSO I-, recovd. from H>0l8 .00501 0.09 
5-Methoxy-9-oxa-l-thioniabicyclo[3 3 11 nonane perchlorate Refer to scheme c ,00662 1.51' 

5-Methoxy-S-oxa-l-thioniabicyclo[3.3.l]nonane perchlorate VA ---+ I1 --f YA + VIA ,00408 0 .OO 
Enriched water Weizmann Institute ,02118 1.07 

H201* 

a M a s s  ratio 46/44, normalized. In  excess of natural abundance, 0.203 atom yo. Label in position 9 only. 

Acetate VIIA was solvolyzed to the sulfoxide 
ketone in oxygen-18 enriched water. After ex- 
traction into chloroform, the free ketone XVII was 
converted to  the perchlorate, which, in turn, was 
transformed to 5-methoxy-9-oxa-1-thioniabicyclo- 
[3.3.1 Inonane perchlorate (XVIII) by reaction 
with 2,2-dimethoxypropane (scheme c). Step by 
step analysis of the sequence reveals that in the sulf- 
oxide-ketone XVII produced by the solvolysis, the 
only oxygen present which remained throughout the 
scheme was the sulfoxide oxygen. (The perchlo- 
rate anion of the product XVIII was not exposed to 
enriched water, and the carbonyl oxygen of the 
ketone XVIII was replaced in the conversion to the 
methoxy compound.) Pyrolysis of XVIII over hot 
carbon to carbon monoxide, oxidation of the carbon 
monoxide to carbon dioxide by the Unterzaucher 
method, followed by mass spectrographic deter- 
mination of the 46/44 mass ratio showed XVIII to 
contain 0.252 atom per cent. excess oxygen-18. 
Since by the method of synthesis all of the excess 
isotope must be present in the bridged oxygen, this 
must contain (6 X 0.252) or 1.51 atom per cent. 
excess oxygen-18, in good agreement with the 
water (1.67 atom yo). 

That such an exchange could occur only with 
structure VIIA follows from the data provided in 
Table VIII. Exchange occurred with dimethyl- 
rnethoxysulfonium perchlorate (the model for sys- 
tem A) but not with dimethyl sulfoxide, even under 
acid conditions; by contrast, the model compound 
for structures of type B, trimethyl-oxosulfonium 
iodide, in oxygen-18 enriched water solution in- 
corporated relatively small amounts (ca. 0.1 atom 
%) of label, even a t  steam-bath temperatures. To 
prove that incorporation of oxygen-18 took place 
during but not after the solvolysis of the bicyclic 
acetate VIIA, 5-hydroxy-9-oxa-1-thioniabicyclo- 
[3.3.l]nonane perchlorate (VA) was treated in a 
manner identical with that described above for the 
corresponding acetate. No excess isotope was 
found in the product. 

In addition to providing evidence for the exist- 
ence of the bridged-oxygen structure in the salts of 
the sulfoxide ketone and aiding in the understand- 
ing of the mechanism of solvolysis of alkoxysulfon- 
ium salts, these oxygen exchange experiments re- 
vealed another interesting feature-the reaction 
sequence 1-thiacyclooctan-5-one-1-oxide (11) to 5- 
acetoxy-9-oxa-1-thioniabicyclo [3.3.1 Inonane per- 
chlorate (VIIA) and back to the sulfoxide ketone 
effects the transannular transfer of an oxygen atom, 

i.e., the sulfoxide oxygen becomes the carbonyl oxy- 
gen, as formulated in detail in scheme c. 

Acknowledgment.-It is a pleasure to acknowl- 
edge the helpful discussions and generous assistance 
of our colleagues Dr. Stanley G. Smith and n r .  
Theodore L. Brown. 

Experimental 
1-Thiacycloijctan-5-one-1-oxide ( II).7-l-Thiacyclooctan- 

5-0ne~-~,II  (1.44 g., 10 mmoles), m.p. 53-54", was added to 
an aqueous solution of sodium metaperiodate (220 ml., 0.05 
144, 11 mmoles) a t  0". Crude product (1.45 g., 917') was 
obtained by continuous extraction with chloroform, drying 
the extract over anhydrous magnesium sulfate, and evap- 
oration of the solvent a t  reduced pressure. The l-thia- 
cyclooctan-5-one-1-oxide was purified by regeneration from 
the perchlorate (see below). 

5-Hydroxy-9-oxa-1-thioniabicyclo [3.3.1] nonane Perchlo- 
rate (VA).-Perchloric acid (7070) was added dropwise to 
an ether solution containing 500 mg. (3.12 mmoles) of 1- 
thiacyclooctan-5-one-1-oxide until precipitation was com- 
plete. The salt (740 mg., 93%) was thoroughly washed with 
ether and recrystallized as colorless needles from acetone- 
ether; m.p. 106.5" dec. I ts  infrared spectrum (15% CHI- 
CN) was free of absorption in the 6 N region but had a strong 
band a t  3320 cm.-l (0-H).  

Anal. Calcd. for C7Hl3C1O6S: C, 32.25; H, 5.03; 0, 
36.83; neut. equiv., 260.7. Found: C, 32.17, H, 4.94; 0, 
37.00; neut. equiv., 262. 

The sulfoxide-perchlorate VA failed to exchange -OH for 
-0CHa or -OCZHB when recrystallized from methanol or 
ethanol. Under these conditions exchange occurs with 5- 
hydroxy-l-thioniabicyclo[3.3.0]octane perchlorate (VIII).e 

Regeneration of 1-Thiacyclooctan-5-one-1-oxide from its 
Perchlorate by Base.-The perchlorate (809 mg., 3.11 
mmoles) was dissolved in 10 ml. of water and titrated to 
phenolphthalein end-point with sodium hydroxide (0.100 
N ,  30.80 ml.). The basic solution was extracted continu- 
ously for 20 hr. with chloroform. The chloroform solution 
was dried and concentrated at  reduced pressure, leaving 475 
mg. (97%) of analytically pure l-thiacyclooctan-jone-l- 
oxide, m.p. 91-92'. This sulfoxide is extremely hygro- 
scopic, rapidly becoming a sirup on exposure to the atmos- 
phere. The infrared spectrum (2.5% in CCL) had selected 
maxima a t  1709 (C=O) and 1052 cm.-l (S=O). 

Anal. Calcd. for C;HlzOpS: C, 52.48; H, 7.55. Found: 
C, 52.46; H,  7.86. 

5-Acetoxy-9-oxa-1-thioniabicyclo [3.3. llnonane Perchlo- 
rate (VIIA).-One hundred milligrams (0.385 mmole) of the 
perchlorate salt VA was dissolved slowly in 1 ml. of acetic 
anhydride. The solution was allowed to stand a t  room tem- 
perature for 30 min., then diluted with 10 ml. of ether. The 

(32) Melting points are corrected; boiling points are uncorrected. 
The  authors are indebted t o  Mr. Josef Nemeth and his associates for 
the microanalyses, to  Mr. Oliver Norton, hlr .  Dick Johnson and their 
associates for the n.m.r. and the infrared spectra and t o  Mr. Josef 
S e m e t h  and Mrs. Nancy Neilson for assistance with the oxygen-IS 
analyses. 

(33) The authors are indebted to  their colleagues Mr. W. L. Rippie, 
Dr. Takeo Sat0 and Mr. K. R. Fountain for timely gifts of I-thiacyclo- 
octan-%one during the course of this investigation. 



TABLE IX 
KINETIC DATA FOR THE SOLVOLYSES OF SIJLFOSIUM PERCHLORATES AT pH 5 

Compound, perchlorate 

Dimethyl-rnethoxysulfoniurn 

nimethyl-methoxysulfoniurn 

5-Acetoxy-9-oxa-1-thioniabicyclo- 
[3.3.1] nonane 

5-Acetoxy-9-oxa-1-thioniabicyclo- 
[3.3.1] nonane 

5-Methoxy-l-thioniabicycl0[3.3.0] - 
octane 

5-Methoxy-9-oxa-1-thioniabicyclo- 

5-hcetoxy-l-thioniabicyclo[3.3.0] - 
[3.3.1] nonane 

octane 

Trimethylsulfonium 
Trimethyl-oxosulfonium 

CHzOH 

95% CH30H 

CHIOH 

CH30H 
95% CHIOH 

95% CHIOH 
95% CH30H 

crystals (102 mg., 877;) mere collected, washed thoroughly 
with ether, then recrystallized as fine colorless needles from 
acetic anhydride-ether; n1.p. 107-109" dec. (tube inserted 
in bath a t  90"; m.p .  depends on rate of heating); v ~ ~ ~ c x ( 2 . 5 0 S )  
1777 cm.-' (acetate), devoid of absorption above 3 p .  The 
compound was found to be unstable on standing ( 3  days). 

Anal. Calcd. for CyH,iCIOiS: C, 35.73; H ,  5.00; neut. 
equiv., ld1.8. Fourid: C ,  35.54; H, 5.13; neut. equiv., 
153.1. 

5-Methoxy-9-oxa-1-thioniabicyclo [3.3. llnonane Perchlo- 
rate (VIA j .-To 180 nig. of 5-hydroxy-9-om-1-thioniabi- 
cyclo[3.3.l]nonane perchlorate dissolved in 3 ml. of acetone 
2 ml. of 2,2-dimethoxypropane was added. -1fter a few 
minutes crystals began to appear. The mixture was allowed 
to stand for 4 hours a t  room temperature and then was 
diluted with ether to complete the precipitation of the prod- 
uct. The infrared spectrum (Sujol)  of the crude salt, 186 
mg. (9icC,), m.p. 150-152" dec., was free of C=O and 0-H 
absorption. The :j-methosy-9-oxa-l-thioniabic~-clo [3.3.1] - 
nonane perchlorate was recrystallized once from methanol- 
ether affording lustrous colorless needles, m.p. 151-l.i2' 
dec. 

Calcd. for CsHljClOeS: C, 34.98; H, 5.46; neut. 
equiv., 275.5. Found: C, 34.94; H, ,5,40; neut. equiv., 
2'75.5. 

A.naZ. 

Temp.. 
OC. 

2 

4 

2 

4 

4 

4 
25 

25 
25 

Time. 
sec. 

0.0 
15.6 
33.0 
95 
123 

W 

0.0 
5.4 
10.8 
20.5 
24 
63 
co 

0.0 
24 
48 
112 
239 
302 

W 

0.0 
32 
62 
99 
135 

m 

0.0 
10.2 
16.2 
24.6 
46.2 
W 

40 
0 

3600 
4280 

Rlicroequiv. 
acid produced 

8.40 
11.2 
13.9 
21.3 
23.7 
34.3 
5.40 
8.90 
12.5 
16.1 
18.9 
21.7 
25.6 
0.80 
1.70 
2.54 
4.40 
7.30 
8.50 

2.50 
6.40 
8.60 

13.4 

10.3 
11.5 
13.9 
3.80 
7.20 
8.30 
10.4 
13.3 
15.4 

.. 
0.00 

. 00 

.90 
h-o reacn. 
iYo reacn. 

k1 X 103, 
sec. -1 

7.23 
7.25 
7.25 
7.34 

36 
41 
37 
46 
46 

3.06 
3.02 
2.98 
3.02 
3.03 

12.8 
12.2 
11.6 
11.6 

14.8 
15.0 
14.8 
15.8 

. .  

. .  

7.28 0.04 

41 2c 4 

3.02 + 0.02 

12.0 =k 0.5 

15.2 =k 0 . 4  

> 100 

<0. 01 

5-Methoxy-l-thioniabicyclo[3.3.0]octane Perchlorate 
(IX).-To 3 ml. of acetone solution containing 180 nig. of 5- 
hydroxy-l-thioniabicyclo[3.3.0]octane perchlorate (YI I I )  
2 ml. of 2,2-dimethoxypropane was added. Crystals began 
to appear after a few minutes. -1fter 4 hours a t  room tein- 
perature ether was added to complete the precipitation. No 
C=:=O or 0-H absorption was present in the infrared spec- 
trum (CH,CS) of the crude product, 185 mg. (%(,;), 111.p. 
154-155' dec. -1 single recrystallization from methanol 
afforded analytically pure material, m.p. 164-155" dec. 
(reported earlierG 147.5119.5O dec.). 

Anal. Calcd. for C8HljC10r,S: C, 37.14; H, 5.84; neut. 
equiv., 259.5. Found: C, 37.39; H, 5.97; neut. equiv., 
260.0. 

The same compound has been obtained previously by sim- 
ple recrystallization of the perchlorate TTII from 

1-Thiacycloirctan-5-one-1,l-dioxide (111, X = SO2).- 
In  an attempt to prepare the sulfoxide by treatment of 1- 
thiacyclooctan-5-one in methylene chloride a t  - 50' with 
ozone only the sulfone was obtained, lustrous needles from 
ethanol; m.p. 134-134.5" (reported" 124-127'). The in- 
frared spectrum was identical with that  previously re- 
ported.6 

i lnnl.  Calcd. for C;H1201S: C, 47.70; H ,  6.87.  Found:  
C ,  47.87; H,  7.17, 
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Methyl 4-Ketopentyl Sulfoxide (IV).'-To a solution (0.5 
J f )  of sodium metaperiodate (19.8 g., 92 mmoles) in 185 ml. 
of water was added 11.1 g. (84 mmoles) of 5-methylmercapto- 
%pentanone (methyl 4-ketopentyl sulfide).6 The mixture 
was stirred overnight in an ice-bath, the precipitated sndium 
iodate \vas removed by filtration, and the solution !vas ex- 
tracted with 5 volumes of chloroform. The chloroform 
solution was dried over anhydrous magnesium sulfate and 
concentrated a t  reduced pressure leaving 12.1 g. (98';);) of 
crude product. X single vacuum distillation afforded 8.1 g. 
(6E17~) of analytically pure methyl 4-ketopentyl sulfoxide, 
b.p. 99-101' (0.12 mm.) ,  n Z 5 ~  1.4873, m.p. 22.5-23.5'; 
selected infrared maxima (2.5f,: in chloroform): 1718 (C=O) 
and 1058 cm.-l (S=O). 

A n a l .  Calcd. for CsHI2O2S: C, 48.66; H, 8.17. Found: 
C, 48.86; H, 8.25. 

Under the identical conditions required for the formation 
of the perchlorate salt of 1-thiacyclotjctan-5-one-l-oside no 
reaction was observed for this open-chain compound. 

The l-thiac~~clohexan-4-one-l-oxide~ also failed to yield a 
perchlorate salt under the conditions for the formation of 5- 
hydroxy-9-oxa-1-thioniabicyclo [3.3.1] nonane perchlorate. 

Trimethyl-oxosulfonium Perchlorate (XII, Y = C10,) was 
prepared in good yield by exchange between trimethyl-oxo- 
sulfonium iodide1g*21,22 and silver perchlorate in aqueous 
solution; m.p. 271-276' dec. Caution! In  a subsequent 
m.p. check the sample zdolently exploded at 26Z0, demolishing 
the Hevshbevg apparatus. The infrared spectra were identi- 
cal with those of an authentic sample kindly furnished by 
Dr. S. G. Smith,29 Y:::"' 1227(s), 1100 (perchlorate), 945 
and 753 cm.-', vEt:CN 1245(s) crn.-'. The n.m.r. spectrum 
in trifluoroacetic acid showed only a singlet at 6.12. 

Dimethyl-methoxysulfonium Perchlorate (XI, Y = C104). 
-The procedure is an adaptation of that used for the analo- 
gous tetrafluoroborate salt.2o Caution! A sample of this 
material spontaneously exploded undey storage in a desiccatou. 
Dimethyl sulfoxide (1.88 g., 24 mmoles) was added to a 
stirred suspension of anhydrous silver perchlorate (5.0 g., 24 
mmoles) in 50 ml. of ethylene chloride, then excess methyl 
iodide (10 ml.) was added. Precipitation of salts began im- 
mediately and the solution became quite warm. After stand- 
ing for 15 hours, the precipitated salts were filtered with 
suction. The desired perchlorate was eluted from the silver 
iodide with acetonitrile. The dimethyl-methosysulfonium 
perchlorate precipitated from acetonitrile by addition of car- 
bon tetrachloride, was recrystallized from acetonitrile- 
ether; yield 2.3 g. (4SL;) ;  Y ~ F : ~ ~ ( ~ " ~ )  1100 (broad per- 
chlorate), 955 and 760 cm.-l (absence of 1245 u n - 1  band of 

S=O). The n.1n.r. spectrum in trifluoroacetic acid [T = 

5.75 (OCH3) and 6.58 (2  SCHs)] indicated the osygen- 
alkylated structure. Due to the thermo- and impact- 
sensitive nature of this compound the micrnanalysis and 
m.p. xere not obtained. 

A n a l .  Calcd. for C3H9C1OjS: neut. equiv., 201.5. 
Found: neut. equiv., 200.3. 

Attempted Alkylation of Other Sulfoxides.--Efforts to 
alkylate n-butyl sulfoxide and tetramethylene sulfoxide by 
refluxing methyl iodide or sealed tube reaction with methyl 
bromide afforded the corresponding sulfonium salts as the 
only crystalline products. S o  crystalline product was ob- 
tained from the reaction of acetoxyrnethj-1 methyl sulfoxide 
and methyl iodide. 

An attempted preparation of ethyldimethyl-ososulfonium 
iodide from ethyl iodide and dimethyl sulfoxide yielded only 
trimethyl-oxosulfonium iodide. 

Analysis for Oxygen-ld.-The procedure and apparatus 
used for the analyses were those of Doering and Dorfman3' 
as modified by Denney and G r e e n b a u ~ n . ~ ~  The calculations 
were made using the equations of Miller and .Anderson.36 

The nitrogen carrier gas used in the analyses was passed 
through metallic copper heated to 600' by an A. H. Thomas 
preheater furnace to remove traces of oxygen. During the 
combustions, the flow rate was maintained at 13 ml. per 
minute. The samples were vaporized by a small flame into a 
combustion chamber, containing a platinum sleeve in the 
entrance area and carbon-platinum packing, heated to 890- 

+ 

(31) W. von E. Doering and E. Dorfman, J. A m .  Chem. Sac-., 1 5 ,  
.L795 (19.53). 

f:G) D. B Denney and hI. A .  Greenbaum, i b i d . ,  79, 979 (1957). 
C 1 G )  W. G. hriller n n d  r,. Anderson, A n d .  Cheni., 31, 1668 (l%:!j) 
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900" by a Linberg micro combustion furnace, no. 5674F, 
with automatic control. The effluent carbon monoxide was 
osidizetl to carbon dioxide in a tube containing iodine pent- 
oxide at 115'. After passing through a packing of sorliuiii 
thiosulfate and magnesium perchloratc, the samples were 
collected in U-tubes cooled in liquid nitrogen and evacuated 
with cooling at 1-2 mm. to remove nitrogen. 

The isotope ratios were obtained on a Consolidated-Xier 
isotope-ratio mass spectrometer. Each day's runs were 
standardized by analysis of tank carbon dioxide and the 
results normalized using 0.204 atom per cent. as the normal 
abundance of oxygen-18. 

Compounds containing hydrogen/carbon ratios greater 
than 1.5 tend to give high gravimetric oxygen analysis, 
which results in somewhat lower than the expected value for 
oxygen-18 in enriched The platinum sleeve in 
the entrance area of the combustion furnace evidently im- 
proves the analytical results by limiting any reaction with 
the quartz tubing which results in water and silicon mon- 
oxide. 

Solvolysis of Dimethyl-methoxysulfonium Perchlorate in 
H2OL8.-A solution of 4.0 g. of dimethyl-methoxysulfonium 
perchlorate in 10 ml. of enriched water (1.67 atom Li;: excess 
oxygen-18) was allowed to  stand at room temperature for 
several minutes. Anhydrous sodium carbonate was added 
to pH 5. The solution was extracted several times with chlo- 
roform, the combined extracts were dried over anhydrous 
magnesium sulfate and concentrated on the rotary evapora- 
tor. The residue was distilled a t  reduced pressure in a Hick- 
man tube. The product, x Z 6 ~  1.4747 (reagent dimethyl sulf- 
oside, n Z 6 ~  1.4745), infrared spectrum (smear) identical in 
all respects with that of reagent dimethyl sulfoxide, con- 
tained 1.48 atom 70 excess oxygen-18. 

Treatment of Dimethyl Sulfoxide with Acidic H*018.- 
One ml. of dimethyl sulfoxide, 13% 1.4745, was dissolved in 
a mixture of 2 inl.-of H2018 (1.67 atom % excess oxygen-18) 
and 0.25 ml. of 705% perchloric acid. After several minutes 
anhydrous sodium carbonate was added to pH 5. The di- 
niethgl sulfoxide, ~ z ~ ~ D  1.4744 (0.00 atom % excess oxygen- 
lS), after extraction and distillation, had infrared spectrum 
(smear) identical with that  of the starting material. 

Treatment of Trimethyl-oxosulfonium Iodide with H20I8. 
---I sample of trimethyl-ososulfonium iodide was dissolved in 
a minimum volume of H2018 (1.67 atom yo excess oxygen-18) 
at room temperature. ilfter standing for several minutes, 
the mixture was frozen and the water was removed by 
lyophilization. The recovered trimethyl-oxosulfoniuln 
iodide showed 0.09 atom o/c excess oxygen-18. 

4 sample of trimethyl-oxosulfonium iodide, recrystallized 
from the enriched water by warming on the steam-bath, 
showed 0.10 atom % excess oxygen-18 incorporation. 

Solvolysis of 5-Acetoxy-9-oxa-1-thioniabicyclo [3.3.1 Inon- 
ane Perchlorate in H?0l8.-A solution of 40 mg. of 5-acetoxy- 
9-oxa-l-thioniabicyclo[3.3.l]nonane perchlorate in 0.25 nil. 
of HeO1a (1.67 atom excess oxygen-18) was allowed to 
stand for several minutes a t  room temperature. The solu- 
tion, neutralized to PH 5 with anhydrous sodium carbonate, 
was extracted three times Tvith 10 ml. of chloroform. The 
combined extracts were dried over anhydrous magnesium 
sulfate and the solvent was removed a t  reduced pressure. 
The residue was taken up in 10 mI. of ether and 7Oy0 per- 
chloric acid added until precipitation of the salt was com- 
plete. The perchlorate was converted to 5-methoxy-9-oxa- 
1-thioniabicyclo [3.3.l]nonane perchlorate by the method 
outlined previously. The recrystallized product, yield 15 
mg. (0.252 atom 5; excess oxygen-18, or 1.51 atom yc excess 
oxygen-18 in the 9-position), had infrared spectrum (CH,3- 
C S )  and m.p. identical with those of the non-isotopic sam- 

Dissociation of 5-Hydroxy-9-oxa-1-thioniabicyclo [3.3.1] - 
nonane Perchlorate in H2018.-A4 solution of 40 mg. of 5- 
hydroxy-l~-oxa-l-thioniabicyclo[3.3.l]nonane perchlorate in 
0.25 ml. of Hy018 was treated in a manner identical with that 
described above for the acetate VIIA. The final product, 5- 
methoxy-9-oxa-1-thioniabicyclo [3.3.1] nonane perchlorate, 
20 mg., infrared spectrum and m.p. identical with those re- 
corded above, contained 0.00 atom yo excess oxygen-18. 

Kinetic Procedure .-The solvolyses were followed by 
titration of the acid developed with 0.0198 "V sodium ineth- 

ple. 

(37) E. H.  Drew, Ph.D. Thesis, University of Illinois, Urbana, I l l , ,  
1!102. 

oxide in methanol using a Polarad Electronic Corp. model 
AT-2A automatic recording titrator set to hold constant 
PH 5; The tcmperatures reported are accurate only to 
*0.5 . The solvent, adjusted to p H  5, \vas allou-ed to 
come to proper temperature in the titration vessel with the 
electrodes in position and with magnetic stirring. The solid 
sample then was added. In each case solution was effected 
immediately. The rate of the early stages of the reaction 
exceeded the response of the instrument, and a "zero time" 
was taken only after the automatic titrator was adding base 
a t  intervals. The orders of magnitude of the observed rates 
(Table I X )  provided the necessary comparative figures for 
the conclusions we have drawn. 

Physical Measurements. Infrared Spectra.-Measure- 
ments were made with either a Perltin-Elmer mode! 21 or a 
Beckman IR-7 spectrometer using matched sodium chloride 
cells or, in the case of deuterium oxide solutions, calcium 
fluoride cells with pure solvent in the case of deuterium oxide 
solutions, calcium fluoride cells with pure solvent in the ref- 
erence beam. Solvents were reagent grade commercially 
available samples; acetonitrile and trichloroacetonitrile 
were distilled from phosphorus pentoxide. The instruments 
were calibrated with the vibrational bands of water vapor 
and/or polystyrene. 

Ultraviolet Spectra.-The electronic absorption spectra 
were obtained on a Bausch and Lomb Spectronic 505 on a 
Cary model 14 recording spectrophotonieter, and maxima 
are considered accurate to  =t 1 mw. Cyclohexane was freed 
from benzene by stirring with powdered silica gel. Absolute 
ethanol was reagent grade, used without further purification. 
Acetonitrile was distilled from phosphorus pentoxide. 

Nuclear Magnetic Resonance Spectra.-The i1.m.r. 
spectra were obtained on a \.arian Associates instrument 
model 4300B with a 60 Mc. probe, or on a model A-BO. 
Tetramethyldane was used as an internal standard i r  = 
lO.O).38 The n.m.r. spectra of the pairs VI11 and VA (in 
perdeuterioacetone), I X  and VIA (in perdeuterioacetone), 
and X and VII-4 (in trifluoroacetic acid) are given in Fig. 3 
(see alPo Table VI). 

DiDole Moments.-The electric moments of l-thiacyclo- 
octai-5-one-I-oxide and l-thiacycloiictan-5-one-l,l-dioside 
were measured in benzene solution. The dielectric constants 
and densities of several solutions, ranging in concentration 
from 0.004 to 0.0013 in weight fraction for the sulfoxide and 
from 0.003 to 0.0009 for the sulfone, were measured a t  25'. 
The constants e, a ,  v i ,  6 of the 'Halverstadt-Kumler equa- 
tion are shown in Table X for each compound along with the 
derived value of the molar polarization of solute a t  infinite 
dilution, P2. The sum of the electronic and atomic polariza- 
tions was taken to be equal to the molecular refraction 
MRD calcu?ated from empirical constants. The observed 
values of the electric moments are shown in Table X ;  the 
probable error in each is about 2 ~ 0 . 1  D .  

TABLE X 
EMPIRICAL CONSTANTS AND DIPOLE MOMRSTS IN T3ns ZEX'B 

SOLUTION AT 25" 
I-Thia- 

cyclobctan- 
5-one- € C Y  Y I  8 P? JfRu pobs. 

1 - 0 xide 2 2741 7 . 8  1 114.39 -0 33 272.3 41 3 3 . 3 7  
1,l-Dioxide 2.2741 8 . 0  1,11439 -0 .43  321 .4  4 1 . 1  3 . 7 0  

Acetoxymethyl methyl sulfide was synthesized from di- 
methyl sulfoxide and acetic anhydride by the method of 
Horner and I (a i~er .3~  The yield of colorless liquid, b.p. 
46-49" (12 mm.), (reported39 48.5" (12 mm.) ) ,  1.4320, 
v $ H & ~ ~ ' ( ~ . ~ ~ ~  1744 cm.-l, was 05'7c. The brosylate salt was 
prepared by warming acetosymethyl methyl sulfide (3.0 9.) 
with methyl brosylate (3.0 g.) on the steam-bath for 15 min. 
Addition of ether to the reaction mixture precipitated the 
crude salt. Crystallization from absolute ethanol-ethyl 
ether gave pure platelets of dimethyl acetoxymethylsulfon- 
ium p-bromobenzenesulfonate, m.p. 131-133 ', v ~ ~ ~ c N ( 5 q L 1  
1778 cm.-'. 

A n d .  Calcd. for CIlH,6BrOSS2: C, 35.60; € l ,  4.07. 
Found: C, 35.58; H, 4.13. 
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