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The monoadducts have been prepared by the method of Price 
and Gillis.zl Allyl methyl sulfidez1: b.p. 93.595"; infrared,Z2 
3.27 (=CH),Za 5.45 (overtone to = C H Z ) , ~ ~ ~  6.14 (C=C),z3p 
10.95 p (=CH2 def0rm.).23~ Allyl acetyl sulfide: b.p. 48-49" (27 
mm.) (Anal.  Calcd. for CsHsOS: C, 51.69; H, 6.94. Found: 
C, 51.98; H, 6.97); infrared, 3.26 (=CH),2a 5.45 (overtone to 
= C H Z ) , ~ ~ ~  6.13 (C=C),z3c 10.90 p (=CH2 def0rm.).~3~ Allyl 
phenyl sulfidez4: b.p. 51-52' (0.4 mm.);  infrared, 6.12 (C=C 
olefinic),*3" 10.90 p (=CH2 deform.) .23d 

The diadducts have been prepared by the general method of 
Mann and Purdie.zs 1,3-Bis(methylthio)propaneZ6: b.p. 99- 
100" (27 mm.); infrared, 3.45, 7.0, 7.95, 8.04, 10.50 p. 1,3-Bis- 
(acety1thio)propane: b.p. 105-106" (2 mm.) (Anal. Calcd. 

for C,H120&: C, 43.73; H,  6.29. Found: C, 43.53; H, 6.25) ; 
infrared, 3.40, 5.90, 6.97, 7.39, 8.07, 8.80 p. 1,3-Bis(phenyl- 
thio)propanez6: b.p. 170-171" (0.3 mm.). 1,2-Bis(methylthio)- 
propane: b.p. 90.5-91" (27 mm.) (Anal. Calcd. for CSHl2S2: 
C, 44.06; H,  8.87; S, 47.06. Found: C, 44.45; H, 9.01; S, 
47.1); infrared, 3.36 and 3.43, 6.99, 7.29, 7.60, 7.94, 8.17, 8.43, 
9.05, 9.38, 9.83, 10.47, 14.82 p .  1,2-Bis(acetylthio)propane: 
b.p. 70-72" (0.2 mm.) (Anal. Calcd. for C7H1202S2: C, 43.72; 
H,  6.29. Found: C, 43.59; H,  6.15). 1,2-Bis(phenylthio)- 
propane: b.p., 158-160" (0.3 mm.) (Anal. Calcd. for C16HLBSZ: 
C, 69.18; H, 6.19; S, 24.63. Found: C, 69.50; H, 6.36; S, 
24.75); infrared, 3.29, 3.40, 3.45, 6.34, 6.77, 6.97, 7.32, 8.50, 
9.20, 9.77, 13.50, 14.50 p. 
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This investigation has established for the first time the occurrence of a traneannular reaction between sulfoxide 
and ketone groups, with protonation, across a seven-membered ring: 1-thiacycloheptan-4one 1-oxide (111) 
with perchloric or fluoboric acid gave the corresponding 5-hydroxy-&oxa-l-thioniabicyclo [3.2.1] octane salt 
(IVa,b), with an oxygen bridge between the sulfur and the carbonyl carbon. The bicyclic fluoborate was methyl- 
ated with 2,2-dimethoxypropane to give 5-methoxy-8-oxa-1-thioniabicyclo [3.2.1] octane fluoborate (IVc). 
Hydrolysis of both the bridgehead hydroxy and methoxy salts occurred so readily that all operations had to be 
conducted in a dry box. We found it hazardous to work with the perchlorate salts in this bicyclic series. 

In  an investigation of the occurrence of transannular 
interactions and reactions of diametric sulfoxide and 
ketone groups in medium rings (eight-eleven members), 
monocyclic 1-thiacyclooctan-&one l-oxide (I) was con- 
verted to a bicyclic perchlorate salt by transannular 
reaction involving protonation of the carbonyl oxygen.2 
The protonic salt and its methoxy and acetoxy deriva- 
tives were shown to have 1-thioniabicyclo [3.3.l]nonane 
structures (11), with an oxygen bridge between the sul- 
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IIa, R = H  
b ,  R = C H s  
C ,  RmCOCHa 0 ClO, - 

I1 

fur and the carbonyl carbon. This type of bridging 
generates two six-membered rings from an eight- 
membered ring rather than two five-membered rings, 
as would have been the case had sulfur acted as the 
donor. The action of oxygen of the sulfoxide as the 
donor suggested that in the seven-membered ring sys- 
tem, 1-thiacycloheptan-4-one 1-oxide (111), similar 
bridging could lead to a probable structure of the 1- 
thioniabicyclo [3.2.1 ]octane type (IV) consisting of a 
five- and a six-membered ring, whereas the result of 
direct sulfur-carbon bridging would be a structure con- 
sisting of four- and five-membered rings, thermody- 
namically unstable under the reversible conditions of 
salt formation. 
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A test of the ability of 111, and possibly of a six- 
membered-ring compound of the l-thiacyclohexan-4- 
one l-oxide type, to undergo transannular reaction is 
also of theoretical interest because it should provide 
information concerning the lower limits of ring size for 
this phenomenon to occur. The lower limit for trans- 
annular bond formation, accompanying protonation, 
between diametric tertiaryamine and ketone3 or sulfide 
and ketone functions4r5 is presently a t  the eight-mem- 
bered ring. However, when an additional atom is intro- 
duced between amino nitrogen and the 4-carbon of a six- 
membered ring in configuration and conformation favor- 
able for reaction, a bridge may be formed creating two 
five-membered rings in an azoniabicyclo [2.2.1 ]heptane 
system. Thus, Bell and Archer6 have shown that the salt 
of 3a-phenyl-3P-tropanyl phenyl ketone exists mainly 

in a transannular bridged structure ( 4 N-C-C 6 )  

and Polonovski and Polonovski' reported that scopin- 

OH 
+ I  
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(3) N. J.  Leonard, R. C. Fox, and M. Oki, i b i d . ,  76, 5708 (1954). 
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ium tropate (containing 3 N-0-C t) is formed when 
1-scopolamine is treated with hydrogen peroxide. In  
carbocyclic systems, Cope, Liss, and Wood3 have pro- 
vided an example of a proximity effect operating across 
a seven-membered ring, by detection of 2.4% of trans- 
annular products in the solvolysis of cycloheptene oxide 
with dilute hydrochloric acid; further, by careful prod- 
uct isolation procedures evidence was found for trans- 
annular participation to the extent of 0.3% in a six- 
membered ring analog. 

The synthesis of the required l-thiacycloheptan-4- 
one 1-oxide (111), m.p. 75.5-76', was accomplished by 
oxidation of 1-thiacycloheptan-4-oneg with aqueous 
sodium metaperiodate.'O The infrared spectrum of 111, 
as in the case of the analogous eight-membered ring 
compound, showed no anomaly. The ultraviolet spec- 
trum in cyclohexane solution exhibited a maximum cor- 
responding to the low energy carbonyl transition at  287 
mp and a second maximum a t  217 mp, which is in the 
region of absorption of some model sulfoxides. The 
absorption curve did not show an intermediate maxi- 
mum such as that observed for 1-thiacyclooctan-5-one 
1-oxide (I), i.e., at  235 mp, responsive to solvent 
change.2 The electron donor and basic characteristics 
of sulfoxides have been demonstrated by the obtain- 
ment of salts with perchloric acid." Addition of 7oy0 
perchloric, 48% and 70y0 fluoboric, and 7oy0 nitric acid 
to ether solutions of 1-thiacycloheptan-4-one 1-oxide 
uniformly failed to produce any separation of salt. 
We ascribe the failure to the presence of water, which 
has been shown to hydrolyze 5-hydroxy-9-oxa-1-thionia- 
bicyclo [3.3.1 Inonane perchlorate (Ha) very rapidly.2 In 
order to reduce the water content of the acids a distribu- 
tion of the strong acid between its concentrated aqueous 
solution and ether was utilized. Upon admixture of a 
saturated ethereal solution of the sulfoxide-ketone and 
the appropriate ethereal-distributed acid, only perchloric 
acid among the three cited before produced an ether- 
insoluble salt. The mixture resulting from the addition 
of ethereal-distributed perchloric acid to the sulfoxide 
ketone in ether was allowed to stand six hours in a 
nitrogen-filled dry box, or until the salt had separated 
completely and the supernatant was clear. The micro- 
crystalline perchlorate was triturated with fresh an- 
hydrous ether. The salt-ether suspension was filtered 
through a coarse glass fritted filter. It was advisable 
because of the electrostatic and explosive nature of the 
perchlorate to perform all transfers of the salt as an 
ether slush and to perform microanalytical and spectral 
analyses immediately when the salt reached constant 
weight. The salt underwent rapid decomposition when 
dry. An attempt to obtain a 180-mg. sample failed 
when the sample exploded in vacuo. A better acid- 
nonaqueous, nonoxidizing, strong, 12, l3 and having an 
anion of low nucleophilicity-to employ in salt forma- 
tion was anhydrous hydrogen tetrafluoborate. l4 A 

(7) M. Polonovski and M. Polonovski. B d .  aoc. chim.. [IV] I S ,  79 
(1928); Compt. rend., 186, 277 (1927). 
(8) 4 .  C. Cope, T. A. Lias, and G .  W. Wood, Chem. Ind.  (London), 823 

(19.56): J. A m .  Chem. Soc.,  79, 6287 (1957). 
(9) C. G .  Overberger and A. Katchman, ibid., 78, 1965 (1956). 
(10) N. J. Leonard and C. R.  Johnson, J. Orp. Chem., 47, 282 (1962). 
(11) J. de Pascual Teresa. Anales aoc. eapaR. fi. y quim., 46B, 235 (1949); 

(12) E. L. Mackor, A .  Hofstra, and J. H. van der Waals, Trona. Faradau 

(13) E. Wilke-Dorfurt, Z. anpew. Chem., 87,712 (1924). 

Chem. Abstr., 44, 3935'(1950). 

Soc.. 64, 66 (1958). 

stoichiometric quantity of distilled boron trifluoride 
ethereate was brought into contact with freshly con- 
densed dry hydrogen fluoride. To the fuming oil an- 
hydrous ether was added in a drybox. After shaking 
and allowing the solution, in which some of the oil was 
suspended, to settle, dropwise addition of the ethereal 
hydrogen tetrafluoborate to 1-thiacycloheptan-4-one 
1-oxide (111) dissolved in anhydrous ether produced a 
white milky mixture. The supernatant became clear 
after standing overnight and was decanted and replaced 
by fresh anhydrous ether. The microcrystalline residue 
was shaved from the sides of the flask with a spatula and 
triturated with ether. The hygroscopic ethereal slush 
was transferred and analyzed satisfactorily as described 
for the perchlorate salt. 

Both the perchlorate and the fluoborate of I11 ex- 
hibited strong infrared absorption (in acetonitrile 
solution) a t  3320 em.-' indicative of 0-H. Neither 
salt was transparent in the region of S=O stretch be- 
cause of absorption by the anions, but neither salt 
showed a strong absorption band in the 1245 em.-' 
region corresponding to S+=O stretch as in trimethyl- 
oxosulfonium perchlorate (in acetonitrile) .z The spec- 
tral observations require modification of both ketone 
and sulfoxide function in 111 on salt formation. The 
presence of strong 0-H absorption and apparent ab- 
sence of an 3S+=O function in the cationic species 
limit the structure to IV (a or b), 5-hydroxy-8-oxa-l- 
thioniabicyclo [3.2.1 ]octane perchlorate or fluoborate. 
The very weak absorption of these salts observed just 
above 1700 em.-' is considered to arise from the forma- 
tion of the original sulfoxide ketone 1704 cm.-l) 
as a result of very rapid hydrolysis of the salt. In  sup- 
port, when a Nujol mull of the hydroxy salt was ex- 
posed to a moist atmosphere the hydroxyl band dis- 
appeared and the carbonyl band became intense. The 
alternative possibility that the salts contain a mixture 

of >S-0-C-OH and >S-OH >C=O cations is 

less likely on the basis of n.m.r. spectra and the be- 
havior of model compounds, such as methyl 4-keto- 
pentyl sulfoxide and 1-thiacyclohexan-4-one l-oxide,2*10 
on attempted salt formation. 

Recovery of the original sulfoxide ketone (111) from 
the salt was possible by titration with base followed by 
continuous extraction with methylene chloride, thereby 
establishing the point that compound 111 had not 
undergone rearrangement during acid treatment and 
completing the assignment of the salt structure as IV 
(a or b). Chemical evidence for the transannular salt 
structure was obtained, as in the case of the eight- 
membered ring analog,2 by the preparation of an 0- 
methyl derivative. This was accomplished by addition 
of 2,2-dimethoxypropane to an acetone solution of 5- 
hydroxy-8-oxa-1-thioniabicyclo [3.2.1 ]octane fluoborate 
(IVb). A compound was obtained which had the cor- 
rect analysis for IVb plus CH2, consistent with the struc- 
ture IVc. Any alternative alkylated structure appears 
less likely in view of the failure of C=O models to add 
CH2 and of S=O models to form derivatives under the 
the reaction conditions specified. The crystals of 5- 
methoxy-8-oxa-1-thioniabicyclo [3.2.1 ]octane fluoborate 
(IVc) were electrostatic and hygroscopic, reverting 

+ I + 
I 

(14) E. MUler and H. Huber-Emden, Ann.. 649, 70 (1901). 
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rapidly by hydrolysis to the sulfoxide ketone (111), as 
evidenced by the appearance of carbonyl absorption in 
the infrared spectrum, In comparison with the cor- 
responding transannular hydroxy and methoxy salts of 
the eight-membered ring sulfoxide ketone (IIa and b),2 
compounds IVa, b, and c are much less stable and are 
more susceptible to hydrolysis. 

The n.m.r. spectrum of 1-thiacycloheptan-4-one 1- 
oxide (111) in deuteriochloroform was complicated and 
consisted of overlapping sets of signals corresponding 
to the ten different C-H protons in the unsymmetrical 
molecule. Reading from high to low field, one en- 
counters two proton signals with different chemical 
shifts and different splitting patterns corresponding to 
the C-6 hydrogens, signals corresponding to the four 
protons adjacent to C=O and signals for the four pro- 
tons adjacent to S=O. There was no proton resonance 
a t  lower field than T value 6.2.16 Both the perchlorate 
and fluoborate salt, which were determined in trifluoro- 
acetic acid solution, showed a shift of the low field 
group, due to the protons on the carbons adjacent to 
sulfur, terminating downfield a t  T value 5.5, consistent 
with the introduction of a positive charge on the sulfur. 
The conformation of the Oco-protonated bicyclic salt 
structure IVa,b is relatively fixed, with a near-planar 
or envelope-conformed five-membered ring on one side 
and a six-membered ring, with probable preferred chair 
structure, on the other. Two postulated conforma- 
tions of l-thiacycloheptan-4-one may be constructed, 
V and VI ,  in which 1,Binteractions are a t  a minimum 
and the opposing H:H interactions have been balanced 
as much as possible.16 The sulfoxide oxygen may then 
be introduced into V or V I  on either side of the C-S-C 
plane to indicate the possible preferred conformations 
of 1-thiacycloheptan-4-one 1-oxide (111). The dynamic 
process of protonation and bridging has not been in- 
vestigated. 

v VI 

Experimental'' 
1-Thiacycloheptan-4-one 1-Oxide (III).-1-Thiacycloheptan- 

4-oneg (6.78 g., 0.052 mole) was added to an ice-cold magnetically 
stirred solution of sodium metaperiodate (12.24 g., 0.057 mole) 
in 212 ml. of water. The mixture was stirred for 21 hr. in the 
ice bath. The precipitated sodium iodate was removed by filtra- 
tion and the solution was extracted continuously with methylene 
chloride. The contents of the flask containing the methylene 
chloride was changed frequently t o  avoid pyrolysis of the ac- 
cumulating sulfoxide .I8 The solvent was evaporated a t  reduced -- 

(15) G. V. D .  Tiers. "Table of r Values for a Variety of Organic Com- 
pounds." Minnesota Mining and Manufacturing Co., St. Paul, Minn., 
1958; G. V. D. Tiers, J .  Phye. Chem., 68, 1151 (1958). 

(16) Data from heats of combustion have shown that replacement of a 
methylene group in a cycloalkane by a sulfur atom relieves strain due to 
H : H  nonbonded interactions (Sj. Kaarsemaker and J. Coops, Rec. trau. 
ehim., T i ,  261 (1952)). 

(17) The authors are indebted to Josef Nemeth for the microanalyses 
and to Oliver Norton and Dick Johnson for the n.m.r. and 
the infrared spectra. All transfers of analytical samples to preweighed 
analytical platinum boats enclosed in aluminum pigs for n.m.r. and infrared 
spectra were performed in a drybox through which dry nitrogen was re- 
circulated after passing through a drying tower. 

(18) C. A. Kingsbury and D. J. Cram, J .  A m .  Chem. Soc., 88, 1810 (1960). 

pressure. The crude product was twice sublimed a t  50" (0.1 
mm.) to give analytically pure 1-thiacycloheptan-4-one 1-oxide, 
m.p. 75.5-76"; Y ~ ~ ~ ~ ~ ' ~ ' )  1704 cm. ( C 4 )  and Y ~ ~ ~ *  1705 ( C 4 )  
and 1017 cm.-1 (S4); 287 and 217 mp, with the mag- 
nitude of the extinction coefficients in some doubt due to the 
hygroscopic nature of the compound. 

Anal. Calcd. for CaHloOsS: C, 49.30; H, 6.89. Found: C, 
49.64; H, 6.68. 

5-Hydroxy-8-oxa-1-thioniabicyclo [3.2.1] octane Perchlorate 
(IVa).-A mixture of 10 g. of 70% aqueous perchloric acid and 
300 g. of anhydrous ether was shaken and allowed to stand in 
order to separate completely. A freshly prepared solution may 
be utilized if the upper layer is first centrifuged to separate sus- 
pended water. In a drybox under nitrogen the ethereal per- 
chloric acid was added dropwise to an ether solution containing 
ca. 300 mg. of 1-thiacycloheptan-4-one I-oxide until precipita- 
tion was complete and the presence of excess perchloric acid was 
indicated. The crystah which separated from the mixture after 
6 hr. were scraped from the flask, washed onto a coarse fritted 
glass filter, and thoroughly washed with ether. The electro- 
statically charged crystals were easily transferred when wet with 
ether to the platinum combustion boat which was placed in an 
aluminum pig. The sample was dried under high vacuum and 
weighed a t  3-min. intervals until a constant weight was obtained. 
It was then quickly transferred to the combustion train for anal- 
ysis. It ezplodes a t  77'. The infrared spectrum (15y0 in aceto- 
nitrile) had only slight absorption in the carbonyl region but ex- 
hibited a strong band a t  3320 cm.-I (0-H). Special precautions 
were taken during combustion for microanalysis. 

Anal. Calcd. for C6HllClO~S: c ,  29.21; H,  4.50; neut. 
equiv., 246.6. Found: C, 29.17; H, 4.49; neut. equiv. (titra- 
tion in cold ethanol), 247.6. 

Upon attempted vacuum desiccation (complete ether removal), 
a 180-mg. sample exploded. 

5-Hydroxy-8-oxa-1-thoniabicyclo [3.2 .l] octane Fluoborate 
(IVb).-Anhydrous hydrogen tetrafluoborate in ether14 was pre- 
pared in the following manner. Redistilled boron trifluoride 
etherate (14.379 g., 0.1014 mole) was contained in a tightly 
closed 30-ml. polyethylene bottle. The requisite amount 
(2.025 g., 0.1014 mole) of anhydrous hydrogen fluoride was con- 
densed in a dry, nitrogen-filled 250-ml. side-siphon polyethylene 
wash bottle. The gas was passed from a cylinder of anhydrous 
hydrogen fluoride through polyethylene tubing and safety bottle 
to a 5-ft. coiled piece of 304 stainless steel tubing which had been 
immersed in a ice-salt bath. The first few milliliters of the 
liquefied gas were discarded. A slight excess of the liquid hy- 
drogen fluoride was passed into the polyethylene bottle. The 
cap was secured, and the excess hydrogen fluoride was allowed t o  
evaporate. Slight pressure was applied to the bottle while the 
exit tube was below the surface of the boron trifluoride etherate. 
Upon releasing the pressure, the liquid was drawn into the 
wash bottle containing hydrogen fluoride. In a drybox, an- 
hydrous ether was added to the small polyethylene bottle con- 
taining the remaining boron trifluoride etherate and then drawn 
into the wash bottle. Additional anhydrous ether was added 
with shaking t o  the anhydrous hydrogen tetrafluoborate, bring- 
ing the volume to about 200 ml. After standing for 1 hr. a small 
amount of straw-colored liquid remained undissolved. The 
depth of the dispensing tube was adjusted t o  deliver only the 
colorless solution. To 200 ml. of anhydrous ether containing 
ca. 200 mg. of I-thiacycloheptan-4-one I-oxide which had been 
filtered in the dry box, ethereal acid was added until no further 
cloudiness appeared and the mixture was allowed to stand 6 hr. 
The ether was decanted from the deposited solid and replaced by 
fresh anhydrous ether. After the crystals were 6~ral)ed from the 
flask onto a coarse fritted glass filter, a few milligrams were trans- 
ferred to a preweighed analytical boat in an aluminum pig. These 
electrostatic crystah were dried to a constant weight and then 
analyzed immediately. The compound decomposes at  92". 
The infrared spectrum (10% in acetonitrile) had only slight ab- 
sorption in the carbonyl region but exhibited a strong band a t  
3320 cm.-' (0-H). 

Anal. Calcd. for C6HllBF402S: C, 30.79; H, 4.74. Found: 
C, 31.02; H,  4.85. 

5-Methoxy-8-oxa-l-thioniabicyclo[3.2.l]octane Fluoborate 
(IVc).-To 100 mg. of 5-hydroxy-8-oxa-l-thioniabicyclo[3.2.1]- 
octane fluoborate in 2 ml. of acetone was added 2 ml. of 2,2-di- 
methoxypropane. The sample immediately became orange- 
yellow. Anhydrous ether (10 ml.) was added and the sample 
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waa transferred to a refrigerator a t  5“ for 4 hr. to  complete the to a constant weight prior to analysis. The infrared spectrum 
crystallization. The supernatant liquid was decanted and the (Nujol) was not free of 0-H absorption. 
crystals were triturated with ether. These hygroscopic, electro- Anal. Calcd. for C~HIIBF4O2S: C, 33.89; H, 5.28. Found: 
static crystals were transferred to an analytical boat and dried C, 34.07; H, 5.50. 

Co-Reductions with Alkali Metals. I. Styrene and Acetone with Sodium 
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The reductive Condensation of styrene and acetone by sodium metal to form phenylmethylbutanols, dimethyl- 
phenylhexanediol, dimethyldiphenyloctanediols, and related co-reduction products has been examined. The 
formation and distribution of these condensation products are highly solvent dependent. I t  is postulated that 
the styrene radical-anion, PhCH=CHz, is the intermediate directly responsible for the products of co-reduction. 
The mechanism of the reactions is discussed with respect to the nucleophilic properties of the styrene radical- 
anion &?d the effect of solvent on the dimerization equilibrium to form styrene dimer dianion, [ PhCH-CH,- 
CH2-CHPh]Na?. Initiation by electron transfer from sodium to styrene via the ketyl of acetone is discussed. 

The eddition of alkali metals to multiple bonds of 
organic compounds to form ion-radical intermediates I 
is a relatively common process. 

H ‘C-Y]-M+ ( 1 )  
/ 

\ 
/ 

I 
Y = C, 0, N, etc. 
M = alkali metal. 

With compounds which contain carbon-carbon un- 
saturation, such species as I (Y = carbon) have been 
postulated in the sodium or lithium ammonia2a and 
aminezb reduction of aromatic compounds, in displace- 
ment reactions3a and the polymerization of conjugated 
olefins such as butadieneab~c and styrene.4aJ’ Such 
intermediates a s  I from aromatic compounds also have 
been detected and studied spectroscopic ally.^ In  a 
similar manner heteropolar multiple bonds, especially 
between carbon and oxygen (Y = oxygen), have been 
subjected to reaction by alkali metals as in the pinacolic 
reduction of ketones,6 acyloin condensation of esters,’ 
and reduction of esters to alcohols.* Metal ketyls (I, Y 
= oxygen) have been postulated as intermediates in 
the reduction of these carbonyl-containing compounds, 
and also as “carriers” for electron transfer reactions 
from sodium to peroxides9 and unsaturated com- 
pounds. lo 

In  many of these cases where ion-radicals from un- 

(1) Department of Chemistry. Case Institute of Technology. 
(2)(a) A. P. Krapcho and A. A. Bothner-By. J .  A m .  Chem. Soc.. 81, 

3658 (1959); J. J .  Eisch and W. C. Kasha. J .  Or@ Chem., 97, 3745, 4171 
(1962); (b) R. A. Benkeser, J .  A m .  Chem. Soc. ,  77, 3230, 3378, 6042 (1955). 
(3)(a) D. R. Weyenberg and L. H. Toporcer, ibid. .  84, 2844 (1962); (h) 

M. Sittig, “Sodium,” Reinhold Publishing Co., New York. N. Y., 1956, pp. 
313 ff ; (e) A.  V. Tobolsky. et 0 2 . .  J .  Polymer Sci.,  31, 115, 123 (1958). 

(4)(a) M. Szwarc, M. Levy, and R. Milkovich, J. A m .  Chem. Soc., 78, 
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saturated compounds or metal ketyls from carbonyl 
compounds are formed as intermediates, condensations 
to yield dimers or polymers as well as simple reduction 
products result. Although crossed products from unlike 
unsaturated compounds (for example in the anionic 
copolymerization of monomers) ac or from unlike metal 
ketyls in mixed acyloin condensations” have been 
effected, crossed condensation between ion radicals 
from unsaturated compounds and ketyls appears not 
to have been studied. 

In  this series of studies we examined the chemistry of 
radical ions and ketyls derived simultaneously as inter- 
mediates from alkali metals and such organic com- 
pounds possessing unsaturated centers as aromatic, 
olefinic, carbonyl, and nitrile-containing compounds. 
In  this report we wish to describe the co-reduction12 
of styrene and acetone with sodium. The possible 
ion-radical intermediates in this case are the styrene 
radical-anion (11) and the ketyl (111) from acetone. 

[CsHs-CH-CHz - CaHs-CH-CH2] -Na + 

I1 
CHa 1- 

These co-reductions, under conditions in which the 
unsaturated and carbonyl compounds react together 
with sodium, differ from those condensations of alkali 
metal adducts of hydrocarbons with electrophilic rea- 
gents such as carbon dioxidela and ethylene oxide14 de- 
scribed recently. In  the latter cases the alkali metal is 
first treated with the unsaturated compound to preform 
the organoalkali metal adduct which is then treated with 
the electrophilic reagent in a subsequent step. These 
reactions are, thus, essentially those of “conventional” 
carbanions such as Grignard, l6 organolithium, 16 
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