
3848 

lanes and their anionic transformation to bicyclo[3.2.2]no-
natriene and to two of its alkylated derivatives. 

9-Bromobarbaralane6 was obtained from the correspond­
ing alcohol,7 triphenylphosphine, and carbon tetrabromide8 

in 79% yield. 9-Chlorobarbaralane9 was obtained both by 
the analogous use of carbon tetrachloride (61%) as well as 
by thionyl chloride treatment of bicyclo[3.2.2]nonatrien-4-
ol (87%). 

Most explicitly, Na-K-LiBr treatment of 9-chlorobar-
baralene in 1,2-dimethoxyethane-rfio at —20° generated 
the deep green color and unmistakable 1H NMR spectrum 
of lithium bicyclo[3.2.2]nonatrienide.5a'10 Although con­
tamination by (as much as 20%) bicyclo[3.2.2]nonatriene 
could not entirely be avoided, no more than 2% barbarala-
ne l l a was ever present. As expected, alcohol protonation of 
these anionic solutions provided only bicyclo[3.2.2]nona-
triene (101% from methanol, 68% from tert-butyl alcohol, 
each contaminated by less than 1.3% barbaralane l l b). 
Qualitatively similar results were also obtained: (a) in te-
trahydrofuran solution, (b) employing the bromide rather 
than the chloride, or (c) with the chloride in tetrahydrofur-
an containing triethylamine. 

4-Methylbicyclo[3.2.2]nonatriene12 appeared also to be 
the exclusive methyl iodide alkylation product of such an­
ionic solutions. The significantly more sluggish reaction of 
9-chlorobarbaralane with n-butyllithium in refluxing 
ether13 provided 75% of a 1:1 mixture of bicyclo[3.2.2]no-
natriene and its 4-n-butyl derivative 14 after aqueous pro­
tonation. 

The sense of reversible charge control (i.e., 2A ^ 2B) is 
of course consistent with qualitative theoretical descriptions 
of the bicyclo[3.2.2]nonatrienyl anion (bicycloaromatic) 
and cation (antibicycloaromatic).3 The more quantitative 
treatments required by the 9-barbaralyl ions enhance this 
bias. The cation (2A+) is highly stabilized; the anion would 
need to possess a half-filled degenerate HOMO—at least in 
the idealized D31, geometry.15,16 

The extent to which such control is realized, however, is 
subject to experimental detail in a way that is theoretically 
less obvious. For example, protonation of the bicyclo-
[3.2.2]nonatrienyl anion by HCl (rather than by ROH) 
generates barbaralane (2-9%) ' l b in addition to bicyclo-
[3.2.2]nonatriene (71-79%) l l b under kinetically controlled 
conditions.18 Whatever its ultimate mechanistic rationale,20 

this experiment recalls (and was suggested by) the corre­
sponding collapse of isomeric purity from solvolytically gen­
erated nonbornenyl and nonbornadienyl cations.21 There, 
increased yields of tricyclic product are achieved when alco­
hols and carboxylic acids are replaced by the more nucleo-
philic borohydride and methoxide anions. 
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Nitrosation in Organic Chemistry. Nitrosolysis, a 
Novel Carbon-Carbon Bond Cleavage Effected 
through Nitrosation. Nitrosolysis of Ketones 

Sir: 

While cyclopentanone, cyclohexanone, and cyclohepta-
none undergo nitrosation to give the corresponding «,«'-
dioximino ketones,1'2 larger ring cyclic ketones3 and ali­
phatic open chain ketones1 give mononitrosation products. 

We would like to report a new nitrosation technique for 
mononitrosation of cyclohexanone which led to the develop­
ment of the nitrosolysis reaction—a novel single-step car­
bon-carbon bond cleavage of various ketones effected 
through nitrosation. Reaction of cyclohexanone with nitro-
syl chloride in liquid sulfur dioxide in the presence of an al­
cohol and 1 equiv of a suitable acid (eq 1) provides an entry 

O 

+ NOCl + ROH + "acid" 
so. 

a. OR 
(1) 

NOH-acid 
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Table I. Nitrosolysis of Various Ketones0 
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Ketone 

Cyclohexanone 

4-fm-Butylcyclohexanone 

2-Methylcyclohexanone 

Cyclopentanone 

Cyolododecanone 

7-Tridecanone/ 

Alcohol 

EtOH^ 

K-BuOH-I-BuOH6 

EtOH 

EtOH 

EtOH 

EtOH 

EtOH 

Products6 

HON=CH(CH2)4COOEt 
2-Ethoxy-3-oximino-

cyclohexene 
HON=CH(CH2)4COOBu^ 
HON=CH(CH2)4COOBu-/ 
H O N = C H C H 2 C H ( J - B U ) -

CH2CH2COOEt 
2-Ethoxy-3-oximino-5-rm-

butylcyclohexene 
HON=C(CH3)(CHj)4COOEt 
HON=CH(CHj)3CH(CH3)COOEt 
HON=CH(CHj)3COOEt 
2-Ethoxy-3-oximino-

cyclopentene 
HON=CH(CHj)10COOEt 
2-Ethoxy-3-oximinocyclo-

dodecene 
CH3(CHj)5COOEt 
CH3(CHj)4CH=NOH 

Yield, c% 

95 
2 

45 
45 
50 

40 

45 
45 
70 
25 

75 
25 

45 
20 

" For the experimental conditions and the ratios of the reagents see the representative procedure in the text. b The structure of the products 
was determined either by comparison with an authentic sample or by the usual spectroscopic and analytical means. cBy GLPC. ^Essentially 
the same results were obtained with methanol. e 1:1 mixture. /As much as 40% of the corresponding a-oximinoketone was also formed. 

to a new class of cyclohexanone derivatives. On the other 
hand, when the above reaction with cyclohexanone is car­
ried out without additional acid, cyclohexanone undergoes a 
cleavage reaction to provide aj-oximinocaproic acid ester 
(eq 2). That this novel cleavage is not limited to cyclohexa-

" ° ^ C O O R 
+ NOCl + ROH —* (2) 

so' *\^-CH=NOH-HCl 

none only is demonstrated by the similar cleavage of several 
representative ketones (Table I). The following procedure 
for conversion of cyclohexanone into ethyl co-oximino-
caproate is illustrative. A three-neck 500-ml flask equipped 
with a mechanical stirrer, an inlet for the introduction of 
sulfur dioxide and nitrosyl chloride, and a Dry Ice condens­
er with a nitrogen bubbler was placed in a Dry Ice-acetone 
bath. A sulfur dioxide cylinder was connected to the inlet 
and about 200 ml of sulfur dioxide was distilled into the 
flask. A solution of cyclohexanone (19.68 ml, 200 mmol) in 
ethanol (17.6 ml, 300 mmol) was added with the aid of a 
syringe and the Dry Ice bath removed. Nitrosyl chloride 
(14.4 g, 220 mmol) was placed in a precooled 50-ml round-
bottom flask protected with a nitrogen bubbler and 
equipped with an outlet connected via a stopcock to the 
inlet of the reactor. When the sulfur dioxide started to boil 
(—10°), the nitrosyl chloride container was gently warmed 
and simultaneously the stopcock was opened to introduce 
the nitrosyl chloride vapors slowly just above the well-
stirred solution. The end of the reaction (15-20 min) was 
indicated by the appearance of a slight yellow color (excess 
of nitrosyl chloride) which did not decolorize immediately. 
The reaction mixture was evaporated in vacuo to a small 
volume, about 150 ml chloroform was added, and the solu­
tion was again briefly concentrated to remove the residual 
sulfur dioxide. The remaining chloroform solution was 
transferred to a separatory funnel, diluted with more chlo­
roform to about 200 ml, and washed several times with 
water to remove hydrochloric acid. Gas chromatographic 
analysis of the solution indicated a 90-95% yield of ethyl 
oi-oximinocaproate. Evaporation of the chloroform afforded 
33.0 g of slightly yellow oximino ester which, according to a 
60-MHz N M R spectrum, was a mixture of approximately 
equal amounts of the syn and anti isomers. Mononitrosation 
of cyclohexanone to 2-methoxy-3-oximinocyclohexene was 
achieved by a slow evaporation of nitrosyl chloride (7.19 g, 

110 mmol) just above a well-stirred solution of cyclohexa­
none (10.4 ml, 100 mmol) in sulfur dioxide (100 ml), con­
taining methanol (4.05 ml, 100 mmol) and hydrogen chlo­
ride (100 mmol). After complete addition, the Dry Ice-ace­
tone bath was removed and the reaction mixture stirred at 
reflux (ca. —10°) for 1 hr, transferred into a precooled flask 
and evaporated at 0°. About 20-25 g of a white soft solid 
was obtained which upon careful treatment with sodium bi­
carbonate in a minimal quantity of water afforded 2-me-
thoxy-3-oximinocyclohexene,4 mp 150-151° (hydrochlo­
ride, mp 113-115° dec. Anal. Calcd for C 7 H n N O 2 : C, 
59.56; H, 7.85; N, 9.92. Found: C, 59.60; H, 7.9; N, 10.03. 
N M R spectrum: 5 9.5 (s, 1, OH), 5.23 (t, 1, CH=C); 3.69 
(s, 3, OC//3), and a set of triplet, quartet, and quintet cen­
tered at 5 2.75, 2.25, and 1.69 ppm, respectively, each inte­
grating for 2 H. 

In spite of somewhat conflicting opinions about the 
mechanism of nitrosation of ketones,5'6 there can be little 
doubt that the reaction involves an electrophilic attack of 
the nitrosation species on a double bond of the correspond­
ing enols. Presumably, the observed ketone cleavage, e.g., of 
the cyclohexanone, may be explained by an effective trap­
ping of the resulting l-hydroxy-2-nitrosocarbonium ion 
with an alcohol as a nucleophile (eq 3) and subsequent acid 
catalyzed transformation of the thus obtained 1-hydroxy-
l-alkoxy-2-nitroso intermediate to the oj-oximinocaproic 
acid ester (eq 4). The fact that the nitrosolysis reaction fails 

U 1 
+ NOCl 

EtCH 

SO, * 

OH 

CL N=O 
OEt 

/ ^ J / O H 

N=O 
OEt 

dr 0 H 
H+ 

N = O 

I^^COOEt 

k^CH=NOH-HCl 

(3) 

(4) 

in solvents like chloroform, ether, hexane, or alcohols clear­
ly points out the important function of sulfur dioxide. Be­
cause of its low nucleophilicity on the one hand and very 
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good solvating properties on the other, sulfur dioxide plays 
a dual role. It allows a sufficiently high concentration of ni-
trosonium ion and at the same time "stabilizes" the inter­
mediate l-hydroxy-2-nitrosocarbonium ion without react­
ing with the positive charge, thus making the reaction with 
the alcohol possible. Other polar but nonbasic solvents like 
nitromethane and sulfolane behave similarly, and thus the 
nitrosolysis reaction can also be carried out in these sol­
vents. The successful outcome of this reaction must be due 
to at least in part to the fact that during the reaction cycle 
only a small amount of free hydrochloric acid is present.7 

Presumably, the hydrochloric acid generated in the reaction 
between nitrosyl chloride and the alcohol serves as the cata­
lyst for the enolization of the ketone and the cleavage of the 
a-nitrosohemiketal and then becomes "neutralized" by the 
oxime produced. 

When, however, the nitrosation of cyclohexanone was 
carried out in the presence of an additional equivalent of 
hydrogen chloride, the competing reaction, the acid cata­
lyzed isomerization of the secondary nitroso group,8 fol­
lowed by water elimination to afford the 2-alkoxy-3-oximi-
nocyclohexene, becomes more important and the carbon-
carbon bond cleavage is suppressed (eq 5). 

OR 

( T +HCl (excess) \ ^ " " t l o n , 

v ^NOH-HCl 

Clearly, the nitrosolysis reaction is a remarkably simple 
procedure for the carbon-carbon bond cleavage of a variety 
of ketones10 providing products with valuable functional 
groups. In effect, the nitrosolysis reaction represents an ad­
vantageous supplement to a Beckmann fragmentation of 
the a-oximino ketones. The reaction is carried out under 
much milder conditions and eliminates the need for the 
prior preparation of the a-oximino ketones. It should be 
particularly useful for the transformation of cyclopenta-
none, cyclohexanone, and cyclohexanone derivatives where 
a-oximino ketones are extremely difficult to prepare.3'11 

Furthermore, similar reaction of cyclohexanone, but in the 
presence of an excess of added acid, provides for the first 
time a direct and convenient access to 2-alkoxy-3-oximino-
cyclohexene, a novel derivative of mononitrosated cyclohex­
anone. 
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Reactions of Dioxetanes with Sulfoxylates and 
Sulfides. Preparation of Novel Tetraalkoxysulfuranes 

Sir: 

Sulfuranes, i.e., tetrasubstituted sulfur compounds, are a 
little known class of substances.1 Recently various energy 
rich substances such as organic hypochlorites2 and perfluo-
rohypofluorites3 have been allowed to react with divalent 
sulfur compounds to prepare sulfuranes and persulfuranes. 
Attempts to prepare sulfuranes by reaction of diethyl per­
oxide with divalent sulfur compounds have been fruitless.4 

It did seem, however, that the more reactive four-membered 
ring peroxides, dioxetanes,5 might react with divalent sulfur 
compounds to give sulfuranes. In particular it seemed that 
sulfur compounds with electronegative ligands might lead 
to relatively stable sulfuranes. After the completion of this 
work Wasserman and Saito6 reported that diphenyl sulfide 
does indeed react with several dioxetanes to give diphenyl 
sulfoxide. No evidence for the intervention of sulfuranes 
was obtained. 

The dioxetanes, 1 and 2, have been used in this study.7 

When 1 was allowed to react with 3 at —78° in methylene 
chloride a reaction mixture was obtained whose 100-MHz 
1H NMR spectrum at —60° showed singlet absorptions at 8 
1.32, 1.47, 3.26, 3.66, each three hydrogens, and absorp­
tions at <5 3.73 and 3.78, two hydrogens. The 20-MHz 13C 
NMR spectra, decoupled and off-resonance decoupled, 
showed four methyl group carbons at <5 24.55, 26.00, 48.50, 
and 54.55. A methylene carbon was found at 8 70.32 and a 
quaternary carbon appeared at 5 83.69. When these reac­
tion mixtures were allowed to warm to room temperature 
dimethyl sulfite and a nonvolatile, presumably polymeric, 
material were formed. These results are in concordance 
with the production of a tetraalkoxysulfurane, 5, where the 
upfield 1H and 13C NMR chemical shifts are due to the ap­
propriate absorptions of the elements of the methyl groups 
on the ring. The downfield absorptions are those of methyl 
group hydrogens and carbons. These are nonequivalent and 
environmentally quite different methoxy groups. These data 
cannot be used to exclude various conformers for 5. For ex­
ample the structure illustrated, a trigonal bipyramid, is in 
agreement with the data; however, a square pyramid also 
fits the data. Pseudorotations between various conformers 
which do not render the groups equivalent cannot be elimi­
nated. It should be noted though that the methoxy groups 
experience a considerably different environment. This ob­
servation suggests a structure(s) where this is achieved. 

Reaction of 1 with 4 at —78° gave reaction mixtures 
whose 1H and 13C NMR spectra at low temperatures are in 
agreement with the production of a sulfurane, 6; i.e., aside 
from the complications introduced by the «-propyl groups 
the spectra were very similar to that of 5. On warming reac­
tion mixtures of 6 a smooth decomposition occurred with 
the production of n-propyl sulfite and isobutyraldehyde. 
The latter can be formed from 6 by heterolysis of the O-
C(CH3)2 bond with hydride migration and S-O bond cleav-
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