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to give 1.4 g (100%) of 2. After recrystallization from cyclo- 
hexane, the melting point was 131-134'. 

Anal. Calcd for GH&l*OS: C, 39.8; H, 3.81; C1, 33.6; 
S, 15.2. Found: C,40.1; H,3.89; C1,33.4; S, 15.1. 

The purity of 2 wit9 verified by gas chromatographic and in- 
frared analysis which identifies this sulfoxide with the minor 
component of the crude sulfoxide mixture. The sulfur-oxygen 
stretching frequency of 2 in carbon disulfide (2%) is a t  1057 
cm-1. 

To a solution of 97 rng (0.0005 mole) of 2 in 2 ml of glacial acetic 
acid was added 30 nig of 50% of aqueous hydrogen peroxide. 
After evaporation and sublimation, 80 mg (75%) of 4 was ob- 
tained, identified by mixture melting point and infrared absorp- 
tion. Similarly, 97 mg of 3 in 2 ml of glacial acetic acid gave 73 
mg (70%) of 4, identified by mixture melting point and infrared 
absorption. 

Reaction of 1 with Methyl Iodide.-A solution of 3.9 g (0.02 
mole) of the sulfide 1 in 50 ml of methyl iodide was refluxed for 54 
hr after which the excess of methyl iodide was allowed to evap- 
orate. The crystalline residue, 3.7 g, mp 42-44', was identi- 
fied by ita infrared absorption and mixture melting point as 
unchanged 1. The (:rude product was completely soluble in 
pentane. 

Desulfurization of 1 .-To a stirred suspension of 172 g of Raney 
nickel in 250 ml of ethanol was added 25 g (0.128 mole) of 1. The 
mixture warmed up immediately and gas chromatographic analy- 
sis indicated the absence of starting material 1 hr after the 
components had been mixed. The Raney nickel was filtered off 
and washed with ethanol. The combined alcoholic solution was 
diluted with 200 ml of water and continuously extracted with pen- 

tane, and the pentane solution was washed with water to remove 
ethanol, dried with magnesium sulfate, and distilled to leave 8 g 
of crude product. Distillation through a 3-in. Vigreux column 
gave the following fractions at  760 mm: (a) 3 g, bp 94-102'; 
(b) 2 g, bp 102-110'; (c) 1 g, bp 110-163'. Redistillation of 
fraction c gave 2-chloronorborriane with bp 162', mp -5',16116 

and an infrared spectrum identical with that reported.'' 
Preparative-scale chromatography and subsequent identifica- 

tion by infrared and nmr spectroscopy characterized the de- 
sulfurization components as norbornene, norbornadiene, and nor- 
bornane. Approximate gas chromatographic analysis showed 
10% chloronorbornane. 50% norbornadiene. 20% norbornene. 

I ,I I ," 
and-20% norbornane. 
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Bridged Ring Compounds. XIII.'-3 The Reaction of 
N,N-Dibromobenzenesulfonamide with Bicyclol2 2. llheptene, Bicyclo[2.2.2]octene, 

and endo-Bicyclo[2.2.1]-5-heptene-2,3-dicarboxylic Anhydride 
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N,N-Dibromobenzenesulfonamide (NNDBS) reacts vigorously with bicyclo[2.2.1] heptene in benzene a t  room 
temperature to give 3-bromotricyclo[2.2.1.02~6] heptane, 7-syn-bromo-2-exo-benzenesulfonamido- and 7-anti- 
bromo-2-ezo-benzenesulfonamidobicyclo [2.2.1] heptane, but none of the 2-ezo-bromo-3-endo-benzenesulfonamido 
isomer could be detected. These results are contrasted with those obtained in the reaction of norbornylene with 
molecular bromine and the mechanistic implications discussed. Under similar conditions, bicyclo[2.2.2]octene 
gave 8-syn-bromobicyclo [3.2.1]-2-octene, 2-ezo-bromo-3-endo-benzenesulfonamidobicyclo [2.2.2] octane, and 7-syn- 
bromo-2-ezo-benzenesulfonamidobicyclo[3.2.l]oc:tane. Thus, in the case of bicyclo[2.2.2]octene the halogen- 
bridged cation is a product forming intermediate, whereas in the case of norbornylene it is not. endo-Bicyclo- 
[2.2.1]-5-heptene-2,3-dicarboxylic anhydride was found to react with NNDBS to give 5-ezo-bromo-6-ezo- 
benzenesulfonamido-2,3-endo-cis-dicarboxybicyc~o[2.2.1] heptane anhydride. The solvolysis of 7-unti-bromo-Z- 
ezo-benzenesulfonamidobicyclo[2.2.1] heptane was found to yield the rearranged product 7-syn-benzenesulfon- 
amido-2-endo-hydroxybicyclo[2.2.1] heptane and the fragmented product 3-~yclopentenylacetaldehyde, whereas 
the isomeric 7-syn-bromo-2-ezo-benzenesulfonaniido derivative was unchanged on solvolysis. 

Kharasch and Priestleya observed that N,N-dibromo- 
arenesulfonamides (I) added to unsymmetrical alkenes 
to yield products in which the bromine atom took the 
position expected in a process involving positive bro- 
mine, as in 11. The second bromine atom of the N,N- 
dibromoarenesulfonamide appeared as a vinyl bromide, 
111. 

(1) Part XII: A. C. Oehlschlager and L. H. Zalkow, Chem. Commun., 
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A. C. Oehlschlager, J .  A m .  Chem. Soc., 86,4208 (1Q64), and ref 3. 

ZRCH=CH2 + ArSOzNBrz ---f RCHCH2Br + RC2HtBr 
I I11 

HdS02Ar 
I1 

R = alkyl or aryl group 

Since a great deal of information on ionic additions 
to bicyclo [2.2.1 Iheptene derivatives and to bicyclo- 
[2.2.2]octene has been recorded,' we were interested 
in extending the reaction of N,N-dibromobenzene- 
sulfonamide (NNDBS) to these alkenes. We were 
particularly interested in comparing the results ob- 
tained in this case with the results obtained in the ad- 
dition of other positive halogen compounds to such 
compounds. 

(7) J. A. Berson in "Molecular Rearrangements," Part One, P.  de Mayo, 
Ed., Interscience Publishers, Inc., New York, N.  Y.,  1963, and references 
therein. 
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As described in a preliminary publication,3 the re- 
action of bicyclo [2.2.l]heptene with NNDBS was 
found to  yield, in addition to  3-bromotricyclo [2.2.1.- 
02a6]heptane and unidentified bicyclo [2.2.1 lheptyl di- 
bromides, two addition products which have been as- 
signed structures IV and V (see Scheme I). Although 
IV was to be expected by analogy with the results ob- 
tained in reactions with other positive bromine rea- 
gents,8p9 the isolation of V and absence of the 2-exo- 
bromo-3-endo-benzenesulfonamido isomer were of parti- 
cular interest. 

SCHEME I 

4- C&15S02NBr2 - &7 

-P VIa 

,Br 

The nmr spectral0 of IV and V were indicative of their 
structures, but in addition firm chemical evidence was 
provided for these structures as follows. Both IV and 
V were converted into the knownll 2-exo-aminobicyclo- 
[2.2.l]heptane under nonepimerizing conditions and IV 
was further transformed into the known9 syn-7- 
bromobicyclo I2.2.1 Iheptanone while V was transformed 
into anti-7-bromobicyclo [2.2.l]heptanone. The lat- 
ter ketone was independently synthesized from the 
previously described12 analogous alcohol. 

It is of interest to  examine in more detail the nmr 
spectra of IV and V, and in particular the signals aris- 
ing from H2 in each case. As mentioned previously,3 
H2 in V appeared as a quartet which can now be as- 
signed as J ~ , ~ - t r a n s  = 3.9 cps and J2,scPs = 8.1 cps. 
On the other hand, in IV and in 2-exo-hydroxy- 
and 2-exo-bromo-7-syn-bromobicyclo [2.2. llheptane H2 

(8) H. Kwart and L. Kaplan, J .  Am.  Chem. Soc., 7 6 ,  4072 (1954). 
(9) L. H. Zalkow and A. C. Oehlschlager, J .  Orp. Chem., 29, 1625 (1964). 
(10) P. Laszlo and P. v. R. Schleyer, J .  Am.  Chem. Soc., 86, 1171 (1964). 
(11) L. H. Zalkow and A.  C. Oehlsohlager, J .  Orp. Chem., a8, 3303 (1963). 
(12) H. Kwart and R.  K. Miller, J .  Am.  Chem. Soc., 78, 5678 (1956). 

appears as a triplet. This, of course, means that in 
these compounds J 2 , s t r a n s  = J2,scfs.  I n  such com- 
pounds nonbonded repulsions between the 2-ex0 
and 7-syn substituents would be expected to lead to a 
rocking of the C-2 substituent about the C-2,3 bond. 
The effect of this rocking would be to  increase the 
cis and trans dihedral angles but to decrease J2,3-cfs 
and increase resulting fortuitously in cou- 
pling constants of 6 cps for each of these in V.'O 

The formation of V and the apparent absence of any 
appreciable amount (94% of the norbornylene con- 
sumed was accounted for) of 2-exo-bromo-3-endo-ben- 
zenesulfonamidobicyclo [2.2.1 ]heptane in the reaction 
of NNDBS with norbornylene indicate that the car- 
bon-bridged cation VI (see Scheme I) is the re- 
active intermediate rather than the halogen-bridged 
cation VI1 since the latter would be expected to lead 
with the 2,3-truns product. Intermediate IX would 
likewise satisfactorily account for products IV and V, 
but, if it were the sole reactive intermediate, it would be 
difficult to explain the almost 2: 1 yield of IV compared 
with V.13 An explanation for the 2,6-hydride shift 
required in the formation of V may be found in the rela- 
tive sluggishness of the nucleophile (R-fiS02CeH5) 
involved, which would allow the S ~ O W ~  hydride shift 
to occur before attack of the nucleophile. 

Bromination of bicyclo [2.2.1 Iheptene with molecular 
bromine in carbon tetrachloride or in carbon tetra- 
chloride containing pyridine has been shown to yield 
approximately 15% of the truns-2,3 dibromide, but 
in the more polar solvent almost twice as much of the 
2-exo-7-syn dibromide was formed compared with the 
less polar ~ o l v e n t . ~ ~ ~ ~  It does not appear likely that 
the absence of any appreciable amount of the trans-2,3 
product in the present case is a result only of the solvent 
(benzene) used. All of the reported reactions of 
bicyclo [2.2.l Iheptene with positive bromine reagents 
can be reconciled if one assumes that the halogen- 
bridged cation VI1 is initially formed and this may suf- 
fer attack by a relatively good nucleophile such as 
Br-, but competing with this is the participation of 
the electrons of the C-1,6 bond which leads to VI. 
The more sluggish nucleophiles, such as Hk302CsHs-, 
would capture VI, or the further rearranged inter- 
mediate VIII. What is postulated is that VI1 and VI 
are not in equilibrium14 and the product distribution 
is a measure of comparative rates rather than equilib- 
rium distribution of VI1 and VI. In  the present 
case, nortricyclene bromide is formed rather than a 
vinylic bromide as observed by Kharasch6 and Priestley. 

As previously mentioned12 solvolysis of V gives the 
rearranged product X, identified by conversion to the 
known11 ketone XI11 and 3-cyclopentenylacetylde- 
hyde (XI) (Scheme 11). The latter product arises by a 
now familiar fragmentation reaction.1j In  contrast to 
V, IV was unchanged on refluxing in 5% aqueous alco- 
holic sodium hydroxide for 60 hr. 

The reaction of NNDBS with bicyclo [2.2.2]octene 
(XV) in benzene a t  room temperature also led to  small 
amounts of addition products and 8-syn-bromobicyclo- 
[3.2.1]-2-octene (XVI) as the major product. Chrom- 

(13) W. G. Woods, R. A .  Carboni, and J. D. Roberts, abad., 78, 5653 

(14) L. Kaplan, H. Kwart, and P. v. R. Schleyer, abad., 82, 2341 (1960). 
(15) C. A. Grob, Gars. Cham. Ital., 92, 902 (1962). 

(1956). 
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SCHEME 11 

XIV X 

+ + 

atography of the crude reaction product on alumina led 
to a ready separation of XVI, which was identified by 
comparison with an authentic   ample,^ and the addition 
products which could be separated into individual 
compounds only by repeated and tedious chroma- 
tography. By analogy with the addition of bromine 
to  XV,16 one might expect XVII and XVIII as prod- 
ucts in the present case and indeed products correspond- 
ing to these structures were isolated (see Scheme 111). 

SCHEME I11 

XV \ 

cBH,so;i XXI 
I 

XVIl 
V XXII 

227 
XVI 

The nmr spectrum of the least polar of the addition 
products (XVII) showed a triplet (J = 4 cps) cen- 
tered a t  a 4.08 for the proton attached to the bromine- 
bearing carbon exactly analogous to  the C-8 proton in 
XVI. Treatment of XVII with aqueous hydrochloric 
acid in a sealed tube a t  175" gave a bromoamine which 
(113) N. A. LeBel, J. E. Huber, and L. H. Zalkow, J .  A m .  Chem. Soc., 

84,2226 (1962). 

was subsequently converted into the corresponding 
dimethylamine oxide. Pyrolysis of the latter gave XVI, 
thus establishing the skeleton of XVII and the posi- 
tion and stereochemistry of the bromine atom in XVII. 
Reduction of XVII with sodium in alcohol gave 2- 
aminobicyclo 13.2.1 ]octane which upon oxidation gave 
the known" bicyclo [3.2.1 ]-2-octanone1 thus establish- 
ing the position of the benzenesulfonamido group in 
XVII. The stereochemistry of the latter group was 
established by converting the 2-aminobicyclo [3.2.1]- 
octane, described above, into its acetate. The 2- 
acetamidobicyclo [3.2.1 ]octane thus obtained was shown 
to be different from 2-endo-acetamidobicyclo [3.2.1]- 
octane obtained by lithium aluminum hydride reduc- 
tion of the oxime of bicyclo [3.2.1]-2-octanone followed 
by acetylation. Since reduction of bicyclo i3.2.11-2- 
octanone by lithium aluminum hydride is known17 
to yield the equatorial alcohol (endo), it can be assumed 
that reduction of the corresponding oxime, under 
identical conditions, would proceed in a similar manner. 
Therefore, the benzenesulfonamido group in XVII must 
be axial (exo), as would be expected on mechanistic 
grounds. 
-4 second addition product was shown to be XVIII 

as follows. Reduction of XVIII with sodium in sec- 
butyl alcohol gave 2-aminobicyclo [2.2.2]octane1 identi- 
fied as its acetate, and XVIII was shown to be identical 
with one of the products obtained in the treatment of 
aziridine XIX with hydrogen bromide in carbon tetra- 

&SO&H6 4 "so2cdIS 
XIX xx 

chloride.'* A third adduct, isolated in extremely low 
yield, has been tentatively assigned structure XX. 
Reduction of XX with sodium and alcohol gave an 
amine which on oxidation gave the knownlg bicyclo- 
[3.2.1]-3-octanone. This product (XX) undoubtedly 
arises from the reaction of NNDBS with bicyclo[3.2.1]- 
2-octene, present as a contaminant16 in the starting 
bicyclo 12.2.2 Ioctene. 

It is interesting to compare the results obtained in 
the reaction of NNDBS with norbornylene and with 
bicyclo [2.2.2]octene, respectively. In the latter case, 
the formation of the trans-2,3 product XVIII indicates 
the intermediacy of the halogen-bridged cation XXI, 
in contrast to the former reaction where such an inter- 
mediate (VII) was not product forming. The forma- 
tion of the rearranged product XVII suggests the 
presence of the carbon-bridged cation intermediate 
XXII; this is analogous to  the formation of IV via 
intermediate VI in the norbornylene reaction. The 
formation of XVI in the reaction of bicyclo[2.2.2]- 
octene corresponds to  the formation of nortricyclene 
bromide in the norbornylene reaction. It sould be 
noted that no product arising by a hydride shift, 

(17) H. M. Walboraky, M. E. Baum, and A. A.  Youssef, ibid. ,  83, 988 
(1961). 
(18) Part X: A. C. Oehlaohlager and L. H. Zalkow, J .  Ow. Chem., SO,  

4205 (1965). 
(19) W. R. Moore, W. R. Moser, and J. E. LaPrade, ibid., 28, 2200 

(1963). 
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as in the formation of V, was detected in the bicyclo- 
[2.2.2]octene reaction, but, owing to  the difficulty in 
isolating the adducts in this case, it cannot be stated 
categorically that  none of such a product was pro- 
duced. It is not clear whether intermediates XXI  and 
XXII are in equilibrium. 

endo-Bicyclo [2.2.1]-5- heptene-2,3-dicarboxylic anhy- 
dride was found to react with NNDBS to give the 
cis-exo product XXIII analogous to  its reaction with 
bromine to give XXIV.20 The yield of XXIII de- 
creased when the molar ratio of alkene to NNDBS 
was less than 2: l6 and the reaction was unaffected by 
free-radical retarders or light. 

6 

XXIII, R=NHSOzCsHs 
XXIV, R=Br 

/CO CH2 
XXVI,R=N I 

'COCH, 

Treatment of XXIII  with aqueous sodium carbonate 
gave the knownz0 lactone XXV. The dimethyl ester 
from XXIII  was unaffected under these conditions, 
indicating that XXV was not formed via an inter- 
mediate aziridine as might be expected if the bromine 
atom were trans to  the sulfonamido group in XXIII. 

xxv XXVII 
The formation of XXV firmly established the stereo- 
chemistry of the sulfonamido group and strongly sug- 
gested that the bromine atom in XXIII  was exo also. 
The nmr spectrum of the dimethyl ester from XXIII, 
obtained by hydrolysis in acetone-water followed by 
treatment with ethereal diazomethane, provided con- 
clusive evidence for the 5,6-cis-exo arrangement. The 
endo C-5 proton appeared as a doublet (J5,6 = 7 cps) 
centered at  6 4.75,21 and the endo C-6 proton appeared 
as a tripletz1 (J6,6 =1 7 cps, J6-" = 7 cps) centered 
6 3.88. In  trifluoroacetic acid the C-5 and C-6 protons 
showed an AB quartet with J = 7 cps. The closely 
analogous compound XXVIzo shows a similar AB quar- 
tet with J = 7 cps and such couplings are characteristic 
of cis-endo protons in the norbornyl ring system. 

When XXIII was refluxed in 20% sodium hydroxide, 
a hydroxybenzenesulfonamide was obtained which 
failed to yield a lactone on pyrolysis.20 The nrnr spec- 
trum of the dimethyl ester acetate of this product 
(the compound itself was insoluble in all common nmr 
solvents) revealed the proton a t  C-5 (XXVII acetate 
dimethyl ester) as a triplet with J = 3.6 cps. Such 
coupling is characteristic of an exo proton and therefore 
XXVII is tentatively assigned to the product obtained 
on strong alkaline treatment of XXIII. 

(20) L. H. Zalkow and C. D. Kennedy, J. Org.  Chem., 29, 1290 (1964). 
(21) Each of these signals showed small coupling ( J  - 2 cps) which pre- 

sumably arises from coupling with the  anti C-7 proton. 

Experimental Section 
Melting points were taken on a Fisher-Johns apparatus and are 

uncorrected. Infrared spectra were recorded with a Beckman 
IR-5 spectrophotometer; nmr spectra were obtained with a 
Varian A-60 nmr spectrometer, using tetramethylsilane as an 
internal standard ( 6  = 0). Carbon and hydrogen analyses were 
performed by Midwest Microlabs, Inc., Indianapolis, Ind. All 
gas chromatographs were obtained using an Aerograph Auto-Prep 
with a thermoconductivity detector. 

Reaction of N,N-Dibromobenzenesulfonamide (NNDBS) with 
Bicyclo[2.2.l]heptene.-To a solution of 20 g of bicyclo[2.2.1]- 
heptene in 80 ml of dry benzene was slowly added 39.2 g of NND- 
BS.22 The addition of NNDBS was continued until aliquots 
withdrawn from the solution did not decolorize bromine in car- 
bon tetrachloride. After the exothermic reaction subsided (15 
min), the benzenesulfonamide which had precipitated was re- 
moved by filtration and washed with benzene (9.1 g, mp 151- 
152'). The combined benzene filtrate and wash was removed 
through a Vigreux column and the residue was chromatographed 
on 500 g of Merck acid-washed alumina. 

Elution with 700 ml of petroleum ether (bp 50-70") gave 25 g 
of bromobicyclo[2.2.1] heptanes. The mixtures of bromides was 
analyzed by gas chromatography using a 0.25 in. X 9 f t  column 
containing 10% Silicone 550 on acid-washed firebrlck at  150", a 
helium flow rate of 63 cc/min. The mixture contained 86 & 3% 
3-bromotricyclo [2.2.1.02,6] heptane identified by mixed injection, 
and 15 & 3CG dibromides of bicyclo[2.2.l]heptane. The ben- 
zene removed from the reaction contained another 1-2 g of 3- 
bromotricyclo[2.2.1.02*61heptane as detected by gas chromatog- 
raphy. 

Elution with 2 1. of benzene and 0.3 (19: l), 0.9 (9: l), and 0.6 
1 (1: 1) of benzene-chloroform gave 13.4 g of I V  which crystal- 
lized from ethanol and had mp 92-93'; vi:: 3225, 1315, 1160, 
and 1090 em-1; nmr (CDCl,) 6 1.0-2.0 (4 protons), 2.11 (H4), 
2.30 (HI), 3.42 (H2, multiplet; sharpened to a triplet, J = 6.7 
cps, upon addition of CF,COOH), 3.80 (H'), 5.38 (N-H, doublet, 
J = 10.5 cps; vanished upon addition of CFsCOOH), and 7.6- 
8.1 (5 aromatic protons). 

Anal. Calcd for ClaHlaBr?r'OzS: C, 47.28; H, 4.88. Found: 
C, 47.33; H, 5.24. 

Elution with 0.6 I .  of chloroform gave 2.29 g of an oil which thin 
layer chromatography (10 cm on silica gel G in chloroform) 
showed to be a mixture of IV and V. Continued elution with 
0.4 1. of chloroform gave 6.1 g of V as an oil which crystallized 
from aqueous methanol and had mp 90-91"; YE:: 3300, 1332, 
1160, and 1090 cm-1; nmr (in CHC1,) 6 1.0-2.5 (6 protons), 
3.22 (H2, multiplet; sharpened to a quartet, J2.3-eLs = 8.1 cps, 
J2,3.trans = 3.9 cps), 4.16 (H7), and 5.96 (NH, doublet, J = 7 
cps; van'shed upon addition of CE'sCOOH). 

AnaE. Calcd for C13H16BrN02S: C, 47.28; H, 4.88. Found: 
C, 47.52; H, 5.02. 

The mixture melting point of IV (mp 92-93') and V (mp 90- 
91") was 75-80'. 

Conversion of IV to 2- ero-Acetamidobicyclo [Z .2 .I] heptane.- 
A solution of 1.38 g of IV in 25 ml of dry .set-butyl alcohol was 
treated with small pieces of metallic sodium (2 g) over a period of 
15 min. The reaction mixture was heated to 110' over a period 
of 2 hr and then stirred at  110' for 6 hr. The solution was then 
cooled, acidified with 10% hydrochloric acid, and washed with 
ether. The acidic aqueous solution was then rendered basic by 
addition of sodium hydroxide solution and extracted with ether. 
The ether extent, after drying over anhydrous magnesium sulfate, 
was evaporated to give 0.21 g of 2-ezo-aminobicyclo[2.2.l]hep- 
tane. The X-acetyl derivative was prepared by treatment of the 
amine with acetyl chloride in pyridine and had mp 138-140" after 
crystallization from hexane. 

Analysis of the acetyl derivative by gas chromatography was 
performed on a 0.25 in. X 10 ft Craig polyester column a t  200' 
using a helium flow rate of 56 cc/min. The mixed injection of 2- 
em-acetamidobicyclo[2.2.1] heptane obtained from IV and an 
authentic sample" gave a single peak. Mixed injection of the 2- 
endo-amine acetate" and the 2-ezo-amine acetate gave two peaks 
at  18.0 and 18.8 min, respectively. 

Preparation of 2-endo-Acetamidobicycl0[2.2 .l] heptane from 
2-endo-Benzenesulfonamidobicyclo[2.2 .I] heptane.-The 2-endo- 
sulfonamide" (500 mg) was refluxed for 6 hr in 25 ml of dry sec- 
butyl alcohol containing 1.4 g of metallic sodium. The amine 

(22) S. Akiyoski and K. Okuno, J .  Am. Chem. Soc., 76, 693 (1954). 
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was isolated by the procedure described above and the N-acetyl 
derivative was prepared with acetic anhydride. The crude acet- 
amide thus prepared was shown to be the 2-en& isomer and to be 
free of the 2-ex0 isomer by gas chromatography.11 Crystallize 
tion from hexane gave a product of mp 129-130", lit.ll mp 128- 
129". 

Conversion of IV to 7-syn-Bromo-2-ezo-aminobicyclo [Z 2.11 - 
heptane.-A suspension of 2.01 g of I V  in 15 ml of 10% hydro- 
chloric acid was heated in a sealed tube at  175' for 24 hr. The 
reaction mixture was cooled and washed with ether. The et,her 
extract was decolorized with charcoal, dried over anhydrous mag- 
nesium sulfate, and evaporated to give 1.13 g of IV. Evapora- 
tion of the acidic aqueous solution gave an oil which crystallized 
in methanol-ether to give a 46% yield of the hydrochloride of 7- 
syn-bromo-2-ezo-aminobicyclo[2.2.1] heptane. The amine was 
liberated by addition of dilute aqueous sodium hydroxide to an 
aqueous solution of the hydrochloride. The basic solution was 
extracted with ether which, after drying over anhydrous magne- 
sium sulfate, was evaporated to give the amine as an oil. 

Preparation of 7-.~yn-Bromobicyclo [Z .2.1] heptanone .---To 2 15 
mg of the amine and 11 mg of NazMo04~2Hz0 in 1 ml of water 
and 1 ml of 309; hydrogen peroxide was added enough methanol 
to make t,he mixt,ure homogene0us.~3 The solut,ion was stirred 
overnight, acidified, diluted with 15 ml of water, and extracted 
with ether. Addition of acidic, methanolic, 2,4dinitrophenyl- 
hydrazine solution to t,he et,her extract gave a fine crystalline 
precipitate upon standing, which after three recrystallizations 
from petroleum ether gave mp 203-203.5". Mixture melting 
point with t'he 2,4-dinitrophenylhydrazone of a ~ i t h e n t i c ~ ~ 2 ~  7-syn- 
bromobicyclo[2.2.1] heptanone was iindepressed and the two de- 
rivatives gave identical infrared spectra. The two ketones were 
also identical by gas Chromatography. 

Conversion of V to 2-eso-Acetamidobicycl0[Z.2 . l] heptanone.- 
The reduction of V with sodium in alcohol was carried out in 50% 
yield in the manner described above for the reduction of I V .  The 
amine prepared in this manner gave an N-acetyl derivative (mp 
138.-140") which was shown by gas chromatography, as de- 
scribed above, to be identical with authentic" 2-ezo-amino de- 
rivative and different, from the 2-endo isomer. 

Conversion of V to 7-anti-Bromobicyclo [Z.Z .l] heptanone.- 
A snspension of 2.01 g of F7 in 15 ml of 10% hydrochloric a,cid was 
heat,ed at 175" for 48 hr in a sealed tube. The reaction was 
worked LIP by the procedure described above for the hydrolysis of 
IT. KO V was recovered and the yield of the 2-ezo-amine hy- 
drochloride mas 12.6% after recrystallization from aqueous me- 
thanol, 235-245" dec. The free amine was liberated by addi- 
tion of tlie diltite aqueous base to an aqueous solution of the hy- 
drochloride. The a.queous basic solution was extracted with 
ether which, after drying over anhydrous magnesium sulfate, 
was evaporated t o  give 2-ezo-amino-7-anti-bromobicyclo[2.2.1] - 
heptane as an oil which was directly oxidized without further 
purification. 

Oxidation of 745 mg of the 2-ezo-amine by the procedure de- 
scribed above gave a.bout 50 mg of crude bromo ketone. A por- 
tion of the crude product was treated with excess acidic me- 
thanolic 2,4-dinitrophenylhydrazine solution. The 2,4-dinitro- 
phenylhydrazone prepared in this manner was purified by chroma- 
tography on Merck acid-washed alumina using benzene as the 
eluent followed by preparative thin layer chromatography on 
silica gel G (19 em) in benzene. Finally, the derivative was 
crystallized from petroleum ether to give a solid which melted 
at 116.5-117.5' and then resolidified and remelted at  151.5- 
152.5'. Mixture melting point with the 2,4-dinitrophenylhy- 
drazone of authentic 7-anti-bromobicyclo [2.2.1] heptanone, pre- 
pared as described below, was 151.5-152.5'. The two ketones 
were also shown to be ident,ical by gas chromatography. 

Synthesis of Authentic 7-anti-Bromobicyclo[2.2 .l] heptanone .- 
The reaction of 2,4-dinitrobenzenesulfenyl bromide with bicyclo- 
[2.2.1] heptene to give end0-3-bromo-ezo-2-2~,4~-dinitrophenyl- 
sulfidobicyclo [2.2.1] heptane (mp 171-173", lit. l2  mp 173.8- 
174.8') was carried out in 87% yield according to the procedure 
of Kwart and Miller.'2 The nmr spectrum of the product in 
nitrobenzene showed the proton on carbon bearing the bromine 
at 6 4.14 as a triplet ( J  = 4.1 cps) and the proton on carbon bear- 
ing the sulfur a t  6 3.42 as a quartet (J2 ,3 - l rana  = 4.1 cps, 
JZ-cndo-7-onti = 2.0 cps). 

(23) K. Kohr and C. 13erther, Chem. Ber., 93, 132 (1960). 
(24) R. R. Sauers and R. M .  Hawthorne, Jr., J .  Org. Chem., 49, 210 

(1964). 

Chlorine gas was passed through a slurry of 80 g of the bromo- 
dinitrophenyl sulfide in 261 ml of 96% acetic acid for 1 hr.12 
The mixture was stirred overnight and unreacted bromodinitro- 
phenyl sulfide (about 15 g) was removed by filtration. The 
filtrate was diluted with 250 ml of ice-water and extracted with 
petroleum ether. The petroleum ether extract was washed with 
aqueous sodium carbonate solution, dried over anhydrous 
magnesium sulfate, and evaporated. The residue was frac- 
tionally distilled under vacuum to give 2.1 g nortricyclene bro- 
mide [bp 35-40' (0.7-0.6 mm)], 10.5 g of 2-ezo-chloro-7-anti- 
bromobicyclo[2.2.l]heptane [bp 50-52" (0.7 mm), lit.I2 bp 
40-52" (0.55 mm)], 10.2 g of a mixture of 2-ezo-chloro-7-anti- 
bromo- and 2-ezo-acetoxy-7-anti-bromobicyclo[2.2.1] heptane [bp 
52-70' (0.7 mm)], and 4.8 g of the latter compound [bp 70-72" 
(0.7 mm), lit.12 bp 61-67' (0.6 mm)]. The nmr spectrum of the 
2-ezo-chloro-7-anti-bromo derivative in CSZ showed the signal for 
the 2-endo proton at  3.86 as a quartet (JZ13-lran8 = 4.3 cps, 
J 2 . 3 - c i s  = i . 0  cps) and the 7-syn proton rtppeare as a tall 
narrow multiplet. The nmr spectrum of the 2-ezo-acetoxy-7- 
ad-bromo derivative in CSz showed the signal for 2-endo proton 
at  6 4.15 as a quartet (J2,3-L1ana = 3.0 cps, J 2 . 3 - c i a  = 7.5 cps) and 
the 7-syn proton appeared as a tall narrow multiplet. 

A solution of 1.5 g of the acetoxy bromide and 0.15 g of lithium 
aluminum hydride in 25 ml of dry ether wm refluxed for 4 hr. 
The solution was diluted with wet ether, acidified with aqueous 
lOy0 hydrochloric acid, and finally extracted with ether. The 
ether extract, after drying over anhydrous magnesium sulfite, 
was evaporated to give an oil. The oil was distilled under vacuum 
to give 1 .I g of 2-ezo-hydroxy-7-anti-bromobicyclo[2.2.1] heptane: 
bp 75-80' (0.i mm); nmr (in CSZ) 6 3.68 (Hl, quartet, JZ13-tr&n8 

= 2.9 cps, J 2 . 3 - c i ~  = 7.1 cps), 3.76 (0-H, vanished upon addi- 
tion of DzO), and 4.14 (HI, triplet, 5 7 . 1 - 4  = 1.4 cps). 

A solution of 806 mg of the 2-ezo-hydroxy-7-anti-bromo deriva- 
tive in 8 ml uf dry acetone was treated with a 0.5 molar excess of 
Jones reagent.25 The solution was stirred for 4 hr after which 
time it was diluted with 40 ml of water and extracted several 
times with petroleum ether. The petroleum ether extract, 
after drying over anhydrous magnesium sulfate, was evaporated 
to give 450 mg of 7-anti-bromobicyclo[2.2.l]heptanone: nmr 
(in CS2) 6 4.19 (H7, triplet, J7.1-4 = 1.4 cps). The 2,4-dinitro- 
phenylhydrazone was prepared by addition of excess acidic, 
methanolic 2,4-dinitrophenylhydrazine solution to t.he ketone. 
The derivative was purified by chromatography on Merck acid- 
washed alumina using benzene as the eluent, followed by prepara- 
tive thin layer chromatography (19 cm on silica gel G in benzene). 
The 2,4dinitrophenylhydrazone crystallized from petroleum 
ether and had mp 116.5-117.5' (see above for double melting 
point). The analytical sample was prepared by crystallization 
from ether and had mp 152-153'. 

Anal. Calcd for CI3Hl3BrN4O4: C, 42.29; 11, 3.55. Found: 
C, 42.60; H, 3.72. 

Preparation of 3-ezo-Bromo- and 3-endo-Bromobicyclo[Z.Z .l] - 
heptanone.-Bicyclo[2.2.1]-2-heptarione was brominated accord- 
ing to the procedure of Woods and Roberts.28 The bromo ketones 
obtained were fractionally distilled under vacuum using a 0.25 
x 10 in. tantalum spiral column to give the pure 3-ezo-bromo 
ketone, mp 25", bp 80-82' (1 mm) [lit.% mp 30', bp 126.5- 
128.5' (23 mm)], nmr27 (neat) 6 3.86 (H3, doublet, J 3 , ~ - ~ ~ t i  = 
3 cps). 

Heating t,he 3-ezo-bromo ketone with 10 g of glacial acetic 
acid containing 10 g of potassium acetate for 24 hr according to 
the procedure of Krieger28 gave a 1 : 1 mixture of the 3-ezo-bromo 
and 3-en&-bromo ketones. 

Gas Chromatographic Comparisons of Bromobicyclo[2.2.1]- 
heptanones.-All gas chromatographic analyses were performed 
on a 0.25 in. x 10 ft silicone 550 column at  165' using a helium 
flow rate of 120 cc/min. The following rebention times were 
observed for the bromobicyclo[2.2.1] heptanones: 7-mti-bromo, 
15.0 min; 7-syn-bromo and 3-endo-bromo, 20.8 min; and 3-ezo- 
bromo, 18.5 min. 

Solvolysis of 7-anti-Bromo-Z-ezo-benzenesulfonamidobicyclo- 
[Z.Z . l ]  heptane.-A solution of 603 mg of the bromosulfonamide 
in 12 ml of aqueous 80% methanol, containing an excess of sodium 

- -  

(25) K. Bowden, I. M. Heilbron. E. R. H.  ,Jones, and B .  C. L. Weedon 

(26) W. G .  Woods and J. D. Roberts, J .  Org. Chem., 44, 1124 (1954). 
(27) J. Meinwald, Y. C. Meinwald, and T. N. Baker, 111, J. Am. Chem. 

(28) H. Krieger, Suomen Kemistilehti, SlB,  175 (1958); Chem. Abet?., 

J .  Chem. Soc.,  39 (1946). 

SOC., 86, 4074 (1963). 

64, 7769 (1960). 
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carbonate, was refluxed for 25 hr. The solution was diluted with 
15 ml of water and extracted with chloroform. The chloroform 
extract was evaporated under vacuum into a Dry Ice trap to 
which acidic, methanolic 2,4dinitrophenylhydrazine solution was 
added. 

The residue left by evaporation of the chloroform contained a 
precipitate of 24 mg of benzenesulfonamide (mp 151-152'), 
which was collected by filtration. The bensenesulfonamide was 
washed with benzene and the wash was returned to the residue. 
The combined residues were concentrated and analyzed by thin 
layer chromatography on silica gel G (15 cm) in chloroform. 
Major spots were found at  Rr values of 0.053 (benzenesulfon- 
amide), 0.30, 0.53, and 0.60. The above mixture was oxidized 
by t,he Jones procedureZ5 without further purification. The 
oxidized mixture was chromatographed by preparative thin layer 
chromatography on silica gel G (15 cm) in 3: 1 chloroform-ethyl 
acetate. Spots were evident a t  Rt values 0.10, 0.30, and 0.60. 

The silica gel containing the major spot (Rr 0.30) was removed 
and eluted with chloroform. Evaporation of the chloroform 
eluent and recrystallization of the eluate from ether gave 51 mg 
of 7-syn-benzenesulfonamidobicyclo [2.2.l J heptanone (XIII) ,  mp 
146-147", identical in all respects with an authentic sample.11 

The contents of the Dry Ice trap were evaporated and the 
concentrate chromatographed directly on Merck acid-washed 
alumina. Elution with benzene gave the 2,4dinitrophenyl- 
hydrazone of 3-cyclopentenylacetaldehyde (XI). Crystallization 
of the eluate from hexane gave 215 mg of the 2,4-DNP: mp 100- 
101" (lit.29 mp 98-99'); nmr (in CSz) 6 1.17-2.13 (2 protons), 
2.13-2.58 (4protons), 2.8#3-3.22 (1 proton), 4.05 (2 protons) , 
7.42-8.33 (3 protons), 8.88 (1 proton, doublet, J = 2 cps), and 
10.97 (1 proton). 

Anal. Calcd for C1&:$404: C, 53.97; H, 4.86. Found: ci, 
53.86; H, 5.14. 

Attempted Alkaline Hydrolysis of 7-syn-Bromo-2-ezo-benzene- 
sulfonamidobicyclo[2.2.1]heptane.-A solution of 2.10 g of the 
bromosulfonamide in 20 ml of 5% NaOH and 5 ml of 95% ethanol 
was refluxed for 60 hr. The reaction mixture was acidified with 
dilute hydrochloric acid and extracted with ether. The ether 
ext,ract, after drying over anhydrous magnesium sulfate, was 
evaporated t,o give back 2.01 g of starting material (mp 90- 
'310) .  

Reaction of NNDBS with Bicyclo[2.2.2]octene.-To 30 g of 
XV in 300 ml of dry benzene were slowly added 44 g of NNDBS. 
The solution was stirred overnight and the benzene carefully 
removed through a Vigreux column. The reaction mixture was 
chromatographed directly on 750 g of Merck acid-washed 
alumina. Elution with benzene-petroleum ether (1: 1) gave 21 g 
of endo-8-bromobicyclo[3.2.l]octene (XVI), bp 65-70" (5 mm) 
(95% pure by gas chromatography). Elution with benzene and 
benzene chloroform mixtures gave 4.7 g of a mixture of addnets. 
Thin layer chromatography of this mixture on silica gel G in 
chloroform showed spots at, Rr 0.40, 0.30 0.27, and0.17. Elution 
with 9: 1 chloroform-methanol gave 7.1 g of benzenesulfonamide 
(mp 151-152'). The crude mixture of adducts obtained above 
was chromatographed repeatedly on alumina varying the polarity 
of the elutent from petroleum ether to benzene to chloroform. 
The benzene eluates were oils from which XVII (Rt  0.40) crys- 
tallized from cold ether and had mp 99-100'; YE.": 3230, 1325, 
1160, 753, 721, and 792 cm-l; nmr (in CHCl3) 6 3.45 (H2, 
multiplet), 4.08 (Ha, t,riplet J = 4 cps), and 6.32 (XH, doublet, 

Anal. Calcd for ClaHls:BrSOnS; C, 48.84; H, 5.27. Found: 
C, 49.14; H, 5.67. 

Thin layer chromatography of the benzene-chloroform eluatw 
on silica gel G in chloroform showed XVIII (Rr 0.30) and XX 
(Rr  0.27) poorly resolved. Fractions consisting mostly of XVIII 
were combined and upon standing in the cold XVIII crystallized 
from ethanol. Aft.er several recrystallizations it had mp 135- 
136" and was identical in all respects with an authentic sample.18 
The third adduct XX ( RI 0.27) crystallized from fractions rich 
in it upon standing in the cold in ethanol. Three recrystallizatsion 
from ethanol gave XX: mp 189-190"; v::: 3270, 1310, 1160, 
1080, 970, 753, 725, and 6888 cm-l; nmr (in CHCI3) 6 1.42-2.50 
(10 protons), 3.25 (H3, multiplet; sharpened to triplet, J = 6.5 
cps, upon addition o f  CF,COOH), 3.98 (H2, multiplet), and 5.62 
(NH, doublet, J = 5 cp8s, disappeared upon addition of CF3- 
COOH) . 

J = 5.4 cps). 

(29) C. W. Whitehead, J. J. Traverso, H. R. Sullivan, and F. J. Marshall, 
J .  Org. Chem., 16,2814 (1961). 

Anal. Calcd for C14H18BrN02S: C, 48.84; H, 5.27. Found: 
C, 49.29; H, 5.39. 

The chloroform eluates gave mixtures of XVIII, XX, and a 
third minor component (Rr  0.17) which could not be separated 
by chromatography or crystallization. 

Conversion of XVII to Axial 2-Acetamidobicyclo[3.2 .l]octane.- 
A solution of 1.42 g of XVII in 30 ml of dry sec-butyl alcohol was 
treated with 3 g of metallic sodium over a period of 0.5 hr. The 
reaction mixture was refluxed for 4 hr and worked up in the usual 
manner to yield 452 mg of axial 2-aminobicyclo[3.2.1]octane as 
a waxy solid. The N-acetyl derivative was prepared with acetic 
anhydride and after crystallization from ether-petroleum ether 
had mp 122-123'. Repeated recrystallizations did not raise the 
melting point; ~2.": 3280, 1645, 1565, 1195, and 1040 cm-1. 

Anal. Calcd for CIOH17NO: C, 71.81; H, 10.24. Found: 
C,  71.64; H 10.43. 

Preparation of Equatorial 2-Acetamidobicyclo[3.2 .l] octane.- 
A suspension of 0.4 g of lithium aluminum hydride in 40 ml of 
ether containing 0.8 g of bicyclo[3.2.1]-2-octanone oxime, pre- 
pared by a known procedure,*O was stirred overnight. After the 
excess hydride was destroyed, the solution a'as made acidic with 
dilute hydrochloric acid. The acidic aqueous solution was washed 
with ether, then made basic and extracted with ether. The 
ether extract, after drying over anhydrous magnesium sulfate, 
was evaporated to give 271 mg of equatorial 2-aminobicyclo- 
[3.2.l]octane as a waxy solid. The N-acetyl derivative, prepared 
with acetic anhydride, after crystallization from ether-hexane 
had mp 137-1380KB, Repeated recrystallizations did not raise the 
melting point; vmsr 3280, 1646, 1550, 1122, 1085, 944, and 910 
cm-1. The infrared spectra of the axial and equatorial isomers 
niere different; the mixture melting point of the two was 128- 
131". 

Preparationof Bicycl0[3.2.1]-2-octanone from XVI1.-Oxidation 
of 104 mg of the amine obtained by reduction of XVII as de- 
scribed above by the procedure described earlier gave a low yield 
of crude ketone. A portion of the crude product was t,reated wit.h 
excess acidic, methanolic 2,4-dinitrophenylhydrazine solut'ion. 
The derivative was purified by chromatography on Merck acid- 
washed alumina using benzene as the eluent. The hydrazone 
crystallized from ether and had mp 137-138". The 2,4-dinitro- 
phenylhydrazone thus obtained was identical with an authentic 
sample .31 

Degradation of XVII to endo-8-Bromobicyclo [3.2 .l] -2-octene 
(XVI).-A suspension of 2.05 g of XVII in 15 ml of 10% hydro- 
chloric acid was heated a t  175" in a sealed tube for 24 hr. The 
reaction mixture was cooled and the acidic solution was washed 
twice with chloroform. Evaporat,ion of the acidic aqueous solu- 
tion gave 125 mg of bromoamine hydrochloride. The bromo- 
amine  as isolated by treatment of the hydrochloride salt with 
dilute aqueous base followed by ether ext,raction of the basic 
aqueous solution. The ether extract, after drying over anhydrous 
magnesium sulfate, was carefully evaporated to give 105 mg of 
bromoamine which was used without further purification. The 
bromoamine (105 mg) was stirred with 120 mg of 90% formic 
acid and 90 mg of 40% formaldehyde for 24 hr a t  room tempera- 
ture and then for 2 hr on a steam bath.32 Dilute hydrochloric 
acid was added to the solution and the excess formic acid and 
formaldehyde were removed by distillation. The concentrate 
was diluted with 5 ml of water and washed with several portions 
of chloroform. The acidic aqueous solution was made basic and 
the aqueous sodium hydroxide solution was extracted with ether. 
The ether extract, after drying over anhydrous magnesium sulfate, 
was evaporated to give 53 mg of bromo-N,N-dimethylamine as a 
light brown oil. The crude bromo-N,S-dimethylamine was 
treated with 1 ml of 30% hydrogen peroxide in 1 ml of methanol 
for 12 hr a t  room temperature. The excess peroxide was destroyed 
by treatment of the alcoholic solution with a small amount of 5% 
platinum on charcoal. The catalyst was removed by filtration 
and evaporation of the filtrate in vacuo gave 39 mg of bromo- 
N,N-dimethylamine oxide as a viscous oil. 

The N,K-dimethylamine oxide (39 mg) was heat,ed over a 
period of 0.75 hr to 135' and maintained at  that temperature 
for 0.5 hr under 30-40 mm, during which time 12 mg of an oil 
distilled. Gas chromatographic analysis of the distillate on a 
0.25 in. X 10 ft Craig polyester column at  135" using a helium 

(30)  H. K. Hall, Jr., J .  Am. Chem. Soc., 83, 1209 (1960). 
(31) A. A. Youssef, M. E. Baum, and H. M. Walborsky, ibid., 81, 4709 

(32) A. C. Cope, E. Ciganek, and N. A. LeBel, ibid.. 81, 2799 (1959). 
(1959). 
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flow rate of 74 cclmin showed endo-8-bromobicyclo[3.2.1]-2- 
octene (XVI) as the major component (95%), identified by mixed 
injection with an authentic samp1e.O Analysis on a 0.125 in. X 
10 ft silicone rubber column at  80' using a nitrogen flow rate of 
40 cc/min also showed XVI as the major component by mixed 
injection. 

Reduction of XVII.1 with Sodium in Alcohol.-A solution of 2.1 
g of XVIII in 42 ml dry sec-butyl alcohol was slowly treat'ed with 
3.4 g of metallic sodium. The reaction mixture was heated to 
110" and refluxed for 6 hr. After cooling, the reaction mixture 
was acidified with 10% hydrochloric acid and washed with ether. 
The acidic aqueous solution was made basic and the product 
extracted with ether. The ether extract, after drying over 
anhydrous magnesium sulfate, was evaporated to give a mixture 
of amines. The amine mixture was treated with acetic anhydride 
and the amine acetrttes (mixture) isolated in the usual manner. 
The nmr spectrum of t,he crude acetylated mixture showed that 
>90% of the acetylated product possessed a secondary halogen 
function. Gas chromatography of the crude acetylated mixture 
on a 0.25 in. X 10 f t  silicone nitrile column at 220" using a 
helium flow rate of 100 cc/min showed only a single peak with 
a retention time less than 25 min. Cnder these conditions 2- 
acetamidobicyclo[2.2.2] octane prepared from the corresponding 
amine's by the usual method had a retention time identical with 
the amine acetate derived from XVIII. 

Conversion of XX to Bicyclo [3.2 .l] -3-octanone.-Reduction of 
430 mg of XX with sodium in alcohol by the usual procedure gave 
102 mg of amine as 1% waxy solid. The amine thus obtained was 
oxidized with 307, hydrogen peroxide in the presence of 
;"rTa2MoO4~2H20 in aqueous methanol. After acidification of the 
oxidation reaction solution with dilute hydrochloric acid, the 
aqueous solut,ion was ext,racted with ether. The ether extract, 
after drying over anhydrous magnesium sulfate, was evaporated 
to give 15 mg of bicyi.l0[3.2.1]-3-octanone. Gas chromatographic 
analysis of t,he crude ketone on a 0.02 in. X 150 f t  ECNSS-S 
coliimn showed one major component (about 95%). Mixed 
injection of a, mixture of hicyclo[3.2.1]-2-octanone and bicyclo 
[3.2.1]-3-octanone prepared by hydroboration of bicyclo[3.2.1]- 
2-octeiie33 showed the ketone derived from XX to be identical 
with bicycl0[3.2.1) -3-octanone and different from bicyclo[3.2.1] - 
2-octanone. The ketone derived from XX was also shown to be 
identical wit>h bicyclo[3.2.1]-3-octanone and different from bi- 
cyclo[2.2.2]-2-octanone by mixed injection on a 0.25 in. :Y 10 ft 
silicone nitrile colunin at  220" using a helium flow rate of 115 
cc/min. The 2,4dinit~rophenylhydrazone of bicyclo [3.2 .I] -3- 
octanone derived from XX had mp 163-164' (lit.lQ mp 165- 
166.2"). 

The Reaction of NNDBS with endo-Bicyclo[2.2.1] -5-heptene- 
2 ,J-dicarboxylic Anhydride.-A mixture of NNDRS (4.53 g), 
the unsatnrat'ed anhydride (5.86 g), and carbon tetrachloride 
(100 ml) m-ere stirred together a t  room temperat'ure for 5 min, 
then heated, wit,h stirring, to reflux; the reaction mixture con- 
tinued to reflux, after removal of external heat, for several 
minutes. As the reaction proceeded during the reflux period a 
light tan viscous oil precipitated. The mixture was thcn con- 
centrated wit,h a rotary evaporator. Chloroform (50 nil) was 
added to the residue and t.he solution was again concentrated 
until the residue began to foam; this procedure wm repeated 
twice more to remove as much of the carbon tetrachloride as 
possible and finally t.he residue was dissolved in 50 ml of chloro- 

(33)  R. R.  Sauers and R. J. Tucker, J .  O r g ,  Chem., 28, 876 (1963). 

form and allowed to stand at  room temperature, open to the 
atmosphere, for 12-18 hr. The product XXIII crystallized 
during this period (1.59 g, mp 228-230'). Recrystallization 
from acetyl chloride and drying at  144" and 1 mm gave the 
analytical sample: mp 230-233'; Y Z Z  3250, 1760, and 1778 
cm -1. 

Anal. Calcd for CISHI4BrNO5S: C, 45.01; H, 3.53; Br, 19.97. 
Found: C, 45.16; H, 3.66; Br, 20.42. 

When the above procedure was repeated using as free-radical 
traps anthracene (0.25 g), p-dinitrobenzene (0.25 g), chloranil 
(0.75 g), or oxygen (bubbled through the reaction mixture) there 
w&s no significant change in yield of product. Likewise, running 
the reaction in the dark produced the same product in essentially 
identical yield. The same product was also produced on stirring 
the reactants together in carbon tetrachloride at room tempera- 
ture for 7 days. 

The diacid was prepared by heating anhydride XXIII (0.50 g) 
with water (10 ml) and acetone (10 ml) until the compound 
dissolved. On cooling, the diacid precipitated, 0.33 g, mp 
198-200°, v::: 3250 and 1720 em-1. The diacid gave a positive 
Beilstein test for halogen. 

Anal. Calcd for Cl&BrNO6S: N ,  3.14. Found: N,  3.05. 
The corresponding dimethyl eater was prepared by treating 

the diacid with excess ethereal diazomethane. By allowing the 
ether solution to slowly evaporate in air, the dimethyl ester 
crystallized from solution, mp 130-130.5". Recrystallization 
from ether did not raise the melting point. An analytical sample 
was prepared by drying t,he dimethyl ester for 5 hr at 100' and 
1 mm: 

Anal. Calcd for C1,HzoBrNOaS: C, 45.74; H, 4.51; N,  3.13. 
Found: C, 45.97; H, 4.94; N,  3.05. 

The Conversion of XXIII to XXV.-Anhydride XXIII (0.5 g) 
and aqueous 57, sodium carbonate (20 ml) were refluxed for 45 
min. The hydrolysis solution wa.s then made acidic with excess 
concentrated hydrochloric acid (approximately 5 ml) and con- 
tinuously extracted with ether for 12 hr. Concentration of the 
ether extract to a 3mall volume (-5 nil) yielded XXV (0.27 g): 
mp 188-190'); v::: 3240, 1780, and 1703 cm-'. The melting 
point was raised to 193.5-194.5' by washing the crystals with a 
small amount of ether. The lactone thus obtained was identical 
in all respects with an authentic sample.20 

The Reaction of XXIII with Strong Base.-Anhydride XXIII 
(0.50 g) and aqueous 20y0 sodium hydroxide (25 ml) were re- 
fluxed for 2 hr. The hydrolysis solution was acidified with excess 
concentrated hydrochloric acid. Continuous extraction of the 
acidic solution with ether for 12 hr followed by evaporation of 
the ether yielded XXVII as white platelike crystals (0.31 g): 
mp 235-235.5'; ~2:: 3380, 3220, 2500-3000, and 1700 cm-1. 
Diacid XXVII gave a negative Beilstein test and a neutralization 
equivalent of 179.6 (calcd for two carboxyls and ClsHI7NO7S. 
177.7). 

Anal. Calcd for ClsH17X07S: C, 50.70; H, 4.68; N ,  9.01. 
Found: C, 50.71; H,  4.68; N,  9.05. 

The dimethyl ester was prepared by treatment with ethereal 
diazomethane and this was transformed into the corresponding 
acetate, mp 142-144' from ether-petroleum ether, by heating 
with acetic anhydride and pyridine at 110' for 12 hr. 
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