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C, 64.39; H, 4.92; ultraviolet spectrum, A,,, 259, 295 
(broad) mp (e 11,800, 1,980); infrared C=O band in CCld: 
1689 cm.-'. 

2-Benzyl-I-naphthol. a. From (111) with Morpho1ine.- 
One gram of 2-bromo-2-benzyl-1-tetralone (111) was allowed 
to  stand with three equivalents of morpholine for 10 
minutes, then heated for 2 minutes on a steam-bath. Iso- 
propyl ether was added and a 96% yield of the hydrogen 
bromide salt was collected by filtration. Upon evaporation 
of the washed filtrate, treatment with charcoal and re- 
crystallization from petroleum ether, a 60% yield of a 
colorless solid, m.p. 73-74", was obtained. This compound 
was identical in m.p. and ultraviolet spectrum with 2-  
benzyl-1-naphthol secured by the Claisen** reaction. Poorer 
yields and the formation of polymeric substances were 
obtained when the reaction time was prolonged to  1.5 days. 

b. By Reaction of I-Naphthol with Sodium and Benzyl 
Chloride.-The reaction ivas carried out in toluene as 

described by Claisen.22 Repeated purification from petro- 
leum ether gave white crystals of 2-benzyl-l-naphthol, 
m.p. 74-74.5' (lit.22 73.5-74'). This compound gradually 
produced a red coloration with the formation of a golden 
glimmering precipitate when treated with 3 4 .  ferric chloride 
in ethanol solution; ultraviolet spectrum, A,,, 214, 220, 
236, 270, 290-300, 310 and 326 mp ( E  31,400, 33,000, 
40,000, 3,000, 4,400, 3,160 and 2,300); infrared bands, 
Y,,, in CCL: 3520, 3040, 2900, 1945, 1632, 1395, 1142, 
1080, 915,890,690,662 ern.-'. 

Attempted Reaction of I11 with N-Methylmorpholine .- 
m'hen X-methylmorpholine was substituted for morpholine 
in the reaction with 111 as described above, only a 10% 
yield of its hydrobromide salt was isolated. Most of the 
e-bromo ketone 111 was recovered (80%), and only traces 
of an impure solid showing a positive ferric chloride test were 
formed. 
LINCOLN, SEBRASKA 
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Stereospecific Ring Formation by Means of Mercuric Salts 
BY R. K. SUJMERBELL, GREGORY LESTINA AND HAL WAITE 

RECEIVED JULY 23, 1956 

Allyl ether has been condensed with aqueous mercuric acetate under various conditions of time, acidity and temperature to 
give, after the appropriate sequence of reactions, mixtures of cis- and truns-2,6-bis-(iodomethyl)-p-dioxane. Although the 
cis isomer was not formed exclusively when mercuric acetate was used, it was found that the proportions and yields of that 
isomer could be markedly increased by higher reaction temperature, higher acid concentration, and by longer elapsed time 
before workup. A reaction mechanism involving mercurinium (or car- 
bonium) ions and equilibration is proposed to  explain the observed results. 

The maximum cis/truns ratio was sixteen to one. 

Introduction 
Cyclization of allyl ether with aqueous mercuric 

acetate to form a substituted dioxane was first re- 
ported by Nesmeyanov and Lutsenko.' The 
product, after precipitation of the adduct as the 
halide followed by replacement of the halomercuri 
group with iodine, yielded 2,6-bis-(iodomethyl)- 
p-dioxane. This was shown to be the cis form by 
Summerbell and Stephens.2 The latter workers al- 
ways obtained some of the trans form which, al- 
though it was difficult to separate in a pure state, 
could hardly have been missed by Nesmeyanov and 
Lutsenko if their preparation had contained similar 
amounts. 

A closely related reaction is the one discovered 
by Sand and Biilmann3 who condensed allyl alcohol 
with mercuric nitrate, precipitated the halide, and 
treated the halide with iodine to obtain only the 
trans form of 2,5-bis- (iod~methyl)-p-dioxane.~ This 
preparation has been repeated a number of times 
in our laboratory, and under the specified condi- 
tions the cis form had never been observed, and the 
yields of the trans form were invariably very high. 

The most obvious difference between this reac- 
tion which is stereospecific and the closely related 
preceding one which yields a mixture of cis and 
trans isomers is the use of mercuric nitrate, the salt 
of a strong acid, in place of mercuric acetate, the 
salt of a weak acid. Since acid is generated in the 
mercuration of olefins, there can be obtained either 

(1) A. PIT. Nesmeyanov and I. F. Lutsenko, B d i .  acad. sc i .  (L'.S.- 
S.R.) Ciasse Sci. chim., 296 (1943). 

(2) R. K. Summerbell and J. R. Stephens, THIS JOURXAI., 76, 731 
(1934). 

(3) J. Sand, Ber. ,S4,  1394 (1901); E. Biilmann, ibid. ,  88, 1644 (1900). 
(4) R. K. Summerbell and J. R. Stephens, THIS JOURNAL, 76, 6401 

(1954); 77, 6080 (1955). 

a high or low hydrogen ion concentration during 
the reaction by the proper choice of a mercuric salt. 
In view of the current interest in ring closure 
methods that  are, or can be made, stereospecific 
it seemed worthwhile to  investigate the effect of 
acid concentration and other conditions on the 
stereospecificity of this reaction. 

Discussion 
The Stereochemistry of the Reaction.-In the 

present work allyl ether has been condensed with 
aqueous mercuric acetate under various conditions 
of time, acidity and temperature. Conditions were 
found which gave, after the appropriate sequence 
of reactions, good yields of cis-2,6-bis-(iodomethyl)- 
p-dioxane (I) almost uncontaminated with the 
trans isomer 11. Although the cis isomer was 
never formed exclusively when mercuric acetate 
was used, it was found that  proportions and yields 
of that  isomer could be markedly increased by 
higher reaction temperature, higher acid concen- 
tration and by longer elapsed time before workup. 
The results have been summarized in Table I6 and 
the effect of time on the yield and isomer ratio is 
shown in Fig. 1. 

A Proposed Reaction Mechanism.-An accept- 
able mechanism must explain several facts: (a) 

(5) T h e  referee has supEested the possibility tha t  ". . , fractionation 
of isomers may occur in the  conversion of the acetoxymercuric com- 
pounds t o  the  iodides." T h e  iodides are quite insoluble and excess 
iodide was always used. Some years ago, J. R. Stephens attempted a 
fractionation of the  more soluble corresponding chlorides by partial 
precipitation, bu t  with no success As t o  the next step, the  time of 
reaction with the  excess of iodine had been found in preliminary ex- 
periments t o  give the  maximum yield, and we believe tha t  this reaction 
goes t o  virtual completion Some small amount of fractionation dur- 
ing crystallization of the  final product would be unavoidable by our 
procedure. 
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A very rapid initial rate of dioxane formation is 
followed by a much slower rate. One-third of the 
total yield of dioxanes is formed in the first 15 
minutes, the second third in the next seven hours 
(samples 1, 3, 4). (b) After ten minutes, no pre- 

TABLE I 
QUANTITATIVE DETERMINATION O F  DIOXANE COMPOUND 

FROM THE MERCURATION OF ALLYL ETHER 

z.p.j cis/trans 
Time, Yield, 

Samplea hr. % C. 

1 0 .25  32.8 65-76 1.8 
2 2 . 5  42.5 65-78 1.8 
3 7 61.0 70-85 3 .2  
4 48 89.3 84-89 16 
5 7 86.7 85-90 16 
6 48 86.0 83-9 0 16 
7 7 86.0 86-90 16 
8 48 86.0 84-90 16 

The total volume of the reaction mixtures as well as the 
moles of mercuric acetate and allyl ether were constant in all 
cases. In  reactions 5 and 6, 36.0 g. of nitric acid was added. 
All reactions were run a t  25’, except 7 and 8, which were run 
at59’. 

cipitate of mercuric oxide is obtained when excess 
sodium hydroxide is added to an aliquot of the 
reaction mixture. ~6 Evidently, some sort of 
complexation of the mercuric ions is complete a t  a 
stage when only one-third of the final yield of 
dioxanes has been formed. (c) The cisltrans 
ratio of the produced dioxanes changes from 1.811 
to  16/1. (samples 1, 4). (d) Increased acidity 
shortens the time necessary to  produce maximum 
dioxane yields and maximum &/trans ratio 
(samples 4, 5 ) .  (e) Increased temperature has 
the same effect (samples 3 ,4 ,  7). 

A mechanism which seems to us to explain these 
results is outlined in Chart I. 

The immediate formation of mercuric ion-olefin 
complexes of some stable sort must be postulated 
to explain the lack of a test for uncomplexed mer- 
curic ions on the addition of sodium hydroxide 
shortly after the reagents are mixed. Excellent 
kinetic evidence for the rapid formation of an ion of 
the type represented by A has been presented by 
Lucas, Hepner and Winsteid in the closely related 

(6) H. J. Lucas, F. R. Hepner and S. Winstein, THIS JOURNAL, 61, 
3102 (1939). 

+ H +  

+ H +  

CHzHgOAc 
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case of cyclohexene. One of the mercurinium ions 
of A is assumed to hydrate very rapidly, generating 
a proton and B. The intermediate B can either 
solvate to form E7 and protons, or condense with 

u 

0 
0 

0 U 

n? 48 

TIME I HOURS 1. 

Fig. 1.-The formation of 2,6-bis-(iodomethyl)-p-dioxane a t  
25” with no added acid. 

itself to form C or D and protons. Perhaps steric 
factors, among them the proximity of the mer- 
curinium ion and the hydroxyl group, are of some 
importance in determining the ratio of these com- 
peting reactions. All of the reactions listed so far, 
1, 2 ,  3, 4 and 5 ,  are assumed to be quite rapid, to 
account for the very high initial rate of dioxane 
formation during some unknown portion of the 
first 15 minutes and the contrasting slow rate of 
dioxane formation that  follows. Molecules E, D 
and C are assumed to be reconverted to B by proton 
attack. One would expect 5’ to be faster than 3’ 
or 4’, as the linear compound E would be much less 
stable than the six-membered ring compounds D 
and C. Thus, E serves as the reservoir providing 
raw material for the slow dioxane formation in the 
latter stages of the reaction. One would also ex- 
pect 4’ to be slower than 3‘) as D would be the very 
stable cis form8 of the meta derivative of a six- 
membered ring comparable to cyclohexane.2s4 

As time goes on, E and C would gradually be 
converted through B to D, producing a large pre- 

(7) See J, Chat t ,  Chcm. Revs., 48, 7 (1951), for a detailed evaluation 
of the  chemical evidence concerning the existence of this type of com- 
pound. 

(8 )  C. W. Beckett, K. S. Pitzer and R. S. Spitzer, THIS JOURNAL, 
69, 2488 (1947). 
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pondcrance of that product. the most stable entity 
in this complex reversible system. Thus, our 
mechanism accounts for the changing ratio of cis 
to  trans isomers, the increase to a maximum and 
then the decrease in the yield of trans isomer, and 
the eventual high yield of cis isomer. 

Increased hydrogen ion concentration and ele- 
vated temperatures would have the effect of bring- 
ing the system to  equilibrium in a shorter time. 

Some Additional Effects of Acid Concentration.--- 
The compound cis-2,5-bis-(iodomethyl)-p-dioxane 
(111) has never been reported as a direct product 
from the reaction of mercuric nitrate with allyl 
alcohol followed by the precipitation with iodide 
ion and subsequent treatment with iodine.3,-' 
From the observed effects of time, acidity and tem- 
perature on the isomer distribution of the 2,6- 
disubstituted dioxanes, and from our mechanistic 
concepts, i t  seemed probable that some I11 should 
be produced with the proper selection of conditions. 
-In experiment was performed in which there was 
used less time and less nitric acid than is usually 
employed in this reaction and under these condi- 
tions, after the usual workup, a small amount of 
the product was separated and identified as 111. 
Spectral e\-idence indicated the presence of a sinal1 
amount of a 2,6-isomer as ~vell. Thus a t  least 
three, and perhaps all, of the four possible dioxanes 
were present before equilibration had reduced the 
concentration of the less stable isomers. 

It was then necessary to show that the I11 iso- 
lated in this experiment was due to the specific re- 
action conditions rather than to  increased care and 
improved isolation and identification procedures. 
The experiment was repeated, using the relatively 
high acid concentration and long time of Summer- 
bell and Stephens4 No 111 could be found as a 
reaction product. 11-e were somewhat surprised, 
however, when we isolated a little cis-2,G-bis- 
(iodomethy1)-p-dioxane (I) .  The compound was 
identified beyond question by its infrared spectro- 
gram, and the absence of depression in melting 
point when mixed with authentic I. An impurity 
of allyl ether in the allyl alcohol used would ac- 
count for this product, but none could be detected. 
Perhaps the derivative of the allyl alcohol analo- 
gous to E, XHgCH2CHOHCH20H, is involved as 
an intermediate. It is worth noting that  the 2,6- 
derivative actually isolated is the more stable cis 
isomer. 

In  another related experiment, high acid con- 
centrations were used in the mercuric nitrate con- 
densation of allyl ether. Under these circum- 
stances, a considerable amount of trans-2,j-bis- 
(iodomethy1)-p-dioxane was produced. Evidently, 
at high enough acid concentrations, ether bonds can 
be formed or hydrolyzedg rather readily. Such 
experiments as the last two would have been very 
confusing if they had been encountered in the early 

(!I)  l'he referee has suggested tha t  I'. . . the apparent interconversion 
of allyl alcohol and  allyl ether in thi,se more acid reactions is not unex- 
pected since the reaction would involve the relatively stable allylic 
c:rrbonium ion . , _ "  Published rates of the acid hydrolysis of com- 
porahle ethers a t  room temperature (R. I.. Burwell, Jr . ,  C h e m  Rev . ,  54, 
lis2 (1931)) seem to us  to be too slow to  account for the  finite amounts 
o f  condensed material actually detected, and  we believe t h a t  mecha- 
nisms involving the  mercuric ivn as \vel1 as the hydrogen ion must be 
involved. 

stages of the work in our laboratory concerning tlie 
structure of these compounds. 

Acknowledgment.---Our thanks are given to the 
AIbbott Foundation of Northwestern University for 
a grant of financial aid and to the dllied Chemical 
and Dye Corporation for a fellourship held by G. L. 

Experimental 
A. The Preparation of 2,6-Bis-(iodomethyl)-p-dioxane. 

1. The Reaction of Mercuric Acetate with Allyl Ether. 
a .  In the Presence of Strong Acid.-To 191.3 g. (0.60 
mole) of reagent mercuric acetate dissolved in 7'00 nil. of 
water contaiuitig i 2  g. of concentrated nitric acid, 33.0 g .  
(0.34 mole) of freshly distilled allyl ether was added. The 
mixture was then \-igorousl>- shaken until all of the allyl 
ether was absorbed, and sufficient water was added to  make 
a liter of solution. Theti two 500-nil. aliquots were with- 
drawn to be designated as samples 5 and 6 and allowed to 
react a t  the time and temperature listed in Table I. 

b. In the Absence of Strong Acid.--To 3X2..3 g .  (1 .2 
moles) of  reagent mercuric wetate  dissolved in 1 liter of 
water, wns added 66.0 g. (0.67' inole) of freshly distilled 
allyl ether. The mixture ~ w s  shakeii until the :illy1 ether 
was absorbed and sufiicicrit water was added to  inake 2 
liters of solution. Then four 500-1111. aliquots were with- 
drawn t o  be designated as sninples 1, 2 ,  3 and 4 anti were 
allowed to  react a t  the time and temperature listed in 
Table 1. Saniiples 7 aiitl X were prepared in the same 
manner using only one-half the amounts of material listed 
previouslj- ant1 !\-ere a l l i ~ ~ v e t l  ti) react the designated times 
before workup. 
2. The Preparation of 2,6-Bis-(iodomercurimethyl)-p- 

dioxane. a. From l3.----1fter the mixtures had been 
allowed to react the appropriate times, during which no 
precipitates ftrrnied, each sample was added to a solution of 
80 g. of sodium h>-droxide dissolved in 1.5 liters of water. 
.Again no precipitates were formed and the solution reniainccl 
basic to litmus. To e x l i  silllition 50 g. (0.3 mole) of 
potassium iodide in 200 nil. of water wa; [idded with vigorous 
stirring and upon addition a copious white precipitate 
formed in each case. \Yhen the solution lixl been testccl 
for completeness of precipitatioii by  tlie uldition of C X C ~ S S  
aqueous pot:issium iodide, the precipitates were collected 1)y 
suction filtration, dried for 2-1 hours a t  Go, and wigl ied .  

b .  From lh.-\Yhen the designated times had elapsed, 
each sairiple ~vab atltled to a solutivn of 40 g. of sodium 
hydroxide dissolved in 1 liter of water. The renuinder of 
the workup was identical to the procedure cited in 2*. 

3 .  Treatment of the Iodomercuri Compound with Iodine. 
--The s:imples OF ~,6-his-(iotl1~1iiercurimetliyl)-~-clioxane 

parutel>- suspeiidccl in ;L mixture o f  XU0 ml. o f  cliloro- 
f i rm and 200 nil. of water anti refluxed in the presence of 
excess iodine (sliglitl>- more thnii trvice the molar anloutit nf 
the iodoniercuri compound) for fvur hours. The  two 
liquid phases aloiig with the solid mercuric iodide w r e  
washed with 0.1 211 sodium thiosulfate until the excess 
iodine was removed. The riicrcuric iodide was removed 
by shaking tlie rnixtiire with :L concentrated solutio11 o f  
potrissium i ~ l i d e .  The chloroforiii layer was witlitira\rril, 
washed once \\-it11 !\-iLtcr, a n d  evaporated to dryness b ~ .  
iiieatis i i f  an air stremIi. .I t a n  sciliil remained nliich wa>  
tlicn rccr) btallized from niethyl dC(JilC)l. \VIien the first 
crop of crystals Iind l x e n  cullected, the filtrate X V L L ~  cvapii- 
rated to less than 25 1111. a n d  there were [leposited additional 
crystals along with some clnrk brown oil. The crystals were 
collected atid iuhjcctrcl to the following mal>-tical pro- 
cedure. 

B. Analytical Procedure.-Each sample tu be analyzed 
was triturated in a Fisher grinder which had been fitted 
xrith a n  agate inortar and pestle. 

The  an:ilyses werv pcrforiiieti \\-it11 the Ikiirtl iufrarctl 
it(iineter tvliich \vas cquiI)pctl with 

Tlic analytical IiiethlJti iw i  basctl 111i absorption diner- 
eiices iu the  I O  to 11 p region ( i f  the iiifrarccl spectruni. In 
c:irhon disulfide srilution , cis-2.6-his-( iotlotneth~-l)-p-tliox~~tie 
( I )  possessed a sharp absorption a t  11.0 p (density 0.529 
at 1.1901 g./5 nil. of solution while the ti'ens isomer I1 Iiatl a 
density uf 0.U55 a t  this poiiit at the same ci)nceiitrution). 
The infrarctl spectrum of IT h:id a s1i:trp b:inci a t  10.4 !-i 
(densit>- c).2((i8 for 1.1W g.,  3 inl. of soluticm ~vliilc the cis 
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isomer had a density of only 0.051 a t  this point for the same 
concentration). 

Beer's law was found to be constant in the range of 50- 
757, cis compound. This was determined by making 
five known mixtures in this range and calculating their 
concentrations from the observed optical densities. The 
concentrations of the unknowns in this concentration range 
were obtained by direct calculations from their observed 
optical densities according to  the procedure utilized by 
Zimmerman.lo The analytical method proved accurate to 
within 37, when tested with mixtures of known composition. 

For concentrations above 807c cis isomer there were large 
deviations from Beer's law. This was determined by 
making three knowns in this range and calculating their 
concentrations from the observed optical densities. Deter- 
minations in this range were performed according to the 
method described by Burwell and Shields." The unknowns 
analyzed according to this method were adjudged accurate 
to within 354 of the actual value. 

Some Additional Effects of Acid Concentration. 1. The 
Mercuration of Allyl Ether in the Presence of Excess Strong 
Acid.-To 95.6 g. (0.30 mole) of reagent mercuric acetate 
dissolved in 250 ml. of water containing 108 g. of concen- 
trated nitric acid was added 16.5 g. (0.17 mole) of freshly 
distilled all>-1 ether. The mixture was shaken until all of 
the allyl ether was absorbed and sufficient water was added 
to make 500 ml. of solution. The solution was then allowed 
to stand for 48 hours a t  25", after which it was worked up 
as the preceding experiments. There was obtained 43.5 
g. (0.118 mole) of material from which there was isolated 
6.1 g. of trans-2,5-bis-(iodomethyl)-p-dioxane by recrystal- 
lization from carbon disulfide and methanol. The remainder 
of the material consisted of almost pure I. 

2.  The Preparation of cis-2,s-Bis-(iodomethy1)-p-dioxane 
(III).-In 300 ml. of water containing 171.0 g. (0.50 mole) 
of mercuric nitrate there was added- slowly30..5 g. (0.52 
mole) of allyl alcohol and the mixture was vigorously stirred. 
After three hours the reaction was terminated and the 
precipitate which had formed was collected by filtration. 
There was thus obtained 61.5 g. of solid which was assumed 
to be trans-2,5-bis-(nitratornercurirnethyl)-p-dioxane. The 
filtrate from the mercuration reaction was added to 1.5 
liters of 1 Af sodium hydroxide solution and considerable 
amounts of free mercury were formed. Upon addition of 
aqueous potassium iodide a precipitate was formed which 
after treatment with iodine as described in section A-3 
yielded 9.8 g. (0.027 mole) of material which after recrys- 
tallization from methanol yielded 0.86 g. (0.0023 mole) 
of trans-2,5-bis-(iodomethyl)-p-dioxane and 1.0 g. (0.0027 
mole) of 111, m.p. 96-97" for a 0.937, yield of 111. This 
latter substance did not depress the m.p. of authentic I11 
in a mixed m.p. determination. 

(10) H. E. Zimmerman, THIS JOURNAL, 78, 1172 (1956). 
(11) R. L. Burwell and A. D. Shields, i b i d . ,  77,  2766 (1955). 

Evaporation of the filtrates from recrystallization yielded 
7.5 g. of material which because of its infrared spectrogram 
in potassium bromide was presumed to  contain cis-  and 
trans-2,5-bis-(iodomethyl)-p-dioxane as well as some I or 11. 

Since both isomers of 2,6-bis-( iodomethy1)-p-dioxane 
absorbed strongly a t  10.6 p in the infrared, the presence of 
this peak indicated the presence of I or I1 or both. Since 
czs-2,5-bis-(iodomethyl)-p-dioxane possessed characteristic 
absorptions a t  10.85 and 11.5 p in the infrared whereas the 
trans isomer absorbed strongly a t  11.1 p,  the presence of 
these absorbancies indicated the presence of cis- and trans- 
2,5-bis-( iodomethy1)-p-dioxane. 

3. The Mercuration of Allyl Alcohol. The Isolation, 
after Workup, of cis-2,6-Bis-(iodomethyl)-g~-dioxane (1) .- 
To a solution containing 70 ml. of concd. nitric acid and 
45 ml. of water there was added 108.3 g. (0.50 mole) of 
mercuric oxide. m'hen solution was complete, 200 ml. of 
water was added and the solution was cooled to 0".  To this 
cooled solution was added 30.5 g. (0.52 mole) of allyl alcohol 
with vigorous stirring. This mixture stood for 6 hours and 
the precipitate which had formed was removed by filtration. 
The filtrate from the mercuration reaction was made basic 
by the addition of 4 ,V sodium hydroxide, and with addition 
of aqueous potassium iodide a precipitate formed which 
upon treatment with iodine yielded 3.3 g. (0.0089 mole) 
of I for a 1.87, yield. After recrystallization from methanol 
the compound melted a t  91-92", and when the compound 
was mixed with authentic cis-2,5-bis-( iodomethy1)-p- 
dioxane, the mixture melted a t  73-77". The infrared 
spectrogram of this compound in carbon disulfide was 
identical to that of authentic I. In a mixed melting point 
determination with authentic I the mixture melted a t  
91-92'. 

4. The Reaction of Mercuric Acetate with Allyl Alcohol.- 
To 300 ml. of water containing 25 ml. of glacial acetic acid 
there was added 159.4 g. (0.50 mole) of mercuric acetate. 
Sufficient water was added to  make 500 ml. of solution and 
then 30.5 g. (0.52 mole) of allyl alcohol was slowly added. 
The mixture was allowed to stand a t  25" for 6 hours during 
which time no precipitate formed. Then the reaction 
mixture was poured into a liter of 1.5 hl aqueous sodium 
hydroxide solution where a small amount of a yellow pre- 
cipitate was formed. Aqueous potassium iodide was 
added and a gummy, gray precipitate was formed which was 
filtered, treated with iodine, and the product isolated in 
the manner described in section A-3. There was obtained 
1.0 g. of material, m.p. 85-130°, which by virtue of its 
infrared spectrogram in potassium bromide was adjudged 
to contain only cis- and trans-2,5-bis-(iodomethyl)-p- 
dioxane. 

The absence of an absorption a t  10.6 p indicated the 
absence of I and I1 in the product, whereas the presence of 
absorptions a t  10.85, 11.5 and 11.1 p indicated the presence 
of both cis-  and trens-2,5-bis-( iodomethy1)-p-dioxane. 
EVANSTON, ILL. 
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The Synthesis of Substituted Penicillins and Simpler Structural Analogs. XII. 6- 
Benzylsulfonamidopenicillanic Acid 
BY JOHN C. SHEEHAN AND DALE R. HOFF' 

RECEIVED JULY 13, 1956 

An acid-stable, biologically active "sulfonyl analog" of benzylpenicillinic acid (penicillin G) has been synthesized as a 
crystalline tertiary amine salt. This analog, a racemate, differs from the natural antibiotic structurally only in the replace- 
ment of the carbonyl group of the side-chain amide with a sulfonyl function, and the configuration corresponds to that of the 
natural penicillins. A promising intermediate for the synthesis of penicillin analogs and penicillanic acids, t-butyl 4-carbo- 
benzyloxy-5,5-dimethyl-~-amino-2-thiazolidineacet~te hydrochloride (VI), was prepared. Acylation of V I  with benzyl- 
sulfonyl chloride, followed by acid cleavage of the t-butyl ester and cyclization, yielded benzyl 6-benzylsulfonamidopenicil- 
lanate (IIb), which afforded the free penicillanic acid (IIc) upon catalytic hydrogenolysis. 

Recently, the synthesis has been reported2 of the 
methyl ester of the "sulfonyl analog" of benzyl- 

penicillin (penicillin G) in which the phenylacet- 
amido side chain was reDlaced with the benzvl- 

(1) National Science Foundation Predoctoral Fellow, 1953-1954 

(2) J. C. Sheehan and P. A. Cruickshank, THIS JOURNAL, 78, 3683 

sulfonamide group. Cyclization of isomeric hen- 
zylsulfonamidopenicilloates (Ia) produced the 'Or- 

and 1954-1955. 

(1956). responding isomeric 6-benzylsulfonarnidopenicil- 


