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Several new 3-benzoxepin derivatives have been prepared. Structure confirmation of IV and V are made by proton 
The stability of IT' and V is explained by the unfavorable electronic effect 

The most likely protonation site is evaluated by means 
magnetic resonance spectral measurements. 
t o  acid cleavage exerted by the carboxyl and carbomethoxyl groups. 
of basicity Ineasurements. 

Seven-membered unsaturated heterocycles are 
of inherent interest in connection with the question 
of aromatic stability of other than (4n + 2) electron 
contaiiiiiig ring systems,2 siiice planarity, a chief re- 
quirement for resoiiance, appears feasible in these 
eight-electron ring systems. The parent ring com- 
pounds, oxepiii (Ia), thiepin (Ib), and azepin (IC), 
are not known and have eluded active preparative 
 effort^.^-^ h few complex derivatives of I hare been 

Ia, X = O  
b, X = S  
C, X=NH 

reported' but are of uncert,ain st'ructure assignment. 
Dibenzo derivatives of Ia,  b, c have been prepared, 
but these compounds hardly qualify as true deriva- 
tives of I. The 3-benzosepiii derivatives, on the 
other harid, were considered suitable representatives 
of ring system I .  X number of these 3-beiizo deriva- 
tives have heen reported, prepared from t'he coii- 
densatioii reaction of phthalaldehydeS-l0 (or sub- 
stituted phthalaldehydell) ITith the heterodi- 
acetic acid 11, to give derivatives of type 111. 
(X = 0,  S, SCH3, SCBHS; It = H, CzHs). Of 
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for  Organic Cliernists." .Jolin Wiley and Sons, Inca., New York. 
1!J61, Cti2l,. 10. 
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particular interest12 was the oxygen analog (111, 
X = 0), resulting from this reaction when the 
ester of 2,2'-oxydiacetic acid (11, X = 0) was em- 
p l ~ y e d . ~ ~ , ~  The two products obtained, IV and V, 
have been reported to possess a surprising degree 
of stability, iiicompatible with their representation 
as classical cyclic divinyl ether structures, and 
aromatic stability has been attributed, to the 3- 
benzoxepin ring system, for this reason. 111 view 
of this claim and because of the iiiterestiiig chemical 
properties associated with this ring system, it was 
of interest to examine the chemistry of these 
compounds in greater detail. A number of new 
beiizoxepin derivatives were prepared and these 
were employed for a more detailed characteriza- 
tion of the bmzoxepiii ring system arid for a verifi- 
cation of the correctness of the structural assigii- 
meiits made for IV and T'. 

I X  X 

IV. R.R'  = COOH 

The ester V was employed for the synthesis of 
drrivatives VI, TII, VIII, and IX. The alcohol 
17 was obtuiiwd from thc 1it)hiiim dumiiium hy- 
dride rrduction of V wider coiitrolled conditions, 
or more conveiiieiitly, by employiiig a mixture of 
lithium alumiiinm hydride and aluminum chloride. 

112) llolecnlar orihtal ralculations predict that  oxygen in oxepin 
(Ia),  by virtue of its larger electronegativity, will exert a stabilizing 
effect on  t l i p  antihonding orbital containing t h e  fourth elprtron pnir. 
loar r ing  the  energy of this orbital relative to  tha t  of aAeI)in (Ib) and  
thiepin (IC) so that i t  apuroaches a bonding orbital in enprgs. .\. 
Sttritw-iener, J r . ,  Iiersonal coinmrinication. 
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TABLE I 
NUCLEaR ;\IAGNETIC RESONANCE SPECTRA',' 

Corn- Aromatic "Benzylic" 
pound hydrogen hydrogen Other 

V 2.75 ( m )  2.90 (s) -OCH,, 6.10 (s) 
VI 2.95 (m) 4.23 (s)  -CH2, 5.90 (9) 

VI1 3.01 (ni) 4.18 (s) -CH20, 5.45 (s) 

VI11 2.80 (m) 3 . 3 7  (9) -CHO, 0.75 (s) 

-OH, 5.60 (s) 

-0COCH3, 7.90 (s) 

4.17 (s) -CHgOH, 5.92 (t i ) '  

IX  3.63 (m) 3 . 0 2  (s) -OCH,, 6.15 (s), 6.36 (s) 
0-Hydrogen, 5.00 (t)& 
p(benzylic), 6.61 (d)& 

XV 2.70 (in) 2.06 (s) --OCHs, 6.22 (9) 

a All n.m.r. spectra were taken in deuteriochloroforni and 
were recorded on a Varian Associates 60-Mc. spectrometer. 
Chemical shifts in 7, relative to tetramethylsilane as 10.00. 
Peaks are designated as follows: ( S I  singlet; (m)  multiplet; 
(d )  doublet; ( t )  triplet. All proton signals were inte- 
grated and gave expected proton area ratios. The oxygen 
bound proton overlaps with the methylenic hydrogens to 
give an unresolvable doublet. The designation CY and p 
refers to positions relative to the ether oxygen. 

Under normal conditions, lithium aluminum hy- 
dride caused reduction of the double bonds. Man- 
ganese dioxide oxidation of 17 gave the aldehvde 
VIII. Attempts to prepare the dialdehyde by 
further oxidation of T'III were unsuccessful. 

Hydrogenation of I V  and T' over palladium- 
charcoal in ethanol proceeded in two stages; 
the first mole of hydrogen was coiisumed within 
fifteen minutes, yielding the dihydro derivative 
IX from T7, while further hydrogeiiatioii over a 
period of tnenty-four hours led to the uptake of a 
second mole of hydrogen.13 The tetrahydro deriv- 
ative X was prepared from 11- iu this manner. 

The 1i.m.r. spectra of compounds Y-IX arc' 
reported in Tablr I. The interrelationships of the 
spectra of the various derivatives afford a full 
proof of the original structural assignment made of 
Dimroth and Huisgen. The proton magnetic 
resonance pattern obtained here clearly demoii- 
strates that I\-, Y, J-I! and VI1 have symmetrical 
structures; the absence of splitting of the methyl- 
enic hydrogens in the acetate TI1 eliminates any 
structures which possess a-hydrogens to the 
carboxyl group, surh as XII'? and the lack of sym- 
metry in the the spectrum of the dihydro deriva- 
tive IX disposcs of dteriiativr i t ructurcy wh a b  

the iiaphthsleiic oxide strwtiircl S I  or itructure 
(13) This is Jnotliei exaiupie of the relllctance il i th n llirh addition t o  

tlie second double bond take> illace In thebe hen/oxepin s\eteiitc 
Huisgen' ieyorted tliat the estei V adileil onl\ on t  inole of bTuniinc 

(14) The r l ~ ~ r n i c a l  riidenc(3 lirrsrntPd I>\  tlir aitt l ioiJx" d l r l  i i i  

no uds i'xdiidr a l te tna t i \ r  s t i ~ i r t n i t s  s i ic l i  rts XI o i  hI.rl\ s t i l i < -  
tures such as XI1 and  XI11 a n d  a nuiiihei uf  less s \ i ~ i t i ~ ~ t i i ~ a l  b t l l i t -  

t u l e s  h e w  diriiiical ied'tioiib i r i e  iittt.iill,trd on IV and V and 
those reported appeared in conflict u i t h  the expected beha\ior for 
IT' and  V ,  for eyaiiiiJlr 1 was repoitrd to  ddd onl) one i r i o l t  of hro- 
inme under forcing cunditions and to  undergo unl) slou oxidation n i t h  
neutral pelinanyanate, IT u a5 IrlJorted to re5i.t t k r n l , i l  det-xhoxlla- 
tion. The products obtained from the copper-catalyzed thermal rertc- 
tion of IV ~ 2 , 3 - n a ~ ~ l r t l ~ a ~ r 1 ~ c ~ l . ~ ~ i l ~ ~ ~ ~ ~ l i ~  r t (  i d  ~ n i i  L-napilthoi- :-caibu\)- 
Ilc acid) reqiiire a n  elabointc ieairanyenitnt wlleiilr fur t l l t x i i  forziia- 
tion .i t i ioroi ie l i  rtrurtiire clarification of 11 and T tlllis al,lx.ared 
nrrrwi%i\ 

CHCOOR 

XI1 

XIII .  Thus, by means of a combination of 
spectral changes observed in the derivatives, a 
rigorous structural confirmation of I T  and V was 
made possible.1s 

The ultraviolet and infrared spectra of the beiizox- 
epiii derivatires IT-X are reported in Table 11. 
The successive bathochromic shifts observed in 
the ultraviolet spectrum in going from VI to IT', 
V and T'III suggest that the strong maximum in 
the viciiiity of 2-10 mp and the weaker absorption 
maximum in the 300-mp region are characteristic 
spectral properties of the benxoxepin nucleus. 
A notable change occurs ii the dihydro ester IX; 
with the destruction of the benzoxepiii chromo- 
phore, the resulting spectrum is found to be coii- 
sisteiit with a cinnamoyl chromophore carrying an 
a-alkoxy substituent. 

The split carbonyl stretching frequency ob- 
served for the ester T' in carbon tetrachloride may 
be due to conformational effects, frequently ob- 
served in symmetrical dicarbonyl c o m p o u ~ i d s ~ ~ ~ ~ ~  

(13) 1 fourth si ternatire,  ieyresenting tlie structure of I V  and  
I' as ( 1 )  cannot be considered effectiTe1) u i thout  inforiiiation about 
the planarity of the hendoxepin r ine  systeni and the magnitude of the 
resonance energ). This structure designates 1 6-overlap of the p -  
orbitals to  g i \e  B planar quasi naphthaleiie oxide structure, a ten- 
electron system, expected to  possess considerable aromatic stabil i t j .  
Similarly, cycloheptatriene has been foiinulated ES the tropilidene 
structure (111, on the hasis of the resonancr e n e r q  found t o  be con- 
tained 

(16) R .  B. Turner,  e l  al., J .  Am. Chem. SOI,.,  79, 4127 (19.j7): W. von 
E. Doering, et  al., ihid., 78, 544b (1956); K. Conron, ib id . .  83, 2958 
(1961). 

(17) .J. B. Rogan and  I). J. Ellis, .I. O r g .  Chem.,  26, 5232 (1961). 
(18) A very similar situation exists in 2,6-dicarboinethoxygyrsn 

(iii) which shows both a split carbonyl band (5.72 and 5.76 r )  and two 
dou'clc bond vibrations (5.93 and  6.03 ,L) in carbon tetrachloride. 
[Unpublished results: the n.rii.r. spectriin! of this coinpound in cun- 
sistent witli . - t r i i i ~ t i i r e  [ i i i )  r i l i ng  ~ i g n a l s  a t  ;j .MO 7 ( t r i l ) l i , t .  i i r o  1 1 ) .  
li.10 r (sinelr.t, s i x  131, :mil li.8.i T (ttiIAat, t w o  II).] 

CH300C ~ C O O C H ,  
(iii) 

N11.i /., . \ 1 1 i j i  I) I \  I'IIIJ<JI~, .\ I~IT~~II I  I ~ i i l ~ I i v n t i o i t ,  S. A I : t ~ ! ~ ~ i i i ~ t ~  i i i i<l  N. '1'. 
('astellui.ci. . I .  A n i .  f ' l itm. So,  ., 84, 21.72 (l!!62), iwiJvrts t l i p  1Jrcyaraiiitii 
(if thr parent system, 4-r)yran. I t  is important to  note tha t  thP pyran, 
as expected, ua8 fuurid t o  be extreiiiely uiistable. 'This finding sup- 
ports the  stahility arpiinient dealt a i t h  in detail heloa. .ittention 
slioiild be drawn to the siiiiilarities in infrared and n.1n.r. spectra 
between &pyran and the dicarhethoxv derivative (iii). Both show two 
double bond vibrations in t h e  6-r regiou. The allylic hydrogens in the 
sitril,lr pyran al,liear itt 7.34 T, biit i n  cuntrast to tlir sliarli triplrt 
sirnals observed in (iii), tiit-y give rise to  a coinylex n i i i l t i~~l t t .  Tlir 
vinyl Iiydroyrns in the piiosition apliear at a very similar location, 
a t  :3.x* 7, 
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TABLE I1 
ULTRAVIOLET AND INFRARED SPECTRA 

Compound Infrared spectra, f i n  Ultraviolet spectra, mpb 

IV 3-4 (s), 5 . 8 0  (s), 5 . 9 3  (s) 248 (30,150); 290 
6.10 (s), 6.40 ( w ) ~  
5 . 7 3  (s), 5.83 (s), 6 .10 ( m ) /  
2.90 ( s ) , ~  5.93 (m),  5 , 8 5  (sh) 

2.90 (w), 5 .98  (s), 6.13 (m)  
5.66 (m), 5.78 ( s ) , ~  6 .11 (ni) 

v 258 (40,000); 325 (2160)d 
VI  238 (37,200); 285 (1210)d 

VI1 5 . i 8  (s), 5.95 (w) 
1'111 258 (34,800); 307 (3280)d 

IX 293 (20,200); 225 (9800)& 

XV 5,83 (SI, 6.20 (111) 241 (28,800); 287 (1i,200) 
x 5.80 ( s ) ~  Weak end absorption 

' Infrared spectra, unless stated otherwise, are taken in chloroform. Ultraviolet spectra are taken in et'hanol; values in 
This compoiind showed different 

The long wave length masirnuin is ill- 
e Bands are broad. Spectrum takcii 

parent,heses refer tc extinction coefficients. 
absorption in the i-8-p and 12-14-p region, dependent on the crystalline form. 
defined and the posit,ion recorded is siihject, to  an error of approximately rt5 nip. 
in carbon tetrachloride. 

Spectrum taken in potassium bromide. 

and a-substituted  ketone^.^^.^^ Various rotational 
isomers are possible for V, differing in the alignment 
of the carboiiyl and riiig oxygen dipoles and being 
largely solvent dependent.21 

The confirniatiori of structures I\7 and Y de- 
manded a re-examination of the question of sta- 
bility of these compounds. The evideiice for 
aromaticity reported in the literature is conflicting. 
On the one hand, IS7 and V are reported to enter, 
though somewhat reluctantly, into typical double 
bond reactions (bromination, permanganate oxi- 
dation, hydroger:atioli) ; on the other hand, they 
have been described as possessing dramatic sta- 
bility toward strong acid treatment.zz The latter 
property has been explained on the basis of forma- 
tion of a protonated species in which the benzoxepin 
riiig as a whole acts as the protonation site, giving 
rise to a resonatiiig aromatic sextet.s HuisgeiiY 
criticized this proposal, but no alternative explaiia- 
tion for the remarkable stability of these com- 
pounds towards acid has been offered. 

The following line of reasoning leads to the 
conclusion that the stability of IV aiid V is the 
consequelice of the presence of the carboxyl and 
carbomethoxyl groups in the a-position to the ether 
oxygen. Thus, the derivatives TI, VI1 and VIII, 
which lack these substituents are found to be very 
unstable to acid treatment. On the other hand, 
the dihydro derivative IX, which lacks the 
benzoxepin nucleus, also is found to possess con- 

(19) P. Yates, S. Lipinsky. and D. Vossius, Can. J .  Chem., 39, 1977 
(1Y61). 

(20 )  J. L. Adelfang, P. H. Hess, and  N. H. Cromwell, J .  O r g .  
Chem., 26, 1402 (1961). 

( 2 1 )  I n  chloroform solution only a n  unresolved broad band was 
observrd; in potassiiim bromide the carbometlioxyl ahsorptions ap- 
lieered a t  ,;.77 and 5.88 g with the intensities reversed from those in 
rarhon tetracliloride. The  acid 11' also pivrs rise to  two reasonably 
sharp bands in the carbonyl region. Similarly, the dihydro ester I X  
inay exist in more than  one rotational form, but  in each solvent meas- 
ured, the  broad band due to  the unsaturated carbomethoxyl group a t  
ca. 5.80 I.' could not be resolved. 

(22) The acid I V  is reported to be recovered unchanged after stand- 
ing in 80% concentrated sulfuric acid for several weeks, and after 
reflux n i t h  50% sulfuric This dramatic stability was oon- 
firmed in the  present investigation. I n  addition, I V  was found t o  re- 
niuin unchanged after prolonged reflux in dilute ethanolic hydrochloric 
acid solution, and  V was stable towards anhydrous methanolic hydro- 
yen chloride. 

siderable resistaiice to acid, far above that expected 
for an enol ether of this type. For example, i t  is 
found not to add methanol under conditions under 
which enol ethers readily add methanol to give 
acetals.23 Similarly, i t  is reportedz4 that furan 
2,5-dicarboxylic acid has ail astounding stability to 
acids, in contrast to simple furans which are readily 
opened hy mineral acids. AIoreover, as a more 
pertinent example to the present argument, 
2,6-pyrandicarboxylic acid is found to be stable 
to strong acid, while the simple parent system 
pyran is not known.l5 These facts are readily 
accommodated if the iiitermediate in the acid 
catalyzed ring opening or in the acetal formation is 
considered. Protonation of the double bond ill 
every case leads to carbonium ions whose positive 
charge is unfavorably located a to a carboiiyl 
group; i t  is to be expected that protonation will 
occur at a different site instmd. In  complete 
agreemelit with this conclusion, i t  was found that 
no deuterium mas incorporated when T was dis- 
solved in concentrated deuteriosulfuric acid. Deu- 
terium incorporation in the position Q to the ben- 
zene ring should have occurred, had carbonium 
ion XIVa been formed. 

The stability of I V  and V is, therefore, not a 
manifestation of aromatic character of the benz- 
oxepin ring system. Some stability to ring opening 
in the berizoxepin system may be derived from the 
presence of a divinyl ether groupirig in the ring; 
i t  has been reported,z5 for example, that  divinyl 
ether is more stable to hydrolysis than vinyl ether 
by a factor of about 400. But by far the major 
contribution to the stability of IV and V appears 
to be derived from the unfavorable electronic effect 
exerted by the presence of carboxyl and carbo- 
methoxyl groups in the a-position.2e 

(23) R. K. Summerbell and  G. J. Lestina, J .  Am. Chem. S o c . ,  79, 
6219 (1957); F. Korte a n d  H. Machleidt, Chem. Ber., 88, 136, 1676 
(1955). 

(24) H. Gilman and  R. V. Young, Rec. I ran  chzm., 61, 781 (1932). 
(25) A. Skrabal and  R. Skrabal, 2. physak Chem., A181, 449 (1938). 
(26) Dirnroths recently has synthesized the  parent 3-bendoxepin 

system b y  a route different from t h a t  employed for the  synthesis of 
I V  and V. He reports tha t  3-benzoxepin has some stability to  mild 
acid treatment. This behavior is i n  line Mith and supports the argu- 
ment above. 
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It was also of interest to determine the protona- 
tion site in IV and V. Four possible carbonium 
ions XIV a-d might be formed upon protonation. 
XIYa has been ruled out on the basis of lack of 
deuterium incorporation. A determination of the 
basicity of IV  and V was expected to yield some 
information which would allow a choice among 
the other three possibilities, XI\%, c, and d, to be 
made. The pKBB+ values were obtained by 
spectral measurement in 95% sulfuric acid-5% 
dioxane solution, to overcome solubility difficulties. 
Employing Geissman's method27 for treatment of 
the data, a value of -5.30 f 0.10 was obtained, 
within experimental error identical for both the 
acid IT7 and the ester V. This value is much more 
basic than that  expected, were protonation to 
take place on the carbonyl group as in XIVb. 
Cinnamic acid has a pKBH+ of approximately 
-6.3 rt 0.228 and the presence of oxygen in the 
a-position is expected to decrease the stability of 
XIVb, leading to a more negative pK,,+ value 
for IV and V. On the other hand, the observed 
basicities, the unusual stability of the ester to 
acid hydrolysis and the relatively small spectral 
shifts observed on protonation, are consistent with 
a scheme by which the ether oxygen acts as the 
protonation site, as in XIVc. This species, 
although not capable of resonance stabilization, 
does not possess a ready pathway for further re- 
action. Carbonium ion XIVd might be favored on 
the basis of stability, but in view of the observed 
resistance to acid-catalyzed de~arboxylation8~~ un- 
der conditions which cause decarboxylation in 
cinnamic acid,28 this species is not to be preferred to 
XIVC. 

OH 

a .'OOK 

XIV 

Finally, because of its close relationship to V, the 
n.m.r. spectrum of dimethyl 3-benzthiepin-2,4- 
dicarboxylate (XV) lo was determined. Although 
to a much lesser extent, this compound also is 
reported to possess a surprising degree of stability 
toward acids. Toward a variety of other reagents, 
however, XV proved to be considerably less stable 
than V. The n.m.r. spectrum of XV is recorded 
in Table I, and, clearly, can be seen to be in agree- 

(27) C. T. Davis and T. A. Geissman, J .  Am. Chem. Soe., 16,  3507 

(28) F. Kirby. private communication. 
( 1954). 

ment with its proposed s t r u c t ~ r e . ~ ~  It is interest- 
ing to note the large deshielding effect on the 
'benzylic' hydrogens which is observed in this 
system. These signals are found a t  a lower field 
than those of the aromatic hydrogens, and analo- 
gous to the case of thiophene,s0 they are found a t  
lower field from those in the corresponding oxygen 
heterocycle. The ultraviolet spectrum (Table 11) 
also is considerably modified from that  of its 
oxygen analog V. 

COOCH3 

COOCH3 xv 

Experimentala' 
3-Benzoxepin-2,4-dicarboxylic Acid (IV) .-The prepara- 

tive method of Dimroth, et was employed. The acid 
was found to crystallize from acetic acid in three different 
forms, ranging in color from white to pale green. These 
crystalline modifications possessed different infrared spectra 
in potassium bromide, but had identical ultraviolet spectra 
and identical melting properties, m.p. 262-265' dec. 
(lit.,* m.p. 258-260'). Calcd. for C12H1206: neut. equiv., 
116. Found: neut. equiv., 115. 

Dimethyl 3-Benzoxepin3,4-dicarboxylate (V).-The ester 
of IV was prepared by diazomethane treatment of IV as in 
the original preparation,* m.p. 110.5-111' (lit.,S 109-109'). 
Calcd. for C14H120L: mol. wt., 260. Found: mol. wt., 
250 (Rast). 

This compound was surprisingly stable to hydrolysis by 
mineral acids. It was recovered unchanged from 75y0 
sulfuric acid after 30 min. a t  room temperature. 

Upon dissolution in concentrated deuteriosulfuric acid, 
the recovered ester showed no change in the infrared and 
n.m.r. spectra, indicating that no deuterium was incorpo- 
rated in the molecule. 

2,4-Bis(hydroxymethylene)-3-benzoxepin (VI).-The 
ester V (260 mg., 1.0 mmole) in ether (30 ml.) was cooled 
to -5' and lithium aluminum hydride (40 mg., 1.05 mmole) 
in ether (10 ml.) was added dropwise while maintaining the 
temperature. After addition was complete, the solution 
was allowed to warm to room temperature and was stirred 
a t  that temperature for 30 min. The reaction solution was 
extracted with ether after destruction of the excess lithium 
aluminum hydride with water. The extracts were dried 
over anhydrous sodium sulfate and evaporated to give 0.20 
y. (98%) of VI. Three recrystallizations from benzene 
afforded yellow plates, m.p. 89.5-90.5'. 

Anal. Calcd. for ClzH1203: C, 70.57; 11, 5.92. Found: 
C, 70.48; H, 5.84. 

More conveniently, the alcohol was prepared by the 
following procedure.32 The ester V (300 mg., 1.15 mmoles) 
in ether solution was added to a previously prepared solution 
of lithium aluminum hydride (200 mg., 5.3 mmoles) and 

(29) This structure has been disputed by Schoenberg. [A. Schoen- 
berg and M. B. E. Fayea, J .  Org.  Chem., 23, 104 (1958). On the basis 
of the ready conversion which this compound undergoes to  2,3-naph- 
thalenedicarboxylio acid, he prefers the naphthalene sulfide structure 
analogous t o  XI.] 

(30) L. &'I, Jaokman, "Applications of Nuclear Magnetic Resonance 
Spectroscopy in Organic Chemistry," Pergamon Press, New York, 
1959, p. 64. 

(31) Melting points are uncorrected: microanalyses were performed 
by V. Tashinian, Microchemical Laboratory, University of California, 
Berkeley. 

(32) This method for prevention of double bond reduction is the 
subjoot of B forthcoming publioation. 
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aluminum chloride (300 mg., 2.5 mmoles) whieh corresponded 
to the presence of 7 mmoles of aluminum hydride and 
0.8 mmole of aluminum chloride. The solution was re- 
fluxed for 2 hr. Wet ether was added to destroy excess 
hydride followed by cold water. The ether layer upon 
work-up afforded 190 mg. (81%) of VI. 

The infrared and ultraviolet spectra of VI are recorded 
in Table 11. The alcohol VI underwent very facile decom- 
position when heated with a trace of mineral acid in ethanol. 
2,4-Diacetoxy-3-benzoxepin (VII).-The acetate of VI 

was prepared by the use of acetic anhydride and pyridine.33 
The oil which was obtained from this preparation was puri- 
fied by chromatography on neutral Woelm alumina, activity 
grade 111. Benzene eluted the acetate as a yellow band 
moving down the column. Evaporation of the solvent af- 
forded an oil, which crystallized on standing. Recrystalliza- 
tion from pentane a t  low temperatures afforded glistening 
off-white leaflets, m.p. 45-46', after two recrystallizations. 
The infrared spectrum is recorded in Table 11. 

Anal. Calcd. for C16H1005: C, 66.65; H, 5.59. Found: 
C, 66.26; H, 5.34. 

The acetate was found to be very unstable, a pure sample 
decomposed after a few weeks of room temperature. 

2-Aldehydo-4-hydroxymethylene-3-benzoxepin (VIII).- 
Compound VI (100 mg., 0.49 mmole) in chloroform (100 ml.) 
was stirred with manganese dioxide (2.0 g.) for 12 hr. 
Filtration of the suspension and evaporation of the solvent 
afforded 90 mg. (91%) of the aldehyde VIII. It crystallized 
from benzene-pentane in yellow-orange plates, m.p. 122- 
124" after two recrystallizations. The infrared and ultra- 
violet spectra are recorded in Table 11. 

Anal. Calcd. for ClnHloOa: C, 71.28; H, 4.99. Found: 
C, 70.98; H, 4.93. 

A longer reaction period led only to lowered yield of VIII, 
no dialdehyde could be obtained. 

Dimethyl 1,2 -Dihydro- 3 -benzoxepin-2,4-dicarboxylate 
(IX).-The ester V (85 mg., 0.33 mmole) in ethanol (10 ml.) 
was hydrogenated over palladium-charcoal. Within 15 
min. a total of 9.0 ml. of hydrogen ( 7 . 8  ml. a t  S.T.P., 1.1 
niolar equivalents) had been consumed, and rapid hydro- 
gpnation stopped. ilfter filtration and evaporation of the 
solvent, an oil was obtained which solidified on standing. 
Two recrystallizations from methanol a t  low temperatures 
afforded white rosettes, m.p. '76-77.5". The infrared and 
ultraviolet spectra of this compound are recorded in Table 
11. 

Anal. Calcd. for Cl4H,,O6: C, 64.11; H,  5.38. Found: 
C, 64.52; H, 5.06. 

A solution of this ester in 1 S methanolic hydrogen chlo- 
ride was found to be stable over a period of 120 hr. a t  45". 
The ultraviolet spectrum of such a solution did not change 
with time and was identical to that in methanol. 

(33) R. I.. S h i n e r  and R. C. Fuson. "Identification of Organic 
('ompounds," .Tohn B-iley and Sona, Inc., New York, 1948. p. 168. 

1,2,4,5-Tetrahydro-3-benzoxepin-2,4-dicarboxylic Acid 
(X) .-When IV was hydrogenated over palladium-charcoal 
in ethanol, a total of 2 moles of hydrogen were absorbed 
over a period of 24 hr. Filtration and evaporation of the 
solvent afforded an oil which solidified on standing. Re- 
crystallization from methanol-chloroform gave white 
crystals, m.p. 196-198". The infrared spectrum of this 
compound is recorded in Table 11. 

Anal. Calcd. for C12H805: C, 61.01; H,  5.12. Found: 
C, 60.90; H, 5.35. 

Dimethyl 3-Benzthiepin-2,4-dicarboxylate (XV) .-The 
acid 3-benzthiepin-2,4-dicarboxylic acid was synthesized by 
the method of Dimroth, et d.9 The ester was obtained from 
treatment of this acid with diazomethane and by purifica- 
tion of the resulting oil by chromatography on neutral 
Woelm alumina, activity grade 111. Recrystallization from 
methanol gave orange prisms, m.p. 89-90' (lit.,9 m.p. 
95-97"). 

Basicity Measurements.-Because of low solubility in 
aqueous solutions, a 95y0 sulfuric acid-5% dioxane medium 
was employed. The Ho values for this mixed solvent system 
have been determined up to 70% scida4 and additional values 
nere determined in the higher concentration region. Be- 
cause of the small spectral shifts which occurred on protona- 
tion, it was important to determine the optimum pair of 
wave lengths for measuring the optical density, since very 
ill-defined titration curves are obtained by an improper 
choice of wave lengths. The choice of wave lengths was 
made from a plot of (optical density a t  80%-optical density 
a t  50%) against wave length; the resulting plot had a well 
defined maximum and minimum, and these wave lengths 
%'ere employed for measurement. The optical solutions 
were prepared by diluting 5-ml. aliquots of dioxane solutions 
of IV and V to  100 ml. with the requisite concentration of 
sulfuric acid. All measurements were made on the Beck- 
man DU spectrophotometer a t  25'. The values for the 
PKBH+ were obtained by employing a Geissman treatment 
of the data, employing 275 and 255 mp as the wave lpiigth 
pair for the acid IT', and 275 and 250 mp in the case of the 
ester V; a value of 5.30 f 0.10 was obtained for both 
compounds. This value was in accord with approxiinate 
solubility measurements of the acid IV; the acid was in- 
soluble in 50% sulfuric acid, dissolved conipletely in 80% 
sulfuric acid, and dissolved partially in 68% sulfuric acid. 

Acknowledgment.- The author is indebted to 
Professor -4. Streitwieser, Jr.,  for bringing this 
problem to her attention mid for continued interest 
in this work. Professor D. S. Noyce offered many 
helpful suggestions throughout this study. 
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