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decomposition vessel was placed ¢a. 0.2 g. of sec-butyl chloro-
carbonate (identified by its infrared spectrum, and mixed
melting point of its carbamate derivative, m.p. 94°, with an
authentic sample) and an equal amount of redistilled quino-
line. The mixture was heated to 70° under a slow nitrogen
stream and the carbon dioxide was condensed by liquid
nitrogen.

Mass Spectral Data.—The samples of carbon dioxide to be
measured in the mass spectrometer were distilled and de-
gassed ont a standard liigh vacuum manifold.
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The instrument used was a Consolidated Electrodynamics
mass spectrometer, model 21-620, It was found that with
this instrument the apparent mass ratios were slightly de-
pendent on the sample pressure in the mass spectrometer.
To uullify this effect all samples reported were run at 100-x
sample pressure.

Acknowledgment.—The authors are grateful to
Mr. C. A. Whiteman for instruction and assistance
in the operation of the mass spectrometer.
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The Diels-Alder addition of ethyl acrylate to furan yields a mixture of the exo and endo isomers of 2-carbethoxy-7-oxa-

bicyclo[2.2.1]hept-5-ene;

variation of the ester function leads to several other derivatives of the 7-oxabicyclo[2.2.1]heptene

svstem. The two epimeric 2-carboxy and 2-carbinyl derivatives have been separated and the configurations established.

Epoxidation yislds the epoxy conipounds,
Wagner-Meerwein rearrangement.
to the 2-exo configuration;
tion of the 2-exo substituent to the 2-endo configuration.

results in products derived fromn intramolecular nucleophilic displacement;

arrangemient have not been isolated.

Introduction

In connection with studies on the antibiotic
fumagillin,®4 information was needed concerning
the behavior of compounds containing a 1,2-ep-
oxide as well as a 1,4-epoxide grouping. The 3,8-
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dioxatricyclodctane system I is accessible by the
Diels-Alder reaction of furan with some appropriate
dienophile, followed by epoxidation of the unsatu-
rated bicyclic compound. Some compounds de-
rived from this system have been prepared from
the adduct of furan and trifluorocrotonic acid,s
and from the furan-maleic anhydride adduct.t?
The present paper describes the preparation,
stereochemistry and properties of a series of 2-
substituted 7-oxabicyclo[2.2.1]hept-5-enes (II), and
their corresponding saturated derivatives (III).
From the bicycloheptenes, members of the dioxa-
tricyclodctane series have been obtained. The
results may have some interest in connection with
the chemistry of the intensively investigated nor-
bornane-type compounds.
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(2) Esso Fel'ow, 1960-1961; Summer Fellow of the National Sci-
ence Foundation.

(3) E.g., D. S. Tarbell, R, M, Carman, D. D. Chapman, K. R. Huff-
man and N. J. McCorkindale, J. Am, Chem. Soc., 82, 1005 (1960).

(4) D. 8. Tarbell, R, M. Carman, D. D. Chapman, S, E. Cremer, A,
D. Cross, K. R, Huffman, M. P, Kunstmann, N, J, McCorkindale,
J. G. McNally, Jr., A. Rosowsky, F. H. J. Varino and R. L, West, ibid.,
883, 3096 (1961),

(5) E. T. McBee, C. G. Hsu and C. W. Roberts, ibid., 78, 3389
(1956).

(6) J. Jolivet, Ann. Chim., 8, 1165 (1960).

(7) Yu. K. Yur'ev and N. S. Zefirov, Zhur, Obshchei. Khim., 81,
1125 (1961).

(3,8- d10xatr1cyc10[3 2.1.0%4]octanes, or derivatives thereof, formed without
The epoxidation is accompanied by some isomerization of the 2- endo carboxyl group
epoxidation of the 2-carbethoxy and 2-carbinol derivatives is accompanied by some isomeriza-
Treatment of the dioxatricyclodctanes with various nucleophiles

products derived from Wagner-Meerwein re-
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Preparation of the 2-Substituted-7-oxabicyclo-
[2.2.1]hept-5-enes.—Earlier work®? on the furan-
maleic anhydride adduct indicated that the equi-
librium is unfavorable to the adduct and that a
mixture of endo and exo products is formed. The
endo is formed more rapidly, but the exo adduct is
slightly more stable thermodynamically. The
same relations were indicated in the present work
with the furan—ethyl acrylate adduct; the equilib-
rium is unfavorable, both endo and exo forms
result, and the latter is favored at elevated tem-
peratures.

Treatment of furan with ethyl acrylate leads to
a small yield of the adduct, a mixture of endo-
and exo-2-carbethoxy-7-oxabicyclohept-5-ene (IVa).
This mixture was converted into a series of related
compounds (IVb to IVf) by standard procedures.
The saturated bicycloheptanes (Va to Ve) were ob-
tained by catalytic reduction. The endo-exo
ratio in the reduced compounds could be deter-
mined by vapor phase chromatography (v.p.c.);
this technique could not be applied to the unsatu-

sl

IVa, = COzCsz Va, R = C02C2H5
b, R = CO» b, R = COzH
¢, R = CH,O0H ¢, R = CH,OH
d, R = CH:0Tos d,R = CH,
e, R = CHa e. R = C(CHa)zOH
f, R = C(CH;).0H

(8) R. B, Woodward and H. Baer, J. Am, Chem. Soc., 7T0. 1161
(1948).,
(9) J. A. Berson and R. Swidler, bid., 75, 1721 (1953).
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rated compounds, presumably because of dissocia-
tion on the column.

The pure endo and exo isomers were obtained in
several cases (see below) and the configuration
established by several methods. The cases in
which mixtures of endo and evo isomers were used
will be described only cursorily. The v.p.c.
examination of Va, the saturated adduct, showed
that the exo isomer predominated over the endo
isomer by a factor of 3:2. Iu the corresponding
carbinyl case (Vc) the exo form predominated by a
2:1 ratio.

The structure of the adduct IVa was based on
analysis, spectra and on the uptake of exactly one
mole of hydrogen on catalytic reduction. Further,
treatment of the carbinol IVe with sulfuric acid
gave benzyl alcohol, characterized as the a-naph-
thylurethan, and the cyclohexenone derivative
VI.® The dinitrophenylhydrazone of VI had the
reported melting point,' and the infrared and
n.m.r. spectra of VI were in agreement with the
assigned structure; it formed a crystalline p-
nitrobenzoate. The formation of benzyl alcohol
and of the cyclohexenone VI from IVe by treatment
with acid can be explained readily.

0
CH,OH wu,s0, CH,OH
CH,OH
VI

Ive

Separation of endo-exo Isomers and Determina-
tion of Stereochemistry.—Saponification of the
mixed endo and exo esters IVa yielded a crystalline
acid, VII-N,"! m.p. 98-99°; its configuration was
established by conversion to an iodolactone, VIII,!?
m.p. 157°. The infrared spectrum of the iodolac-
tone showed no hydroxyl or olefinic absorption,
and had a band at 1780 cm. !, attributable to a 7-
lactone. The endo acid VII-N was catalytically
reduced to the crystalline saturated acid IX-N;
the endo configuration of VII-N was confirmed by
its conversion to the endo-carbinol. The exo-
acid VII-X was not obtained crvstalline from the
saponification mixture, but its presence was demon-
strated by conversion to the exo-carbinol.

0)
NaOH
COOH
H

COOH
VII—N VII-X
O g %
IX-N COOH
VIII

(10) E. E. van Tamelen and G. T. Hildahl, J. Am. Chem. Soc., T8
4405 (1956).

(11) Pure isomers will be indicated by the suffix N (for enido) and X
(for exo).

(12) Cf. E. E. van Tamelen and M, Shamma, ¢bid., 76, 2315 (1954).
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The mixed endo- and exo-carbinols IVe (R =
CH,OH) were converted to the crystalline p-nitro-
benzoates, which were separated by crystallization
from benzsne-hexane into the pure exo and endo
esters, the former predominating in a ratio of 3:1.

5 ©
A
CH.,OR H
H CH,OR
X-Xa, R = p O NCH,CO X-Na, R = $-0,NCH,CO
X-Xb,R=H \\bR=H

Treatment of the pure p-nitrobenzoates with
lithium aluminum hydride yielded the pure exo-
and endo-carbinols, X-Xb and X-Nb. Their
configurations were established by conversion of
the exo- and endo- acids VII-X and VII-N to the
carbinols by lithium aluminun hydride reduction.
The identities were shown by mixture melting points
of the p-nitrobenzoates, since the carbinols were
liquids. The assigned configurations of the carbi-
nols were also supported by their behavior on
treatment with perphthalic acid (see below).
Both the endo and exo forms of the carbinol gave a
shift of the hydroxyl stretching frequency to
higher frequency with dilution; hence, intramo-
lecular hydrogen bonding was absent in both forms,
and no conclusions about configuration could be
drawn from hydrogen bonding behavior.

IV-c
\1,,; 0N CH,COCI
2. Separation by fractional

crystalliz mm.
X l
i
COOH i H
H COOH
VII-X VII-N
1, LAH 1.1.AH
2, /,-Ochemcoci lz. -0 NCH,COC1
X-Xa X-Na
le/Pt lHﬂ,],t
(0]
(0]
CH,OCOC¢H,NH:
H
H
XI-X CH.OCOCHNH,
XI-N
l NaOH lN:»OH
0 0
CH.OH H
H CH,OH
XIL-X XII-N

Catalytic reduction of the pure p-nitrobenzoates
(X-Xa and X-Na) gave the crystalline p-amino-
benzoates of 2-hydroxymethyl-7-oxabicyclo[2.2.1]-
heptane (XI-X and XI-N), and saponification
vielded the corresponding carbinols (XII-X and
XTI-N).
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The mixture of saturated exo- and endo-acids
Vb, obtained by the hydrolysis of the saturated
ester Va, was separated by removal of the crystal-
line endo-acid IX-N from the mixture. The crude
saturated exo-acid IX-X, which was not obtained
crystalline, was converted with lithium aluminum
hydride to the exo-carbinol XII-X.

a
1, NaOH |2, Separation
Z : ?

COOH
IX-N / IX—x

COOH

CH.0OH

H
XII-X

Epoxidation to the 3,8-DioxatricycloGetane Sys-
tem.—Treatment of several of the bicycloheptene
derivatives (IV) with monoperphthalic acid!®
gave members of the 3,8-dioxatricyclodctane series
(I). Thus, the mixed endo- and exo-carbinols,
containing an excess of exo (see above), yielded a
mixture of epoxides, consisting of about three
parts of the 6-endo compound XIII-N to one part
of the 6-exo isomer XIII-X.'* The pure endo-
carbinol X-Nb vielded ouly thhe endo tricyclic
compound, but the pure exo-carbinol X-Xb gave
a mixture of the endo and exo tricyclic compounds
XIII-N and XIII-X.

X-Nb CH OH

! /4’

0 (¢}
7, \ﬁf ; N
CH,OH
XIII-N XIII-X
LAHor
\IaOH
(¢]
;CHzOH
fijéz x-xp o
XIVa, R=
b R= COCHS

The structures XIII-X and XIII-N were as-
signed on the basis of the following facts. The
compounds showed an infrared band at 855 cm.™?,

(13) Prepared by the method of E. E. Royals and L. L. Harrell, Jr.,

J. Am. Chem. Soc., T7, 3405 (1955).
(14) The numbering in structure I is used.
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which is in agreement with observations on numer-
ous other compounds containing fused epoxide
rings.’* They gave a positive thiosulfate test for
1,2-epoxides'® and formed a monoacetate which
had no free hydroxyl group. The n.m.r. spectrum
showed no vinyl or aldehydic hydrogens, and
showed a total of seven of the ten hydrogens on
oxygen and carbon bearing oxygen. These ob-
servations rule out tricyclene-like structures such
as XV, structures derived from a Wagner—Meerwein
rearrangement®-!” such as XVI, and bicyclic struc-
tures containing carbon-carbon unsaturation or
aldehyde groups.

OH
0]

HO
0O
CH.OH
0O

XV
XVI

The epoxidation must have occurred, therefore,
without rearrangement of the carbon skeleton.!s
The epoxide group was assigned the exo configura-
tion because electrophilic substitution in bicyclo-
heptenes and 7-oxabicycloheptenes occurs from
the side of the methylene or oxygen bridge.”.s.15b.c.18

The epoxide structure of X11I-X and XIII-N was
indicated by further transformations. Treatment
of the mixture of epoxides XIII-X and XIII-N
with lithium aluminum hydride gave a mixture of
a diol XVIII and the tricyclic compound XIVa.
The formation of the mixture indicated that XIII
was a mixture of endo and exo isomers, XIII-X
giving rise to the diol XVIII, and XIII-N to
XIVa. The secondary hydroxyl group in com-
pound XVTIII was assigned the exo configuration
since it resulted from the attack of hydride on the
exo-epoxide; the hydroxymethyl group was as-
signed the exo configuration also since the endo
group should attack the epoxide to form XIVa.l®

0]
HO

CH,0OH

XVIII H

The latter (XIVa) was the sole product when
XIII-N, prepared from the pure endo-carbinol, was
treated with lithium aluminum hydride; it was
also formed from the endo-exo mixture, XIII-N and

(15) (a) S. B, Soloway and S. J. Cristol, J. Org. Chem., 38, 327
(1960); (b) J. Meinwald and G. A, Wiley, J. 4m. Chem, Soc., 80,

3667 (1938); (c) H. B. Henbest and B. Nicholls, J. Chem. Soc., 221
(1959); (d) H. H. Gunthard, H. Heusser and A. Furst, Hely. Chim.

Acta, 86, 1900 (1953).

(16) W. C. J. Ross, J. Chem. Soc., 2257 (1930).

(17) J. C. Martin and P. D. Bartlett, J. Am. Chem. Soc., T9, 2533
(1957).

(18) The oxidation of the maleate—furan @:COZCHS
adduct with peracid was reporteds to give the (@)
compound XVII. CO.CH;,

(19) (a) G. Stork, ef al., J. Am. Chem. Soc., T8, 384 (1953); (b)
H. M. Walborsky and D. F, Loncrini, ibid., 76, 5396 (1954); (c) S.
B. Soloway, H, Kwart and P. von R. Schieyer, Jr., ibid., 82, 2341
(1960); (d) S. J. Cristol, et al., ibid., T9, 6035 (1957); (e) J. A. Berson
and R. Swidler, ibid., 76, 4060 (1954); (f) J. A. Berson, ibid., 76,
5748 (1954); (g) J. D. Roberts, F. O, Johnson and R. A. Carboni,
ibid., 76, 5692 (1954).
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XIII-X, by treatment with 209, aqueous alkali,
periodic acid, 2%, sulfuric acid or ammonium thio-
cyanate. The structure assigned to XIVa was in
agreement with the structures and configurations
assigned to X-Nb and XIII-N; XIVa formed a
crystalline monoacetate XIVb, which had no free
hydroxyl, and XIVa was stable to the action
of lithjum aluminum hydride. It had lost the
epoxide band at 855 cm.~!. The n.m.r. spectrum
showed that seven of the ten hydrogens were on
oxygen and on carbon bearing oxygen. This
ruled out structure XVI, which might result from
a Wagner—Meerwein rearrangements!' during the
epoxide opening.

Acetylation of the mixed epoxides XIII-X and
XIII-N gave a mixture of two crystalline acetates
in a 2:1 ratio; the more abundant one was identi-
cal with the acetate of the cyclic ether XIVb
and evidently was formed by isomerization of the
epoxide XIITI-N to XIVa followed by acetylation.
The second acetate was the acetate of XIII-X;
it had the epoxide band at 852 ¢m.~!. The ratio
of the two acetates was approximately the same as
the ratio of the two products XIVa and XVIII
formed by hydride treatment of the mixed epoxides.

Epoxidation of the mixed exo- and endo-esters
IVa yielded a mixture containing approximately
609, of the endo-ester XIX-N, and 409, of the
exo-ester XIX-X, The ratio was based on the
ratio of products obtained when the mixture was
treated with lithium aluminum hydride; this
yielded the ether XIVa and the diol XVIII, both
formed apparently by reduction of the ester to a
primary alcohol group, followed by reaction of
each epimer XIII-N and XIII-X as described
above.

(¢}
Pz zCOzCzHa
IV—-a
0 (0] 0 (0]
+
H CO,C,H;
CO:C:H; H

XIX-N XIX-X

Epoxidation of the pure endo-acid VII-N gave a
mixture of the epoxy acid XX-X and the crystalline
hydroxylactone XXI. The action of aqueous
sodium hydroxide on the mixed erndo- and exo-
epoxy esters XIX-N and XIX-X formed a mixture
of the epoxy acid XX-X and the hydroxylactone
XXI also. The structure of the lactone was as-
signed on the basis of the infrared spectrum: a
hydroxyl band at 3350 cm.~!, a carbonyl band at
1780 cm. ! (y-lactone) and no epoxide band. The
n.m.r. spectrum showed five of the eight protons
to be on oxygen and on carbon bearing oxygen,
in agreement with structure XXI. The structure
of XX-X was assigned on the basis of the epoxide
band at 858 cm.~! and the carboxyl band at 1725
cm. ! in the infrared, and on the failure of the
compound to lactonize.

Epimerization during Epoxidation.—The results
of the epoxidation of the endo-acid VII-N and of the
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/@H XIX-N + XIX-X
yi-N  COOH

lNaOH

xx1 9
exo-carbinol X-Xb showed that there was partial
epimerization of the group at C-2 of the oxa-
bicycloheptene nucleus. Because the epimeriza-
tion during epoxidation and subsequent treatments
of VII-N must have occurred during the epoxida-
tion step, we suggest that, in all cases showing epi-
merization, it occurred during epoxidation. In
general, epimerization during lithium aluminum
hydride treatment is unlikely. The epimerization
with VII-N changed the endo-carboxyl to the
exo configuration. In contrast, the pure endo-
carbinol X-Nb gave only the endo epoxidized
product XIII-N. The epoxidation of the mixed
carbinols IVc could be shown to be accompanied by
epimerization of the exo-carbinol group to the
endo configuration, by a consideration of the
endo—exo ratio in the starting material IVc and in
the products XIII-N and XIII-X. Therefore the
epoxidation reaction favored the formation of
product with an exo-carboxyl group, but with an
endo-carbinol group.

The epimerization could be explained by several
mechanisms. One mechanism could involve for-
mation of a carbonium ion and recyclization with
altered stereochemistry at C-2, as

0
HQ® .
A
R
XXIT
o) o)
O P 0
7 —
=8 R R
XXIII xxry

The plausibility of this sequence is supported by
two considerations. An intermediate of structure
XXIII may be stabilized by R = -=COOH through
a-lactone® formation, and by R = -CH,OH
through epoxide formation. The transformation
from XXIII to the closed epoxide XXIV is sup-
ported by the analogy of the closure of A’-cyclo-
pentenylethyl arenesulfonates to the bicyclo-
heptyl nonclassical ion.?!

(20) W. A, Cowdrey, E. D. Hughes and C. K, Ingold, J. Chem. Soc.,
1208 (1937); S. Winstein and H. J. Lucas, J. Am. Chem. Soc., 61,
1576 (1939); S. Winstein, ibid., 61, 1635 (1939).

(21) (@) R. G. Lawton, ibid., 83, 2399 (1961);
and S. Bank, ibid., 83, 2591 (1961).

(b) P. D. Bartlett
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It is not possible, however, to rule out epimeriza-
tion through an ‘‘internal” dissociation of the oxa-
bicycloheptene, of the type demonstrated by
Berson.2?

It is not clear from consideration of either of
these alternatives why in the case of the acid the
exo-carboxyl is favored, while in the alcohol the
endo-carbinol is favored. Indeed, it is not obvious
why both endo-acid VII-N and endo-alcohol X-Nb
are not converted directly, on epoxidation, to the
lactone XXI and cyclic ether XIVa, respectively
(¢f. ref. 15c¢).

The positive thiosulfate test for 1,2-epoxides
and the spectral data appear to be satisfactory
evidence that the assigned epoxide structures are
correct and that a Wagner-Meerwein rearrange-
ment is not involved.

Ring Opening Reactions of the Dioxatricyclo-
octanes.—The action of lithium aluminum hydride
on the endo-epoxide XIII-N to give the cyclic
ether XIVa, and the formation of the lactone XXI,
which have been described above, represent intra-
molecular displacement reactions on the epoxide
group. The positive thiosulfate reaction on the
epoxides represents an intermolecular displacement
by the very powerful nucleophile thiosulfate ion
on the epoxides.

Numerous other attempts to open the epoxide
rings by other nucleophiles led to products derived
from intramolecular displacement reactions, of
the endo isomers. Products derived from Wagner—
Meerwein rearrangement?!7 were not isolated,
although they may have been formed

0 0]
L2 e
COzCH;

m NILSON
CH.OH
l“-* :\1\ -a
XIVa + polymer +
HIO,

CH OH

SCN
Experimental23

Diels—Alder Reaction between Ethyl Acrylate and Furan;
Formation of 2-Carbethoxy-7-oxabicyclo{2.2.1]hept-5-ene
(IVa).—Furan (30 ml.) and ethyl acrylate (25 ml.), both

(22) J. A. Berson and R. Swidler, J. Am. Chem. Soc., T8, 1721 (1953);
J. A, Berson, R. D. Reynolds and W. A. Jones, ¢bid., T8, 6049 (1956);
J. A. Berson, A. Remanick and W. A. Mueller, ¢bid., 82, 5501 (1960);
J. A. Berson and A, Remanick, ¢bid., 83, 4947 (1961).

(23) All boiling points and melting points are uncorrected. Ele-
mental microanalyses were performed by T. Montzka and V. Lander-
you of this Laboratory, and by Micro-Tech Laboratories (Skokie, I11.)
and F. Pascher (Bonn, Germany), Nuclear magnetic resonance spec-
tra were taken on a 60 Mc, Varian instrument by Dr. L. Colebrook of

LH OH

7-OxABICYCLO[2.2.1 [HEPTENE DERIVATIVES

4119

stabilized with 0.025%, hydroquinone, were mixed and re-
fluxed for several weeks, Excess reactants were evaporated
under reduced pressure at room temperature, to leave 11.3
g. of crude adduct IVa. This was distilled (50° (1072 mm.))
to yield 7.2 g. of a pure colorless oil, n*np 1.4664. The in-
frared spectrum showed bands at 3040, 1725 and 698 cm. 1,

Anal. Caled. for CH20;3: C, 64.27; H, 7.19. Found:
C, 64.40; H, 7.24.

Compound IVa was a mixture of exo and endo isomers, as
shown by the vapor phase chromatogram of the reduced
compound Va.

Catalytic Reduction of IVa; Formation of 2-Carbethoxy-7-
oxabicyclo[2.2.1]heptane (Va).—To palladium-on-charcoal
(5%, 500 mg.) in 959, ethanol was added 3.00 g. of the un-
saturated ester IVa. Uptake of hydrogen ceased at the
theoretical amount after 4 hours. The product, 3.05 g. of a
colorless oil, was taken up in ether; tlie ether solution was
put through alumina (10 g., act. I,2¢ Woelm, neutral), and
then the residue after evaporation of the ether was evapora-
tively distilled (50° (1072 mm.)) to yield 2.8 g. of pure Va,
n¥Dp 1.4560. The infrared spectrum showed no bands at
3040 and 698 cm.™!; it did show a band at 1730 crm. ™1,

The vapor phase chromatogram (5’ Ucon Polar column,
158°, 40 cc./min.) showed two peaks with retention times of
9.9 and 15.3 min. having areas in the ratio 3:2, These are
probably tlie exo and endo isomers, respectively.

Anal. Caled. for CGHuO;: C, 63.51; H, 8.29. Found:
C, 63.63; H, 8.33.

Treatment of IVa with Methylmagnesium Iodide; Forma-
tion of 2-o-Hydroxyisopropyl-7-oxabicyclo[2.2.1]hept-S-ene
(IVf).—The ester IVa (21.0 g.) in 75 ml. of ether was added
dropwise to the Grignard reagent from 7.05 g. of magnesium
and 41.2 g. of methyl iodide in 25 ml. of ether. The reaction
mixture was stirred overnight, then decomposed with 25 ml.
of water and 150 ml. of 109, sodium sulfate solution, The
aqueous layer was continuously extracted for 2 days with
ether. The ethereal extract then was shaken with anhydrous
sodium sulfate and sodium bisulfite, filtered, and the ether
removed to yield 17.6 g, of crude material. This was vacuum
distilled (82-88° (0.2 mm.)) to yield 11.7 g. of pure IVI,
n®p 1,4854. There appeared to be some decomposition
during the distillation. The infrared spectrum showed bands
at 3350, 3050,1140 and 688 cm, !

Anal. Caled. for CHy0.: C, 70.10; H, 9.15. Found:
C,70.12; H, 9.15.

Compound IV-f appeared to be a mixture of exo and endo
isomers, as shown by the vapor phase chromatogram of the
reduced compound Ve,

Catalytic Reduction of IVf; Formation of 2-a-Hydroxyiso-
propyl-7-oxabicyclo[2.2.1]heptane (Ve).—Three grams of
impure IVf was reduced with hydrogen over palladium ex-
actly as described above for IVa. The product, 3.3 g. of a
brownish, thin oil, was chromatographed on 60 g. of alumina
(Fisher). A first fraction (541 mg.) seemed from its infrared
spectrum to be a mixture of Ve and the corresponding
methyl ketone arising from incomplete addition of the
Grignard reagent., The main fraction, 2.02 g., Ve, was
twice evaporatively distilled (50° (10~2 mm.)) to yield 1.70
g. of colorless oil, #%®p 1.4741. The infrared spectrum
showed bands at 3340 and 1140 cm.™1, and no bands at 3050
and 688 cm.™!. The vapor phase chromatogram (5-1/s’
Flexol 8N8 on Chromosorb, 150°, 40 cc./min.) showed two
peaks with retention times of 49.3 and 78 min., the areas of
which were in the ratio 4:1.

Anal. Caled. for CoH40,:
C, 69.05; H, 10.21.

Treatment of IVa with Lithium Aluminum Hydride;
Formation of 2-Hydroxymethyl-7-oxabicyclo[2.2.1]hept-5-
ene (IVc).—To 2.0 g. of lithium aluminum hydride in 100
ml. of ether was added, dropwise, 5.00 g. of the unsaturated

C, 69.19; H, 10.32. Found:

this Laboratory and by Varian Associates (Palo Alto, Calif.). Infra-
red spectra were determined on samples in the form of liquid films,
carbon tetrachioride solutions or potassium bromide disks on a Per-
kin—Elmer model 21 spectrophotometer. Ultraviolet spectra were
determined in 959, ethanol on a Beckman DU spectrophotometer.
Vapor phase chromatography was carried out on an Aerograph model
A-90C instrument with helium as the carrier gas.

(24) The activity of the alumina corresponds to the Brockman scale.
Cf. E. Lederer and M. Lederer, ‘Chromatography,” Elsevier Press,
New York, N. Y., 1953, p. 28.
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ester IVa in 50 ml. of ether. After completion of the addi-
tion, the suspension was stirred for 1 day. The excess hy-
dride and salts were destroyed by the addition of a saturated
sodium sulfate solution. The precipitate was filtered and
washed with ether; the ethereal solution was dried with an-
hydrous sodium sulfate, and evaporated under reduced pres-
sure to yield 3.70 g. of crude IVe. This was distilled (50°
(1072 mm.)) to afford 3.4 g. of pure IVc, n2p 1.4923. Tle
infrared spectrum showed bands at 3250, 3050, 1030 and 705
cm.™?, Compound IVc appeared to be a mixture of exo
and endo isomers, as shown by the vapor phase chromato-
gram of the reduced compound Vec. Chromatographv on
ga.lumina (act. I, Woelm, neutral) afforded no separation of
isomers,

Anal. Caled. for CHO2: C, 66.62; H, 7.99. Found:
C, 66.48; H, 8.23. The analyst reported the sample to be
very hygroscopic.

Catalytic Reduction of IVc; Formation of 2-Hydroxy-
methyl-7-oxabicyclo[2.2.1]heptane (Vc).—The uusaturated
primary alcohol IVc (1.00 g.) was reduced by hydrogen over
200 mg. of palladium-on-charcoal. The usual workup
yielded 1.0 g. of crude material which was poured over alu-
mina (10 g., act. I, Woelm, neutral) and eluted with ether.
The resulting product was evaporatively distilled (50° (1072
mm.)) to yield 825 mg. of pure V¢, #2p 1.4823. The in-
frared spectrum showed bands at 3200 and 1040 cm. ™, and
no bands at 3050 and 705 cm, 1,

Anal. Caled. for C;H1:0,: C, 65.60; H, 9.44. Found:
C, 65.29; H, 9.38.

The vapor phase chromatograin (5’ Ucon Polar column,
158°, 42 cc./min.) showed two peaks with retention times
of 15.0 and 21.4 min. and areas in the ratio 13:7. At 145°,
56 cc./min., the two peaks had retention times of 10.2 and
14.2 min.

Treatment of the Saturated Ester Va with Lithium Alu-
minum Hydride; Formation of Vc.—One-half gram of Va
was reduced by lithium aluminum hydride in ether as de-
scribed above for IVa. The usual workup gave 375 mg. of
crude oil whicli was distilled (50° (102 mm.)) to yield 305
mg. of V¢, %D 1.4820. The infrared spectrum was identical
with that of Vc obtained by the catalytic reduction of IVe.

The vapor phase chromatogram (5’ Ucon Polar column,
158°, 40 cc./min.) showed two main peaks with retention
times of 15.2 and 21.8 min., tlie areas of which were in the
ratio 13:7. The retention tinies agree with those for Vc
obtained from IVe; a mixture of Ve from the two sources
showed only two peaks.

Treatment of the Unsaturated Primary Alcohol IVc with
p-Toluenesulfonyl Chloride-Pyridine; Formation of the p-
Toluenesulfonate IVd.—To 34.0 g. of freshily crystallized
p-toluenesulfonyl chloride in 30 ml. of pyridine was added
10.2 g. of the unsaturated primary alcohol IVc in 30 ml, of
pyridine. The mixture stood for 3 hours; then it was poured
onto 200 g. of crushed ice and left for an hour, The mixture
was then extracted with three 100-ml. portions of ether.
The ethereal solution was washed with 100 ml. of 109, aque-
ous hydrochloric acid, 100 ml. of water and 100 ml. of 109,
aqueous sodium bicarbonate; then it was dried with an-
hydrous sodium sulfate and evaporated under reduced pres-
sure to yield 22.8 g. of a brownish, viscous oil which was car-
ried onto the next step without further purification. The
infrared spectrum showed no hydroxyl absorption, a
El'(x)gulder ?.t 3030-3040 cni, 71, and bands at 1350, 1175 and
G cmt, T,

Treatment of IVd with Lithium Aluminum Hydride;
Formation of 2-Methyl-7-oxabicyclo[2.2.1]hept-5-ene (IVe).
—To a stirred suspension of 3.0 g. of lithium aluminum
hydride in 100 ml. of anhydrous ether tlie 22.8 g. of the crude
tosylate IVd in 100 ml. of anhydrous ether was added in 3
hours. The mixture was stirred an additional 3 hours.
Isolation of the crude product in the usual manner afforded
10 g. of a liquid with a strong sharp odor. This was dis-
solved in petroleum ether (b.p. 37-51°) and poured through
a column of alumina (10 g., act. I, Woelm, neutral). The
resulting 6.1 g. of colorless liquid was taken up in 20 ml. of
ether, and washed with 10 ml. of 109, aqueous hydrochloric
acid, 10 ml. of water and 10 ml. of 109, aqueous sodium bi-
carbonate. The dried ethereal solution was distilled, and the
portion boiling between 118-124° (3.84 g.) was collected,
7%¥D 1.4612. The infrared spectrum showed no hydroxyl
band, and bands at 3030 and 698 cm.”!. The nuclear
magnetic resonance spectrum showed two hydrogens in the
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vinyl region (3.86 7), two hydrogens in the region for those
on carbon bearing oxygen (5.0-7.0 =), and six liydrogens in
the saturated region (7.5-9.6 7). There were two methyl
peaks (8.90 and 9.18 =, both doublets), supporting the fact
that IVe was a mixture of exo and erndo isomers.

Anal. Caled. for C:Hy,O: C, 76.32; H, 9.15.
C, 76.44; H, 9.25.

Catalytic Reduction of IVe; Formation of 2-Methyl-7-
oxabicyclo[2.2.1]heptane (Vd).—Two hundred milligrams
of IVe was reduced by hydrogen over 200 mg. of palladium-
on-charcoal in methanol suspension. The mixture was
filtered and the filtrate was diluted with an equal volume of
water. This solution was continuously extracted with petro-
leum etlier (b.p. 37-51°) overnight. The petroleum ether
was concentrated and the concentrate put through a column
of alumina (10 g., act. I, neutral Woelm) using petroleum
ether for elution. The eluate was twice distilled, the portion
boiling between 110-115° being collected, to yield 980 mg. of
a colorless liquid, #%p 1.4520. The infrared spectrum
showed no hydroxy!l band and no vinyl proton or cis-disub-
stituted double bond band. The vapor phase chromato-
gram (5-1/,’ Flexol 8N8 on Chromosorb, 151°, 40 cc./min.)
showed two peaks with retention times of 6.4 and 7.4 min.,
with areas in the ratio 3:2.

Anal. Caled. for C;H;,0: C, 74.95; H, 10.78. Found:
C, 75.16; H, 10.94.

Formation of the p-Nitrobenzoate Esters of IVc; Separa-
tion of the exo (X-Xa) and endo (X-Na) Isomers by Fractional
Crystallization.—In 30 ml. of dry pyridine, IVc (10.0 g.) was
treated with freshly crystallized p-nitrobenzoy! chloride
(15.0 g.). After the initial reaction had subsided, the mix-
ture was warmed on the steam-bath for half an hour, then
poured outo ice, allowed to stand for an hour, then centri-
fuged. The centrifugate was washed with 100 ml. of 5%
sodium bicarbonate solutioin, and two 100-ml. portions of
water. The precipitate was dried overnight over sodium
hydroxide under reduced pressure; it afforded 22.73 g. of
solid material, This was dissolved in benzene, treated with
charcoal, filtered, and crystallized from a benzene-hexane
solution.

The first crop of crystals contained 11.9 g. of material,
m.p. 128-135°. Recrystallization from benzeite-hexane
afforded 11.78 g. of X-Xa, m.p. 135-137°.

The second crop of crystalline material contained 1.9 g.,
m.p. 92-97°. Recrvstallization from benzene-hexane af-
forded 1.87 g. of X-Na, m.p. 97-98°. A mixture melting
point between X-Xa and X-Na was depressed (78-105°).

Subsequent crystallizations and recrystallizations yielded
70 mg. more of X-Xa and 1.45 g. more of X-Na. The total
yield of X-Xa was 11.85 g. and of X-Na, 3.32 g.

Anal. Caled. for CyHi3;05N: C, 61.09; H, 4.76; N,
5.09. Found for X-Xa: C, 60.93; H, 4.96; N, 5.15.
Found for X-Na: C, 61.06; H, 5.00; N, 4.99.

The infrared spectra of the two were similar except for a
few small shifts in bands, and differing relative intensities.
Both showed a band at 3040 cm.™!, a band around 1710
em. "N (X-Xaat 1710 cm. ™1, X-Naat 1715 cm. 1) and bands
around 1530 and 1340 cm. ™! (X-Xa at 1525 and 1340 cm. 7},
X-Na at 1530 and 1340 cm.™). There were bands at 1027
and 1011 cm. ! for each compound, but for X-Xa, the 1027
cm.™!, band was more intense than the 1011 cm.™! baud,
whereas the reverse was true of X-Na. The ultraviolet
spectra for the two compounds were quite similar. For X-
Xa, the spectrum showed eps 1.4 X 104 and e 4.2 X 103,
For X-Na, the spectrum showed ess 1.9 X 10* and e 5.5
X 103,

Cleavage of X-Xa with Lithium Aluminum Hydride;
Isolation of the exo Unsaturated Primary Alcohol X-Xb.—To
lithium aluminum hydride (1.5 g.) in 20 ml. of ether was
slowly added 3.00 g. of X-Xa in 20 ml. of a 1:1 mixture of
ether and tetrahydrofuran; the mixture was stirred and re-
fluxed for 4 hours after completion of the addition. From
the usual workup, 1.89 g. of product was obtained. This
was extracted witl 20 ml. of water, the mixture was filtered
and the precipitate washed with water. The aqueous solu-
tion was treated with charcoal, filtered, and continuously
extracted with ether for 1 day. The dried ethereal extract
was evaporated under reduced pressure to yield 965 mg. of
crude oil in ether solution. This was put through alumina
(10 g., act. II, neutral, Woelm), then evaporatively distilled
(80° (1072 mm.)) to yield 885 mg. of colorless X-Xb,

Found:
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#®85p 1.4917. The infrared spectrum showed bands at
3250, 3050, 1030 aud 705 cm. 1, It also showed bands at
863 and 680 cnt. ™! which were present in the spectrum of
IVe, but absent in that of X~-Nb. This was the only readily
observable difference in the spectra of the two isomers.

There was an observable shift of the hydroxyl frequency of
N-Xb in tlie infrared upon dilution from a 1% solution
(CCL) to a 0.06¢; solution. The hydroxyl band shifted
from 3420 to 3600 cm.”1. For the 1% soultion the relative
intensity of the 3420 cm.™! band to the 3600 cm.™! band
was 2:1; for the 0.069 solution, it was 1:3.

Cleavage of X-Na with Lithium Aluminum Hydride;
Isolation of X-Nb.—To lithium: aluminum hydride (1.0 g.)
in 20 1nl. of ether was slowly added a solution 1.00 g. of X-
Nain 10 ml. of ether and enough tetrahydrofuran to dissolve
the compound. This reaction was treated essentially as de-
scribed above for X-Xa: tle initial crude product (880
mg.) afforded 380 mg. of slightly vellow oil which was dis-
tilled (50° (1072 mmn.)) (without purification through alu-
niina) to give 310 mg. of colorless X~Nb, #%*p 1.4969. The
infrared spectrum showed bands at 3250, 3050, 1030 and 705
cm, 7! it sliowed no bands at 863 and 680 cm. 1.

There was an observable shift in the hydroxyl frequency of
X-~XNb in the infrared upon dilistion from a 1¢; solution
(CCL) to a 0.069 solution; the hydroxyl band shifted from
3420 to 3600 cm.—!. For the 19, solution the relative in-
tensity of the 3420 cm.™! band to the 3600 cm.~! band was
2:1; for the 0.069, solution it was 1:3.

Catalytic Reduction of X~-Xa; Formation of the p-Amino-
benzoate XI-X.—One gram of X-Xa in methanol
was reduced by liydrogen over palladium-on-charcoal. Up-
take ceased promptly at the theoretical 4 equivalents.
Following the usual workup, 970 mg. of a viscous colorless
oil was obtained which immediatelv began to crystallize.
Recrystallization from benzene-hexane afforded 900 mg. of
white crystals, m.p. 122-127°. A small portion was re-
crystallized from methanol for an analytical sample, m.p.
132-133°. The infrared spectrum showed bands at 3400,
1680 and 1626 cm.~!. The ultraviolet spectrum showed two
maxima; €259 2.2 X 104, €329 8.9 X 108,

Anal. Caled. for CyHy;O3N: C, 67.99; H, 6.93; X,
5.66. Found: C, 67.98; H, 7.05; N, 5.64.

Catalytic Reduction of X-Na; Formation of XI-N.—As
described for X-Xa, X~Na (1.00 g.) was reduced. The us-
ual workup gave 950 mg. of a viscous brownish oil, which
immediately began to crystallize. Crystallization from
benzene-hexane afforded 880 mg. of brownish crystals, m.p.
124-130°. A small portion was recrystallized fromn methanol
for the analvtical sample, m.p. 131-132.5°. The mixture
melting point with XI-X was 123-132°. The infrared
spectrum of XI-N was very similar to that of XI-X; only
an intensity reversal of two bands was noticed. For XI~-X, a
band at 1317 cm.~! had a greater intensity than a band at
13083 cm.™1; the reverse was true for XI-N. The ultraviolet
spectrum for XI-N showed two maxima: es 2.2 X 104,
€9 8.6 X 103,

Anal. Caled. for C.Hi:O3N: C, 67.99; H, 6.93; XN,
5.66. Found: C, 67.79; H, 7.05; N, 5.76.

Saponification of XI-X; Isolation of the ¢xo Saturated Pri-
mary Alcohol XII-X.—To 5 ml. of 109 aqueous sodium
hydroxide plus 1 ml. of dioxane was added XI-X (820 mg.)
and the resulting mixture was heated on the steam-bath for
6 hours. The mixture was cooled, filtered, treated with
charcoal, filtered, and continuously extracted with ether for
2 days. The dried ethereal solution was evaporated under
reduced pressure to yield 245 mg. of a pale yellow oil. This
was evaporatively distilled to yield 194 mg. of colorless
XII-X, n?p 1.4803. The infrared spectrum showed no
band at 745 cm.™!, whereas the spectra of V¢ and XII-N
showed a band at 745 cm. ™!, There was an observable shift
in the hydroxyl frequency of XII-X in the infrared upon
dilution from a 1% solution (CCly) to a 0.069% solution; it
shifted from 3420 to 3600 cm.~!, The relative intensity of
the 3420 cm.~! band to the 3600 cm.™! band for the 19
solution was 4: 1, for the 0.06%, solution it was 1:3.

The vapor phase chromatogram of this oil (5’ Ucon Polar
column, 145°, 56 cc./min.) showed one main peak with a
retention time of 10.2 min. Adding XII-X to Vc (mixture
of isomers) enhanced the peak at 10.2 min.

Saponification of XI-N; 1solation of the endo Saturated
Primary Alcohol ZII-N.—The endo-p-aminobenzoate (840
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mg.) was saponified as described for the exo-ester. The
crude colorless alcohol (339 mg.) was distilled (50° (1072
mm.)) to afford 285 mg. of XII-N, #%.5p 1.4825. The iu-
frared spectrum of XII-N showed no band at 728 cmi.™!,
whereas the spectra of Vc and XII-X showed a band at 728
cm.”l. There was an observable shift in the hydroxyl fre-
quency of XII-N in the infrared (3420 to 3600 cm.™!) upon
dilution from a 1¢} solution (CCly) to a 0.06% solution.
The relative intensity of the 3420 cm.™! band to the 3600
cm.™! band for the 19 solution was 2: 1; for the 0.089%, solu-
tion it was 1:3.

The vapor phase chromatogram of XII-N (5’ Ucon Polar
column, 145°, 56 cc./inin.) showed one main peak with a
retention time of 14.2 min. Adding XII-X to Ve (1nixture of
isomers) enhanced the peak at 14.2 min.

Hydrolysis of IVa; Formation of the endo and exo Isomers
of 2-Carboxy-7-oxabicyclo[2.2.1]hept-5-ene (VII-N and
VII-X;.—Undistilled IVa (30 g.) was stirred with 50 ml. of
109, aqueous sodium hydroxide at room temperature for 1
day. The aqueous solution was acidified with conced. hydro-
chloric acid and then continuously extracted with ether for 1
day. The dried ethereal extract was evaporated under re-
duced pressure to yield 24 g. of a brown oil in which crystals
slowly formed. This was triturated with 3:1 petroletn
ether—ether solution, dissolved in ether, treated with char-
coal, filtered and crystallized from petroleum ether—ether.
A total of 13.62 g. of crystalline material was obtained. This
was chromatographed over alumina (200 g. of act. I, neutral
Woelm alumina deactivated with 16 ml. of 109 aqueous
acetic acid). The first fraction, eluted with 1:1 petroleun:
ether—ether, consisted of 1.875 g. of a mobile liquid which tlie
infrared spectrum showed to be unhydrolvzed ester IVa.

A small portion of this ester was treated with lithium
aluminu hydride. The infrared spectrum and the p-nitro-
benzoate derivative (1n.p. 97-98°) of the resulting alcohol
showed it to be identical with X~Nb; this indicated that the
unhydrolyzed ester had the endo configuration.

Saponification of 500 mg. of this ester vielded 375 mg. of a
vellowish oil, which was heated % vacuo (50° (1072 mm.)) to
give 130 mg. of a crystalline sublimate. Recrystallization
from benzene-hexane afforded 120 mig. of the endo un-
saturated acid VII-N, ni.p. 97-97.5° (mixture melting point
with the second fraction from the chromatography was un-
depressed: m.p. 97-98.5°).

The second fraction from the column, which was eluted
with 1:3 petroleum etlier—ether through ether, consisted of
7.960 g. of crystalline VII-N, m.p. 96.5-909.5°. A small
portion of this was crystallized from benzene-hexane for
analvsis, m.p. 98-99.5°. The infrared spectrum showed
bands at 1700 and 700 cm.~!. The n.m.r. spectrum showed
one hyvdrogen at —1.11 =, two hydrogens at 3.61 =, two
hydrogens in the 4.7-5.1 = region, and three hydrogens in
the 6.5-8.6 7 region.

Anal. Caled. for CiH05: C, 60.00; H, 5.75.
C, 60.15; H, 5.71.

A third fraction was eluted from the column with chloro-
form, and contained 105 mg. of an oil, the infrared spectrum
of which was very similar to that of VII-N. This was
treated with lithium aluminum hvdride to yield an oil whose
infrared spectrum was identical with that of the unsaturated
primary alcohol X-Xb, and whose g-nitrobenzoate deriva-
tive corresponded to X-Xa, m.p. 134-137°. A mixture
melting point with X-Xa was undepressed.

Treatment of VII-N with Iodine in Basic Medium; Forma-
tion of the Iodolactone VIII.—A solution of 770 mg. of VII-N
in 15 ml. of 79 aqueous sodium bicarbonate was treated
with 15 ml. of water containing 1.27 g. of iodine and 4.98 g.
of potassium iodide. This solution was allowed to stand for
1 hour, then it was extracted with three 23-ml. portions of
chloroform. The combined chloroform extracts were then
washed with 25 ml. of 109, aqueous sodium bisulfite, dried
with sodium sulfate, and the chloroform was evaporated
under reduced pressure to give 320 mg. of a white solid,
m.p. 150-154°. Crystallization from ethyl acetate gave
white crystals, m.p. 157-157.5°. The infrared spectrum
showed no hydroxy! or olefinic bands; it had a band at 1780
cm. 1,

Anal. Caled. for C;H,05I: C, 31.60; H, 2.65. Found:
C, 31.68; H, 2.72.

Treatment of VII-N with Lithium Aluminum Hydride;
Formation of the endo Unsaturated Primary Alcohol X—-Nb.—
One gram of the unsaturated acid VII-N was reduced by 1.0

Found:
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g. of lithium aluminum hydride in ether, essentially as de-
scribed above for the ester IVa. The crude oil produced (400
mg.) was distilled (45° (10~2 mm.)) to afford 360 mg. of an
oil whose infrared spectrum was identical with that of the
endo unsaturated primary alcohol X-Nb. The p-nitrobenzo-
ate of the oil, m.p. 96-97.5°, gave no depression upon ad-
mixture with X-Na.

Catalytic Reduction of VII-N; Formation of endo-2-Car-
boxy-7-oxabicyclo[2.2.1]heptane (IX-N).—The acid VII-N
(500 mg.) was reduced by hydrogen over 100 mg. of palla-
dium-on-charcoal as described for the reduction of the ester
Va. The 540 mg. of crude material upon sublimation (65°
(1072 mm.),) yielded 475 mg. of crystalline material, m.p.
75-78.5°. The analytical sample, m.p. 78-79.5°, was pre-
pared by two crystallizations from benzene-hexane. The
infrared spectrum showed a band at 1710 em.™! and no
band at 700 cm. =1,

Anal. Caled. for C;HyO;: C, 58.73; H, 7.04. Found:
C, 59.03; H, 7.03.

Hydrolysis of the Saturated Ester Va; Formation of the
Saturated Acid Vb, and Separation into the Two Isomers
IX-N and IX-X.—The saturated ester Va (500 mg.) was
stirred with 0.2 g. of sodium hydroxide in 5 mil. of water
until all the insoluble oil had dissolved. The solution was
then acidified and continuously extracted with ether. The
dried ethereal extract was concentrated under reduced
pressure to give 398 mg. of an oil, which was distilled (60°
(102 mm.)) to yield 310 mg. of a thick colorless oil (mixture
of IX-N and IX-X}), which was sent for analysis before
separation of the isomers was achieved.

Anal. Caled. for C;HO5: C, 58.73; H, 7.04. Found:
C, 58.65; H, 7.13.

This oil was subjected to a crystallization from benzene-
hexane (seeded with IX-N obtained from VII-N). A crys-
talline material (140 mg.), m.p. 69-76°, was obtained.
After several recrystallizations from benzene-hexane, the
melting point was 78-79.5°. A mixture melting point with
IX-N obtained by the catalytic reduction of VII-N showed
no depression.

The material recovered from the mother liquor of the
original crystallization (150 mg. of a viscous oil) was treated
with lithium aluminum hydride in ether., Usual workup
gave 100 mg. of an oil. The vapor phase chromatogram of
this oil (5’ Ucon Polar colummn, 145°, 56 cc./min.) showed
one main peak with a retention time of 10.2 min. and a
smaller one with a retention time of 14.5 min. Addition of
the pure exo saturated primary alcohol XII-X to this oil
enhanced the peak at 10.2 min., while addition of the endo
isomer XII-N enhanced the peak at 14.5 min. These re-
sults indicate that the oil from the lithium aluminum hydride
reduction consisted of both isomers, mainly the exo, and
hence that the material recovered from the mother liquor
which did not crystallize was mainly the exo isomer of the
saturated acid IX-X,

Treatment of IVc with Monoperphthalic Acid in Chloro-
form; Formation of 6-Hydroxymethyl-3,8-dioxatricyclo-~
[3.2.1.0%4]octane (Mixture of endo and exo Isomers, XIII-N
and XIII-X).—To an excess of freshly prepared monoper-
phthalic acid!? in cold chloroform was added 12.2 g. of IVec.
The solution was kept at 5° for 2 days, during which time
phthalic acid slowly precipitated. Purified 2-pentene (2
ml.) was added and the mixture was left at room tempera-
ture for 2 hours, then filtered, and the chloroform and other
volatile materials were removed under reduced pressure,
The residual oil was passed over alumina (50 g., Merck),
with chloroformi, and the eluate was evaporated to give 16 g.
of crude material. This was evaporatively distilled (65-70°
(1072 mm.) to give 11.5 g. of quite viscous material.

A 2 g. portion of material was chromatographed on alu-
mina (40 g., Merck); the mixture of epoxides, XIII-N and
XIII-X, was eluted with chloroform through 9:1 chloro-
form-methanol, and contained 2.06 g. of material, which
was evaporatively distilled (65° (1072 mm.)} for a pure
sample, #25-5p 1.5035. The infrared spectrum showed bands
at 3300 and 855 cm. ™!, The n.m.r. spectrum showed a total
area in the region 5.0-7.0 = corresponding to seven hydro-
gens and a total area in the region 7.5-9.0 7 corresponding to
three hydrogens. This compound gave a positive epoxide
test with sodium thiosulfate.’® The vapor phase chromato-
gram (5’ Ucon Polar column, 156°, 46 cc./min.) showed a
single peak with a retention time of 26.6 min. Other work
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shows, however, that the epoxide is a mixture of the exndo
(XIII-N) and exo (XIII-X) isomers.

Anal. Caled. for C;H,O5: C, 59.13; H, 7.09. Found:
C, 58.81; H, 7.28. The analyst reported the material to be
very hygroscopic.

Treatment of the Epoxy Alcohol (XIII-N and XIII-X Mix-
ture) with Lithium Aluminum Hydride; Formation of the
Isomeric Cyclic Ether XIVa and the Reduced Compound
exo - 2 - Hydroxymethyl - exo - 5(or 6) - hydroxy - 7 - oxa-
bicyclo{2.2.1]heptane (XVIII).—To a stirred refluxing sus-
pension of lithium aluminum hydride (1.0 g.) in 100 ml. of
purified tetrahydrofuran was added dropwise the epoxy
alcohol (2.00 g.) obtained from IVc in 50 ml. of purified
tetrahydrofuran. The mixture was stirred and refluxed for
1 day after completion of the addition. The crude oily prod-
uct was chromatographed on alumina (15 g., act. II,
Woelm, neutral) to yield two fractions.

The first fraction, eluted with chloroform, contained 1.48
g. of a viscous oil. This was evaporatively distilled (60°
(1072 mm.)) to give 1.27 g. of pure XIVa, n®p 1.5009.
The infrared spectrum showed a band at 3250 cm. ™!, and no
band at 855 cm.™!, Then.m.r. spectrum showed one hydro-
gen at 5.18 7 (triplet), one hydrogen at 5.83 = (doublet}, and
a total of five hydrogens between 6.0-6.7 =, giving a total of
seven hydrogens in the region of the spectrum for those on
oxygen and on carbon bearing oxygen; there were three
hydrogens in the region 7.5~9.0 7. The epoxide test of XIVa,
with sodium thiosulfate was negative. There was an ob-
servable shift in the hydroxyl frequency of XIVa (3420 to
3560 cmt. 1) in the infrared upon dilution from a 19 solution
(CCL) to a 0.06% solution. The relative intensity of the
3420 cm. ™! band to the 3560 cmi. ! band for the 19 solution
was 1:1; for the 0.069, solution it was 1:3. The vapor
phase chromatogran: (5’ Ucon Polar column, 156°, 46 cc./
min.) showed a single peak with a retention time of 26.7
min.

Anal. Caled. for CHyOy: C, 59.13; H, 7.09. Found:
C, 59.01; H, 7.22,

An acetate was prepared from XIVa according to proce-
dure 11B in Shriner, Fuson and Curtin.® The acetate
was extracted with ether and passed over alumina (5 g.,
act. I, Woelm, neutral) in petroleum ether. It was then
crystallized from benzene-hexane to afford crystalline XIVb,
m.p. 79-80°. The infrared spectrum of this acetate showed
a band at 1725 ecm.™!, and no hydroxy! or epoxide bands.
The epoxide test with sodium thiosulfate was negative.

Anal. Caled. for CeHpO4: C, 58.69; H, 6.57. Found:
C, 58.92; H,6.71,

The second fraction, eluted with methanol, contained 0.50
g. of a viscous oil. This was evaporatively distilled (70°
(102 mm.)) to yield 250 mg. of colorless XVIII, n¥p
1.4979. The infrared spectrum showed a band at 3200 cm. !
and no band at 855 cm.”!. The n.m.r. spectrum showed a
total of seven hydrogens in the region 5.4-7.0 7 and a total of
five hydrogeus in the region 7.9-9.1 =.

Anal. Caled. for CH:05: C, 58.31; H, 8.39. Found:
C, 58.27; H, 8.20.

An acetate was prepared as for the first fraction; crys-
tallization from benzene—hexane gave material, m.p. 44-47°.
When these crystals were cooled quickly after having been
above their melting point, they gave a crystalline material,
m.p. 65-67°. The infrared spectrumn of this acetate showed
a band at 1725 cm.~! and no hydroxyl or epoxide bands.

Anal. Caled. for CuH1Os: C, 57.88; H, 7.07. Found:
C, 58.19; H, 7.26.

A sample of XIVa was quantitatively recovered un-
changed (identity proved by comparison of infrared spectra
and acetates) after treatment for 8 days with lithium alu-
minum hydride in boiling tetrahydrofuran.

When the epoxy alcohol (XIII-N and XIII-X mixture)
was treated with lithiumi aluminum hydride in ether in an
analogous mauner, essentially no reaction took place as,
judged from the infrared spectrum of the reaction product.

Treatment of X-Xb with Monoperphthalic Acid in Chloro-
form, Followed by Lithium Aluminum Hydride Reduction of
the Resulting Epoxide.—In a manner analogous to the

(25) R. L. Shriner, R, C, Fuson and D. Y. Curtin, ’‘The Systematic
Identification ¢f Organic Compounds,’’ 4th Edition, John Wiley and
Sons, Inc., New York, N. Y., 1956, p. 212,
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treatment of IVc with monoperphthalic acid, X-Xb (3.16
g.) was so treated. The workup gave 3.5 g. of crude oil,
distilled at 65° (1072 mm.) to yield 3.02 g. of a viscous oil
whose infrared spectrum was very similar to that for the
mixture of XIII-N and XIII-X obtained from IVc, except
that it had only a relatively small band at 705 cm. ™! whereas
the spectrum for the mixture had a relatively larger one.

As described earlier, 1.00 g. of the above-formed epoxide
was treated with 1.0 g. of lithium aluminum hydride; the
usual workup gave 1.08 g. of a crude oil. Chromatography
on alumina (15.0 g., act. II, Woelm, neutral) afforded two
fractions.

The first fraction, eluted with chloroform, contained 357
mg. of XIVa, as judged from its infrared spectrum, and its
acetate, m.p. 80.5-81° (mixture melting point with XIVb
was undepressed).

The second fraction, eluted with methanol, contained 642
mg. of XVIII as judged by its infrared spectrum and its
acetate, ni.p. 64.5-66° (mixture nielting point with acetate
of XVIII previously obtained was undepressed).

Treatment of X-Nb with Monoperphthalic Acid in Chloro-
form, Followed by Lithium Aluminum Hydride Reduction of
the Resulting Epoxide.—As above, X-Nb (600 mg.) was
treated with an excess of the peracid in cold chloroform.
Workup gave a crude viscous oil, which was distilled (60°
(1072 mm.)) to vield 575 mg. of a viscous oil whose infrared
spectrum was very similar to that for the mixture of XIII-N
and XIII-X, except that it had no band at 684 cm.™!
whereas the spectrum for the mixture had one.

Lithium aluminum hydride (0.5 g.) reduction of 400 mg.
of the above-formed epoxide gave only one fraction when tlie
crude reaction product was chromatographed on alumina.
This fraction, eluted with chloroform, contained 380 mg. of
X1IVa as judged from its infrared spectrum and its acetate,
m.p. 79-80.5° (mixture melting point with XIVb was un-
depressed).

Treatment of the Epoxy Alcohol (Mixture of XIII-N and
XIII-X) with Acetic Anhydride and Sodium Acetate; Forma-
tion of the Two Isomeric Acetates, XIVb and the Acetate of
XIII-X.—The epoxy alcohol (1.00 g.) was acetylated with
sodium acetate—acetic anhydride at roomn temperature.
The crude product after passage in chloroform over alumina
(10 g., act. II, neutral, Woeln1) was 1.2 g. of a viscous oil
which crystallized slowly. This material was chromato-
graphed on alumina (15 g., act. I, neutral, Woelm) to yield
two fractions.

The first fraction, eluted with petroleum ether, contained
630 1ing. of a crystalline material, m.p. 79-80.5°. Mixture
melting point with XIVb was undepressed.

Tlie second fraction, eluted with 1:1 petroleum ether—
ether, contained 300 mg. of an oil which crystallized slowly
on standing. This material was recrystallized from benzene—
hexane to give crystals, m.p. 67.5-69°, the acetate of XIII-
X. The infrared spectrum showed no hydroxyl band; it
showed bands at 1725 and 852 cm.~!. It had a band at 680
cmt. 7!, but none at 705 cm. L

Anal. Caled. for CgHpO4: C, 58.69; H, 6.57. Found:
C, 58.76; H, 6.47.

Treatment of IVa with Monoperphthalic Acid in Chloro-
form; Formation of 6 - Carbethoxy - 3,8 - dioxatricyclo-
[3.2.1.0%4]octane (Mixture of endo and exo lsomers XIX-N
and XIX-X).—Freshly distilled IVa (2.50 g.) was treated
with an excess of freshly prepared monoperphthalic acid in
cold chloroform. The usual workup gave 3 g. of oil, which
was passed over a short column of alumina (15 g., Merck)
with ether and tlien distilled (70° (10~2mm.)) to afford 2.5
g. of oil. This was chromatographed on alumina (50 g.,
Merck); a small forerun was eluted with 1:1 petroleum
ether—ether. The epoxy ester (mixture of XIX-N and
XIX-X) was eluted with ether and 9:1 ether—-methanol; a
total of 2.045 g. of material was collected, which was dis-
tilled (653° (1072 mm.)), #%.fp 1.4741. The infrared spec-
trum showed bands at 1720 and 855 cm.™!. This compound
gave a positive epoxide test with sodium thiosulfate.

Anal. Caled. for CHp04: C, 58.69; H, 6.37. Found:
C, 58.68; H, 6.73.

Tlie vapor phase cliromatogram (5 Ucon Polar column,
160°, 72 cc./min.) showed a single somewhat broad peak
with a retention time of 12.5 min, Other work shows, how-
ever, that the epoxy ester is actually a niixture of endo and
exo isomers XIX-N and XIX-X,
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Treatment of the Epoxy Ester (Mixture of XIX-N and
XIX-X) with Lithium Aluminum Hydride; Formation of
XIVa and XVIII.—The epoxy ester (3.00 g.) was treated
with 1.5 g. of lithium aluminum hydride in boiling tetra-
hydrofuran. Usual workup gave 2.5 g. of an oil which was
chromatographed on alumina (50 g. act. II, neutral, Woelm)
to yield two fractions.

The first fraction, which was eluted with 4:1 ether—chloro-
form through chloroform, contained 1.47 g. of a viscous oil,
which was distilled (60° (10~ mm.)) to yield 1.29 g. of
material, #¥p 1.5008. This was shown to be identical with
XIVa by its infrared spectrum and its acetate, m.p. 78.5—
80° (mixture nelting point with XIVb was undepressed).

The second fraction, eluted with 4:1 chloroform-methanol
through methanol, contained 920 mg. of a viscous oil, which
was distilled (70° (10~2 mm.)) to yield 780 mg. of material,
#¥p 1.4976. This was shown to be identical with XVIII by
itsinfrared spectrum and its acetate, m.p. 44-47° and 64-66°
(mixture melting point with the acetate of XVIII was un-
depressed).

When the epoxy ester was treated with lithium aluminum
hydride in ether in a manner analogous to the above reduc-
tion, the product obtained was the epoxy alcohol mixture
(XIII-N and XIII-X).

Treatment of VII-N with Monoperphthalic Acid in Chloro-
form: Formation of exo - 6 - Carboxy - 3,8 - dioxatricyclo-
[3.2.1.0%4]octane (XX-X) and the Hydroxylactone XXI.—
Freshly crystallized VII-N (1.60 g.) was treated with an
excess of monoperphthalic acid in cold chloroform. The
crude solid (2.2 g.) was dissolved in chloroform, filtered, and
crystallized from chloroform—hexane to yield 950 mg. of
crystalline material. Repeated attempts to isolate more
crystalline material from the mother liquor failed. The
crystalline material was triturated with three 2-ml. portions
of ether to give 550 mg. of ether-soluble material and 390 mg.
of ether-insoluble material.

The ether-soluble material was crystallized from chloro-
form-hexane to yield 438 mg. of crystalline XX-X, m.p.
124-129°, Recrystallization gave 392 mg., m.p. 131-132°,
The infrared spectrum showed bands at 1725 and 858 cm. 1.

Anal. Caled. for C;HO4: C, 53.85; H, 5.16. Found:
C, 53.72; H, 5.30.

Tlie ether-insoluble material was crvstallized from chloro-
form—hexane to give 363 mg. of XXI, m.p. 113-116°. A
recrystallization yielded 321 mg., m.p. 115-117°. The
infrared spectrum showed bands at 3350 and 1780 cm. ™, and
no band at 858 cm.™!, The n.m.r, spectrum showed one
hydrogen at 4.68 = (triplet), two hydrogens at 5.55 7 (tri-
plet), two hydrogens at 6.3 = (broad multiplet) and three
hydrogens in the region 7.2-8.3 r.

Anal. Caled. for CyHsO4: C, 53.85; H, 5.16.
C, 53.72; H, 5.15.

Treatment of the Epoxy Acid XX-X with Lithium Alu-
minum Hydride; Formation of XVIII.—In a manner analo-
gous to the reduction of the epoxy alcohol formed from IVe,
500 mg. of the epoxy acid XX-X was treated with 0.5 g. of
lithium aluminum hydride. The usual workup gave 380
mg. of oil which was chromatographed on alumina (10 g.,
act. II, neutral, Woelm). One main product was obtained
(310 mg.) which was eluted with 4:1 chloroform-methanol
through methanol. The infrared spectrum was identical
with that of XVIII, and the acetate, m.p. 64.5-66.5°, gave
no melting point depression when mixed with the acetate of
XVIII.

Treatment of the Epoxy Ester (Mixture of Isomers) with
Aqueous Sodium Hydroxide; Formation of the Epoxy Acid
XX-X and the Hydroxylactone XXI.—The epoxy ester (1.00
g.) was treated as described in the saponification of IVa.
The dried ether solution yielded 685 mg. of crystalline
material. This was triturated with three 2-ml. portions of
ether, to give 369 mg. of ether-insoluble material and 296
mg. of ether-soluble material.

The ether-insoluble material, m.p. 115-117.5°, was re-
crystallized from chloroform-hexane to give crystals, m.p.
116-117°. The infrared spectrum of this inaterial was
identical with that of XXI, and a mixture melting point of
the two was undepressed.

The ether-soluble material was washed with 2 ml. of
benzene, and crystallized from chloroform-hexane to yield
227 mg. of crystalline material, m.p. 131-132°. Tle in-
frared spectrum was identical to that of the epoxy acid

Found:
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XX-X, and a mixture melting point of the two was unde-
pressed.

Treatment of the Epoxy Alcohol (Mixture of XIII-N and
XIII-X) with Dilute Mineral Acid; Formation of the Cyclic
Ether XIVa.—To 30 ml. of 29, aqueous sulfuric acid was
added 1.00 g. of the epoxy-alcohol, and the resulting solution
was refluxed for 1 liour, during whicli tinte a brown precipi-
tate formed. The mixture was cooled and filtered. Tle
brown precipitate (105 mg.) seemed to be a polvphenolic
material; it was soluble in dimethylformamide, seemed
stable to hot acid, but turned black in hot 109, sodium
hydroxide.

The aqueous filtrate was continuously extracted with
ether for 2 days, and thie ethereal extract was evaporated
under reduced pressure to yield 1 g. of crude material. This
was chromatographed on alumina (10 g. act. II, neutral,
Woelm); two fractions were obtained.

The first fraction, eluted with chloroform, contained 590
mg. of a viscous oil, whose infrared spectrum was identical
with that of the cyclic ether XIVa, and whose acetate, m.p.
80.5-81°, showed no melting point depression when mixed
with XIVb.

The second fraction, eluted with methanol, contained
100 mg. of an ill-defined viscous oil. The infrared spectrum
showed carbonyvl absorption (strong band at 1668 cm.™!
with shoulder at 1690 cm.™!), hydroxyl absorption (3200
cm. 1), and no epoxide absorption. It gave a negative ferric
chloride test, and did not form any well-defined derivative
with 2,4-dinitrophenylhydrazine reagent.

Treatment of the Epoxy Alcohol (Mixture of XIII-N and
XII1-X) with Periodic Acid: Formation of the Cyclic Ether
XIVa.—To 10 ml. of water containing 3.20 g. of periodic
acid dihydrate was added 2.00 g. of the epoxy alcohol, and
the solution was left at room temperature for 1 dav. This
was then continuously extracted with chloroform for 2 days
and the dried chloroform extract was evaporated under
reduced pressure to give 2.3 g. of a vellow oil, which was
chiromatographed on alumina (40 g., act. III, neutral,
Woelm); two main fractions were obtained.

The first fraction, eluted with 4:1 ether—chloroform con-
tained 1.34 g. of a viscous oil whose infrared spectrum was
identical with that of the cyclic ether XIVa and whose ace-
tate, m.p. 80.5~82°, showed no melting point depression
when mixed witli XIVD.

The second fraction, eluted with 9:1 chloroform-meth-
anol, contained 390 mg. of a viscous oil whose infrared
spectrum was very similar to that for the mixture of XIII-N
and XIII-X, except that it had only a band at 684 cin.~! and
no band at 705 cm. 1.

Treatment of the Epoxy Alcohol (Mixture of XIII-N and
XIII-X) with Aqueous Sodium Hydroxide; Formation of
XIVa.—To 23 ml. of 209 aqueous sodium hydroxide was
added 650 mg. of the epoxy alcohol and the resulting solution
was refluxed for 1 day. The cooled alkaline solution was ex-
tracted witlt four 30-ml. portions of chloroform. The
acidified aqueous extract was extracted with four 23-ml.
portions of chloroform. The dried extracts were evaporated
under reduced pressure: the alkaline solution vielded 570
mg. of a viscous oil, while the acidic solution vielded 130 mg.
of vellow oil.

The product from the alkaline extract was chiromato-
graphed on alumina (10 g., act. III, neutral, Woelm}; two
fractions were obtained. Tle first fraction, eluted with 9:1
cther—chloroforn, containied 180 mg. of viscous oil whose
infrared spectrun was ideutical with that of X1Va,and whose
acetate, m.p. 19.5-81°, showed uno ntelting point depression
when mixed with XIVb. The second fraction, clited with
cliloroforni, contained 300 mg. of a viscous oil whose -
frared spectrumn was very sinilar to that of sturting material;
it showed bands at both 705 and 684 cm1. 71,

The product from tlie acidic extract was chromuatograplied
o alumina (10 g., act. III, neutral, Woelu1). Only oue
fraction, eluted with 9:1 ether—chloroform, was obtaiued,
and coutained 103 mg. of a viscous oil whose infrared spec-
trumt was identical with thiat of XIVa, and whose acetate,
m.p. 80-81°, showed no melting poiut depression when
niixed with XIVb.

When the epoxy alcoliol was refluxed with 109, aqueous
sodium hydroxide for 13 hours and the products isolated as
described above, only starting inaterial (85¢7) could be re-
covered.

Treatment of the Epoxy Alcohol (Mixture of XILI-N and
XIII-X) with Ammonium Thiocyanate.—To a mixture of 80
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ml. of 959 etlianol and 12.0 g. of aimnouniuin thiocyanate
was added 4.0 g. ofthe epoxy alcohol. The resulting mixture
was refluxed for 2 days during which time tlie solution slowly
turned dark brown. The cooled solution was diluted with
100 ml. of water and the solution continuously extracted
witll chloroform for 2 days. Tlie chloroform extract was
treated with charcoal, filtered, and evaporated under re-
duced pressure to leave 4.80 g. of a viscous brown oil. This
was chromatographed on alumina (100 g., act. II, neutral,
Woelm).

The first fraction, eluted with 1:1 ether-chloroform
througl: chloroform, contained 3.08 g. of a viscous oil whosc
infrared spectrum was identical with that of XIVa, and
whose acetate, m.p. 80-81°, showed no melting point de-
pression when mixed with XIVb.

The second fraction, eluted with 19:1 chloroform-etli-
anol, contained 525 mg. of a viscous oil whose infrared spec-
truin was very similar to that of unreacted starting material;
the band at 684 cm. ™! was much larger in comparison witlt
the band at 705 cm. ™! than in the spectrum of the starting
material.

The third fraction, eluted with 1:1 cliloroform—uethanol,
contained 175 mg. of a crystalline material wlich was ex-
tremely hvgroscopic, and liquefied very quickly upon expo-
sure to the atmospliere. The iufrared spectrum of this
material showed strong bands at 3300 and 2050 cui., =2
and no band at 853 cm. ™.

Wlen the epoxyalcohol was treated with anunouiuim
tliiocyanate in refluxing 1-butano!l iustead of ethanol, a
slightly higher percentage (109,) appeared to form a thio-
cvanate derivative (although it was never isolated in pure
form) as judged from the infrared spectra of the reaction
products; the yield of XIVa in this case was about 60-65%..
Much more decoinposition appeared to occur uunder tliese
conditions, and it hindered the isolation of any derivative.

When the epoxyalcoliol was treated with ammoniun thio-
cyanate in refluxing niethanol, no derivative was observed;
the reaction product appeared to be composed of starting
material (83-90Y%) and some cvclic ether XIVa (10-15%).

Treatment of the Epoxyester (Mixture of XIX-N and
XIX-X) with Potassium Iodide in 3-Heptanone.—To a tnix-
ture of 1.0 g. of powdered potassium iodide in 30 ml. of 3-
heptanone was added 500 mg. of the epoxyester, and the re-
sulting mixture refluxed for 2 davs. Tle cooled mixture
was diluted witli 20 ml. of chloroform, and filtered; the
filtrate was evaporated under reduced pressure. The residue
was triturated with petroleum ether—ether to remove re-
maining traces of 3-heptanone; this left 465 ing. of residuc
which was chromatographed on alumina (15 g., act. I,
neutral, Woelm).

The first fraction, eluted witli chloroform, coutained 420
mg. of an oil whose infrared spectrum was identical witl
that of starting material.

The second fraction, eluted with utethanol, contained 30
mg. of an oil whose infrared spectrum showed it to be a
mixture of a y-lactone and some other material, probably thie
iodohydrin formed by tlie opening of the epoxide. The
infrared spectrumn showed strong hydroxyl absorption at
3250 cnt.™1, strong carbonyl absorption at 1780 (y-lactone)
and 1720 cm.™, increased ahsorption around 1100 cm.™
(secondary hydroxyl) and 1o absorption at 835 cm. .
The test for halogen (sodiut fusion) was positive.

Treatment of IVc with Aqueous Mineral Acid; Formation
of Benzyl Alcohol and 5-Hydroxymethylcyclohex-2-enone
(VD). -To 20 ml. of 10°¢ aqueous sulfuric acid was added
3.0 g. of 1Ve and the resulting solution refluxed for 2 lhiours,
A dried ethier extract vielded 4.037 g. of a mobile oil, which
was chiromatographed on ahnuing (80 g., act. I, netral,
Woeli).

‘The first fraction, eluted with ether, contained 682 mg. of
a4 thin colorless oil whose infrared spectrumn was identical
with tliat of benzyl alcohol. The a-naphthylurethan deriv-
ative, m.p. 132.5-134.5°, showed no melting point depres-
siont on admixture with an authentic sample.

Tlie second fraction, eluted with chloroforn througl 4:1
chloroform—methanol, contained 3.218 g. of a yellow oil.
This was subjected to distillation (75° (1072 mm.)) from

(26) T.. 1. Bellamy, " The Infra-Red Spectra of Complex Mulecples,”
2nd Edition, John Wiley and Sons, Inc., New York, N, Y., 1938, p. 347,
The range 2090-2020 cm. ™) is reported as the range of absorption of
the thiseyanate group.
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which 500 mg. of a clear mobile oil was obtained; the rest of
the material did not distil and appeared polymeric. The in-
frared spectrum of the distillate showed bands at 3250, 3050
and 1660 cm.™!, The ultraviolet spectrum showed a maxi-
mum at 225-226 mp, ¢ 6.1 X 10%.

Anal. Caled. for CH.O.: C, 66.62; H, 7.99. Found:
C, 66.45; H, 8.17.

A p-nitrobenzoate derivative, after recrystallization from
chloroform-hexane, gave crystals, m.p. 99-100°. The
n.m.r. spectrum of the p-nitrobenzoate showed four hydro-
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gens at 1.78 7 (aromatic), one livdrogen at 3.0  (multiplet),
one hydrogen at 5.9 = (doublet), two hydrogens at 5.63 =
(doublet), and five hydrogens in the region 7.0-8.0 =.

Anal. Caled. for Ci HisOsN: C, 61.09; H, 4.76; XN,
3.09. Found: C, 61.35; H, 4.82; N\, 5.10.

A 2,4-dinitrophenylhydrazone, m.p. 134-140°, was pre-
pared.l® After crystallization from methanol, a red solid,
m.p. 146-148°, was obtained; its melting point corresponds
to that reported for the 2,4-dinitrophenylhvdrazone of 3-
hydroxymethyleyclohex-2-enone, m.p. 147-148.5°.10
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The dibromination of ¢is and trans-diliydrothebainone and of cis-dihydrocodeinone has been sliown in all probability to

vield the corresponding 1,7-dibromo derivatives.

tribromodihydrothebainone but directly to ¢is-1,7-dibromodihydrocodeinone.
oxide bridge from Cq to Cs and in other reactions is discussed.

The oxide bridge which characterizes morphine
(I) and related alkaloids of opium is open in a
number of degradation products of these alkaloids,
e.g., cis- and trans’-dihydrothebainone (II and I1I),
and is missing in the structurally related alkaloids
sinomenine* (IV) and hasubanonine.

NCH; NCH;
HO g E CH;0
OH (0]
I II rings, B/C cis

I1I rings, B/C trans
NCH;

OCH;
0O
v

The reclosure of this oxide bridge has assumed
importance in several synthetic efforts.®® It was
first accomplished by Schépf’® by dibromination
of II followed by treatment with alkali, and pro-
ceeds smoothly in high yield with c¢is-dihydrothe-
bainone and with other substances with the natural

(1) Takenin part frism the Ph. D). dissertation of Marvin 8. Shepard,
University of Rochester, 1058,

(2) American Cyanamid Fellow, 1957-1958; Charles I’fizer Fellow,
Summer, 1958,

(3) Now that the stereochemistry of these substances is kuown with
certainty, we prefer to use the descriptive term “#rans-dihydrothe-
bajnone' for this substance and analogous names for related sab-
stances rather than any of the less rational trivial names heretofore
proposed (C. Schépf and F. Borkowsky, Ann., 468, 148 (1927); T..
Small and G. I.. Browning, J. Org. Chem., 8, 618 (1939); K. W. Bentley
and A. E. Wain, J. Chem. Soc., 967 (1932); H. Rapoport and J. B,
Lavigne, J. Am. Chem. Soc., T6. 5329 (1933)).

(4) Configurations shown in this paper have no significance in the
absolute sense. Sinomenine and morphine belong to enantiomorphic
series.

(3) L. Small, H. M. Fitch and W. E. Smith, J. Am. Chem. Soc., 58,
1457 (1936). Methyldihydromorphinone (Metopon), first described
by these authors, was for a time produced commercially by a process
which involved a ring closure of this type as one of its steps.

(6) M. Gates and G. Tschudi, bid., 78, 1380 (1956).

(7) C. Schépf and T. Pfeifer, Ann., 483, 157 (1930).

(8) C. Schopf, T. Pfeifer and H. Hirsch, ¢bid., 492, 213 (1942),

The tribromination of cis-dihydrothebainone leads not to ¢is 1,5,7 or 1,7,7-

The role of these substances in closure of the

configuration at C-14 (rings B/C cis). With trans-
dihydrothebainone (III), however, the closure is
difficult and only moderate yields are obtained.®
We had originally attributed the much smoother
cyclization of c¢is-dibromodihydrothebainone with
alkali to the more favorable spatial relationship of
the displacing phenoxide ion and the bromine, as-
sumed to be at position 5 in both Cis-epimers.
Axial bromine at C; in the cis compound is ideally
IX, C’iS, Y = NNH Cng(NOz)e
X, cit5, ¥ = 0O

NCH;
CH,0 “ CH;0
OH Br
/ 0o
V, cis
NCH; VI, trans
CH30
(¢}
(¢}
VII, cis
VIII, trans

sittiated for displacement by phenoxide, whereas
neither configuration of bromine at Cs in the trans
isomer is susceptible to easy displaccment.

s {rins

(9) M. Gates and G. M. K. Hogles, Chemistry & Industry, 1506
(1856).




