March 1970

pooled and lvophilized to give 45.75 mg of [24-diisoleucine]-
oxytocin as a white powder, [«]%D —33.7° (¢ 0.47, 1 N AcOH).
Anal. (C41H72N1101082) C, H, N.

The sample was hydrolyzed for 90 hr in 6 N HCl at 110° and
analyzed on a Beckman/Spinco amino acid analyzer according
to the method of Spackman, Stein, and Moore.?* The molar
ratios obtained with glycine taken as 1.0 were: aspartic acid,
1.0; proline, 1.1; glveine, 1.0; cystine, 0.95; isoleucine, 3.0;
leucine, 1.0; and NHj; 2.0. Prolonged hydrolysis was necessi-

(24) D. H. Spackman, W. H. Stein, and S. Moore, Anal. Chem., 80, 1180
(1938).
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tated by the difficulty in the hydrolysis of an isoleucyl-isoleucine
peptide bond.2 6.2
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To develop general methods for modifying the 4-position, various blocking groups have been introduced into the

of- and 3-O-positions of pyridoxol.
pyridoxol with a 3-C side chain in the 4-position.

Starting with 3,a8-O-dibenzylpyridoxol, we have synthesized a homolog of
a*-Methyvlpyridoxol has also been synthesized. The method
appears to be of considerable promise for introducing various modifications into the 4-position.
however, certain deblocking procedures give anomalous results.

In some cases,
Thus deblocking of 3,e’-dibenzyl-a*-phenyl-

pyridoxol with HCl gives a cyclic derivative, whereas hydrogenolysis gives a*-phenyl-4-deoxypyridoxol.

Pyridoxol analogs obtained by modification of the
4-position (I, R = CH,OH) have been of considerable

R

HO _A\_CHOH

N

CHS N
I

interest i enzymatic and pharmacological studies. 4-
Deoxypyridoxol (4-DOP; I, R = CH;) is a potent
antagonist of vitamin Bg in a number of systems, and
its antitumor effects have been studied extensively.??
a*0-Methylpyridoxol (“4-methoxypyridoxol”; I, R =
CH,OCHjs) was also found to be a potent antagonist
of vitamin Bg in some mammalian systems,® but in
some tissues was subject to demethylation.* Replace-
ment of the 4-methyl H’s in 4-DOP with F (I, R =
CF5) renders the compound less active in various sys-
tems,” and replacement of the entire 4-side chain
with H (I, R = H)® or with OH’ considerably reduces
inhibitory potency (test organism: Saccharomyces
carlsbergensis). On the other hand, replacement of
the aldehydic oxygen of pyridoxal with bulky nitrog-
enous groups, such as hydroximino, azino, and various
hydrazone groups (I, R = CH=NHNHR), makes

(1) (a) Pyridoxine Chemistry. XXII. Preceding paper in this series:
H. Ahrens and W. Korytnyk, Anal. Biockem., 80, 413 (1969). (b) Brief
reports of this study liave appeared: E. E. Snell, A. E. Braunstein, E. S.
Severin, and Yu. M. Torchinsky, Ed., “Pyridoxal Catalysis: Enzymes and
Model Systems,” Interscience, New York, N. Y., 1968, p 615; Abstracts of
the 130th National Meeting of the American Chemical Society, Atlantic
City, N. J., Sept 1965, p 9P.

12) (a) E. E. Snell, Vitamins Hormones, 16, 77 (1958); (b) F. Rosen,
E. Milicl, and C. A. Nichol, ¢bid., 22, 609 11964).

(3) W. H. Ott, Proc. Soc. Exptl. Biol. Med., 66, 215 (1967): D. A. Karnof-
sky, C. C. Stock, L. P. Ridgway, and P. A. Patterson, J. Biol. Chem., 182,
471 11950).

(4) C.C. Porter, L. Clark, and R. H. Silber, ibid., 167, 573 (1947).

15) J. L. Green, Jr., and J. A. Montgomery, J. Med. Chem., 6, 294 (1963).

(6) L. A, Perez-Medina, R. P. Mariella, and S. M. McElvain, J. Amer.
Chem. Soc., 69, 2574 (1947).

(7) W. Korvtnyk and B. Paul, J. Heterocycl. Chem., 2. 144711965).

them powerful inhibitors of pyridoxal phosphokinase
in vitro.8* Compounds of this type have also been
found to be of some biological interest as inhibitors of
human neoplastic cells #n vitro®® and retarders of S-180
tumor growth.®®

Some pyridoxol analogs that have the 5-CH,OH
unchanged, such as in I, have been found to be sus-
ceptible to phosphorvlation catalyzed by pyridoxal
phosphokinase,® and the phosphorylated analogs are
capable of effective competition with the cofactor pyr-
idoxal phosphate for the same site on the apoenzyme.?

In this study we have developed methods for the
selective modification of the 4-position. A suitable
intermediate was required which would parallel the
general utility of «*3-O-isopropylidenepyridoxol (II)
for modifying the 5-CH,OH group.?® Pyridoxal (I,
R = CHO) or pyridoxic acid (I, R = CO,H) could
not be used because of the tendency of these com-
pounds to form a hemiacetal or a lactone, respectively.!!
Thus at least the «*-OH of pyridoxol had to be blocked.!?
A suitable blocking group was benzyl, which was in-
troduced by either one of the methods outlined in
Scheme I to give a5-O-benzylpyridoxol (V).

It was also desirable to block the phenolic OH in V
with a suitable blocking group in order to prevent it
from interfering with the substitution reactions and to
make the intermediate soluble in organic solvents.
Benzylation of the phenolic OH of 5-0-benzylpyridoxol
was readily accomplished with dimethylphenylben-
zylammonium hydroxide (‘‘leucotrope’’),'* which re-

(8) (a) D. B. McCormick and E. E. Snell, J. Biol. Chem., 286, 2085
(1981); (b) J. Hurwitz, ibid., 217, 513 (1955).

(9) (a) E. Testa, A. Bonati, and G. Pagani, Chimia, 15, 314 (1961); (b)
R. H. Wiley and G. Irick, J. Med. Pharm. Chem., 5, 49 (1962).

(10) W, Korytnyk, ¢bid., 8, 112 (1965).

(11) H. Ahrens and W. Korytnyk, J. Heterocycl. Chem., 4, 625 (1967).

(12) R. P, Singh and W. Korytnyk /. Med. Chem., 8, 116 (1965)] have
been using benzoyl groups for selective blockage of the at-hydroxyl group.
This approach had serious limitations because of the instability of the group
and other factors.

(13) H. M. Wuest, J. A. Bigot, Th. J. d:Bse:, and J. P, Wibaut, Koninkl.
Ned. Akad, Wetenschap. Proc., Ser. B, 61, 150 (1958),
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acts selectively with the pheunolic OH, and does not
attack the pyridine N.  The resulting 3,a%-O-dibeu-
zylpyridoxol (VI, Ry = R; = CHsPh) served as the
key mmtermediate i further =yvuntheses,

[ nddition to these intermediates other 3,3-blocked
pyridoxol derivatives have ala been prepared by us.
Thus methylation of V. with CH.N, gave the more
stable  3-O-methyl-o*-O-benzyvipyridoxol (VI R, =
('H;, Ry = CH,Ph). Two additional 3,a-0-blocked
daivatives, the 3-0-80,Me and 3-0-Me derivatives
al  a’-O-benzovipyridoxol (VI Ry = CHS0O. and
CH;, Ry = COPh), have also been prepaved ns the
result of our earlier studies.™  The 4-CH;OH groups
i these compounds have been canverted mto CH,CH
and CHO, but we have not as vet utilized the resulting
mtermediates for further syntheses.

Next, various methods aud conditions for removing
the blocking groups in 3,a%-0O-dibenzytpyridoxol (V1
Ry = R: = CH.Ph) were investigated. Benzyvl can
be removed in two =teps.  Heating 2 1 ¥V HCI =olution
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for 1 hr on a steam bath removes the phenolic benzyl
giving a’-0O-beuzyvlpyridoxol, and heating for an addi-
tional 20 hr removes the alecholic benzyl, giving
pyridoxol.  Hwydrogenolysis with Pd-C eatalvst re-
moves the benzyl groups in the same order.  Acetolysis
with Ac,0 and HoS0,1% gave pyridoxol triacetate, which
can readily be deacetyvlated to pyridoxol. Na in
liquid NH;* proved to be too powerful, giving 5-deoxy-
pyridoxol as the niain product.

Having established the deblocking proecedures, we
turned to the synthesis of a homolog of pyridoxol
having the 4-side chain extended by two C as indicated
in Scheme 11, It will be recalled that an analogous
extension of the J-side chain gave a potent antagonist
of vitamin Bs (test organism: S. carlsbergensis).™

The reactions outlined in Scheme II proceeded
smoothty untit the intermediate VIII. An attempt

(14) W. Koeytynk and 13, Paul, .J. Org. Chem., 32, 3791 (19G67).

(1) R. Allerton and H. G. Fleteboer, J. Amer. Chem. Sov., T6, 1757
(1954).

(18) E.J. Reis(. V. J. Bartuska, and 1.. Govdman, J. Org. Chem., 29, 3725
1164},
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to debloek this intermediate with concentrated HCI
vave a mixture of produets.  Aecordingly. thix ester
was hyvdrolyvzed and decarboxylated stepwixe.  After
<apottifieation to the dicarboxylic acid IX. it wax con-
verted nto the monosodium satt, which was then de-
carboxylated, giving X. LAH reduction gave the
aleohol XI, which was deblocked with HCL giving
the pyridoxol homolog XI1. Previonsly the side
chains in the 2-position® and J-position™ " wae ox-
tended, anud provided compounds with interesting bio-
logicul activities.

Syntheses of some branched chain compounds are
indicated in Scheme III. The 4-CH.OH in VI (R, =
R; = CH,Ph) was oxidized with MnO.. providing
the aldehvde XIII in excellent yield. Reactions of
Grignard reagents with the aldehyde gave the af-
methyl- and ef-phenylpyridoxol derivatives (XIV and
XVI, respectively).  Deblocking of the benzyl group
in NIV could be :chieved both with HCT aud by
hydrogenoly=iz, but the Iatter procedure wave the
~econdary alcoliol XV in much purer form.

Although giving the expected analogs in the preced-
ing instances, deblocking gave anomalous produets
with the phenyl derivative XVI.  Ou treatment with
HCL, XVI gave the cyelie derivative NVIIL; in its
umr spectrum, the 3-CH, protons appear as an AB
quadruplet, a result that could be expected for XVIII
from analogy with the cyelic hemiacetal structure of
pyridoxal.’® The «f protou, on the other hand, is a

(177 W, Korytnyk, B, Pasid, AL 3oty and Co L Nievoi S0 Med, Chema,
10, 345 (1967).

(18) W. Korytnyk awl BB. Paul, Fefrodonirmy Lett, 777 Bastiis Tetrodoarvn,
25, 1071 (196Y).



March 1970

singlet, and is not coupled with one of the «*-CH,
protons as in the hemiacetal structure.

Hydrogenolvsis of the intermediate XVI resulted
not only iu removal of the benzyl groups, but also
in replacement of the «*OH with H. Hydrogenolysis
of the «*OH is probably related to the activation of
the «* position by the two aromatie rings, and provides a
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general route for the synthesis of 4-aryl-4-deoxypyri-
doxol analogs.

A preliminary evaluation of the 4-homolog XII
and of a*methylpyridoxol (XV) indicates that they
inhibit S-180 cells!® at 8 X 10— M (509, growth in-
hibition in vitamin Bg-free medium), and 8. carls-
bergensis® at 5 X 10—* M. This is opposite to the
effect observed with the corresponding 5-analogs,
which inhibit S. carlsbergensis'®' at 10=7 M to 1078M,
but do 1ot inhibit S-180 cells!® at 10— 34,

Experimental Section

Where analyses are indicated only by symbols of the elements,
analytical results obtained for these elements were within #0.49
of the theoretical values. Tlc was used routinely as described
earlier.'» Jr spectra were determined with a Perkin-Elmer
137B or 457 spectrophotometer, nmr spectra with a Varian A60A
instrument as 8-15¢7 solutions iu the CDCl; or D,O; positions
of peaks are expres=sed in cycles /sec from TMS or from sodium 3-
(trimethylsilyl)-1-propanesulfonic acid as internal standards.
Peaks were assigiied on the basis of previous work.2!

a*,3-0-Isopropylidenepyridoxol (II),—This compound was
synthesized by the method of Korytnyk and Wiedeman. 2
o®-0-Benzyl-a4,3-O-isopropylidenepyridoxol (IV). A. From
II.—(a) Na (0.9 g) was dissolved in 200 ml of absolite EtOH,
the solution was cooled in ice, and II (7.5 g) was added. After
refluxing for 1 hr, EtOH was removed in vacvo. Dry PhMe was
then added and evaporated. To the residual solid cake, dry
PhMe (200 m!) and PhCH.C1 (15 ml) were added, and the mixture

(19) Dr. M. Hakala, personal communication.

(20) Dr. A, Bloch, personal communication.

(21) W. Korytnyk and R. P. Singh, J, Amer. Chem. Soc., 85, 2813 (1963);
W. Korytnyk and B. Paul, J. Heterocycl. Chem., 2, 481 (1965).

(22) W, Korytnyk and W, Wiedeman, J. Chem. Soc., 2853 (1962).
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was refluxed until all of the solid cake had gone into solution
(approximately 9 hr). After evaporation to dryness in vacuo,
H,0 (50 ml) was added, and the solution was extracted several
times with petroleum ether (bp 37-54°). The combined ex-
tracts were dried (CaSQ,), filtered, and evaporated to an oily
residue (3.5 g, 519,), which was converted into ahydrochloride, mp
193-194°. Anal. (CisH»CINO;-0.5H,0) H, N; C: caled,
62.70; found, 63.14.

(b) Isopropylidenepyridoxol (II, 10 g) was added to a stirred
suspension of NaH [13.7 g of a 539 suspension in mineral oil,
washed free of mineral oil with petroleum ether (bp 37-34°) in
DMF (80 ml, purified by distillation over CaH,)], while the reac-
tion mixture was being stirred and heated to 65° and then grad-
ually (for 90 min) cooled to 45°. The flask was cooled in ice,
7.15 ml of PhCH.Cl was added dropwise, and the mixture
was stirred overnight at 0° After careful addition of H.O,
the solution was extracted five times with petroleim ether. The
extracts were dried and evaporated, yielding an oily a%-O-benzyl-
a*,3-0-1sopropylidenepyridoxol.  Hydrolysis (see '‘a®-0-Benzyl-
pyridoxol”) provided 9.68 g (78¢;) of &f-O-benzylpyridoxol, mp
110-111°.%

B. From III.—Na (1.25 g) was dissolved in PhCH,OH (20
ml), and the solution was cooled. a4 3-O-Isopropylidene-5-
pyridoxyl chloride- HCl (III) was dissolved in PhCH.OH (20
ml) by warming, cooled, and added to the NaOCH,Ph solution,
and the mixture was refluxed for 2 hr. After evaporation of
PhCH.0H in vacuo, HsO was added, and the solution was then ex-
tracted with Et:0. The combined Et,O extracts were dried,
filtered, and evaporated. The oily residue consisted mainly of
IV, as shown by tle.

o*-0-Benzylpyridoxol (V)—The oily material from the pre-
ceding experiment was dissolved in 100 ml of 1 & HCl, and wax
heated ou a steam bath for 1 hr. The aqueons layer was sep-
arated from the oily residue, and was evaporated under reduced

pressire.  The oily residue was dissolved in EtOH, and erystal-
lized on the addition of Et;0; mp 152-153°. Anal. (Ci;His-
CINO;) N.

The free base of VI was izolated by dix=clving the hydrochloride
in H,O, adding NaHCO; till the sohition was basic, and extracting
the agueous solution with EtOAc. Evaporation and crystalliza-
tion from Et,O yielded VI (free basxe), mp 117-118°; yield 4.7
g (67(\; ) Anal. (Cl:,Hl:NOa) C, I‘L N.

A. 3,0°-0-Dibenzylpyridoxol (VI, R, = R, = CH,Ph)—
Benzyldimethylphenylammonium chloride (6.5 g) was dissolved
in absolute EtOH (50 ml), and was cooled in a mixture of Dry Ice
and Me,CO. A cold solution of Na (0.46 g) in 25 ml of absolute
EtOH was added drop by drop over a period of 15 min, with stir-
ring and cooling. The reaction mixtirre was stirred for another
15 min, and was then added to a stitred and cooled (Dry Ice
and Me,CO) solution of 5-O-benzylpyvridoxol (VI) in absolute
EtOH (50 ml). The reaction mixture wax stirred for 30 min,
while the temperature was allowed to 1ise gradually to room
temperature. EtOH was removed in vacuo, and dry toluene (23
ml) was added and then evaporated again to remove traces of
EtOH. Dry xylene (50 ml) was added, and the solution was
refluxed for 4 hr. By the end of that time, it had turned red.
The xylene solution was evaporated completely under reduced
pressure, and H,O was added to the residue which was ex-
tracted with Et;0. The combined Et;O extracts were concen-
trated, and the residue was steam-distilled to remove traces
of PhNMe,, and was then extracted with Et;0. The extract was
concentrated, and petroleum ether (bp 37-54°) was added, which
resulted in crystallization (mp 59-60°). After recrystallization
from petroleum ether (bp 37-54°), 4.75 g (709;) of the dibenzyl
derivative was obtained, mp 68-69°. Anal. (CxHxNO;) C,
H, N.

B. Benzyldimethylphenylammonium chloride (14.25 g) in
30 m!i of MeOH was added to a sohution of 1.65 g of Na in 30 ml
of MeOII. To this solution, 9.6 g of a®-O-benzylpyridoxol in 100
ml of MeOH was added. The mixture was left standing for 20
min, and was then added over a period of 30 min to approximately
750 ml of hot (approximately 100°) PhMe while the volatile
material was being distilled off slowly (65-100°) until approxi-
mately 400 ml of residual PhMe was left. After cooling, PhMe
was decanted off, and the residue was washed with fresh PhMe.
The conbined solutions were evaporated ¢n vacuo to an oil, which
was taken up in a minimum volume of Et:0, from which 8.5 g
of o 3-0-dibenzylpyridoxol (mp 69.5-72°) crystallized. The

(23) We are indebted to Dr. H. Danathan for tlis procedure.
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nwther iquor was evaparated 1o an oil aud subjected 1o steam
dixtillation, the residne was extracted with Et,0), and the extract
wux wushed with HyO.  After drying (CaS0O.;, petrolenin evher
ibp 37-74°) was added, which precipitated additional matrerizd
2.0z, mp 64-69°).  The combined vield wax 11.5 ¢ is1", ).
3-0-Methyl-¢’-O-benzylpyridoxol (VI, R, = (H:: R, =

CHyPh).~—a-0-Beuzyipyridoxal (1.00 g, 3.50 mmol; wax dis-
<olved i -BnOH, and the ohition wax rooled 1o = 15° with Dy
teeo CHaNgin KO was added dvopwise for 3 e and stiug
wax contined {or a total of 21 hro The solveut was removed
O oneno, teaving a bright vellow oil Ple (107 MeOI1L, b0’y
CHCL) indieated the presence of pyvridoxol ax mcimparvity. The
oil wis takeir ap in B0, washed twice with 1.V NaO and five
thwes with H0, dited, and evapurated.  The oily aaterial coald
aot be eryxrallized. It wax redissolved i FtO), precipitated as u
hydrochloride from =olntion, and veerystallized from iotl
6O mp MO-11°0 Anal. (CullNCHO;) C) LN

3,*-0)-Dibenzyl-«*-pyridoxyl Chloride (VII5-HC1, - Toa stirved
<olntion of 3,e8-0-dibenzyipyridoxol (VE 0.03 g e dey Cell
45 mby, SOCE (0235 b in dey Cyltg o8 mby was adiled dvop by
drop for 30 min, while the reaction mixtire was enoled i iee.
Strring was continned for 15 min, and the reaction mixinre was
heated to reflnx for 1 min and was cooled mumediately.  Alter
filtvation, O was added wmail virbidity. The precipliated
chlovide was washed with dvey .0, vielding 1.05 g 1957, « of
product, mp 145-143° Anal.  (CallyCLNO, C 11N

The base of the preceding cotupoand wix ohiatuwed by diszolv-
ing 300 mg of the hydrochloride i 10 ml of THLO, cooling i iee.
adding P00 25 mh, and making the aqaeons laver alkaline wich
Nap(Ux The 60O laver was sepurated, and the aqueous phase
wax extracted again wibh B0, dried (Cax0),), and ovaporated
comupletely in vaco, vielding 250 mig (91.5¢, 1 of an oil, which wax
characterized ax the pierate, mp 15415520 tnal, (Cally-
CINO, - CeILNO. 1O N, CL

3,a-0-Dibenzyl-o'-pyridoxylmalonic Acid Diethyl Ester (VII1}-
HCL To a stirred =olntion of Na {0.092 2) in abxolire B0l
i) mlby, diethyl malonate {0.04 wl, fre<hly distilled; was added
drop by drop, and wax allowed to react for a total of 15 min.
3,00 Dibeuzyvl-a*-pyridoxyl  chloride hydvochloride (VI 0.72
g, finely powdered, was added at vuce, followed Ly KI 0.1 g,
dried), and the reaction mixture wax <tirved at roomn tcaiperatire
{or 4% hr and then was evaporated completely 1mder redneed
pressure. The residie was dilimed with FLO (5 wmb), and the
adaxinre wax extracted with Et:0. The cambined EiO extract
wix dried 1MgR0O4), and was evaporated in vacro.  The gummy
residue was dissolved in E.0) dided), and was then treated with
ethereal 1HCL when un oily mass sepirated o, After the ethe-
ceal taver was decanted, the oily gum was washed twice with
anhydrons Et:0.  Fresh L0 was added, the mixtare was ul-
lowed 1o stand in the cold, and the aily gum erystallized v needles,
mp 100-107°, vield 0.82 g i86¢ 3. Recry=tallization from MeOll
1,0 caised the lllellillg 1mim to 10911020 bl i Canllyy-
CINOg» €, H, N

3,a*-0-Dibenzyl-«*-pyridoxylmalonic Acid (IX).- -3, a"*-O-Di-
bauzyl-a-pyridoxyimatonic acid diethyl ester (VIIT;-HCL 200
nig) was added to alcoholic KOH 2.8 g of KO in ) ml of EtOHh
and refluxed for 2 hr.  Afrer evaporation fn cacno, the restdue
wits taken np in H.O & by, cooled i ice, aud acidified wivh 11CT
1o pit -4, The preciptiated acid wax filtered, washed with cold
11,0, aad dried, yield 125 mg (76, . The produel was erysial-
hzed from MeOH-EiAe, and had mp 173 174°0 Anal. 1Cy:
1. NOg) ¢ 11

3,¢*-0-Dibenzyl-« *-pyridoxylacetic Acid (X).---The mouo-
<odiom =alt of IN was obtained by adding INX (120 mg) 1o aleo-
holic NaO1 (A3 mlof 0.1V NavH in 10 mb of EtOH) and heating
olea =steam bath antil o elear solition was obtained. The soln-
tiole was evaporated to dryness i vacno, guinoline (2.5 ml) and
a <peck of fine Cn powder were added, and the reaction mixinre
wix hented ut 160-175° for 4 hr. The reaction mixture was
cooled, two drops of 1 ¥ NaOH were udded to keep the ~olutian
atkaline during evaporation of the quinoline, and the guinoline
wax completely removed 1nder reduced pressure.  The residae
wax dissolved in FLO (5 ml), conled tn ice, and acidified ta pH 6
with 1.V HCL when u white solid =eparated ont. Filtration
and wasting with 1.0 yielded 60 mg (8197 ) «f marerial, which on
erystallization from EtOH-11.0 (decolorized wirh charcoal) had
mp 175-176°. Anal.  (CouluNO,-0.0H,0) C, H, N.

3,a°-0-Dibenzyl-a *-pyridoxyl-3-ethanol /XI).-—Compound X
00 mg) was dissolved in warm THE (25 ml, distilled over
LA aud was added =<lowly 1o a stirred sn=peusion of LATL
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2200 mig; e THY ander Ny The reaction mixtare wis stGreed
at roont temperatnre for 1-5 hro geatly veflaxesdt foe 005 ey el
cooled, awad exvess LA was decomposed by <bwe wdb it o
EiAc 2o mb lollowed by 11O 20wty CHOL extrwostionshrving,
wad evaporation e cacao gave e oll whicel was takes apin Fi0
atdd u =mall voluaie of petroleam ether was adided vitb varbidiny,
wher 60 myg (67, ¢ of the ateohol, wge 64 6570 wies whtsioed
Anol. CodlaNO 3 C) HL N

o =Pyridoxyl-p-ethanol - HCl (XII),  Compoand N1 2145 10,
dissobved e TN HCH O by, was heated oea steant bath Tor 21
hr, awd the solatios was evaporated 7o mecas. The cesidae was
cedizsolved i HLO, radd the <obiiion was evaporatedagain, Al
recryvstallizzaion Toa MeO 00 22w 797, < of the hvdyo-
chlovide, wp 161 162% wis obiaieed: o i Najols 3390 e
(O ~tvetehing ;e >y DARO-dey 2-ClE - 1080 Cp-11 48
5-CLl =250, o-CHL =200, =207 =205 iws, 3-CHL =0,
=020 =00 - T0G, = TS gt s, 5 SUTL = IBT e 160, - 155
Aol 1 CuHCINO C) 1L

3,cc~0)-Dibenzyipyridoxal :XIII:- To o =thred wal conled
dee bathy dey CHCOL <elation 600 mbs of 35,a@%-0=dibenzyipyr-
idosol VI Ry = RLo= CHLPLG 10006 g5 freshly prepaced aciive
M) (60 g, prepaved by heating MoCOx at S80 300° for 56-1s
hoes, <aspended e dey CHCL 0200 b wie added. The mixunre
wis stirred at roowe temperature for 157 hiey w the end of which
tine e awith 15eAe as solvent, the uldehyde has £ 0.4, caad the
ateohol #, 0.7 wdicated the absence ol the stavting abeohol,
The mixtare wis filteved with Celite filter atd, the rvesidne wa-
wished with CUHCL, wied the CHCL filvates were evaporarel
i oraery Lo viseous ol Addivion ol w Tew mlb of 1500 resalied
te erystatlization, vidding 9.80 ¢ 19855 5 of the hyvidmed alde-
hyde, mp Gi-70°0 The anhydioons form was veadily obtatved on
drving at 357 pver VoG da vacow: v 7270 a1 CHCLy, 2-C1H
— 155, Ol =014, 5 Ol =270, =287, =206, 3-CHO —017,
phenvts =458, =440 el (CaHeNO-D31RO GO LN

«'=-Methyl-3,-O)-dibenzylpyridoxol (XIV;. To o  stireed
saspension of NTH 101 g heachyvdrons FuO 00 b MedeCl
A2 amb ol a 17 W solutbcia 00y was added dropwise, ad the
mixtare was sureed overpight oo, 12 hroat room tempaatare.
The reaction mixtare wis ponred o 100175 mb of anice HuO
<obation ol NHLCEHi24 @5, wues allowed 1o stond Tor oo few e,
ad was extrieted <everal thmes with EGO. The eombiued
extract= were washed with ThO, dried «MgR0O.0, wadd evaporated
1o oa stall vohue, el the prodiet crystallized, yielding 552 g
(G0 mp 2 T4 Reervstallization from MeCN raised the
meltiog poind 1o 85 S4° wane (CDCL 2CHE =152, o=Cly
~= NS, =04 i, ) Oy =278, =281, =202 «-ClE =310 7y,
phenvis =438, — 4420 Jnal. 100, C 1, N

«*-Methylpyridoxol iIXV L --of-MMethyl=3.o-0O-dibenzylpyre-
doxol R0 g was dissolved e 657 b of ErO1L and wax hvdre-
getnlyvzed i the presence of 033 g of Pd-Co 0 Alter 4 days, the
reactiove was comjdete, nad the =olvem wax evaporated o wma.
The wily residae was taken «p nca <madl araonnd of 11O The
prodact precipitated as the hvdrochlorvide on the addition ol E,0
cordaining HCL O The vield was 0209 ¢ 804, 50 wap 1771787,
e (DARO-/ 0 2-CUE =155, of=Clly = S2 - s, 3-CHLO0LH
—U%0, -CH =22 g (Sl 150 o, 2 CALLCTO
(!, 1, N

«'-Phenyl-3,a"~dibenzylpyridoxol (XVIi--Tu n stiwcel sns-
pension of 3,e-dibenzylpyridoxal hyvdrate (2.80 g, .06 mnl) o
anhyd B0 (40 mb), PhidtgBr (7.534 wl, 2.2 Mo FaeOr was audided
<lowly, aud the mixtare wax stiveed Tor 75 mio ander Noo The
reaction quxiure was pored o 170 mb of an e -water solaion
of NHCH AT g, and was extracted five times with 1.0, The
otibined L0 avers were washed with 110, dvied, aad evaps-
orated.  Crvswallization fron R0 vielded 2,64 g0 ox17 )0 of
material, mp  10D-103°0  amwalviieal =ample: wp 1028 1047
anne (CHCLy, 2-CHy - 105, 3 X CHy =250, —202, —287, »f-H
=331, 3 X phangl — 8550 435, =438, Ot — 489, Anal, Coe
HsNOg) C, 1 N

«*=Phenyl-d-deoxypyridoxol (XVIIf---To a =oluticar of XV1
(250 mg) i 1StOH (21 mib), 100, Pd-C (417 mg) wax added; hydre-
genation wasx performed ander a slight positive pressure of Hy mutil
o starting material coald be detected by tle.  After filtration
(Celite filter aid), washing with EtOH. and evaporation in cacno
t arcuil, the produet was takero up in EtAe to crystallize. The
vield was 99 mg (74505 mp 190-101° (after recry=taltization from
A, tar TDMSO-0y 2-CHy — 144, 2 % CH, —244, 100,
pheryl —450, C'¢-H, ~477. Anal. (CyHNOy) C, 1, N,

Hydrolysis of XV1. 7-Hydroxy-6-methyl-1-phenylfuro |3,4-;«
pyridine (XVIII;, - T'o o =olation of NV (250 mg) in 9545, Fooll
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(5 ml), concentrated HCl (5 ml) was added. After refluxing for
12 hr, the solution was evaporated ¢n vacuo, taken up in H,O,
neutralized (NaHCO;), aud extracted three times with CHCl.
The CHCL; solution was evaporated, and the oil obtained was
taken up in a minimum amount of EtOH. The vield of XVIII
was 37 mg (28%): mp 238-242°; nmr of the hydrochloride
(DMSO-d), 2-CH; —162, 5CH, —237, —272, —275, —290
(AB quadruplet), a®*H —388, phenyl —441, Cs-H —490. Anal.
(C.uH;3NOy) C, H, N.
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The synthesis and proof of structure of novel 1ll-substituted 35,10-epoxy-3H-dibenzo[a,d]cycloheptene-3-
propylamine derivatives is reported. These compounds exhibit potent tetrabenzazine-antagonizing activity.

5H-Dibenzo[a,d ]eyeloheptene-5-propylamine deriva-
tives related to amitriptyline and protriptyline have
been the subject of a synthetic program in our labora-
tories.! In an extension of this investigation to 10- and
11-substituted dibenzocycloheptenes, novel bridged
ring ether derivatives that have shown significant
antidepressant activity were synthesized and are de-
scribed in this paper.

The carbinol 2a was obtained by the Grignard re-
action of the known acetonide of ¢¢s-10,11-dihydro-10,-
11-dihydroxy-5H-dibenzo [a,d Jeyclohepten-5-one® (1a)
with 3-dimethylaminopropylmagnesium chloride. When
2a was subjected to p-toluenesulfonic acid eatalyzed hy-
drolysis in refluxing MeOH, the produet was a crystal-
line base that was not the expected 5,10,11-triol 10.
The empirical formula, CyH2sNO,, corresponded with
the loss of one molecule of H.O from this structure.
The uv spectrum of the product showed no strong
maximum in the 230-240-myu region characteristic of
unsaturation at the 5,a-positions* and the ir speetrum,
showing strong C-O stretching bands at 1020 and 1080
em™!, was consistent with an ether linkage in addition
to OH. The product afforded a monoacetyl derivative
upon treatment with Ac,O, but failed to react with
LAH, NaOCH; in refluxing MeOH, or KOH in ethylene
glycol. This behavior eliminated 10,11-dihydroxy-5,a-
unsaturated and 10,11-epoxide structures from con-
sideration and seemed consistent only with the 5,10-
bridged ether 3a. A similar sequence starting from the
trans acetonide 1b afforded the isomeric trans ether 3b
(Scheme I).

The significant nmr characteristics of the carbinols
3a and 3b and the corresponding acetates 4a and 4b are
summarized in Table I and are in accord with the
chemical nonequivalence of the 10 and 11 protons, the

(1) Previous paper: E. L. Engelhardt, M. E. Christy, C. D. Colton, M.
B. Freedman, C. C. Boland, L. M. Halpern, V. G. Vernier, and C. A. Stone,
J. Med. Chem., 11, 325 (1968),

12) Presented in part at the 10th National Medicinal Chemistry Sym-
posium of the American Chemical Society, Bloomington, Ind., June 27, 1966.

(3) G. L. Buchanan and D. B. Jhaveri, J. Org. Chem., 26, 4295 (1961).

(4) 8. 0. Winthrop, M. A, Davis, G. 8. Myers, J. G. Gavin, R. Thomas,
and R. Barber, ibid., 37, 230 (1962).
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position of the secondary aleohol substituent, and the
5,10-epoxy linkage in the bridged ring ether structure,
The lack of spin coupling between the 10 and 11 protons
in the ¢is isomers 3a and 4a as compared to their trans
counterparts is also shown by the precursor acetonide
2a and apparently is attributable to the H-Cy—Ci-H
bond angles.* The downfield position of the OH signal

(5) Examination of Dreiding models reveals that the dihedral angle at the
intersection of the planes formed by HCwCu and CuwCuH is approximately
75° in the cis isomer 3a and 25° in the trans isomer 8b. From the Karplus
equation, J would be expected to approach zero as the dihedral angle

approaches 90° and to have its largest value as the dihedral angle ap-
proaches 0°,



