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pooled and lyophilized to give 45.75 mg of [2,4-diisoleucine] - 
oxyt,ocin as a white powder, [ ( Y ] * ~ D  -35.7" ( c  0.47, 1 .I' AcOH). 

The sample was hydrolyzed for 90 hr in 6 X HC1 at 110' and 
analyzed on a Beckman/Spinco amino acid analyzer according 
to the method of Spackman, Stein, and The molar 
ratios obtained with glycine taken as 1.0 were: aspartic acid, 
1.0; proline, 1.1; glycine, 1.0; cystine, 0.95; isoleucine, 3.0; 
leucine, 1.0; and SHo, 2.0. Prolonged hydrolysis wa? necessi- 

Anul. ( C ~ ~ H ~ ~ X I I O I O S ~ )  C, H, S. 

(24) D. H. Spackman, W. H. Stein, and S. Xoore,  Anal. Chem.,  30, 1190 
(1958). 

tated by the difficulty in the hydrolysis of an isoleucyl-isoleucine 
peptide bond.* 6 25 
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To develop general methods for modifying the 4-position, various blocking groups have been introduced into the 
Starting with 3,~~~-0-dibenzylpyridoxol, we have synthesized a homolog of 

~~4-Methylpyridoxol has also been synthesized. The method 
In some cases, 

Thus deblocking of 3,a5-dibenzyl-a4-phenyl- 

cy6- and 3-0-positions of pyridoxol. 
pyridoxol with a 3-C side chain in the 4-position. 
appears to he of considerable promise for introducing various modifications into the 4-position. 
however, certain deblocking procedures give anomalous results. 
pyridoxol with HCI gives a cyclic derivative, whereas hydrogenolysis gives d-phenyl-4-deoxypyridoxol. 

l'yridoxol analogs obtained by modification of the 
4-position (I, R = CH20H) have been of considerable 

Ho+JH20H 

CH, 
I 

interest ill enzymatic and pharmacological studies. 4- 
Deoxypyridoxol (4-DOP; I,  R = CH3) is a potent 
antagonist of vitamin B6 in a number of systems, and 
its antitumor effects have been st'udied extensively.2b 
a4-0-AIethylpyridoxol ("4-methoxypyridoxol" ; I, R = 
CHzOCH3) was also found to be a potent antagonist 
of vitamin Bg in some mammalian s y ~ t e m s , ~  but, in 
some tissues was subject' to demethy la t i~n .~  Replace- 
ment of the 4-methyl H's in 4-DOP with E' (I, R = 
CF3) renders the compound less active in various sys- 
tems," and replacement of the entire 4-side chain 
with H (I, 11 = H)6 or with OH7 considerably reduces 
inhibitory potency (test organism : Xacchaimzyces 
cadsbeyensis) .  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=XHSHR),  makes 

(1) (a) Pyridoxine Chemistry. XXII. Preceding paper in this series: 
H. . 'hens and TV. Iiorstnyk, A n u l .  Biochem., 30, 413 (1969). (h) Brief 
reports of this s tudy  have appeared: E. E. Snell, 1. E. Braunstein, E. S. 
Severin, and 1-u. 11. Torchinsky, Ed., "Pyridoxal Catalysis: Enzymes and 
Model Systems," Interscience, S e w  Tork Y . ,  1968, p 615; Abstracts of 
the 150th Kational Meeting of the .lmerican Chemical Society, Atlantic 
City, X. J., Sept 1965, p 9P. 

( 2 )  (a) E. E. Snell, Vitamins Hormones,  16, 77 (lY.58); (b) F. Rosen, 
E.  RIiliicli, and C. .'i. Xichol, i b i d . ,  22, 609 (1964). 

(3) W. H .  Ot t ,  Proc. SOC.  Ezptl. B id .  .Wed., 66, 215 (1967); D. A. Karnof- 
sky. C. C .  Stock,  L. P.  Ridgway, and P. -1. Patterson, J .  B i d .  Chem.. 182, 
471 (1950). 

(4) C .  C .  Porter, I. Clark, and R. H. Silber, ibzd . ,  167, 573 (194i). 
( 5 )  J. L. Green, J r . ,  and J. .i. Montgomery, J .  M e d .  C h e m . ,  6, 294 (1963). 
(6) L. -1. Perez-Uedina, R. P. Mariella, and S. 11. RlcElrain, J .  A m e r .  

iil  \\.. Korytnyk and B. Paul, J .  Heterocycl. Cl iem. ,  2. 144:(1965). 
Cirem. Soc. ,  69, 2574 (1947). 

them powerful inhibitors of pyridoxal phosphokinase 
in ~ i t r o . ~ a  Compounds of this type have also been 
found to be of some biological interest as inhibitors of 
human neoplastic cells in ~ i t r ~ ~ a  and retarders of S-180 
tumor 

Some pyridoxol analogs that have the 5-CH20H 
unchanged, such as in I, have been found to be sus- 
ceptible to  phosphorylation catalyzed by pyridoxal 
phosphokinase18 and the phosphorylated analogs are 
capable of effective competition with the cofactor pyr- 
idoxal phosphate for the same site on the apoenzyme.2a 

I n  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 a4,3-0-isopropylidenepyridoxol (11) 
for modifying the 5-CH20H group.l0 Pyridoxal (I, 
R = CHO) or pyridoxic acid (I, R = C02H) could 
not be used because of the tendency of these com- 
pounds to form a hemiacetal or a lactone, respectively." 
Thus a t  least the a4-OH of pyridoxol had to be blocked.12 
h suitable blocking group was benzyl, which mas in- 
troduced by either one of the methods outlined in 
Scheme I to give a5-0-benzylpyridoxol (V) . 

I t  was also desirable to block the phenolic OH in V 
with a suitable blocking group in order to prevent i t  
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") , I 3  which re- 

(8) (a) D. B. McCormick and E E. Snell, J .  Baol. Chem.,  236, 2085 

(9) (a) E. Testa, A. Bonati, and G. Pagani, Chzmin, 16, 314 (19611, (b) 

(10) W. Korytnyk, i b id . ,  8, 112 (1965). 
(11) H. Ahrens and W. Korytnyk, J .  Heterocycl. C h e m . ,  4,  625 (1967). 
(12) R. P. Singh and  15'. Korytnyk [ J .  .Wed. C h e m . ,  8 ,  116 (1965)l have 

been using benzoyl groups for selective blockage of the &hydroxyl group. 
This approach had serious hmitations because of the instability of the group 
and other factors. 

(13) H. 11 JVuest, J A .  Bigot, Th. J. d3B.e , a n d  J. P. Wibaut, Koninll. 
l\-ed. Akad .  Wetenschap.  Proc , Ser B 61, 160 (1958). 

(190l),  (b) J. Hurni tz ,  $ b i d . ,  217, 513 (1955). 

R. H. \Vile> and G. Irick, J X e d .  P h a r m .  Chem.,  6, 49 (1962). 
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for 1 hr uti  :I steam batli reniovt's the phenolic beiizyl 
giviiig oc~--0-beiiz!,lp~1.idosol, :uid heating for :ill addi- 
t iorial 20 hr reiiioves the alcoholic benzJ.1, giving 
pyridoxol. Hydrogenoly with I'd--C catalyst rr- 
moves the benzyl groups i i i  tlie same order. dcetolysis 
with =icrO arid H2S04': gave pyridoxol triiicet :it(,, which 
c i t i i  readily be dencetyluted t o  pyridoxol. Sa iti 
liquid S H a L G  proved to be too poweixful. giving 5-deosy- 
p\.ridoxol as the main product . 

Having established the deblockiiig procedures, ~ v e  
turtied to  the synthesis of ;I homolog of pyridoxol 
haviiig the Cside chaiii extended by two c' 213 itidicatecl 
iii Schrme 11. It will be recalled that an  ardogous 
c~sttxisiori of the ;-side ch:iiti g:ivc LL potent antagonist 
of vitumiti lj6 (test orgaiiibm: 5'. caihberyensis) . l o  

The rct:ict,ions outliiied iii Scheme I1 proceeded 
snioothl>, uiitil the iriterniediate J-111. -411 attempt 
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singlet, and is not coupled with one of the cr5-CHz 
protons as in the hemiacetal structure. 

Hydrogenolysis of the intermediate XVI resulted 
not only in removal of the benzyl groups, but  also 
in replacement of the a4-OH with H. Hydrogenolysis 
of the a4-OH is probably related to the activation of 
the a4 position by the two aromatic rings, and provides a 

SCHEME I11 
FHO 

CH 
I HC- OH H+-OH 

CH,OCH-Ph P h C H ! O ~ C H , O C H . P h  

CH CH 
S V I  x I\' 

general route for the synthesis of 4-aryl-4-deoxypyri- 
doxol analogq. 

A preliminary evaluation of the 4-homolog XI1 
and of cu4-methylpyridoxol (XV) indicates that they 
inhibit S-180 cell,'9 a t  8 X 10-5 (SOOj, growth in- 
hibition in Vitamin B6-free medium), and S .  curls- 
beryenszsJ0 at 5 X J I .  This is opposite to the 
effect observed with the corresponding 5analogs, 
which inhibit S. c a ~ * l s b e r y e n s i s ~ ~ ~ ~ ~  a t  lo-' M to 10-8M, 
but do not inhibit S-180 cells'g a t  -11. 

Experimental Section 
Where analyses are indicated only by symbols of the elements, 

analyt,ical results obtained for these elements were within j ~ 0 . 4 7 ,  
of the theoretical values. Tlc %-as used routinely as described 
earlier.la>l4 I r  spectra were determined with a Perkin-Elmer 
137B or 457 spectrophotometer, nmr spectra with a Varian A60A 
instrument ad 8-15C; *elutions in the CDC1, or D20; positions 
of peaks are exprewd in cycle ec from TMS or from sodium 3- 
(trimethyldy1)-1-propanesulfonic acid as internal standards. 
Peaks were assigned on the basis of previous work.21 

a4,3-0-Isopropylidenepyridoxol (1I).-This componnd was 
synthesized by the method of Korytnyk and Wiedeman.22 

a~-O-Benzyl-a4,3-0-isopropylidenepyridoxol (IV). A. From 
11.-(a) S a  (0.9 g )  \?-as dissolved in 200 ml of absolute EtOH, 
the solution \Tab cooled in ice, and 11 (7.5 g) was added. .4fter 
refluxing for 1 hr, EtOH was removed in vacuo. Dry Phhle was 
then added and evaporated. T o  the re5idual solid cake, dry 
PhMe (200 ml) and PhCHyClil3 ml) were added, and the mixture 

~ 

(19) Dr.  31. Hakala, personal communication. 
(20)  Dr. A .  Bloch, personal communication. 
(21) W. Korytnyk and  R. P. Singh, J .  Amer. Chem. Soc.. 85, 2813 (1563); 

(22) IT. Korytnyk and W. Wiedeman, J .  Chem. Soc., 2853 (1562). 
'W. Korytnyk and B. Paul, J .  Heterocycl. Chem., 2 ,  481 (1565). 

was refluxed until all of the solid cake had gone into solution 
(approximately 9 hr). After evaporation to dryness in vucuo, 
HIO (50 ml) was added, and the solution was extracted several 
times with petroleum ether (bp 37-54'). The combined ex- 
tracts were dried (CaS04), filtered, and evaporated to an oily 
residue ( 5 3  g, s5170), which was converted into ahydrochloride, mp 
193-194". Anal. (C18HZ2CllYOg ,O.3HtO) H, S ;  C: calcd, 
62.70; found, 63.14. 

(b)  Isopropylidenepyridoxol (11, 10 g)  wa. added to a stirred 
susDension of XaH 113.7 g of a 33% aibpenclon in mineral oil, . .  

washed free of mineral oii with petroleum ether (bp 37-54') in 
Dl IF  (80 ml, purified by distillation over CaHz)], while the reac- 
tion mixture was being stirred and heat,ed t,o 65' and then grad- 
ually (for 90 min) cooled to 45'. The flavk war cooled in ice, 
7.15 ml of PhCH2C1 was added dropwise, and the mixture 
was stirred overnight at 0" Aftei careful addition of H20, 
the solution was extracted five t,imes with petroleum ether. The 
extracts were dried and evaporated, yielding an oily a5-0-benzyl- 
a4,3-0-isopropylidenepyridoxnl. Hydrolysis (see "a5-O-Benzyl- 
pyridoxol" ) provided 9.68 g (78% ) of as-0-benzglpyridoxo1, mp 

From 111.--Sa (1.25 g)  was dissolved in PhCH20H (20 
ml), and the soliltion was cooled. ~~~,3-0-Isopropylidene-3- 
pyridosyl (ahloride. HC1 (111) was dissolved in PhCHzOH (20 
ml) by warming, cooled, and added to the SaOCHsPh solution, 
and the mixture was refluxed for 2 hr. After evaporation of 
PhCHIOH in z'acuo, H20 was added, and the solution was then es- 
tracted with Et20. The comhiiied Et20 extracts were dried, 
filteied, and evaporated. The oily reqidue consisted mainly of 
IT', as shown by tlc. 

2-0-BenzylpyridoxoI (V).-The oily material from the pre- 
cediiig experiment was diswlved i l l  100 ml of 1 .V HC1, and was 
heated o i i  a steam bath for 1 hr. The ayiieoiis layer was sep- 
arated from the oily residiie, and wa- evaporated under reduced 
pre.;siire. The oily residue was diisolved in EtOH, and crystal- 
lized on the addition of EtZO: mp 1.52-153". dnal .  (CljH,s- 

The free base of \'I was isolated by dissolving the hydrochloride 
in  H20, adding SaHCO3 till the solution wa-: basic, and extract,ing 
t,he aqiieous solution with EtOAc. Evaporat.ion and crystalliza- 
tion from Et20 yielded VI (free baye), mp 117-118": yield 4.7 
g ( 6 7 5  ). dnul.  (CljHliN03) C, 13, S.  

A. 3,as-O-Dibenzylpyridoxol (VI, Rs = R4 = CH?Ph).- 
Benzyldimethylphenylammoriiiim chloride (6.5 g)  was dissolved 
in absolute EtOH (50 ml), and was rooled in a mixture of Dry Ice 
and >Ie.LKl. h cold solution of S a  (0.46 g) in 25 ml of absolute 
EtOH xas added drop by drop over a period of 15 min, with stir- 
ring and cooling. The reaction mixtiire \vas stirred for another 
15 min, and was then added t o  a btiri,ed aiid cooled (Dry Ice 
and lIe-?CO) sollition of 5-0-benzylpyridoxtol (VI) in absolute 
EtOH (50 ml). The reaction mixtiire was stirred for 30 min, 
while the temperature was allowed t,o iipe gradually t,o room 
temperature. Et,OH was removed in ~ " x o ,  and dry t,oluene (25 
ml) was added and t.hen 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 H2O was added to the residue which was ex- 
tracted with Et2O. The combined Et320 extracts were concen- 
trated, and t.he reaidue was steam-distilled to remove traces 
of PhShIes, and was then extracted with Et,zO. The ext,ract was 
concentrated, and petroleum ether (bp 37-54') was added, which 
resulted in crystallization (mp 59-60'), After recrystallization 
from petroleum ether (bp 37-34'), 4.75 g (70yc) of t,he dibenzyl 
derivative was obtained, mp 68-69". dnal. (C~2H&03) C, 
H,  S.  

B. Benzyldimethylphenylammonium chloride (14.25 g)  in 
30 ml of MeOH \vas added to a soliition of 1.65 g of ?;a in 30 ml 
of bIeOH. To this solrition, 9.6 g of ab-O-benzylpyridoxol in 100 
ml of 1leOH was added. The mixt,ure was left, standing for 20 
min, and was then added over a period of 30 min t.0 approximat,ely 
730 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, P h l I e  
was decanted off, and t8he residue was washed wit,h fresh PhMe. 
The conbined solutions were evaporated in oucuo to an oil, which 
was taken up in a minimum volume of Et20, from which 8.5 g 
of 2,3-0-dibenzylpyridoxol (mp 69.5-72") cryst,allized. The 

1 10-1 1 1 .23 

B. 

ClXO3) s. 

( 2 3 )  We are indebted t o  Dr. H. Dunathan for this procedure 
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The synthesis and proof of structure of novel 11-substituted 5,lO-epoxy-5H-dibenzo[a,d] cycloheptene-5- 
propplamirie derivatives is reported. These compounds exhibit potent tetrabenzazine-antagonizing activity. 

5H-Dibenzo [a,d ]cycloheptene-5-propylamine deriva- 
tives relat'ed to amitriptyline and protriptyline have 
been the subject of a synthet'ic program in our labora- 
tories.' I n  an extension of this investigation to 10- and 
1 1 -subs ti t u  t ed dibenzoc yclo hep t'enes , novel bridged 
ring ether derivat$ives that have shown significant 
antidepressant act,ivit#y were synthesized and are de- 
scribed in t'his paper. 

The carbinol 2a mas obtained by the Grignard re- 
actmion of t'he known acetonide of cis-l0,ll-dihydro-10,- 
1 1 -di hydroxy-5H-dibenzo [a, cl ] c yclohep t en-5-one3 (1 a) 
with 3-dimet~hylaminopropylniagnesium chloride. When 
2a was subjected to p-toluenesulfonic acid catalyzed hy- 
drolysis in refluxing MeOH, the product was a crystal- 
line base t'hat was not the expected 5,lO,ll-t,riol 10. 
The empirical formula, C20H23S02, corresponded with 
the loss of one molecule of HzO from this struct'ure. 
The uv spectrum of the product showed no strong 
maximum in the 230-240-mh region characterist'ic of 
unsaturation a t  the 5,a-posit'ions4 and the ir spectrum, 
showing strong C-0 stretching bands at, 1020 and 1080 
em-', was consistent with an et,her linkage in addition 
to OH. The product afforded a monoacet'yl derivat'ive 
upon treatment wit8h d c 2 0 ,  but' fa,iled to react with 
LAH, n'aOcH3 in refluxing MeOH, or BOH in et'hylene 
glycol. This behavior eliminated 10,l  1-dihydroxy-5,a- 
unsat'urated and 10,ll-epoxide structures from con- 
sideration and seemed consist,ent only wit'h the 5,lO- 
bridged ether 3a. A similar sequence s t a r h g  from the 
t m n s  acet'onide l b  afforded the isomeric t ~ a n s  ether 3b 
(Scheme I). 

The significant nmr charact,eristics 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, t'he 

(1) Previous paper: E. L. Engelhardt, M. E. Christy, C. D. Colton. 1'1. 
B. Freedman, C. C. Boland, L. 31. Halpern, V. G. Vernier, and C. A .  Stone, 
J .  .Wed. Chem.,  11, 325 (1968). 

( 2 )  Presented in par t  a t  the 10th National RIedicinal Chemistry Sym- 
posium of the American Chemical Society, Bloomington, Ind.,  June 27,  1966. 

(3)  G .  L. Buchanan and D.  B. Jhareri ,  J. Org. Chem., 26, 4295 (1961). 
(4) S. 0. Winthrop, 11. A .  Davis, G. S. Myers, J. G. Gai.in, R.  Thomas, 

and R. Barber, i b i d . ,  27, 230 (1962). 

PH 

2a,b 

a = cis isomer 
b = trans isomer 

position of the secondary alcohol bubstituent, and the 
5,lO-epoxy linkage in the bridged ring ether structure. 
The lack of spin coupling between the 10 and 11 protons 
in the cis isomers 3a and 4a as compared t o  their trans 
counterparts is also shown by the precurzor acetonide 
2a and apparently is attributable to the H-Clo-Cll-H 
bond ang1es.j The downfield position of the OH signal 

( 5 )  Examination of Dreiding models rei eals tha t  the dihedral angle a t  the 
intersection of the planes formed b y  HCioCll and CiuCnH is approximatelk 
76" in the  czs isomer 3a and 25' in the  trans isomer 3b. From the Karplus 
equation, J would be expected t o  approach zero as the  dihedral angle 
approaches 90' and to have i ts  largest value as the  dihedral angle ap- 
proaches 0'. 


