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3-Deoxypyridoxine and its phosphate have been in

vestigated in a number of biological systems as in

hibitors of B6 kinases and amino acid decarboxylases, 

notably glutamic decarboxylase.'5-10 Wo have noted 

ant i tumor act ivi ty; 3-deoxypyridoxine has an effect 

upon Murphy lymphosarcoma. At 4 nig/ra t , the com

pound caused significant arrest of growth of lympho

sarcoma implants in rats maintained on a pyridoxine-

deficient diet, while the effect produced by the diet 

alone was not significant.' ' 

Experimental Section 

2-Methyl-3-chloro-4-methoxymethyl-5-hydroxymethyIpyridine 
Hydrochloride from Pyridoxine Hydrochloride Mother Liquors. 
A crude residue (600 g) from pyridoxine hydrochloride mother 
liquors was dissolved in water, neutralized (XaOTI) to pH 7, and 
extracted with benzene. After washing well with water the ben
zene solution was treated with Xorit, filtered, and concentrated to 
dryness. The residue was taken up in ethanol, and treated with 
dry HCl. The crystalline solid which separated was recrystallized 
from ethanol to constant nip 1SO-1N20 ; the yield was 34 g; ultra
violet spectrum, X°;L'V " " 292 mM (A\'„„ 2<'l0), Xj;"x

7 ,,or°"'~277 mp. 
{A\?m 178). FeCh and Gibbs tests for 3-hvdroxvl were negative. 

Anal. Calcd for CHnCloM)-.: C, 45.3(1; 11,'5.51; CI, 29.S1 ; 
N, 5.88. Found: C, 45.11; II, .5.02; CI, 29.86: N, 5.03. 

3-Deoxypyridoxine Hydrochloride from Pyridoxine Hydro
chloride Mother Liquors.-—A portion of the aqueous layer from 
the above isolation was made strongly alkaline with 48'/c NaOII 
and extracted continuously with ether overnight in a liquid 
liquid extractor. The dried ether solution was treated with 
HCl to yield 28 g of mixed hydrochlorides which gave a positive 
FeCIa test for the 3-hydroxy group of pyridoxine. This contam
inant, was removed by passing an aqueous solution of the hydro
chlorides over a column containing an excess of IHA-400 resin 
on the - O H cycle. A second passage over fresh IRA-400 was 
necessary to remove the last trace of pyridoxine. The eluate, 
which now gave a negative FeCl3 test, was made acidic with 
HCl, evaporated to dryness, and recrystallized from boiling 
ethanol; yield 13.3 g; mp 206-208° (lit'.1.2 mp 202-203°); de
pressed the melting point of pyridoxine hydrochloride: ultra
violet spectrum, \aJJ' HC1 264 mM (,A\?„, 333); Xi;l7 b°""* 265 mM 

(A\fm 194); Gibbs test negative. The ntnr spectrum12 showed 
two ring protons at T 1.48 and 2.55. 

Anal. Calcd for CJIriClXO-: C, 50.66: II, 6.38: X, 7.38. 
Found: C, 50.90; 11,6.53; N, 7.30. 

3-Deoxypyridoxine Hydrochloride from 4-Methoxypyridoxine 
Hydrochloride Mother Liquors. -A solution of 4-methoxypyri-
doxiue hydrochloride after the diazotizal.ion was concentrated, 

(ti) T . Sakurai i i , ( ' . Arjioudelis and !•'. A. K u m m e r o w , Arch. Murium. 
Biophys., 89 , 160 (1960). 

(7) J . H u r w i t z , ,/. Biol. Chcm., 217, 513 « 1955). 
(8) I) , l i . M c C o r m i c k and E. K. Knell, ibid., 236, 2C85 (1961 ; . 
(9) E. W. M a y n e r t ami H. K. Kaji , ./. Pharmacol. F.xpll. Therap.. 137, 

114 (1962). 
(10) F . Rosen, K. J . Mi lho l l and , and ( ' . A. N'icliol, I nh ib i t i on of the 

Nervous Sys tem, > -Aminobu ty r i e Acid. Proceedings of a n I n t e r n a t i o n a l 
S ympos ium. D u a r t e . Calif., 1U5H (pnbl . I960) , p 338; Chcm. Al/str.. 61, 
16660 (1964). 

(11) We are obliged to Dr. R. X . Arison for these test resul ts . 
I I 2) W. K o r y t n y k and R. P . SinKh, ./. Am. Clam. .Sue, 85 , 281 :i (1963). 

neutralized to pl l 7, and thoroughly extracted with bulauol. 
The dried bufanol solution was treated with an excess of dry HCl 
and the hydrochlorides were allowed to crystallize. A first crop 
melted at 175- 178° and yielded pure 4-methoxypyridoxine hydro
chloride upon recrystallization from ethanol. A second crop, 
amounting to one third of the whole, melted below 170°. This 
was acelylated with an excess of boiling A(••>(), which wib removed 
by concentration, and the crude acetylated hydrochloride was 
filtered off and washed with ethanol; mp 132-1350. Kxtradion 
with hot ethyl acetate, in which it was sparingly soluble, raised 
the melting point to 105-167°. The lower melting point i> in 
agreement with the one which was previously reported." This 
diaeetate proved to be identical by melting point and mixture 
melting point wit.h the diaeetate prepared by acetylating the 
3-deoxypyridoxine hydrochloride described above. Anal. Calcd 
for (Ydl'ieClNO,: C, 52.65: H, 6.00; X, 5.17. Found: C, 
52.05; II, 6.00: X, 5.17. 
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The enzymatic hydroxylations2 "* of phenylalanine 

to tyrosine and of tyrosine to dopa have been deter

mined to be important steps in norepinephrine biosyn

thesis, and several investigators2 '5 have suggested tha t 

the inhibition of such aromatic hydroxylation steps 

may aid in developing useful cardiovascular and psy-

chopharmacological agents. 

Efforts toward such an approach have been initiated 

by Oarlsson, Corrodi, and co-workers who reported the 

synthesis6"'* of some derivatives of dihydroxyphenyl-

acetamides and their inhibitory activities8 on the en

zymatic hydroxylation of phenylalanine to tyrosine, of 

t ryptophan to ."-hydroxytrytophan, and of tyrosine to 

dopa, without inhibiting catechol O-niethyltransferase. 

In order to expand on the structure-act ivi ty rela

tionship in this series we undertook the synthesis of a-

cyclohexyl-3,4-dihydroxyphenyl;icetamide (4a, a-eyclo-

hexyldopacet amide) and /3-eyelohexyl-/3-(3,4-dihydroxy-

phenyl)ethylamine (5, (3-cyclohexyldopamine) and 

studied general synthetic pathways to compounds of 

these types.9"1 2 

The synthetic sequence for the preparation of a-

cyclolicxyl-3,4-dihydroxyphenylacetamide (4a) and fi-

(1) Presented in par t before t he Division of Medic ina l C h e m i s t r y al llie 
151st Na t iona l Mee t ing of the Amer ican Chemica l Society, P i t t s b u r g h , Pa. , 
March , 1966. 

(2) S. t 'denf r iend , Pharmacol. Her.. 18, 43 (1966). 
(3) S. t ' denf r iend , P . Z a l t z m a n - N i r e n b e r g , a n d T. Xairal/.u, Biochj m, 

Pharmacol., 14, 837 (19«.r>>. 
(4) S. Spector , A. S joerdsma, and S. t ' denf r i end , ./. J'harmacol. I-Jspll. 

Therap., 147, 86 (1965). 
(5) T. Nagat.su, M . Levi t t , and S. I ' dcn fnend , ./. Biol. Chcm., 239, 2910 

(1964). 
(6) A. Carlsson, M . L indqvis l , S. E i l a - l l r o m a d k o , and It. Corrodi , 1/c.lr. 

Chim. Ada, 46, 270 (1962). 
(7) A. Carlsson, H . Corrodi , and I!. Waldeck , ibid., 46, 2271 (1963). 
(8) A. Car lsson a n d H. Corrodi , ibid.. 47, 1340 (1964). 
(9) K. I. Melvi l le , H . E . Shister , and S. H n q , Can. Med. Assoc. J., 90, 761 

(1984). 
(10) S. Casad io , G. Pa la , L\ Creseenzi , T. liru/.zese, K. Marazz i -Uber t i , 

and O. Coppi , ./. .Veil. Chcm., 8, 589 (1965). 
t i l ) S. Casadio , G . Pa la , T. Hruzzese, E . Crescenzi , E. Marazz i -Uber t i , 

and C . Coppi , ibid., 8, 594 (1965). 
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Uber t i , ibid.. 8, 698 (1965). 
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SCHEME I 
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(3a) 
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V ^ C H C H a N H a 

cyclohexyl-/3-(3,4-dihydroxyphenyl)ethylamine (5) is 
outlined in Scheme I. 

a-Isopropyl-3,4-dihydroxyphenylacetamide7 (4b) was 
prepared in good yield using the same synthetic method, 
and the reaction sequence for the preparation of the 
isopropyl analog is also outlined in Scheme I. The 
complete synthetic procedures are presented in the 
Experimental Section. 

Biological Studies.13—Evaluation of the effect of a-
cyclohexyldopacetamide (4a) on brain norepinephrine 
levels was carried out using intraperitoneal administra
tions of 200 mg/kg (single doses) in DMSO to two rats 
(see Table I). The rats were sacrificed after 5.5 hr; 

TABLE I 

DETERMINATION OF BRAIN NOREPINEPHRINE 

Krain norepinephrine concn, **g/g 
Control 4a 
(DMSO) (200 mg/kg ip) 

0.53 0.50 
Hat 

1 
0.56 0.57 

the brains were extracted according to the procedure of 
Anton and Sayre14 and analyzed for norepinephrine ac
cording to the method of Shore and Olin.16 Xo signif
icant differences in norepinephrine levels could be 
detected between drug treated and control animals. 
Solvent controls showed no effect on norepinephrine 
levels. 

Experimental Section16 

Cyclohexylidene-3,4-dimethoxyphenyIacetonitrile and Iso-
propylidene-3,4-dimethoxyphenylacetonitriIe.—To a solution of 
6.45 g (0.28 g-atom) of sodium in 350 ml of absolute alcohol was 
added 50 g (0.28 mole) of 3,4-dimethoxyphenylacetonitrile (1) 
and 13.9 g (0.14 mole) of cyclohexanone. The reaction mixture 
was allowed to reflux for 1 hr, cooled, and added to 1 1. of ice-
water. The mixture was extracted with ether, the extracts 

(13) Biological studies were conducted by Professor A. Horita, Depart
ment of Pharmacology, School of Medicine, University of Washington, 
Seattle, Wash. The authors gratefully acknowledge Professor Horita for 
his permission to include his results. 

(14) A. IJ. Anton and D. ] ' . Sayre, J. Pharmacol. Exptl. Therap., 138, 360 
(1963). 

(15) I'. A. Shore and J. S. Olin, ihiil., 122, 295 (1958). 
(16) Melting points were taken with a Thomas-Hoover capillary appara

tus and are corrected. The infrared spectra were determined with a Beck-
man spectrophotometer, Model IR8, and the ultraviolet spectra were de
termined with a Beckman spectrophotometer, Model DK2A. 

were dried, and the solvent was distilled in vacuo to yield a 
viscous liquid which was crystallized from dilute ethanol to 
give 23.3 g (64%) of the product, mp 79-82°. A 5.0-g sample 
was recrystallized from isopropyl alcohol to yield 4.4 g of white 
crystalline solid, mp 83.5-85.5°, x£24 4.53 M (conjugated CN), 

1274 mM (e 6850) and 223 (19,780). 
5.45. Anal. Calcd for Ci6H I 9N02 : C, 74.65; H, 7.44; N, 

Found: C, 74.14; H, 7.56; N, 5.49. 
Isopropylidene-3,4-dimethoxyphenylacetonitrile was prepared 

from 1 (0.57 mole) and acetone (0.62 mole) as described above, 
bp 120-127° (0.04 mm), mp 97-98°, in 54% yield. 

Anal Calcd for C,3HJ5N02: C, 71.86; H, 6.96; N, 6.45. 
Found: C, 71.92; H, 7.18; N, 6.81. 

a-Cyclohexyl-3,4-dimethoxyphenyIacetonitrile (2a) and <*-
Isopropyl-3,4-dimethoxyphenylacetonitrile (2b).—To a solution 
of 10.0 g (0.04 mole) of cyclohexvlidene-3,4-dimethoxyphenyl-
acetonitrile in 250 ml of absolute ethanol was added 1.0 g of 10% 
Pd-C, and the mixture was shaken with hydrogen (4.13 kg/cm2) 
until the theoretical amount of hydrogen had been taken up in 
10 min. The catalyst was removed by filtration and the filtrate 
was reduced in vacuo to yield a clear syrup which was crystallized 
from ethanol to vield 7.4 g (70.4%) of a white crvstalline solid, 
mp 84-86°, X^i01 4.48 n, C T 280 mM (e 3080). 

Anal. Calcd for G 6H 2 1N0 2 : C, 74.09; H, 8.16; N, 5.40. 
Found: C, 73.67; H, 8.07; N, 5.41. 

a-Isopropyl-3,4-dimethoxyphenylacetonitrile (2b) was pre
pared from isopropylidene-3,4-dimethoxyphenylacetonitrile as 
described above, mp 45.5-49°, in 84% vield. 

Anal. Calcd for Ci3H17N02: C, 71.18; H, 7.83; N, 6.39. 
Found: C, 71.13; H, 7.73; N, 6.53. 

a-Cyclohexyl-3,4-dihydroxyphenylacetonitrile and a-Isopropyl-
3,4-dihydroxyphenylacetonitrile.—A mixture of 5.0 g (0.019 
mole) of 2a and 13.9 g (0.12 mole) of pyridine hydrochloride was 
heated in an oil bath for 3.5 hr at 200-220°. The clear solution 
was poured into 200 ml of ice-water, and the resulting solid was 
collected and crystallized from 50% 2-propanol to yield 3.7 g 
(84%) of a white powder, mp 172-173.5°, X^i°l 2.91 and 3.01 /x, 
X„°H 282 nuWe 3550). 

Anal. Calcd for C H H „ N 0 2 : C, 72.70; H, 7.41; N, 6.06. 
Found: C, 72.62; H, 7.60; N, 6.22. 

a-Isopropyl-3,4-dihydroxyphenylacetonitrile was prepared 
from 2b as described above, mp 134.5-136°, in 78%: vield. 

Anal. Calcd for C nH 1 3N0 2 : C, 69.09; H, 6.86. Found: 
C, 69.05; H, 6.85. 

a-Cyclohexyl-3,4-dibenzyloxyphenylacetonitrile (3a) and a-
Isopropyl-3,4-dibenzyloxyphenylacetonitrile (3b).—A mixture of 
45.8 g (0.2 mole) of a-cyclohexyl-3,4-dihydroxyphenylaceto-
nitrile, 56.6 ml (62.3 g, 0.5 mole) oi benzyl chloride, and 77 g 
(0.56 mole) of K 2C0 3 in 1 1. of ethanol was refiuxed for 4 hr 
and filtered while warm and cooled. The crystalline solid was 
collected and recrystallized from 700 ml of methanol to yield 
70 g (86%) of a white solid, mp 90-92°, X™"1 4.49 ». 

Anal. Calcd for C28H29N02: C, 81.74; H, 7.08; N, 3.40. 
Found: C, 81.41; H, 7.33; N, 3.72. 

a-Isopropyl-3,4-dibenz}'loxyphenylacetonitrile (3b) was pre
pared from ff-isopropyl-3,4-dihydroxyphenylacetonitrile as de
scribed above, mp 76-78°, in 84%, yield. 

Anal. Calcd for C26H25N02: C, 80.82; H, 6.78; N, 3.77. 
Found: C, 80.94; H, 6.89; N, 3.50. 

a-Cyclohexyl-3,4-dibenzyloxyphenylacetamide and a-Isopro-
pyl-3,4-dibenzyloxyphenylacetamide.—To a solution of 0.85 g 
(0.02 mole) of NaOH in 2 ml of water was added a slurry of 4.1 g 
(0.01 mole) of 3a in 40 ml of methanol. The mixture was heated 
to 50° and 8 ml of 30% H 20 2 was added in 5 min. The tempera
ture was maintained at 50° for 10 hr and at room temperature 
for 7 hr. The mixture was diluted with 400 ml of water and 
cooled, and the solids were collected, washed with water, and 
recrvstallized once from methanol and twice from ethanol to 
yield 1.4 g (32.5%) of a light white solid, mp 197-198°, X '̂i"1 

6.12M. 
Anal. Calcd for C28H31N03: C, 78.29; H, 7.28: N, 3.26. 

Found: C, 78.50; H, 7.17; X, 3.42. 
a-Isopropyl-3,4-dibenzyloxyphenylacetamide was prepared 

from 3b as described above, mp 131-134°, in 53% yield. 
Anal. Calcd for C2sH2 ,N03: C, 77.11; H, 6.98; N, 3.60. 

Found: C, 77.11; H, 7.08; N, 3.62. 
a-Cyclohexyl-3,4-dihydroxyphenylacetamide (4a) and a-Iso-

propyl-3,4-dihydroxyphenylacetamide (4b).—To a solution of 
11.5 g (0.027 mole) of a-cyclohexyl-3,4-dibenzyloxyphenylacet-
amide in 250 ml of absolute alcohol was added 0.5 g of 10% 
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X, 5.22. 
was prepared 
as described 

I ' d -0 . The mixture was shaken with hydrogen (l.o kg/cm-) 
until the theoretical amount had been taken up in 1 hr. The 
catalyst was removed by filtration and the filtrate was reduced 
in vacuo to yield a light red glass which was dissolved in 300 nil 
of ether and filtered to remove the insoluble material. The 
filtrate was treated with activated carbon and concentrated l<> 
yield 4.4 g (65.6%) of a white glass, mp 77° dec, A:),™'1 2.OS n. 

Anal. Calcd for C,.,H19NO:,: N, 5.02. Found: 
tt-Isopropyl-3,4-dihydroxyphenylacetamide (4b) 

from a-isopropyl-:>,4-dibenzyloxyphenylacetamide 
above, mp 50° dec, in 93.8% yield. 

Anal. Calcd for C H H I , N 0 3 : N, 6.70. Found: N, 0.41. 
0-(Cyclohexyl)-/3-(3,4-dibenzyloxyphenyI)ethyIamine Hydro

chloride.—To a dispersion of 1.94 g (0.051 mole) of LiAlH, in 50 
ml of ether was added 7 g (0.017 mole) of 3a in 200 ml of ether in 
15 min. The mixture was stirred at room temperature for 2 hr 
and refluxedfor 8 hr. It was decomposed with 10 ml of water and 
(lie solids were removed by filtration. The filtrate was dried 
and adjusted to acidity by the addition of ethereal HOI. The 
precipitated solid was collected and reerystallized from methanol 
to yield 0.3 g (82.1%) of a light-textured white solid, mp 208-
210°, XS°"281 HIM (£2810). 

58 : X, 111. A mil. Calcd for 018H34C1N'U,: 0 , 7 4 . 4 0 : II, 
Found: 0 ,74 .40; 11,7.72; X, 2.08. 

fi-( CyclohexyI)-/3-(3,4-dihydroxypheny 1 )ethylamine Hydro
chloride (5).—To a solution of 3.05 g (0.0068 mole) of j3-(cyclo-
hexyl)-p-(3,4-dibenzyloxyphenyl)ethylamine hydrochloride in 
200 ml of ethanoi was added 6.5 g of 10% Pd-C. The mixture 
was shaken with hydrogen (2.81 kg/cm2) until the theoretical 
amount had been taken up in 5 hr. The catalyst was removed 
by filtration, and the filtrate was concentrated to yield a glassy 
solid which was dried thoroughly in menu at room temperature lo 
yield 1.83 g (10()'% of a grav-white powder, mp 71 3 , i%""' 
2.98 M, \!;;^H283mM(e3330). 

Anal. Calcd for CJIIZSCIXC). , : 0 ,61 .86: 11,8.16: 01,13.05: 
X, 5.16. Found: 0 ,61 .68 ; 11,8.07: 01,13.02: X. 4.85. 
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T h e c o n d e n s a t i o n of e t h y l o -hyd roxy - l i - n i e th y l i n d o l c -
:>-carboxylate (I , 11 = H ) w i t h d i m e t h y l a m i n e a n d 
f o r m a l d e h y d e is r e p o r t e d t o y ie ld a M a n n i c h b a s e in 
which t h e d i m e t h y l a m i n o m e t h y l g r o u p h a s b e e n a s 
s igned to t h e 6 p o s i t i o n ( l a ) . 1 T h e d i s c o v e r y t h a t t h i s 
indo le d e r i v a t i v e e x h i b i t s h y p o g l y c e m i c a c t i v i t y in r a t s 
led us lo seelc d i r ec t e v i d e n c e for t h e p o s i t i o n of t h e 

H°Y^|—r-coAH HO. 

cx C02C2H, 

I 

a, R • CH2N(t!H3):,; b, R - CH„; c, K C1LN OH 

d i m e t h y l a m i n o m e t h y l g r o u p , as t he m o s t likely a l t e r n a 
t ive s t r u c t u r e I [a c a n n o t b e exc luded . 

T h e d i m e l h y l a m i n o m e t h y l s ide cha in of tlit* M a n n i c h 
base was d e g r a d e d to a m e t h y l g r o u p by R a n e y n i cke l 
in ref iuxing alcohol t o g ive an indole which mus t be t h e 
4 - m e t h y l d e r i v a t i v e l i b s ince il was different from the 
k n o w n t i -mothyl i somer lb.-"' ' T h u s t h e M a n n i c h base 
must be tile p roduc t of s u b s t i t u t i o n at t he 4 and not 
t h e (> pos i t ion , a conc lus ion which is s u p p o r t e d by t h e 
nn i r s p e d ra.4 

T h e s t r u c t u r e of t h e M a n n i c h b a s e does not r e semble 
t h a t of e i t h e r m a j o r class of useful s y n t h e t i c insul in 
subs t i tu te ' s , t he s u l f o n y l u r e a s or t h e b i g u a n i d e s . C o n 
s e q u e n t l y a n u m b e r of a n a l o g s were p r e p a r e d by v a r y i n g 
t h e a m i n e c o m p o n e n t in t h e M a n n i c h c o n d e n s a t i o n in 
t h e hope of l inding an i m p r o v e d insulin s u b s t i t u t e . 
O n e m e m b e r of th i s g r o u p , t h e 4 - h y d r o x y p i p e r i d i -
n o m e t h y l d e r i v a t i v e l i e , a p p e a r e d to b e as a c t i v e in 
r a t s sis t h e d i m e t h y l a m i n o m e t h y l d e r i v a t i v e a n d some
what less toxic . 

T h e or ig inal p l a n for s y n t h e s i s of i h e c o r r e s p o n d i n g 
( i - subs t i t u t ed d e r i v a t i v e s , l a a n d 1c, i nvo lved b l o c k i n g 
t h e 4 pos i t ion w i t h a b r o m i n e a t o m followed b y a 
M a n n i c h r e a c t i o n a n d r e m o v a l of t h e b lock ing a t o m 
b y a r e d u c t i o n process . S u r p r i s i n g l y , b r o m i n a t ion 
of I (H = H ) . i ts ( ) - a c e t a t e or O-benzy l e t h e r in ace t ic 
acid led, in high yie ld , t o t h e t j -bromo d e r i v a t i v e s 11 l a -c. 
T h e n n i r s p e c t r a p r o v i d e d dec is ive e v i d e n c e for t he se 
s t r u c t u r e s as t h e a r o m a t i c p r o t o n r e sonances a p p e a r e d 
as t w o u n s p l i t p e a k s . T h e r e a s o n for t h e c o n t r a s t i n g 
courses of t h e b r o m i n a t i o n a n d M a n n i c h r e a c t i o n s is 
not a p p a r e n t . T h e b - b r o m o d e r i v a t i v e s were neve r 
the less useful s ince t h e b r o m i n e a t o m cou ld be re-
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