
with control animals receiving only reserpine and the vehicle. 
Isocarboxazid, a therapeutically known M A 0  inhibitor, was 
administered for comparison of activity. Similarly, reversal of 
reserpiiie-iiidured hypothermia was coiiducted. The tempera- 
ture of t~he animals was observed a t  0, 4, 6, and 24 hr after the 
administration of reserpiiie. 

Sleeping Time Potentiation.-Xost of the MAO iiihibit or 
driigs plolOllg sleeping time induced by hexobarbital. Groups of 
six animals were chosen for testing of each compound. Each 
animal was given 0.275 mmole/kg of each comporind except 
isocarboxazid which was given 0.137 mmole/kg. Two holm 
aft el, the administration of the componnd. hexobarbital vas  
admiiiistered (55 rng/kg ip) and sleeping time was recorded as 
the time frum administration of hexobarbital iintil the mice 
regained the ability t o  retrirri to a righted position three times 
n-ithin 'LO sec. 

Results and Discussion 
The results of three pharmacological tests for bio- 

logical evaluation of compounds listed in Table I in- 
dicate that XhO-inhibitory activity of these hydra- 
zides is significantly greater than was reported in the 
earlier paper.* The increase in activity probably 
could be ascribed to the less symmetric nature of these 
molecules which render them more soluble. I t  is also 

possible that two different sites of action may exist 
for two different types of hydrazine moieties, thus giving 
rise to potentiation of biological activity. 

A direct relationship of AIAO-inhibitory activity 
of a hydrazide, as tested by reversal of reserpine-in- 
duced ptosis or hypothermia, to hexobarbital sleeping 
time prolongation has been postulated in the past. 
Such correlation, however, could not be substantiated 
by the results of our experiments; in the ptosis and 
hypothermia tests isocarboxazid was revealed to be 
more active than the compounds listed in Table I, 
but it did not cause a significant prolongation of hexo- 
barbital-induced sleeping time. 

As shown in Table I, the hydrazides with methyl 
or benzyl substituents manifest greater prolongation of 
hexobarbital-induced sleeping time than their un- 
substituted analogs. Such higher activity, however, 
is not observed when mean ptotic scores or hypothermia 
test results were compared. At the present, no con- 
crete reason can be given for such results. 

Apparently more analogs in the series are needed 
to arrive a t  a proper conclusion regarding the relation- 
ship of these compounds to  their JIAO-inhibitory 
activity and antidepressant property. 

Compounds with Potential Enzyme Inhibitory Activity. 
Hydroxylamine Analogs of 2-Propynylaminel" 

DAVID H. MOORE, ,JOSEPH G. C S K N O N , ~ ~  

Dizzsion of JIedictnal Chemistry, College of Pharmacy, The  I'nwerszty of Iowa, Iowa Citij, Iowa 52240 

TTILLIA~~I AI, ,IlcIs~sc, AND BENG T. Ho 

Biological Research Division, Texas Research Instztute of Mental Sciences, Hoiiston, Texas Y7025 

Receitecl J u l y  6, 1968 

As a part of a Study of structure-activity relationships of compounds possessing monoamine oxidabe inhibitory 
and/or 3-hydroxytryptophan decarboxylase inhibitory activity, a series of 0- or N-2-propynylhydroxylamines 
structurally related to pargyline has been prepared. Substituents on the hydroxylamine systems were chosen 
from those which have been shown t o  be significant in the amine series. Biological test data indicate that cer- 
tain of the compounds are active enzyme inhibitors. 

Interest in organic hydroxylamines and in acetylenic 
amines has increased in recent years as a result of 
numerous reports of potent biological activity ascribable 
t,o these functional groups. Specifically, compounds of 
t'hese types have been found t'o be inhibitors of dopa- 
mine P-oxidase,* 5-hydroxytryptophan decarboxylase 
(5-HTP decarboxylase), and of monoamine oxidases 
(AIAO) .4-g Swett, et u Z . , ~  described structure-act,ivity 
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320 (1966). 

relationships in the pargyline (S-benzyl-S-methyl-2- 
propynylamine, 1) series, indicating the necessity of the 
S-2-propynyl group for M A 0  inhibitory activity. 
Reports' of 31-40 inhibition by S-alkyl-S-methyl-2- 
propynylamines suggest that the aromatic ring of 
pargyline may not be essential for activity. 

CaHjCH2NCHgCzCH 
, 

CH, 
1 

In  the present work, efforts were directed toward 
synthesis of the three isomeric tertiary hydroxylamines 
(4, 5, 8) which contain the benzyl, methyl, and 2- 
propynyl groups as in pargyline; the isomeric secondary 
hydroxylamines (3, 7) which bear the benzyl and 2- 
propynyl groups; 9 and 10 which contain methyl and 
2-propynyl groups; 2 and 6 which contain benzyl and 

(8) C. F. Huebner, E. ill. Donorhue. .i. J. Plumner, and P. A .  Fiirnesr, 

(9) J. Knoll, Z. Esceri, K. Keleman, J. Nievel, and B. Knoll, A r c h .  I n t .  
J .  M e d .  Chem., 9,830 (1966). 

Pharmacodyn.  Ther., 166, 154 (1965). 
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TABLE I 
ENZYME INHIBITION BY HYDROXYLAMINE DERIVATIVES 

11'NOR'~ 

R- I 
-MA0 inhib- 

Inhib 
R' R" % concn, m M  

50 0.040 
CH~CECH CH&s& 50" 0.19 
CH,C=CH CHzCsHj 50 6 . 6  
H CHzC6Hj 50 1 . 6  
CHzC=CH CH3 5 O C  1 .,id 
CHZCECH CH3 25. 7.0" 
CHzCsCH CH2CsHj 0/ 0.208 
CHBC-CH CHa .5 0 0.15 
H CHzCsCH 50 0.47 
CHa CH~CICH 50" 5 . 4  
CTfyC61f; CH~CICH O/ 0. 108 
IT C€Ia 3 0 0 ,  7.; 
I T  CII,C-CTI 50 1 .1  

50 0.048 

NO. 

1 
8 

6 
4 

29 
16 
10 
3 

17 
1 5 

0 
11 

r 
I 

) - 

5-HTP decarboxylase inhib 

70 concn, m.Zi 
Inhib 

50 4 .4  
n a  3 .  Oh 

50 1 . 2  
,j 0 11.6 
0 1 . O b  

1iu 2. .5" 
0' 0 . 2 b  

50 10.5 
50 4 . 5  
13" 2 .5"  

Of 0.2 
50 11.G 
19 5 ,  
5 0 "0 

a Dissolved in propylene glycol. b Maximum solubility. No inhibition at this highest tested concentration. e Dissolved in 50yc 
Extrapolated. Due to insolubility of 

M. e Highest tested concentration without precipitation. f Dissolved 
aqueous propylene glycol or 50Y0 aqueous DMSO. 
the compound, the highest tested concentration was 9 X 
in DMSO. 

Same result obtained for both solvents. 

No inhibition at this highest tested concentration. 

N-Benzoyl-N-methyl-0-benzylhydroxylamine (13) was pre- 
pared as described for 18, using 52 g (0.3 mole) of 24 and 51.3 g 
(0.3 mole) of benzyl bromide in 300 ml of anhydrous i-PrOH; 
yield 65.2 g (907,) of a colorless liquid, bp 128" (0.025 mm), 
122% 1.5686. 
N-Benzylhydroxylamine (25)17 had mp 56-57', lit." mp 56-58'. 
N,O-Dibenzoyl-N-benzylhydroxylamine (26)lS had mp 128- 

129", lit.'* mp 131". 
Sodium N-benzylbenzohydroxamate (27) was prepared as de- 

scribed for 24, using a solution of 2.3 g (0.1 g-atom) of Na in 175 
ml of anhydrous EtOH and 33.1 g (0.1 mole) of 26, yield 22.6 
g (91%) of a white solid. A solution of 2.5 g of this material in 
10 ml of H20 was acidified with 10% HCI, followed by extraction 
with three 25-ml portions of EtzO; the combined extracts were 
dried (lIgSOa) and filtered, and the filtrate was evaporated under 
reduced pressure. The residual white solid was recrystallized 
from H 2 0  to give 2.1 g (92%) of a white crystalline aolid, mp 
107-108", lit.I9 mp 108" for N-benzylbenzohydroxamic acid. 
N-Benzoyl-N-benzyl-0-methylhydroxylamine (14) was pre- 

pared as described for 18, using 37.4 g (0.15 mole) of 27 and 28 g 
(0.15 mole) of methyl tosylate in 500 mi of anhydrous MezCO; 
yield 35 g (98%) of a colorless liquid, bp 126' (0.025 mm), n Z 6 ~  

N-Benzoyl-N-benzyl-0-2-propynylhydroxylamine (15) was pre- 
pared as desrribcd for 18, using 18 g (0.072 mole) of 27 and 
8.6 g (0 072 mole) of 3-bromopropyne in  250 ml of MeCOEt; 

Anal. (C1jHljN02) C, H, N. 

1.5716. Anal. (Ci,HijNO?) C, H, N. 

yield 15.3 g (80%) of a white cryskalline solid, mp 59-60' (from 
EtOH-H?O). Bnd. (C,iH,;NOz) C. 11, N. 

N-benzoyl-N-2-propynyl-0-methylhydroxylamine (29) was pre- 
pared by a method similar to that described by Xicolaus and 
co-workersZO for N-alkylation of 0-substituted hydroxyurethans. 
A stirred mixture of 2 g (0.014 mole) of 21, 8 g (0.066 mole) of 
3-bromopropyiie, and 9 g (0.066 mole) of K E 0 3  in 30 ml of 
anhydrous hle2CO w&s heated under reflux for 8 hr. After 
cooling, the dark brown reaction mixture was evaporated a t  
40" under reduced pressure; the residual brown semisolid was 
taken up in 50 ml of H20 and this solution was extracted with 
three SO-ml portions of Et2O; the combined extracts were dried 
ihIgHOa) arid filtered, and Et20 was removed from the filtrate 
iuider reduced pressure. The residual yellow liquid was dis- 
tilled a t  8'2-83' (0.02 mm) to yield 2 g (827,)  of a light yellow 
liquid, n z 6 ~  1.5382. 
N-Benzoyl-N-2-propynyl-0-benzylhydroxylamine (16) was pre- 

Anal. (C1lH11N02) C, H, N.  

(17)  A.  C. Cope and 9. C. Haven, Jr., J .  Amer. Chem. Soc., 73, 4896 

(18) 0. Exner, Collect. Czech. Chem. Commun., 31, 1500 (1956). 
(19) 0. Exner and B. Kakac, ibad., 16, 2530 (1960). 
(20) B. J. R. Xicolaus, G .  Paprani, and E. Testa, Helu. Chim. Acta, 46, 

(1050). 

1381 (1962). 

pared from 22 and 3-bromopropyne as described for 29; yield 
85% of a white solid, mp 49-50" (from Et&-hexane). Anal. , -  

(C;,HljNO*) C, H, N. 
N.0-Dialkvlhvdroxvlamine Hvdrochlorides 12. 3, 6. 7. 9. 10 - 

HCI).-A soiutibn of b.025 mole-of the appropriate'N,O-dialkyl- 
benzohydroxamic acid (13-17, 29) in 20 ml of 6% EtOH-HC121 
was heated under reflux for 2 hr. The reaction mixture was 
taken to dryness at 40" under reduced pressure, leaving a tan 
semisolid which was washed several times with C&. The 
resulting solid was recrystallized (see Table 11). 

N,O-Dialkylhydroxylamines 12, 3, 6, 7, lo).-An aqueous 
solution of the HCl salt was treated with excess solid KZCOa, 
followed by extraction with three 50-ml portions of EtzO; the 
combined extracts were dried (llgS01) and filtered, and Et20 
was removed from the filtrate under reduced pressure. The 
residual liquid was distilled (see Table 11). 

N-Benzyl-N-2-propynyl-0-methylhydroxylamine (4).-To a 
stirred mixture of 1 g (0.012 mole) of 10 and 1.7 g (0.012 mole) of 
KzC03 in 15 ml of anhydrous EtOH was added dropwise over 
0.5 hr a solution of 2 g (0.012 mole) of benzyl bromide in 10 ml of 
anhydrous EtOH; the reaction mixture was heated under reflux 
for 15 hr after addition was complete. It was then taken to 
dryness at 40" under reduced pressure, leaving an orange semi- 
solid which was dissolved in 50 ml of HzO. This solution was 
extracted with three 30-ml portions of EtzO; the combined 
extracts were dried (NgSOa) and filtered, and E t 2 0  was removed 
from the filtrate under reduced pressure. The orange liquid 
residue was distilled at 46-47' (0.1 mm) to yield 1.2 g (70%) of 
a colorless liquid, nZ5D 1.5118. 

N-Methyl-N-2-propynyl-0-benzylhydroxylamine @).-To a 
stirred mixture of 2 g (0.015 mole) of 6 and 2.1 g (0.015 mole) of 
anhydrous IC2CO3 in 15 ml of anhydrous MezCO was added 
dropwise over 0.5 hr a solution of 1.8 g (0.015 mole) of 3-bromo- 
propyne in 10 ml of anhydrous XezCO; the resulting mixture 
was heated under reflux for 8 hr after addition was complete. 
I t  was then taken to dryness at 40" under reduced pressure, 
leaving a yellow semisolid which was dissolved in 50 ml of H20.  
This solution was extracted with three 30-ml portions of EtzO; 
the combined extracts were dried (MgSOd) and filtered, and EtzO 
was removed from the filtrate under reduced pressure. The 
yellow liquid residue was distilled at 53-54' (0.2 mm) to yield 
2.1 g (80%) of a colorless liquid, n Z 6 ~  1.5101. Anal. (C,lHl,NO) 
C, H, N. 
N-2-Propynylisoindoline Hydrochloride (11 -HCl).-A solution 

of 33 g (0.18 mole) of S-2-propynylphthalimide (Aldrich Chemical 

Anal. (C1,Hl,?;O) C, H, N. 

(21) Prepared by diluting 7.5 ml of concentrated HC1 with anhydrous 
E t O H  to make 55 ml. For S, 7.5 ml of concentrated HC1 was diluted with 
anhydrous hIeOH to make 55 ml. 



C ' I I , ]  i i i  4SJ nil of piii,ified" TIIF wa? :dded dropwise over 1 111, 

t o  ii rt ii,i,ed sluri~y of 20 g (0 .53  molej ( i f  I,iAIH4 iii 300 r n l  of 
TIIF: the i,eai,tioii mixtiire wa. heated riiider refliix for 2 hr  after 
: iddit ioii  ax;; complete. After cwolirig i i i  an ice bath, 100 nil c ~ f  
I I ? O  \vas added di,opwise. T h e  in,.oliible salt? then wei'e 
W I I ~ ( J ~ N ~  by filtration mid were wa;.hed yeveral times with Et?(). 
The iwmbiiied filtrate aiid washing.: were evaporated at 40' 
i i i i t l e i ~  rediicsed prereiire, leaving a hrowii liquid a h i c h  was dis- 
tilled :it XOo 10.4 mm) t o  yield 15.7 g (,56'.cj i i f  a light yellow 

.I solritioii of 1 hi. liquid iii anhydroiir 
ith ethereal HC1: the rehiiltiiig brown solid 
'om i-PrOH t o  afford 19 g ( 5 5 r ; )  of a white 

c~i~ystalliiie solid, nip 19-l!)2°. . lnnl. (CII€T12C1?;) C, H, CI, S.  

\va< prepared from 17 as dem-ihed f o r  9.HCI, iiuing 6 5  HRr i l l  

l l eOJr?J  (re(? Table 11). 
Reaction of N-Benzoyl-0-2-propynylhydroxylamine (18 j with 

LiAlH4. -'Yo :I stirred alrnry of 5.7 g 10.15 mole) of IJiAIH4 i n  
150 i n 1  of anliydroiis Et20 \vas ; i d c l d  tiy means of a Soshlrt 
t~strwtor,  8.5 g (0.05 mole) of 18; t h e  reailtion mistwe \v:w 
stirwtl iiiitlw refliir for 2 hr after :dtlition \v:w vomplete. Tlit. 
c~ool(d rcwtion misturc. was tlecomposrd t ~ y  dropwise addition 
of 10 In1 of Hr0: thc insoliililt, inorg:triir wits were rrmoved I ) \ .  

N-Methyl-0-2-propynylhydroxylamine hydrobromide (9 HBr 

filtratioii and 1vei-e tvashed several times \\it11 E t r (  ). 'l'hc, [*om- 
tined filtrate :ind washings were dried ( AIgSOr) arid filtcsrcd, 
and Et20 way removed from the filtrate iiiider rediic-ed pressure. 
The residual vihcous yellow liquid was distilled at 85" (0.4 mrn I 

) of a light yellow liquid whose ir rpec.1 riiiii 

mposable iipoii a11 ir spectrum of an autheiitic 
>ample of benzamide. Both the prodiict of  this reartiriii aiid t l i r a  

nut hentic sample of berizamide showed bp 288". 
Reaction of 0-2-Propylbenzaldoxime (19) with LiAIHr.- -To :I 

stirred s1urr.j. of 9.5 g (0.25 mole) of IdAIH, in 150 nil of iinhy- 
drous Et,O W:LP added dropwise over 1 hr 16 g ( 0 . 1  mole) of 19 
i n  150 ml of ;inhydroiis EtrO. The mixture \+-as stirred iirii1t.r 
rrflris for 5 hr after addition w i s  cwmpletr, then 25 ml of II?O 
\vas added. The inorganic. salts \\.ere co l lec td  on :t filter :111d 

\ v c w  washed with Et,O. The combined filtrate, :tnd nashings 
were dried (AIgS0,j aiid filtered, and Et90 wa.* removed from 
the filtrate at 25" iuider rediiced presslire leaving a yellow liquid 
ahich was distilled. Two frartiow were collerted: tip 40' ( 5 0  
m m )  and bp 100" (50 mm). A n  ir spec~trilm (lieat) of the lower 
boiliiig fraction (3 . , 5  g, 6%";) was identical with a spectrum of aii 

authentic sample of 2-propyn-1-ol: ail ir .Qpectriim (neat ) of the 
higher boiling fraction (6.9 g, 65', W N . ~  ~irperinipcis:tl)le I I ~ I J I I  

iiii  ir specti~i~m of an :tiitheiitic sample of I~eiizylarriiiie. 

Acknowledgment.-The excellent technicnl a 
of l f r ,  Edn-nrd Fritchir in the  hio1ogic:tl port>ion of this 
\vork is ackrioi~-Iedgctl. 


