
ester in anhydrous Et2O. tlnhydrous MeOH (1 ml) was added 
and the soliition was perniitted to st’arid at room teniperatiirc. 
The precipitated salt’ was collected by filtration over a period 
of several weeks. This was the method utilized for the prepara- 
tion of all of the methobromides reported in Table I. Quantita- 
tive yields were obtained but the salts were very hygroscopic 
(except the cis acetate) and generally resisted purification by 
recrystallization (see Table I). 

Method E.-The methiodides were prepared in quantitative 
yield by refluxing for 12 hr a soltition of the ester in Ka-dried 
CeH, with an  excess of bIeI. 

Pharmacological Procedure. Toxicity in Mice.-All com- 
pornids were injected intraperitoneally in aqueous solution (made 
wit,h aid of diliite HCI in the case of 6) over a range of a t  least foiir 
dosages. Five albino mice were used at each dosage level and the 
proportion of animals dying was used to determine approximate 
LII~o’s, and confidence limits when the data permitted, by the 
method of Horn.24 

Cardiovascular Effects in Rats.-Recordings of arterial blood 
presaiire, respiration, and the electrocardiogram were made by 
means of an E R- 11 Physiograph and appropriate transdncers. 
Blood pressure was recorded via the cannulated carotid artery. 
Injections were made via a needle-cannula in the femoral vein. 
All materials administered were flushed in with a small voliime of 
0.!,C, saline solution. 

(2-1) H. J. Horn, Biometric., 12, 311 (1956). 

AIale albino rats of the Holtzmann strain weighing 275-375 g 
were aiiesthetixed with iii,ethaii (1.26 g/kg ip). The test, com- 
pounds and a standard consisting of protoveratrines A and B 
were administered at dosages coiistit,uting 3, 10, and 30% of the 
approximate LDao for mice. Observations for changes in the 
physiological parameters were made after each of these dosages. 
Then, upon eqiiilibration from any changes evoked, standard 
doses of histamine, epinephrine, and methacholine were admiiiix- 
tered siircessively. Responses to these agents after the test, 
compoinid were compared to response6 to like qiiantities that  
had been ohserved prior to any administration of the test, siih- 
stance. I n  several cases the 30”; dosage was lethal. I n  some 
others it was repeated or even a 60Yc dosage was admiiiirtered if 
the preparation was still fiinctioning. 

Smooth Muscle Effects.-The compoiinds were tested on sec- 
tions of rabbit ileum which were suspended in an oxygenated 
Ringer’s solution in a 30-ml muscle bath maintained a t  37”. 
The muscle strip was attached to a myograph transdiicer to 
record miisciilar activity on an E R- 1\2 physiograph. Response 
to sohitions of the test compound were observed in comparison to 
responses to O.5-ml qiiantities of standard solutions of acetylcho- 
line chloride (1: 100,000) and epinephrine (1: l0,000), or in 
conjiinction with the cholinergic receptor blocking action of 
alropine siilfate (1 : 400). The two solutions (1 : 100 and 1 : 1000) 
of each compound which were tested yielded iipon addition t o  the 
bath in 0.5-ml quantities final diiig concentrations of aboiit 13 and 
150 pg/ml, respect’ively. 
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The synthesis of cis-(+)- and cis-( - )-tet’rahydrooxadiazinone derivatives of (+)- and ( -  )-ephedrines and 
t,wo relat,ed tetrahydrooxadiazinones is reported. The resnlts of an  attempted synthesis of a dihydroaminoox- 
adiazine derivative of ephedrine and the successful synthesis of three related dihpdroaminooxadiaeines is also 
reported. The cis-( - )-tetrahydrooxadiazinone derived from ( -  )-ephedrine wns found to be a monoamine oxi- 
dase inhibitor in pharmacological testing. 

One widely used approach for the synthesis of new 
compounds that  possess some type of central nervous 
system stimulant activity is the cyclization of sub- 
stituted phenethanolamines into heterocycles, such as 
morpholine, piperidine, and 2-oxazoline in such a man- 
ner that  more or less of the phenethanolamine skeleton 
becomes part of the heterocyclic ring. Well-known 
drugs of this type are phenmetrazine. piprado1,Z and 
nminorex.3 

NH? 
CaH5xcH3 0-NH 

phenmetrazine pipradol aminorex 

The ephedrines and norephedrines are useful starting 
materials for a study of this type because they 
possess some central activity and because all eight of the 
isomers are readily available. Morpholine, 2-oxazo- 

(1) L. S. Goodman and A. Gilman. “The Pharmacological Basis of 
Therapeutics,” 3rd ed. The  Rlacmillan Co.. New York. N. Y.. 1965, p 516. 

(2)  R .  F. Gould. “hlolecular Modification in Drug Design.” Advances in 
Chemistry Series, N o  45, American Chem~cal Society, Washington, D. C., 
1964, p 116. 

( 3 )  C. K. Cain, “Annual Reports in Medicinal Chemistry, 1965,” ilca- 
demic Press Inc., New York. N. Y., 1966, p 54. 

line,4 oxazolidine,5 di- and tetrahydro-1,3,4-oxadia- 
~ i n e s , ~ , ’  2-thiazoline,* thia~ol idine,~ dihydro-1,3,4-thia- 
diazine,’O tetrahydro-as-triazine,ll and imidazolidine’z 
heterocyclic derivatives of the ephedrines and norephe- 
drines have been reported. Certain of these heterocy- 
cles exhibit central-stimulating appetite-depressingl1S4 
monoamine oxidase inhibiting antidepressant,flgslOb cen- 
tral nervous system d e p r e ~ s a n t , ~ ~ , ~ , ’ , ~ ~  analgetic,” 
hypoch~lesterolemic,~ antiinflammatorj~,~ antimicro- 

(4) G. I. Pons, J. R.  Carson, J. D. Rosenau. -4. P. Rosakowski, N .  11. 

( 5 )  H. Pfanz and G. Kirchner, Ann., 614, 149 (1958). 
(6) (a) D. L. Trepanier, V. Sprancmanis, and K. G. Wiggs, J .  Ory. Chem., 

29, 668 (1964); (b) D. L.  Trepanier and 1‘. Sprancmanis, ibid., 29, 673 
(1964); ( c )  ibid., 29, 2151 (1964); (d) D.  L. Trepanier, V. Sprancmanis, 
D. S. Tharpe. and P .  E. Krieger, J. Heterocyclic Chem., 2,  403 (1965); (e) 
D. L. Trepanier, P.  E. Krieger, and J. K. Eble. J. M e d .  Chem., 8, 802 
(1965); (f)  D .  L. Trepanier, V. Sprancmanis, and J. ?i. Eble. i b i d . .  9, 753 
(1966); ( g )  D. L. Trepanier. U. S. Patent  3,122,537 (1964). 

(T) XI. J. Kalm. U. S. Patent 3,251,838 (1966). 
(8) RI.  Kojima, Yakugaku Zasshi, 79, 1 (1959). 
(9) A .  P. Rosakowski and G. €3. Koelle, J. Pharmacol. Ezp .  Ther., 128, 

(10) (a) D. L. Trepanier, W. Reifschneider, IT. Shumaker, and D. S. 

Kelly, and J. IIcGowin, J .  .\fed. Chem., 6, 266 (1963). 

227 (1960). 

Tharpe, J .  Ow. Chem., SO, 2228 (1965); (b) D. L. Trepanier, U. S. Paten 
3,290,303 (1966). 

(11) D. L. Trepanier, E. R. Wagner, G. Harris, and A .  D. Rudaik, J .  
M e d .  Chem., 9, 881 (1966). 

(12) 11. Murakami and T. Fukumoto, 5 i p p o n  Kagaku Zasshi ,  76, 270 
(1955). 
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tjid,7~1n'1 or catecholamine-potentiatingg activity n-heri 
bribjected to pharniacolugical screening i n  lower nni- 
n1:lls. 

This paper describes the 5yrithe 
diazinone derivatives of  ( -)- m d  
of two related tetr:11.iydrooxadi:tziiioiies, the results of 
:in attempted .yrithe*is of :t dihydroamiriooxadiazirie 
tlerivntive of ephedrine, arid the mxessful syiithesis of  
three related dihydroamiiiooxndiazineh. I t  also re- 
ports the results of pharniacological ev:iluntiori of these 
new tetra1iydrooxadi:aziiioiies :ind dih!.dro:imiiiooxadi- 
azirieh. 

Chemistry.-'l'reatnient of S-aniiiio-( - )-epliedriiieGa 
111 adiydrous ether w t h  iiiethyl c.lilorothiolforninte i i i  

the ])remice of triethylamine a t  anibierit temperature 
gave S-niethj.1 3-(@-hydrox) -Lu-methylpheiietliyl)-3- 
mctliylthiocwrbazate (111) (43% yield) aiid cis-( - ) -  
;3,4,3,~-tctrnliydro-4,~-diiiieth~-l-fj-phenyl-2H-l , 3,4-oxn- 
diaziii-2-one (IT) (7yc yield). The cis configura- 
t ion n :IS absigned to this novel oxtdiazinone because 
J 6 , i -  is 3.0 cp' arid because it \vas iyiithekized from 
rrythi o-hydrazino iilcohol I1 11) a co~iversioii whicli 
u ould not be expected to break :my bonds about either 
of the :isyrnnietric carboriq of 11. Greater significance 
c:m he attached to the inenniirg o f  the magnitude of the 
T,H-OH coupling because it has been reportedhc that in 

closely related .i,C,-dihydro-4H-l,3,4-oxadiazine 
teni that  cis-( -)--2,3-dimethyl-3,6-diphe1iyl-~,6-di- 

I I J  dro-~H-1,3,4-oxadiazirle exhibited :L J 5 1 1 - f i F I  = 2.90 
cps aiid the cwrrcq)onding t n " - ( + )  isomer a J5Fl--6h1 

of t1iioc:irbaz:itc ehter III  iie:it at 160- 
170" for 2 hr c:iriwd elimiiiatioii of methyl mercaptan 
m d  C J  clizntiori in high yield t o  oxadiazinone IVa. 
l'lii\ s :~i i~e sequence of reaction- \T as repeated in order 
to prepare the cis-( +)-oxadiazinone IT'b from (+)- 
t.phedrine. Also, as shon-n in Chart I, thiocarbazate 

ester forinatiori iollonctl t>J- p\ r o l ~  tic cycli70 Jd t '  1011 \F 
u w l  to  convert liydrazino :ilcohols XIa :tnd t) t o  ox i -  
cliazinones XIIx arid b. 

Aillowing oxadiazi~ioric~ 1\-;t to react \\ ith iodoii1t~tli:iiic~ 
iri refluxing :icetone rewltetl i i i  the forin:itiori of 3,4..i3[i- 
t etrahytlro--2,4,5- trimet h) 1 - t i -  pheriyl-2H- 1 3 , 4  -oxadi- 
:iziii-2-oiiiuni iodicle (V) . Ouadi:iziiioiie 1Y:i \V:L\ :11- 

1;) kited at  St' instead of N4 hy allo\virig it t o  react with 
sodium etlioxide in cthariol follon-ed by treatment of the 
refluxing niirture with 1w11zy1 bromide. Hoivevcr., 
hecause the a1l;yl:ition a t  S' I\ it\ :~ccoinp:~iiiec-l hy 
cthanolysis of the c' 0 hontl thc product isolated arid 
piirifietl :xh the h j  drochloridr I\ :ii eth) 1 2-benzy1-3-(@- 
hydroy -cu-nieth~~lplieneth~~l)-~Z-meth~-lcnr~~azate (VI). 

Treatment of hydraziiio :tlcohi)lz 1X- cfiii in  meth- 
ai101 at 10" in the prewncc of sodium :mtnte with 
hlightly inure thaii 1 equiv of c l  ariogen bromide gave 
:~iniiiooxndiazirics Xa- c. rebpecf iv Structures were 
bub.;tanti:ited by e1emeiit:il :ir ial  :1nd ir wid pmr 
yec t ra .  

Rcaction of S-anriiio-( - ) - c y h d r i i i ~  (11) in inc~thanol 
in the presence of wxliiini :icctatc> with cyaiiogen hi)- 

iiiitle yielded after corireiitr:Ltioii  id 1jnsiiic:ttioii :I 
cliloroforni-soluble o i l  which i i p o i i  diztillatioti iii x i  oil 
bath heated to 110" g:iw a mixtiire that boiled at  13- 
(i.5" (0.3 nim) a r i d  partially solidified in the receiver. 
The liquid was pipettetl from the solid arid passed 
through filter pa1 .. (ilpca iiidicated the liquid to  he 
approximately 98 pure. Zr and pmr analyses indi- 
cated the liquid was priiicipnlly t i  um-P-methylstyrene 
(VII). (:omparison with sprctra of authentic trans-p- 
inethylstyrene verified thi:, itriictiire assignment. The 
-olid portion of tlic dihtillat e \\ a\ purified by recrystal- 
lization. 1Ielting poilit, clerrieiit al, ir, and pnir ttnaly- 
-('\ iiidicated the solid was methyl (barbamate (YIII). 

Pharmacology. -To measure potential ailtidepressant, 
activity of these cvmpoiinds they were tested for an- 



TABLE I 
Screening 

dose, l tuser lhe-pent j  l ene te l r ade  
Compd m d k y  treatedjcontrol 

IVa 

IT'h 

v 
Xa 
Sb 
S C  

XI Ia  
XI Ib  
Clidiniiim bromide 

8 . 9  
12 .5  
25 
50 
10 
2 0 
40 

100 

100 
100 
100 
I 0 0  

12,  .i 
2 .i 
5 0 

i o n  

1 . 9  
3 . 2  
2 . 5  
4 . 7  

. 9  
1 . *i 
1 . 1  
1 . 2  
1 . :: 
1 . 2  
1 . 0  
1 , 0 
1 . 0  
3 .  5 
2 . 8  
3 . 5  

tagonisni to  the threshold effect of reserpineI3 on con- 
vulsions induced by intravenous infusions of pentylene- 
tetrazole.'4 AIonoamine oxidase inhibitors are known 
to be active in this test.I3 Groups of ten mice were 
dosed intraperitoneally with test compound at 4S, 24, 
and 2 hr before a 5-mg/kg dose of reserpine. Two 
hours after reserpine they were infused through a tail 
vein with a 0.5yG solution of pentylenetetrazole a t  the 
rate of 0.2 ml/min. The time, in seconds, to extensor 
convulsions was measured : the average time of each 
group is expressed as a ratio of the average time of the 
saline-treated group of the same day in Table I. 

Because of the novelty of the structure, the one com- 
pound showing activity in this test, the czs-( -)-oxa- 
diazinone IVa, was then further evaluated pharma- 
cologically. The LD,, by intraperitoneal injection in 
mice was 540 mg/kg (500 mg/kg, 4/10 dead; 562 
mg/kg, 5/10 dead; 631 mg/kg, 8/10 dead). Death 
followed a period of prostration, difficult respiration, 
and cyanosir. 

Compound IVa wa? inactive as an analgetic in the 
HC1 writhing test" at  a dose of 100 mg/kg ip. It mas 
inactive at  100 mg/kg in an amphetamine aggregate 
toxicity test,'j a measure of potential tranquilizing 
activity. The compound afforded no protection at a 
dose of 100 mg/kg against tremorine-induced tremors, 
a test for potential antiparkinsonism activity.I6 

The compound was tested for antagonism to the 
lethal effects of strychnine as a measure of potential 
muscle relaxant and mild tranquilizing activity." 
AIice were dosed intraperitoneally at  48, 24, and 1 hr 
before a challenge with 2 mg/kg ip of strychnine. At a 
dose of 100 mg/kg of IVa there were 3/10 dead in the 
experimental group; in the controls there were 10/10 
dead. Since Kato'* has demonstrated the possibility 
of an antagonism to strychnine by means of an induc- 
tion of hepatic microsomal enzymes (rather than cen- 
tral muscle relaxation) the experiment was repeated 
using the protein biosynthesis inhibitor ethionine. 

( 1 3 )  .1 I\ Lessin and hl V .  Parkes Brzt J Pharmacol , 14, 108 (1559) 
(14) G. Chen, C R Ensor, and B Bohner, Proc Sac E x p  Bzol . V e i l ,  

(15) L C \T eaier  and T. L Kerlej, J .  Pharmacol E x p  Ther 136, 240 

(16) G A1 E\eret t ,  S a t u r e  177, 1238 (1956) 
(17) E L Anderson. J. E. Casey, J r ,  L. C Greene, J J Laffert), and 

(18) R Kato, Arznezmtttel-Forsch , 11, 797 (1961) 

86, 507 (1954) 

(1962) 

H H Reiff, J. M e d  Chem , 7 ,  259 (1964). 

When 250 mg/kg of ethionine was given simultaneously 
with each lOO-mg/kg dose of IVa, no protection (10/10 
dead) from the lethal effects of strychnine was obtained, 
suggesting the strychnine antagonism of IVa initially 
observed was the result of increased metabolism of 
strychnine rather than a central nervous system mecha- 
nism. 

IVa was tested for in vivo monoamine oxidase activity 
in rats. Groups of three animals were given IVa intra- 
peritoneally at  50 and 100 mg/kg daily for 4 days. On 
the 5th day the animals were sacrificed, liver honioge- 
nates were prepared, and 1 I h O  activity was deter- 
mined by the method of Weissbach, et U Z . , ' ~  measuring 
rate of disappearance of kynuramine. Liver 1IAO was 
found to be 2% of control at  the higher dose, 35% of 
control at  the lower dose. 

Cardiovascular studies were done in two pentobarbi- 
tal-anesthetized dogs. Cumulative intravenous doses 
of 50 mg/kg of IVa were without effect on artertial 
blood pressure or respiratory rate, nor did they produce 
any alteration of the response of the arterial pressure 
to epinephrine, norepinephrine, acetylcholine, or hist- 
amine. However, the response to dopamine \vas en- 
hanced rind that to reserpine was reversed, changes 
characteristic of known 1 I h O  inhibitors in this spe- 
cies.20z21 I n  summary, IVa is a relatively nontoxic 
JIAO inhibitor devoid of cardiovascular activity in the 
dog and devoid of activity in all of the other CKS 
screening tests in the mouse except for the strychnine 
lethality test. The absence of M A 0  inhibitory activity 
for enantiomer IS'b is another example of enzyme in- 
hibitor specificity. 

Experimental Section 
The melting points were obtained in a capillary tube with the 

Thomas-Hoover Uni-Melt and are corrected. Elemental analyses 
were performed by Midwest Mcrolabs., Inc., Indianapolis, 
Ind. ffhere analyses are indicated only by symbols of the ele- 
ments analytical results obtained for those elements were within 
2~0.4% of the theoretical values. The pmr spectra were obtaiiied 
at  60 Lclc, with a T'arian -4-60 spectrophotometer, for loc; 
CDC1, or CC1, soliitioiis containing T l I S  as an  internal standard: 
ir spectra, iyith a Perkin-Elmer 3 5  grating spectrophotometei: 
the glpc analysey, on an Aerograph Aiitoprep A-700. 

S-Methyl 34 P-Hydroxy-a-methylphenethyl j-3-methylthio- 
carbazate (111) and cis-( - )-3,4,5,6-Tetrahydro-4,5-dimethyl-6- 
phenyl-2H-1,3,4-oxadiazin-2-one (IVa).-To a stirred mixture 
of 36 g (0.20 mole) of S-amino-( - )-ephedrine, 28 ml of Et&, and 
500 ml of EtzO was added, dropwise, over a period of 2 hr, a 
solution of 22 g (0.20 mole) of methyl chlorothiolformate in 100 
ml of EtzO. The mixture was stirred at ambient temperature 
overnight, washed with one 350-ml portion of HzO, extracted 
three times with 250-ml portions of dilute HC1, washed with 360 
nil of aqueous NaHC03, dried (MgSO,), and evaporat>ed in uucuo. 
The residiie was recrystallized twice from (i-PrjpO to give 22 g 
(43y0) of white crystalline 111, mp 145-146'. Anal. (CiZH18- 

The combined dilute HC1 extracts of the Et20 solution were 
basified with K2C03. The precipitate was filt>ered and recrystal- 
lized twice from hexane to give 2.9 g (7%)  of white long needles 
of IVa:  mp 119-120'; [ c Y ] * ~ D  -8.0" ( c  4.00, CHCl,); X,,, 
(KBr)  3.11 (NH) and 5.94 p (C=Oj; pmr, 52 (5-CH3, doublet, 
J = 6.9 cps), 171 (NCH, singlet), 190 ( 5  H, multiplet), 348 
(6 H, doublet, J = 3.0 cps), 433 (singlet, 5 phenyl protons), and 
539 cps ( S H  proton, singlet). Anal. (C11H1,N20z) C, H, S. 

SzOzSj C, H, K, S. 

(15) H. Weissbach, T. E. Smith, J. I\-. Daly, I3. Witkop, and S. Uden- 

(20) L. I. Goldberg, Ann.  X. Y .  Acud.  Sci., 80, 639 (1959). 
(21) M. Chessin, R. R. Kramer, and C. C. Scott, J .  Pharmacol. Ezp .  

friend, J .  Bid.  Chem., 286, 1160 (1960). 

Ther., 119, 153 (1957). 




