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TARLI: I V  

R~ 
So. Ri  R?  i r p .  "C Crystn Formulac 

:320 Ale 0 179-181 EtOAc CiaHiiSOS 
33* Et> 0 159.5-161 EtOAc C16H,,NOS 
34 Me NOH 238.3-240 EtOH-H,O Cl;Hl?K2OS 

(1: l )  
3,; K t  NOH 189-191 EtOH CieHi4N20S 

2,4-IlKP, mp 297.6-298.5 dec (DLIF). A n a l .  (CP,H,SK;~O$~) 
C ,  H, 3. *2,4-DNP, mp 246-248" dec (DhIF). Anal .  ((212- 

H,,N,O,S) C ,  H, S .  e All compds n-ere analyzed for C, H, S. 

lar reduction of 35 gave the A'-Ac deriv of 2, mp 193-193.5" 
(C6H6) [ i lna l .  (C18H18Y20S) C, H, XI,  and the amine.HC1 2 
(Table I). 

Hydrogenation of 4-(2-benzothiazolyl)phenylacetonitrile.- 
Similar redns gave the ilr-Ac deriv of 6, mp 172.5-174' (CeH6) 
[It nal. (CliHlsS~OS) C ,  H, XI, and thence 6 (Table I) .  

4- (2-Benzothiazolyl)-o-hydroxymethylbenzylamine * HCI ' (12) 
was prepd by redii of 14 with LAH in Et20 in the usual way 
(Table I) .  

3- [4-(2-Benzothiazolyl)phenyl]propionitrile was prepd from 
27 hl- heat,irig with NaCN (1.1 eqiiiv) in DMSO at' 9.5' for 2 hr. 
1)ilii with RPO,  gave a solid (loo%), nip 110-113°. The pure 
iiitrile had mp 113-114' (i-PrOH). Anal .  JCI~HI?NPS) C, IT, S. 
Ethyl 3- [4-(2-benzothiazolyl)phenyl]propionate was prepd by 

refliixiiig the above compd (3.33 g)  ill EtOH (75 ml) contg HZSOI 
(coiird, lii ml), for 7 hr, pouring onto ice, extg with EtSO, and 
evapg t o  give 3.35 g (98%)> mp 46-47", The pure compd had 
mp 48-49' (hexane). A n a l .  (C18HliN02S) C, H,  K. Alk hy- 
drolysis gave the acid, mp 184-187" [subl 170" (0.01 mm)].  
Anal .  (C16HlaS02S) H, X ;  C:  calcd, 67.8, found, 67.3. 

4- (2-Benzothiazolyl)-p-methyl-p-nitrostyrene.4- (2-Benzo- 
i hinzol!-l)be~,zaldehyde (5  g),  LIeK02 130 ml), and n-BuNH? (10 
tilops) ivere refluxed 3 hr arid cooled, arid the solid (4.25 g, 69%)j 
mp 187-189", was collected. The pure styrene had mp  188- 
190..io (MeXOz). Anal .  (ClSH12XZ02S) C ,  H, N .  

4-(2-Benzothiazolyl)-~-hydroxyamino-~-methy~styrene was 
prepd by redu of the above in EtOH contg 2 HC1 and 10% 
Pd,C at  14.06 kg/cm2 for 4 hr. Filtration, evapn, neutraliza- 
tion, and extn with Et20 gave the styrene, mp 182.5-183' (CeH6- 

2-Amino-1-[4- (2-benzothiazolyl)phenyl]propane (16) prepd 
:) hy redrr of the above compd with IAH in EtpO, had mp 

12O-120..jo (EtOAc-hexane), [ A n a l .  (C,sHlsS?S) C, H, XI, 
IICl? nip 30,7.5-306" (AIeOH-Et20). -4nal. (C16HliC1N2S) 
c'. IT, x. 
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In a previous paper of this series,* it was reported 
that several ethers of the phenolic OH of metaraminol 
(1).  (-)-erythro, were found to deplete the mouse heart 

(1) Deceased Oct 26, 1568. 
(2) W. 9. Saari, -4. W. Raab, TV. H. Staas, hl. L. Torchiana, C. C. Porter, 

and C. A .  Stone, J .  M e d .  Chem., 13, 1057 (1970). 

of norepinephrine and to replace it with the substitute 
transmitter metaramin01.~ Evidence n as also prv- 
sented shoning that dcalkylation of the ethers t o  
metaraminol was necessary for norepinephrine deplc- 
tion to occur. I t  vas  therefore of interest to consider 
other derivatives of metaraminol that would bc susccp- 
tiblc to metabolic conversion to the phenrtl~anolami~~t~. 
In this report, we drscribr the qyntliesih and catccnhol- 
amine-depleting activity of home esters of the side caliain 
OH of metaraminol. 

Chemistry.-Synthesis of the erythro benzoyl ester 
5 uncontaminated by the threo isomer 64 was accom- 
plished by ncylztion of 3 in n-hich thc amino and phtno- 
lic OH functions of metaraminol were protected by the 
CBZ and benzyl ether blocking groups (Schemc I). 

S C H ~ M J :  I 
OH 
I 

OH 
I 

1. R = H 
2. R = CH.C, H 

3 

1 
OCOC, I I  

CHCHCH, 
I 

Ha 

4 
5 

?COC,H, 

HO& Ha 

NH2 

6 

Both protective groups were removed from 4 in one 
step by catalytic hydrogenation under acid conditions 
to give the (+)-erythro benzoyl ester 5.  The assign- 
ment of erythro stereochemistry to 5 was confirmed by 
nmr measurements which showed the expected erythro 
spin coupling constant of 4.0 Hz (at 6.20 ppm)2'5 for the 
carbinol ester hydrogen Ha. Since this sequencr of 
reactions xould not be expected to affect the configura- 
tion at either of the 2 asymmetric centers in metaraminol, 
the (+)-erythro ester 5 has the same absolute configu- 
ration as metaraminol (aR,  1s). 

The benzoyl ester 5 \vas also prepared by a method 
used for conversion of ephedrine to the corresponding 
benzoyl ester*sQ (Scheme 11). The (+)-threo halides 

( 3 )  For leading references t o  the  substitute transmitter hypothesis, see: 
I. J. Kopin, Annu. Reo. Pharmacal . ,  8 ,  377 (1968); C. A. Stone and C .  C:. 
Porter, Advan. Drug Res., 4 ,  71 (1967); J. R. Crout, Circ.  Res. ,  18, 19, 
S u p p l .  1, 120 (1566). 

(4) The threo isomers of 1 are considerably less active than metaraminol 
[(-1-erythro form of 11 in depleting the mouse heart of norepinephrine"-' 

151 W. 9. Saari. A .  IT'. Raab,  and E. L. Engelhardt, J .  M e d .  Chem.. 11, 
1115 (1568). 

(6) M. L. Torchiana, C.  C .  Porter, and C. A. Stone, Arch. In t .  I'harmil- 
codyn.  Ther., 174, 118 (1968). 

(7) K. F. Albertson. F. C. XlcKay, A. E. Lape, J. 0. Hoppe, \\-. 1%.  
Selberis, and A. Arnold, J .  M e d .  Chem., 13, 132 (1970). 

(8) L. H. Welsh, J .  Ow, Chem., 32, 119 (1967). 
(9) H. Pfanz and H. Wieduwilt, Arch. Pharm., 288, 563 (1955). 
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SCHEME I1 
c1 CI 

,CHCHCH.]. HO 
I 4 Y’ 

8a, R = C,H, 
b, R =  o-CH,CLH, 
C ,  R p-CH,OC,H, 

?COR J 

10 
d, R P CHJ 

R 
9 

7 was converted to the benzamide 8a and cyclized with 
inversion at  the benzyl carbon atom to give the cis- 
oxazoline Sa. This intermediate was not isolated in 
this instance but was hydrolyzed directly to the (+)- 
erythro benzoyl ester 10a.1° This product proved to be 
identical x+ith that prepared by the method in Scheme 
I which did not involve inversion at any asymmetric 
center. Additional confirmation of erythro stereo- 
chemistry for this benzoyl ester was obtained by an 
0 -+ ?: acyl migration which afforded the benzamide of 
metaraminol.” 

TWO substituted benzoyl esters, 10b and lOc, were 
also prepared by the method in Scheme 11. Although 
no threo isomer was detected in the o-methylbenzoyl 
ester lob, the p-methoxybenzoyl ester 1Oc was found by 
nmr measurements to  be a mixture of approximately 
60y0 erythro and 40y0 threo  isomer^.'^ However 
hydrolysis of the purified intermediate cis-oxazoline 9c, 
prepared from metaraminol and p-methoxybenzimi- 
date,15 under the same conditions used to effect rear- 
rangement of 8c gave only the erythro ester 1Oc un- 
contaminated by the threo isomer. It would therefore 
appear that  formation of the threo ester 10 from 8c 
probably results from partial isomerization of the threo 
chloroamide prior to oxazoline formation and hydroly- 
sis. 

We have also studied the acid-induced N + 0 acyl 
migration of the benzoyl group of N-benzoylmetarami- 
nol. The results parallel those reported for N-benzoyl- 
ephedrine8 l2  l3  in that  both retention of configuration 
and inversion at the benzyl C occur to give a mixture of 
the erythro and threo isomers of 10a as the HC1 salts. 
However the pure erythro isomer can be isolated from 
the mixture of hydrochlorides simply by neutralization, 
which converts the threo ester to  the threo amide by an 
0 + K acyl transfer, and acidification to trap the re- 
maining erythro ester 10a as the HC1 salt. This type of 

(10) Ssnthesis of the ersthro benzoyl ester 6 by  hydrolysis of the czs- 

(11) This type of 0 + N acyl migration has been shoirn to  proceed with 

(12) D J Cram in ’ Steric Effects in Organic Chemistry,” M S Nenman,  

(13) L H Welsh, J Amer Ckem SOC, 69, 128 (1947) 
(14) Estimated by relatwe nmr integration values for the ersthro carbinol 

Ha proton doublet (see formula 6) centered a t  6 19 pprn and threo Ha proton 
doublet (see formula 6) centered a t  6 00 ppm 

(15) Synthesis of 2-oxazollnes from ammo alcohols by this method IS 

kno\\n to  proceed v i th  retention of configuratlon W S Johnson and E N 
Schubert, J Amer. Ckem Soc., 7P, 2187 (1950) 

oxazoline has been reported by  the Sterling-Winthrop group 7 

retention of configuration 1 2  1 s  

E d ,  \5iles, iYev York, N Y . ,  1956, pp 293-294 

acyl migration, 0 + N, is known to be faster in the 
pseudoephedrine (threo) series than in the ephedrine 
(erythro) series. l2 8 l6 

The erythro acetate 10d was obtained by treatment of 
N-acetylmetaraminol with HC1. 

Biological Results.-All of the metaraminol esters 
tested proved to be less potent than metaraminol in 
depleting the mouse heart of n0re~inephrine.l~ The 
results, summarized in Table I, also show that the 

TABLE I 
NOREPINEPHRINE-DEPLETION ACTIVITY 

OF METARAMINOL ESTERS 
OR 
I 

HO ucHr:cl 
Norepinephrine 

depletion, 1’ 

mouse heart, 
NO. R PO EDso, mg/kg 

1 H 0 .1  
1Od CHSCO 0 .4  
5 CsHsCO 1 . 0  

10c p-CH3OC6HaCO 1 . 6  
10b o -CH~C~HICO 17 

structure of the acyl portion of the ester has a marked 
influence on catecholamine depletion. The relative 
importance of catecholamine depletion due to release by 
metaraminol formed through metabolism of the esters 
and that resulting from release by the esters per se can- 
not be determined from the available data. 

Iv  administration of the Ac ester 10d in doses of 0.05, 
0.25, and 1.25 mg/kg to the anesthetized dog resulted in 
a rapid dose-dependent rise in arterial pressure.” At 
the highest dose, marked inotropic and chronotropic 
effects were also evident. The pattern of response was 
similar to that observed x i th  metaraminol, a t  approxi- 
mately 0.1 the dose. Under the same conditions, the 
aryl esters 5, lob, and 10c showed no significant pressor 
responses. 

Experimental Section 

All mp were obtained on a calibrated Thomas-Hoover Uni- 
Melt capillary mp app. Where analyses are indicated only by 
symbols of the elements, anal. results obtd for those elements 
were within f 0 . 4 7 ,  of the theoretical values. I r  spectra were 
detd with a Perkin-Elmer Model 21 spectrophotometer, nmr 
spectra with a Varian A60-A spectrophotometer (MerSi). Spec- 
tra recorded in D20 used t’he DOH band a t  4.65 ppm as an in- 
ternal std. Optical rotations were detd with a Zeiss photoelectric 
precision polarimeter. Tlc’s were performed on fluorescent 
silica gel G plates, spots detected by uv or exposure to I I  vapor. 

(cuR,lS)-m-Benzyloxy-Lu- [ 1-N-carbobenzyloxyaminoethyl] - 
benzyl Alcohol (3).-A 10% NaOH soln was added dropwise to  a 
cold, stirred mixt of 30.0 g (0.0803 mole) of the hydrogen maleate 
salt of (~R,1S)-cu-(l-aminoet~hyl)-rn-benzyloxybenzyl alcohol,2 
300 ml of H20,  and 300 ml of Me2C0 until the pH of the soln 
remained at 8.5 or higher. Carbobenzyloxy chloride, 15.3 g 
(0.090 mole), was added dropwise over 40 min t o  the slightly 
basic soln of t,he amino alcohol cooled to  ice bath temp accom- 
panied by a simultaneous addn of 10% XaOH to maintain a pH 
of 8.0-8.5. After addn was complete, the reaction mixt was 
stirred a t  ice bath temp 2.5 hr before 6 N HC1 was added to adjust 

(16) This difference in the rates of acyl migration has been attributed to  
differences in steric repulsions between the M e  and P h  groups of the erythro 
and threo isomers in the transition states.12.13 

(17) Testing procedures are described in an earlier report.* 
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the pH to  2.0. The product was filtered and recrystd from 
EtOAc-petr ether (bp 30-60') to give 15.2 g (48.47,) of product, 
mp 114-116'. Recrystn from C&-petr ether gave an analytical 
sample, mp 116-117'. Anal. (CzrHzjN04) H, N.  Calcd C, 
73.63; found C, 74.05. 

( a K , l S ) -  or (+ )-erythro-a-(1-Benzamidoethy1)-m-hydroxy- 
benzyl Alcohol.-To a stirred soln of 37.5 g (0.118 mole) of (a$?,- 
lS)-a-(l-aminoethy1)-rn-hydrosybenzyl alcohol (+)-hydrogen 
tartrat'e (metaraminol bitart,rate) in 375 ml of HaO, cooled to  5 O ,  

were added 97.5 g of NaHC03 and 56.4 g (0.23 mole) of Bz20. 
The reaction mixt was stirred at  20-25" for 20 hr and then extd 
with two 200-ml portions of EtO.-ic. After concg the org est 
iinder reduced pressure, the residue was dissolved iii a mist of 200 
in1 of CH30H and 100 ml of 10% NaOH and stirred at room temp 
for 20 hr. The s o h  u-as acidified with 6 A' HC1, and the product 
was extd quickly into two 200-ml portions of EtOXc which were 
then washed (NaHCO8, HpO), dried (Na2S04), filtered, and concd. 
The residue was recrystd from EtOH-C6H8 t'o give 20.7 g (64.7Yc) 
of the benzamide: mp 123-126"; homogeneous on  tlc, 5 s ;  
LIeOH-CHC13. -211 anal. sample, mp 126.6-128.6", [a]'% + 
42.8' (e 2, AIeOH), \vas obtd by recrystii from EtOAc-hexane. 

( a R , l S ) -  or (+)-ergfhro-a-(1-Aminoethyl-m-hydroxybenzyl 
Benzoate Hydrochloride ( 5 ) .  Method A. From (aR,lS)-m- 
Benzyloxy-0- [ 1-.\--carbobenzyloxyaminoethyl] benzyl Alcohol 
(3).-BzC1 (1.9 g, 0.0135 mole) in 50 ml of anhyd pyridine was 
added rlowly to  a stirred s o h  of 5.0 g (0.0128 mole) of the LV- 
CBZ deriv of the ( -  )-erythro benzyl ether of metaraminol in 100 
nil of pyridine at 100'. After addii was complete, the reactioii 
mist was stirred at 100" for an addul hr and theii allowed t o  cool 
t o  room temp over IS hr. Pyridiiie was removed under rediiced 
pres-we, and the residual oil was dissolved in 200 nil of EtOAc. 
The soln was Tvajhed with 200 ml of HeO contg 1 nil of 6 L\7 HC1, 
:tiid the aq layer was reestd with EtOhc.  The combiiied EtOhc 
est were dried (Na2Q04)  and coned under reduced pressure to 
give the crude Bz ester u-it,h the benzyl and CBZ-protecting 
groups intact,. Both protecting groups were removed by hydro- 
genation with 0.8 g of catalyst (lOcc P d . C )  in 200 nil of EtOH 
containing 12 ml of 6 S HC1 at  room temp arid atm pressure. 
After absorption of HP was complete, the catalyst was filtered and 
the filtrate coned under reduced pressure to give a solid. Kecrystn 
from EtOH-Et20 gave 1.8 g (4-5.7q) of t'he (+)-erythro benzoyl 
ester.HC1: mp 241.3-242.3"dec; [ 0 ] %  + 81.7" (c2, MeOH);18 
tlc (lOyc EtOH-PhH) homogeneous; ir (KBr) 1720 ern-' (ester 
CO);  iimr (1320) 61.42 (3, d,  CH,, J = 7 Hz), 3.7-4.2 (1, m, 
CHT';), 6.20 (I, d, CHO, J = 4 Hz), 6.8-7.6 (7, ni, arom CHI, 
8.0-5.2 (2, m, 0-13 in c&:co). -3nal.  ( C ~ J I ~ ~ K O S . H C I )  C, €I, 
N. 

Method B. From (+ )-~hreo-3-(2-Amino-l-chloropropyl)- 
phenol.HCI.H20 (7).-h sohi of 6.3 g of anhyd XaHC03 in 23 
In1 of llaO was added slowly t o  a well-stirred niist of 3.36 g 
(0.0140 mole) of (+)-lhreo-3-(2-amiiio-l-ehloropropyl)phenol~ 
€IC1.IT2O5 and 2.12 g (0,0151 mole) of BzCl iii 25 nil of EtOhc.  
After addn was complet,e, the mist was stirred a t  room temp for 
10 min. The EtOAc s o h  was theii sepd, and the aq layer was 
estd with EtOAc (2 X 50 ml). The combiiied org es t  %-ere dried 
(Xa,SO,), filtered, and coned at 60" niider reduced pressure to  give 
4.3 g of the intermediate benzamide as an oil, honiogeneoiis upoii t lc  
(1076 3leOH-CHCIz). h soln of the oil in ,50 ml of 7 S HCI in 
anhyd EtOH u-as stirred at reflux for 6 hr and then overnight a t  
room temp. The ppt was removed and dried to give 1.66 g 
(38.3%) of the (+)-eryt'hro benzoate.HC1, mp  238.3-241.3' der, 
[ a ]  250 + 80.9" ( c  2, XleOH). This product, was identical with 
that obtd in method A as detd by mmp, ir, and nmr. 

Method C. From ( e X , l S ) - a -  (1-Benzamidoethy1)-r-hydroxy- 
benzyl Alcohol.--,i mist of 3.23 g (0.012 mole) of the (+)-erythro 
beiizamide of metaraminol arid 2.0 ml of coned HC1 in 50 ml of 
EtOH was refluxed for 4 hr. After coiicg iiiider reduced pres- 
stire, the residiial solid was twice dissolved in 2.5 ml of LIeOH and 
10 nil of PhH and coned. Rec n first from i-PrOH then from 
1\IeOII-lIeiCO-Et20 gave 2.65 7 2 5 )  of a mixt of erythro aiid 
threo ester hydrochlorides, mp 210.3-212.5D dec. Further re- 
crystir from LleOI-I-LIenCO-Et20 gave an anal. sample, mp iiii- 

changed, which contd approx 3,jr; of the threo beiizoate. The 
ratio of erythro and threo esters ivas detd by the relative intenri- 
ties iii the iimr (I)?O) of the er>-lhro carbi i i~l  proton signal a t  
0.10 pprn ( J  = 4 IIz)  arid the threo carbinol proton signal at  6.0 
pprn ( J  = c: TIz).  

.hUl. ( C I ~ H ~ ~ N O ~ )  C, 13, N. 

dnal .  ~ C l ~ T € l ~ K 0 3 ~ T l C l )  C, FI. N, C1. 

I n  another experiment, t'he crude product, obtd from ft similar 
acid treatment of 2.7 g (9.96 mmoles) of the (+)-erythro benza- 
mide was shaken with excess NaaC03 sohi and 50 nil of EtOA4c. 
After a second estrii of the aq layer with 50 ml of fresh EtOAc, Ihe 
org ext were combined, dried (Ya2SO4), filtered, and allowed t o  
stand at room temp for 20 hr. X small amt of insol solid  as re- 
moved by filtration and excess EtOH-anhg-d HC1 ~ o l i i  was added 
to the filtrate to ppt 0.50 g (16.35)  of the i+)-erythro tienzoyl 
ester.HC1, mp 231.5-235.5' dec. This sample was ident,ical with 
the product of method A as judged by ir (KBr) and nnir (U20). 
Presence of the threo isomer could not be detected by nmr. He- 
rrystn from EtOH-Eta0 gave product (ROC; recovery) with & 

constant mp of 239.3-241.5' der. 
( aX , lS ) -  or (+)-erylli~o-a-(l-Aminoethyl)-m-hydroxybenzyl 

o-Methylbenzoate Hydrochloride (lob).-The iiitermediiitr o- 
methylbenzaniide, 5.x g, was prepd from 7.94 g of P\'aITCO,. S..i g 
(0.0146 mole) of ~+)-lhreo-3-(2-ntni1io-l-c~hloropropyl)phe11~i1~ 
IIC1.1120, and 4.0 g (0.0317 mole) of o-niethylheiizoyl cliloi~ido 
followiiig method €3 for the prepii of the tiiisiihtit Liteti €32 ester. 
Thi. beiizamide, withoiit fiirther piirificalion, wa5 diss.cilved i i i  60 
ml of abs EtOH, 7 S iii anhyd HC1, containing 10 drops of IIyO 
and heated at reflux for 30 hr. Solvent x t s  removed at  73" iuider 
reduced pressure and the solid residue recrystd froin JIeOH- 
EtOAc to  give 0.58 g (12.3%) of the (+)-erythro ester,IlC:l, mp 
221-224" der. Further recrystii gave an anal. saniple: nip 
226.8-228.8' dec; [aIz51) +4,5.0' (c 2, LIeOH); iimr (IjLISO-de) 
6.16 ppm (1, d,  CHO, J = 2..i Hz). .-1n.a/. ( C 1 7 1 ~ 1 ~ S O ~ ~ H C ~ 1 )  C ,  

(4S,51?)- or (-)-cis-,t1-(2-(4-Nlethoxyphenyl)-4-methyl-2-0~- 
azolin-5-yl)phenol (SC).-~% mist of 650 riig (3.63 niinoles) of 
ethyl p-rnethosyberizirnidate1@ and 600 mg (3.61 mnioles! of  
metaraminol base was heated on a steam bath under 30-100 m m  
vaciium for .j hr. The residue wyas crystd from ICtOAt-hesnne to  
give 0.,5 g (49 .05  ) of the os:tzoline, nip 158.5-142.3". Further 

tn from EtOAc-hexane gave an anal. .:imple: mp 141.0-- 
; [ a ] %  - 304.4' ( C  2, LIeOH!. A n a / .  (C/(17H17K-O3'i C, 

H,  N .  
(lS,2S)- or i+ )-lhreo-3- (2-(4-Methoxybenzamido)-l-chloro- 

propg1)phenol (8c).-.A s o h  of ?;aT-TCOs (6.33 g)  iii 50 nil of 11,O 
WN, added dropu-iw t ( 1  a w-ell-stirred niixl of 2 . S  g i l  1.7 nimolr..) of 
(+ )-thrco-3-(2-amirio-1-chloropropyl)phe1iol~ H C 1 ~ H ~ 0 5  and 4.4 g 
(26 mmoles) of p-methoxybenzoyl chloride in 50 ml of ICtOAc. 
After addn was complete, the reaction mist wa? stirred at room 
temp for a n  addril30 min. The EtOA -er was sepd and treated 
with hexane t.o ppt the product. Ile til from Et,OAc-hes:tiie 
gave 3.3 g (88 .2c; )  of the amide, 149.0-1 52.0". Filrther 
r eq - s t i i  gave an  arial. uample: nip 1.T1.4-1 
102.4" (c 2, 31epCO). ..Ins/. (CliH1,C1S~)3) C, I 

( e R , l S ) -  or (+ )-cr~th~o-~-(l-Aminoethyl)-~~~-hydroxybenzyl 
p-Rlethoxybenzoate Hydrochloride ( 1 0 ~ ) .  Method A. From 
( - )-cZ's-vi- (2 - (4 -Methoxyphenyl)- 4 -methyl - 2-  oxazolin - 5 - y l b  
phenol (9c),---% mist of 2.50 mg (O.Sh2 nimolc) of the cisnzoliiie 
and 7 nil of 2 S TIC1 xva; heated i i i i d ~ r  wfliis f o i ,  20 n i i i i .  'rhc 
c3lear h01Ii  was cooled t o  pp 
met hosybeiizoyl eFter.TTC1, tier, i i ~ ~ ~ ~ o i i ~ ~ ~ r i i i i i : ~ t e ~ ~  

by  the threo isomer iiimr). ,m I 3 0 1  1~~ I':toAc p:ivc> 
an anal. saniple: mp 232. 
11eOll): nnir iJ>?O) 6 6.03 (1 ,  d, CTIO, .I 
CN,, J = 6.0 T l z ) :  ir iIiBr) 171.7 ~ I I I - ~  

H,  s .  

3f,'() o f  thrl ? I , , - l h i ~ o  p-  

( C , ~ I ~ ~ ~ X O ~ ~ T ~ C I )  c, 11, s. 
The p-inetliosyhenzoyl ester could also be otitd 11)- liydrolysia 

of the cis-osazoline under the condii.: of method B. T n  this (':we, 
examination of the total reaction prodiic~ by n m r  i~eveded that I I O  

detectable anioiuit of the threo isomer was present. 
Method €3. From (+ )-ihreo-3-~2-(4-Methoxybenzamido')-l- 

chloropropyl]phenol (&).-.A solii of I .O g (3 .13  mnioles) of thc 
chloroamide i i i  30 nil of abs EtOH, 7.6 .Y ii i  anhyd JIC1, a11d 1 0  
drops of T T 2 0  rtirred at reflus for 6 hr mid then :tt rooin 1 mi] )  

ght , After coiicg iuider rediiced pressiu't, the i,cbsitliie it-:i- 
td  from Et0I-T-EtOAc t o  give 0.40 g (:37.7(';) of pI'odiic.1: 
0-224' de(., a- :111 appros G O C ;  erythro-40:; t l i i , e r~  mist of 

Isumer,5; ~ i m r  fl)?O'i 6 6.19 ((1, erythro CITO, J = 4 l l z ) ,  6.00 id, 
threo CHO, J = \ I la j ,  1.35 ( t ,  overlappiiig erythro :tiid i hwo  
CHIC, J = ,5-6 Irz':. .ITKIT. ( C ~ l ~ l T l ~ ~ O ~ ~ T € C l )  C ,  IT, S.  
.I mist of erythi,o mid threo isomerh was also o h i d  u . h c , l i  1 I I C '  

rearrangemeill n-ai cairjed oiit i t i  2 4Y HCI at reflux for 3 , j  r i i i i i .  

Rearrangement of ~ a l < , l S ) - ~ . -  (1 -Aminoethyl)-?n- hydroxy- 
benzyl Benzoate Hydrochloride ( 5 )  to ( aR , lS ) -a -  (1-Renzamido- 

~~ ~ ...~ ~ 

(1:)) It,  TI. l le l l -olfe  and  F'. 14. . \llpustinr, J .  07.0. Ciicnz., 3 0 ,  6!)9 l 1 9 6 3 ~ .  
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ethyl)-m-hydroxybenzyl Alcohol.-A s o h  of 0.50 g (1.62 mmoles) 
of the (+)-erythro benzoate.HC1 in 50 ml of 10% NaOH s o h  
was stirred a t  room temp for 1 hr, cooled in an ice-NaC1 bath, 
and acidified with concd HC1. The ppt was filtered and dried to  
give 0.20 g (45.570) of the benzamide of metaraminol: mp 125.5- 
127.0°, softens a t  123.0'; identical with an authentic sample 
prepd from metaraminol by mmp, tlc (loyo EtOH-PhH), ir, and 
nmr. 

( a R , l S ) -  or (- )-erythro-w(l-Aminoethyl-m-hydroxybenzyl 
Acetate (10d).-A soln of 5.3 g (0.025 mole) of (otR,lS)-(l-acet- 
amidoethy1)-m-hydroxybenzyl alcohol in 3.8 ml of concd HCl and 
150 ml of EtOH was heated a t  reflux for 1 hr. After concg re- 
duced pressure, the residue was mixed with 100 ml of 50% C&e- 
EtOH and reconcd. This process was repeated 4 times before 
the residue was dissolved in THF,  filtered through a charcoal pad, 
and dild with Et20 to give an oil. Since the oil failed to cryst 
from various solvents, it  was dried under high vacuum to give the 
(-)-erythro acetate as a glass: mp 102" dec, sinters a t  go", 
[ C Y ] ~ ~ D  - 34.5" (c  2, MeOH); nrnr (DzO), 6 1.28 (3, d, CH3, J = 
7 Hz), 2.27 (3, s, CHICO) 3.5-4.1 (1, m, CHN), 5.87 (1, d, CKO, 
J = 4 Hz), 6.8-75 (4, m, aromatic CH), weak absorption st 6 
1.20 (d), 2.23 (b),  4.95 (d).  Anal .  (C11HI~N03.HC1.0.2jHz0) 
C, H, X.  
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Although impressive potency was observed in 1,4- 
benzodiazepines possessing a lactam linkageZ no syn- 
theses or pharmacology have been reported for imide 
analogs. The original multistep synthesis of such 1,4- 
benzodiazepin-3,5-diones by Gartner3 preceded any 
medicinal interest in the family and its complexity 
precludes its utility as a routine synthesis of this.class. 
We have recently reported a facile direct cyclization 
of anthranilamide adducts of dimethyl acetylenedi- 
carboxylate as a route to 2-carbomethoxymethylene- 
2H-1,4-ben~odiazepin-3,5(lH,4H)-diones.~ Herein we 
report an extension of this synthesis (9-16), some 
related transformations of the ring functions, and our 
results on the biological evaluation of this new class. 

(1) Taken in part from the Ph.D. Thesis of T. F. L. (1968) and W. P. F. 
(1971) and the B.S. Honors thesis of H. W. S. (1970). 

( 2 )  L. H. Sternbach, L. 0. Randall, R. Banziger, and H. Lehr, "Drugs 
Affecting the Central Nervous System," A. Burger, Ed., M. Dekker, New 
York, N. Y., 1968, p 237. 

(3) S. Gartner, Justus Liebigs  Ann. Chem.. 881, 226 (1904). 
(4) N. D. Heindel, V. B. Fish, and T. F. Lemke, J .  Org. Chem., 88, 3997 

(1968). 

Hydride reduction, by inverse addition, reduced 3 
of the benzodiazepinediones, (9, 11, 12) to their cor- 
responding 3-OH analogs. Structural characterization 
of this hydroxybenzodiazepinone system has been re- 
ported elsewhere.* Treatment of the OH compound 
17 with alcoholic alkoxide resulted in lactonization. 

9-16 

" C Y o H  H 1 CHCOOCHj 

0 .H 17,18, and 19 
\\ 

Biological Results.-The benzodiazepinediones (10- 
16) were tested in nonfasted albino rats (180-210 g), 
and the results were analyzed according to the methods 
of Malone and C a r r a n ~ . ~  In  general, all compds were 
nontoxic with no deaths observed up to 1000 mg/kg 
ip, except with 16 where death was observed at 1000 
mg/kg at 48 hr postinjection. Compd 12 was tested 
only as high as 562 mg/kg and at this dosage showed 
some CNS depression which included decreased motor 
activity and body tone. Compd 14 was tested only 
a t  a maximum dose of 316 mg/kg. 

Evaluation of 10, 11, 13, 14, 15, and 16 in a CXS 
profile6 resulted in no outstanding effects on pentylene- 
tetrazole, strychnine, or maximal electroshock-induced 
convulsions. There was measurable, but not out- 
standing, antioxotremorine effects with all these compds 
at 200 mg/kg ip. Compd 10 did show a slight increase 
in hexobarbital sleep time and a slight protection of 
ACh writhing. In an anesthetized cat, 10 caused a 
fall in arterial blood pressure at 1-5 mg/kg iv, and 
potentiated the blood pressure response of norepi- 
nephrine and dimethylphenylpiperazinium (DJIPP) at 1 
and 25 mg/kg iv. Compd 11, administered at 50 
mg/kg ip, displayed no significant effects in the anes- 
thetized cat. Compds 11, 13, 14, and 16 showed a 
depression of weight gain which could indicate an- 
orexigenic activity since the effect was delayed (ie., 
24-48 hr postinjection) and no diarrhea or excessive 
urination was noted. 

Compds 11 and 16 were tested in the isolated guinea 
pig ileum and had no outstanding effects at M 
on the responses to ACh, histamine, serotonin, nicotine, 
or BaCL. Compds 11, 14, and 15 were tested in a 
combined antiinflammatory and analgetic test according 

( 5 )  M. H. Malone and R. A. Carrano, "Hippocratic and Pharmaco- 
dynamic Screening," American Pharmaceutical Association Academy of 
Pharmaceutical Sciences, Symposium on Advances in Screening Methodo- 
logy, Washington, D.  C., Piovember 1968. 

(6) N. D. Heindel. W. P.  Fives, T. F. Lemke, and R. A. Carrano, J .  
Pharm. Sei., 60, 703 (1971). 


