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TABLE 111 

IN DOG URINE 
T H E  &TIM ITED RIET \BOLIC Plt0UUC'l.S O F  1hIA 

--Dog 1----. --Dog 2-7  
"?o of '/o of 

Cu ne n , dose Concn. dose 
Coinpound pg/ml iecoiered d m l  recorered 

llelhoxamine 30 8 25 5 
2-Hydroxy-IlI A 20 5 1.5 3 
5-Hydroxy-Ill A 100 26 110 22 

methoxamine 8 2 14 3 
2-Hydroxy- 

The mobility of this metabolite and 2-hydroxy- 
methoxamine in system 1 was similar. The presence of 
this metabolite in the urine of IMA-treated dogs was 
confirmed by chromatographic means with 1 ,4 ,  and 10; 
the mobility of the unknown and reference compound 
was the same in all systems. The identity of this 
metabolite could iiot be definitely established because 
the 5-0-demethylated methoxamine was not available 
and could not be compared with the possible metab- 
olite, but the chromatographic evidence definitely 
showed the presence of an 0-demethylated methox- 
aniine derivative in the urine. The results of the 
estimation, in urine, of the metabolites of IlIA are 
shown in Table 111. 

Methoxamine Metabolism in Dogs.-Methoxamine 
and the 0-dealkylated metabolite of methoxamine 
were detected and estimated in urine samples from dogs 
treated with methoxamine by the technique described 
above for 111-4-treated animals. The estimation of 
methoxamine and the 0-demethylated methoxamine 
in the urine of two dogs treated with methoxamine is 
shown in Table IV. 

Studies on the Possible N-Dealkylation of N-t-Butyl- 
methoxamine.-The possible dealkylation of TIIh 
to methoxamine was investigated. The urine from two 
Tl1A-treated dogs was arialyzrd for the presence of 
methoxamine. Jlethoxamine in the urine of these 
animals could not be detected by chromatographic 
means even though the method was sensitive to  less 
than 0.2% of the dose. These results for the t-butyl 
derivative of methoxamine are in contrast to the results 
obtained for the isopropyl derivative. 

-Dog 1-- ---Dog 2--- 
70 of c/o of 

Concn, dose Concn, dose 
Cornpound pg, ml recovered pg,"l recovered 

Met hoxamiiie 30 38 50 32 
2-Hydroxy- 

methoxamine 10 12 15 10 

Whether the presence of a hydrogen on the CY carbon 
atom of the substituted alkyl group is a requirement for 
N-dealkvlation was not investigated further. How- - 
ever, a wide variety of compounds have been demon- 
strated to undergo S-dealkylation in the intact animal 
as well as in vifro. For an excellent review of this 
subject, see the recent report of i \ l c l \ l ah~n. '~  

Pharmacological Effects of Metabolites.-Nethox- 
amine and IX4were  rapidly converted to 0-dealkylated 
metabolites in the animals studied. The 2-0-demethyl- 
ated and 5-0-demethylated IMA both have activity in 
blocking the epinephrine-induced lipolysis in the rat  
epididymal fat pad.lb However, the compounds are 
not active in vivo presumably because they are rapidly 
conjugated and excreted. 

S-isopropylmethoxamine undergoes cleavage of the 
N-alkyl group. This reaction is of considerable 
interest, since it can furnish an explanation of some of 
the side effects exhibited by animals that have been 
dosed with 111.4. Animals that have received the 
S-t-butyl derivative of methoxamine, which is not 
dealkylated to methoxamine, do not exhibit these side 
effects.lj Therefore, substitution of a t-butyl group 
for the isopropyl group blocked S-dealkylation as a 
metabolic pathway in this compound and eliminated 
the toxicity attributed to methoxamine. 
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~--l)ixlk~lariiiiio;tc.e(u-"',Ci'-s3.li~l~s tx:triiig groups with some alfiiiily for protein, xrich :is C;I12slf, CILC'II- 
C l h  CILCECH, CHzOII, COOCIHj, CH,OOCCH,, and COXH,, iii t'he 2 position have beeii synthesized and 
evaluated as local anesthetics. 

Many local anesthetics, e.g., lidocaine (I) ,  have in 
common the molecular feature, R2N - . C0,  in which 
the basic nitrogen atom is separated from the carbonyl 
group by a chain of 1-4 atoms,' but we are aware of no 
specific attempt to  increase the affinity of the molecule 

(1) i Burger In "Medicmal Clierniutrg, ' i I3urger, E d  , 2nd ed, Inter- 

for tissue protein by attaching thereto potential binding 
groups such as S H  (to form a disulfide bond), CH=CH, 
or C=CH (sulfide bond), OH (hydrogen bond), or di- 
poles like COOC2H6, OOCCH3, and COXH2 (van der 
Waals forces). Such groups, we conceived, by helping 
to  retain the drug a t  the injection site, might both pro- 
long its duration of action and reduce side effects on the 
central 1iervuu5 system. We report here upun the bLlenLe Publlsliers, IIIL , Ken 1 ork, h- 1 , 1960, p 4-11 



(c,Ii,)?scs(cooi:). (c'a,)?scrmx~oIi 
s 11 .\ 

18, S a (  ( H, 24, C 1i.C H t i  

20, CH.C-CI1 C 11, 26, C I 1  SCII I? 
21, CH2CrCk1 t-CaHs 

19, H CiI-=Cli ( 9 1 1 6  26, ( t~ CGCII 

t-C4€i 9 

iiie itself. The S,S-diethyl homolog. :L bet tc'r 
date for our purpose, could i io t  be obtained 11) 

this method, however. 
A solution to the problem of potentially wide applicn- 

t ion was our finding that the ivell-lino\r.n acetamido- 
malonate SJ nthesis of amino acids can he extended to 
tlialkylamirionialollutes under appropriate condition.. 
Thui,  as the first step to an olefinic analog (3) of lido- 
c:iinc, the sodio derivative of diethyl diethylamiiici- 
iiialonate (18) in  dimethyl .ulfoxide a s  treated \I itli 
:illy1 bromide to  give the ester (19) in good yield. :tnd 
t hi., on allialiiie hydro11 si. n-hich ~ v a h  accompaiiietl 
I i j  (lccarboxylatioii, provided the acid (24) 

hyiitliesis of the acetylenic analog (4) a vari:t- 
necessar? . Ailkaliiie h) drolysis of diethyl 

iiio(proparg? 1)niuloii:ite (20), similarly pw- 
pared from proparg) 1 bromide, gave onl) a aniall yield 
of t l iv acid (25); the major rcncticiii iiivolved 10s- of 
clict I r )  lamiiie. prc.uiiiah1) f 1  oni iiri riiamiiie. >c'=('- 
s (('~II,,)~coo . lorn1etl 1)) ~ ~ r " t o t l 0 p ~  . To ov~'rco111c 
t 1io difficult? , \\ c prepared t hc c o  
cs-tvr (21) Hi~oiiiiiiation of tli-t-l)u 
~ i rcwi icc  of C:LCO~, or better, c+terificatioii of bromorna- 
1(111iv ncaid u ith iwbutene, provided the required bromo 
v s t w  \\ hicli reacted smoothly with diethylamine to give 
22, froin n hid1 21 n as obtained by treatment of its sodio 
ih iv:itive with propargyl k"iide. On gently warm- 
iitg \\ i t l i  dilute miner:il :icitl t hi5 ester was h> drolyxed 
:it111 tlw:iibosj lated in  good 1 icld to  25. 

'I'ho di-t-but? 1 ester \\.ti\ ;il\o util iad for the synthc 
( i t  t hc S,S-tlicth1 IC) itciiie atialog (5)  of lidocaitic 

Experimental Section 
L-S-Benzyl-N,N-dimethylcysteine.---A n i i i p ~ : ~ i ~ i o ~ i  I.-$ 

benzylcysteine (20 g)  ill water (1 1.) and formaldehyde (30 nil, 
407$) x i s  ahakeii with €1:' a t  room temperature uiitl p r c ~ ~ u r e  i i i  
the presence of 10 ' '~~  Ptl-C catalyst (10 9). G:t. uptakt: c w i - c ~ r l  
at approsiInately the tlieuretical volume. The filtered > r i l n c  io1 i 
n w  evaporated urider reduced pressure al i i1 ih t .  r i i i i i i f b  \ Y : I ~  
digested with water (2(N rnl) .  Affer remi,v:iI lit' 111r i i i~ i i l i i l i l i~  
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material the solution was again evaporated to dryness and the 
resulting solid was crystallized from ethyl acetate to give the 
dimethylamino acid as prisms (13.4 g), mp G O o ,  [ ( Y ] ~ O D  + l l i .45  
(c 1, H,O). 

Ana/. Calcd for C12H17N02S: C, 60.2; H, 7.2; N, 5.85; S, 
13.4. Found: C, 60.2; H, 7.1; N, 5.7; S, 13.3. 

Di-t-butyl Bromomalonate. a.-Bromine (26 ml) was added 
dropwise to malonic acid (50 g) in et,her (37 ml). When uptake 
of halogen was complete most of the ether was distilled and the 
residual oil was placed in a vacuum desiccator over NaOH until 
it set to a solid crystalline mass. To this material in dry ether 
(100 ml), cooled in a freezing mixture, was added concentrated 
HzS04 (5 ml) and liquid isobutylene (ca. 120 ml) and the resulting 
solution was kept in a pressure bottle a t  room temperature for 
6 hr. The mixture was poured onto NaOH (75 g) in water (250 
ml) and ice (250 g) and the organic layer was separated. The 
ester ( 6 2  g) was distilled, bp 90-100" (2.2 mm), I Z * ~ D  1.4388. 

Anal. Calcd for CllHl~Br04: C, 44.7; H, 6.45; Br, 27.2. 
Found: C, 45.7; H, 6.3; Br, 26.6. 

b.-Bromine (13.5 g) was added dropwise to a stirred solution 
of di-t-butyl malonate (100 g) in CHC13 (1 1.) with suspended 
CaCOa (46.5 9). After 1 hr a t  room temperature the mixture 
was refluxed i l  hr) until the bromine color was discharged and 
then filtered, washed with KHCOa solution, dried (RfgSO4), and 
evaporated. The residual oil (45 g) was distilled, bp 120-126" 
(11 mm). 

Di-t-butyl Diethylaminomalonate (22).-A mixt,ure of the 
bromo ester (45 g), diethylamine (40 ml), and ethanol (150 ml) 
was refluxed for 2 hr and then concentrated in vacuo. Water was 
added and the product was collect,ed in ether, then extracted 
into 2 S HC1 and finally extracted back again into ether after 
basification of the aqueous extract. After removal of the solvent 
the residual oil (36 g) was distilled, bp 94-100" (1.7 mm), n Z 2 D  
1.4308. 

Anal. Calcd for CljH2,N04: C, 62.7; H, 10.2; N, 4.9. Found: 
C, 62.7; H, 10.3: N, 4.9. 

Benzylthiomethyl Bromide.-HBr (17 g) was bubbled t,hrough 
a cooled solution of benzylthiomethyl chloride (12 g) in dry ether 
(20 ml). Removal of the solvent in vacuo left an oil that' was 
sufficiently pure for the next, stage, but, for analysis a portion 
was distilled, bp 75-81' (0.1 mm). 

4nal. Calcd for CaH9BrS: C, 44.25; H, 4.2; S, 14.8. Found: 
C, 44.5; H, 4.2; S, 14.50. 

Preparations with Sodio Diethyl and Di-t-butyl Diethylamino- 
malonate.-Diethyl diethylaminomalonate6 (0.05 mole) was 
added dropwise to a suspension of ether-washed NaH (0.055 
mole, 50Co in oil) in ether (50 ml). Aft,er the evolution of H, 
had ceased the ether was distilled and replaced by dimethyl sulf- 
oxide (DMSO) (30 ml). With the di-t-butyl ester the sodio 
derivative was prepared directly in the reaction solvent, since 
frothing was less serious than with the diethyl ester. The ap- 
propriate halide (0.05 mole) was then added and after 12 hr the 
mixture was poured into water and the product was collected 
in ether. 

Diethyl Allyldiethylaminomalonate (lo).-The ester, an oil 
(64%), bp 80-90" (0.4 mm), n 2 3 ~  1.4485, was obtained from allyl 
bromide and the appropriate sodio derivative. 

Anal. Calcd for C14Hlj?J04: C, 62.0; H, 9.3; N, 5.2. Found: 
C, 62.0: H, 9.0; N, 5.3. 

Diethyl Diethylamino(propargy1)malonate (20).-Propargyl 
bromide similarly gave an oil (i87,), bp 85-90' (0.4 mm), 

dnal.  Calcd for C14Hz3N04: C, 62.0; H, 8.6; N, 5.2, Found: 

Di-t-butyl Diethylamino(propargy1)malonate (21) (81%), bp 

1223D 1.455. 

C, 61.95; H, 8.5; K, 5.3. 

103-110° 10.8 mm), n Z 2 ~  1.4502, was similarly obtained. 
Anal. Cakd for C18H31?J04: C, 66.4; H, 9.6; N, 4.3. Found: 

C, 66.4: H, 9.5; S. 4.3. 
Di-t-butyl Benzylthiomethyldiethylaminomalonate (23).-The 

crude ester (455) ,  obtained from interaction of the sodio ester 
with benzylthiomethyl bromide in tetrahydrofuran (THF), 
could be distilled only with considerable loss but was sufficiently 
pure for the next stage. A specimen, distilled for analysis, had 
bp 145' (0.05 mm). 

Anal. Calcd for C22H37NOlS: N, 3.4; S, 7.6. Found: Tu', 

Hydrolysis of Malonic Esters. a. 2-Diethylaminopent-4- 
enoic Acid (24).-A4 mixture of the diethyl ester (35 g), 2 A' 

3.4; S, 7.5. 

NaOH (131 ml), and sufficient ethanol to give a single phase 
was heated on a steam bath under reflux for 5 hr. The solution 
was concentrated in vacuo, water was added, and the whole was 
extracted with ether. The aqueous phase was acidified slowly 
with 2 X H,S04 to ca. pH 4 and then evaporat,ed to dryness 
in vacuo. Digestion of the solid with ethanol, evaporation of the 
solution, and trituration of the residue with acet'one gave the 
crystalline acid (11 g), mp 135". A specimen, recrystallized from 
THF, had mp 135-136'. 

Anal. Calcd for C9H17N02: C, 63.1; H, 10.0; N, 8.2. Found: 
C, 63.1; H, 9.9; N, 8.5. 

b. 2-Dialkylaminopent-4-ynoic Acid (25).-The di-t-butyl 
ester (8.0 g) was heated on a steam bath with 2 S HCl (40 ml) 
for 1 hr and, after cooling, the solution was treated with De- 
Acidite F F  resin (HC0,- form) until neutral. The liquor was 
washed with et,her and then evaporated to dryness in vacuo to 
yield the crystalline acid (3.2 g), recrystallization of which from 
acetone afforded prisms, mp 130-132". 

Anal. Calcd for CSHljN02: C, 63.9; €1, 8.9; 3, 8.3. Found: 
C, 63.8; H, 8.9; N, 8.2. 

c. DL-S-Benzyl-N,N-diethykysteine (26).-The di-t-butyl 
ester (1.2 g), similarly treated, left a solid (0.56 g), mp 144-146" 
after recrystallization from ethyl acetate. 

Anal. Calcd for C1,H21S02S: C, 62.9; H, 7.9; N, 5 . 2 ;  S, 
12.0. Found: C, 62.7: H, 8.0; N, 5 . 3 ;  S, 11.95. 

2,6-Xylidides by Ethoxyformic Anhydride Coupling.-Ethyl 
chloroformate (0.02 mole) was added to an ice-cooled solution of 
the N,N-dialkylamino acid (0.02 mole) and triethylamine (0.02 
mole) in CHCI, (12 ml), followed after 15 min by 2,6-xylidine 
(0.025 mole). A sluggish evolution of CO, began almost at once. 
After 2 days at room temperature the mixture was washed with 
NaHC08 solution and the solvent was evaporated. The residue 
was taken up in 2 'Ir HC1, and the solution was washed with ether 
and then extracted (CHCl,) into which passed the hydrochloride 
of the product. This was isolated in the usual way either as 
such or as the free base. The following xylidides were so pre- 
pared. 
2-Diethylamino-4-enoyl-2',6'-xylidide (3).-The hydrochloride 

separated as prisms (32Yc), mp 204", from THF. A specimen, 
recrystallized from ethanol, had mp 209-210" dec. 

Anal. Calcd for C17H2aN20.HC1: C, 65.8; H, 8.7; N, 9.0. 
Found: C, 65.5; H, 8.75; N, 8.9. 

2-Diethylaminopent-4-ynoyl-2',6'-xylidide (I).-The hydro- 
chloride (427,), mp 198-200", crystallized similarly from THF. 
A specimen, recrystallized from ethanol-ethyl acetate, had mp 

Anal. Calcd for C17H24N204.EIC1: C, 66.1; H, 8.2; N, 9.1. 
Found: C, 66.1; H, 7.9; N, 8.9. 

~-S-Benzyl-N,N-dimethylcysteinyl-2,6-xylidide (6).-1n this 
instance DRlF (30 ml), rather than CHCl,, was used as the sol- 
vent; obvious modifications were made for work-up. The free 
base, liberated from a gummy hydrochloride, slowly crystallized. 
Most of the contaminating oil was removed on a filter and the 
solid (257&), mp 80°, was washed with isopropyl ether. A speci- 
men, recrystallized from 2-propanol, had mp 80-81", [CY] *OD 

202-204". 

f50.1" (c 1.95, EtOH). 

Found: C, 70.0; H, 7.6: N, 8.1. 
Anal. Calcd for CsoH2eN,0S: C, iO.15; H, i.65; N, 8.2. 

~~-S-Benzyl-N,N-diethylcysteinyl-2,6-xylidide (7).-The free 
base (3170), mp 81-86', was obtained crystalline as above. A 
specimen, recrystallized from petroleum ether, had mp 88-YO". 

-4nal. Calcd for Cn2H3~N20S: C, 71.3; H, 8.15; Tu', 7.6; S, 
8.65. Found: C, 71.4; H, 8.1; N, i .8 ;  S, 8.8. 

~-N,N-Dimethylcystinyl-2,6-xylidide (S).--Sodium (ca. 0.7 g) 
was added in small pieces to a suspension of the S-benzylxylidide 
(1.7 g) in liquid NHa (100 ml) until the blue color persisted. 
Sufficient NHhC1 to discharge the color was added and the ?JHa 
was allowed to evaporate. Air was bubbled through the residue 
dissolved in water until the solution ceased to give a color with 
sodium nitroprusside. The solution was acidified with 2 :V HC1 
and the product, (as the hydrochloride) was extracted (CHC13). 
Evaporation of the solvent left the crystalline product (0.75 g), 
mp 213-216", [a] 2 0 ~  f122 '  (c 1, HtO), after recrystallization from 
ethyl acetate. 

Anal. Calcd for C,2~H3~NrOef&~2HC1: C, 54.2; H, 7.1; N, 
9.i;  S, 10.7. Found: C, 54.1; H, 7.4; N, 9.35; S, 10.3. 
~~-N,N-Diethylcystinyl-2,6-xylidide (9).-The S-beiizylxylidide 

(1.0 g) was treated as above to give the hydrochloride (0.8 g), 
nip 210' dec after recrystallization from 2-propnnol. 
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TIBLE I 
BIOLOGICAL RESULTS 

N O .  

1 
3 
4 
2 
8 

9 
12 
1 :z 
14 
17 

7 

s 
H (lidocaiiie) 
CHrCH=CHa 
CH~CECH 
CHZSH 
CH,S-] 2 

CH,SH 
CH,S-]2 
OOC2H6 
CHaOH 
C H?OOC Hy 
CONH? 

Potency 
ratio 

n a t  1 hr 

CPH; 1 
CzH: 1 
CrHs 3 
CHI 0 
CHI G 
CnH, 0 
CaH5 0 
C?H5 1 
C2Hi 0 . 5 
C?Ha 0.4 
C ~ H ,  0 

(1%) (45-60 min). Compound 13 was active only at  
the 1G/c level and the effect was of shorter duration 
(30-60 min). In  the irritancy test, 1% solutions of 13 
and lidocaine gave no significant effects when compared 
with saline. Compound 3, however, showed pro- 
nounced wheal formation at  1%, but was without effect 

In  summary, therefore, of the ten compounds exam- 
Four 

at  0.5%. 

ined, four were without local anesthetic activity. 

Time (inin) to -50'; anpsllieva at concn of 
1% 0 55; 0 25% 

68 52 41 
>240 10.5 45 

205 180 1GO 
27 0 0 

>240 >240 >240 
0 0 0 
0 0 0 

60 0 0 
140 22 0 
36 0 0 
0 0 0 

Tissue damage 

Slight 
Severe a t  1% 
Severe a t  all levels 
Slight 
Severe at  all levels 
Slight 
Slight 
Slight 
Slight 
Slight 
Slight 

compounds gave prolonged effects in the Bulbring and 
Wajda test; in two this was associated with irreversible 
tissue damage and in the nerve block test the duration 
of action of the other two did not differ markedly from 
that of lidocaine. 

Acknowledgment.-We thank A h .  B. Basil for some 
of the pharmacological results and Ah. P. W. Tipton 
and A h .  AI. de Bruin for skillful technical assistance. 
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lliciobiological ovidatioii of lucaiithoiie2 fiiriiished hycaiithone,' the 4-hydroaymethyl analog ab the maiii 
product. Hycaiithoiie is a highly active schistosomicidal ageiit wheii given orally or intraperitoiieally. I t  has 
been identified chromatographically in  the urines of man, monkey, and mouse followiiig medication with 1r:ca.n- 
thone. I t s  chemical, physical, and biological properties suggebt that i t  is the active metabolite of lucarithone. 

0 NHCHzCH2N(C2H5), 0 NHCH2CH2N(C2HS), hlmost thirty years ago AIauss3 synthesized a series 
of xanthenones, some of which were shown by Kiliuth 
and Gonnert4 to have schistosomicidal activity \Then 
administered orally to mice infected with a Liberian 
strain of Schistosonaa naansoni. This was a signal 

* O q  * chemotherapeutic achievement because this was the CH3 CH, 
first orally effective nonmetallic organic compound I I1 

0 NHCH2CH2N(C2HJ2 found to possess such biological activity. 
The most interesting members from the point of view 

of structure-activity relationships were miracil A (I), 
lucanthone (11), and the 6-chloro analog (111). 

On the basis of evaluation in mice it mas estabished 
that the thioxantheri-9-one I1 was more effective than 

c1 

CH, 

( 1 )  For  a preliminary communication see D. Rosi, G. Peruzzotti, E. IT-. 
Dennis, D. A.  Berberian, H.  Freele. and S. Archer, Sa ture ,  208, 1005 (1966). 
Hycanthone is the generic name for 1-[2-(diethylamino)ethylamin0]-4- 
hydroxymethyl tiiioxanthen-9-one. 

(2)  Lucanthone is the generic name for miracil D. 
( 3 )  H. Maims, Chem. Ber. .  81, 19 (1948). hlthough the chemistry was 

reported after IVorld K a r  11, i t  is well knoxn tha t  the original v o r k  was 
carried out  in the late 1930's. 

(4 )  \V. Iiikuth and R. Gbnnert, Ann. T r o p .  M e d .  Parasitol., 42, 256 
(ltc4U). 

III 
0 NHCHzCH2N(CZHJz 
/ I  I 

CH3 
Iv 


