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alcoholic hydrogen chloride. Reduction of 19 with 
sodium in liquid ammonia gave a desired intermediate, 
L-2-amino-3-mercaptopropionamide hydrochloride (1)) 
in excellent yield. Selective N-a~etylation'-~ of 1 gave 
2 (Scheme I). 

Intermediate 1 xyas also prepared by sodium-liquid 
ammonia debenzylation of L-2-amino-3-benzylthio- 
propionamide (8) and purified through its insoluble 
mercuric mercaptide. Earlier workersg had obtained 
1 in solution by reduction of L-iY,i\;'-bis(benzy1oxy- 
carbony1)cystine diamide or L-S-benzyl-S-(benzyloxy- 
carbony1)cysteine amide, but isolated it only in the 
form of its oxidation product, L-cystine diamide. 

Two other routes to 2 involved acetylation of inter- 
mediates 19 and 8, followed by reduction of the resulting 
acetylated compounds (20 and 11, respectively). 

Four analogs of 2 mere synthesized (Table I). Com- 
pounds 4 and 5 were prepared by reduction of the cor- 
responding acylated cystine diamides (21 and 23, re- 
spec tively) . L-2-Formamido-3-mercapt o-S-phenylpro- 
pionamide (6) was readily prepared by removallo of 
the S-diphenylmethyl blocking group from L-3-di- 
phenylmethylthio-2-formamido-S-phenylpropionamide 
(17). Compound 17 was obtained in excellent yield 
from L-S-diphenylmethyl-?-formylcysteinelo and ani- 
line by the n',K'-dicyclohexylcarbodiimide method. 
Applying the carbodiimide method to the condensation 
of NAC with aniline produced 7. These findings are 
similar to the results reported by Sheehan and Hessll 
where K-carbobenzoxyserine was found to react in a 
like manner. 

Mucolytic Data.-The activity of three compounds 
in reducing the viscosity of a mucoproteinlz solution 
is shown in Table 11. XAC is included as reference 
material. Substantially greater mucolytic activity is 
demon5tr:~ted by the 2-acylamino-3-mercaptopropiorl- 
amides (1-5) u t  each time period. Two less soluble 
compounds (6 and 7) do not show good activity. 

Oxidative Stability.-In addition to the good muco- 
lytic I)ropertics esliihitccl by severd of these products, :I 
greater resistance to autoxidation was demonstrated. 

( 1 1 )  J C Sheehan and G P. Hess, J A m  Chem Soc , 7 7 ,  1067 (1955) 
(12) i. L Sheffner. Ann.  N. Y .  A c d .  Scz., 106, 298 (1963). 
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The results in Table I11 show that thiol group oxidation 
in 2 is minor in comparison to that in XAC and L- 
cysteine. 

Acute Toxicities.-The acute intravenous toxicities 
for L-2-acetamido-3-mercaptopropionamide (2) and 
NA4C xvere conducted with groups of ten male albino 
mice13 weighing 18-25 g and with groups of ten male 
albino ratsI4 weighing 120-165 g. Solutions of 2 in 
distilled water at pH 5 and in K-saline, adjusted to pH 
6.5-7, were administered to mice and rats, respectively. 
Sodium salt solutions of KAC in distilled water at pH 
7 were used in both species. Injections in mice were 
made at a rate of 0.3 ml/min with volumes of solution 
that ranged from 10 to 30 ml/kg and in rats at 0.1 
ml/min with a volume of 10 ml/kg. Toxic side effects 
of each compound indicated a generalized depression 
of the central nervous system. Deaths occurred within 
24 hr after treatment and apparently resulted from 
respiratory failure. 
in mice were determined to be 2820 (2611-3046) and 
3500 mg/kg (3420-4220) for 2 and SAC, respectively. 
In  rats the LDjo doses were 1870 mg/kg (1655-2113) 
for 2 and 2330 mg/kg (2473-2625) for SAC. 

The median lethal doses (LD,,) 

Experimental Sectionlc 

Examples of Preparative Methods. A. ~-3,3'-Dithiobis(2- 
aminopropionamide) Dihydrochloride or L-Cystine Diamide 
Dihydrochloride (19).-~-Cystine dimethyl ester dihydrochlo- 
ridelo (34.1 g, 0.1 mole) was added with stirring to 300 ml of 
liquid S H 3 .  The  KHs wax allowed to evaporate mid the residue 
xas warmed (50') in t~ucim. The residual crude solid (27 .5  g)  w:is 
slurried with warm JleOH. il trace of iiisoluble material was 
collected (discarded) and the filtrate was acidified with alcoholic 
HCI to give 24 g (77 5) of 19. 

(18)  Swiss \\'&ster strain of mire ubtained from 1,aboratory Supply Corn- 
],any, Iridiana~olir ,  Inrl. 

(14) \Viatar strain of rat8 ubtained from llarlan Indualries, Cuniberland, 
Ind .  

(15) Median lethal doses were calculated according t o  the  method of T. J. 
Litchfield and F. Kilroxon, J .  P h n m n c o l .  E&. Ti ierup. ,  96, Y Y  (1949). 

(16) \\'e are  grateful t u  Alesars. ,John G. Scliinidt, Clareiice Kennedy. a n d  
Charles A I .  Combs for the  analytical and instrumental data.  The  infrared 
spectra of all described compounds were consistent n i t h  tlie assiqned struc- 
tures. I n  general. deionized water, as  well as an  atmosphere of N?  was used 
when irorking Trith SH compounds. 
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e Racemic form. f 1 .Y HC1 was emdoved as the reaction solvent. 0 Ben- 
my1 chloride was Iised as the acylating agent. 
(XIeOH-SHj) had evaporated, was suspended in XIeOH and treated with an equivalent of anhydrous NaOAc. 
product. 

* Carried out a t  atmospheric presbure. % The rescduk mass, remaining after the solvent 
1 The autoxidation 

for 10 min and then cooling, the white product was collected, 
washed with EtOAc, and dried; yield 10.5 g (83%). 

F.-After treating 200 g (0.765 mole) of S-benzyl-L-cysteine 
methyl ester hydrochloride with 2.1 1. of NeOH saturated with 
SH,, the mixture was concentrated to dryness and treated with 
,500 ml of HpO, 42 g (0.51 mole) of anhydrous NaOAc, and 86.5 
g (0.846 mole) of AcZO. The reaction temperature rose to 50" 
atid the product precipitated. After stirring the mixture with 
400 ml of additional H10, the crude solid was collected, washed 
with HsO, and dried; yield 170 g (87%). The DL form (12) was 
obtained as the first, crop by solution of the crude solid in 1.2 1. 
of warm EtOH, followed by dilution with 150 ml of HpO; yield 
X ( 4 5 ) .  Compound 11 was obtained on cooling the filtrate: 
yield 105 g (54c<). 

- 
G .  ~-3.3'-Dithiobis12-acetamidooro~ionamide~ 120) was me- , _  I 

yield from 6 g (0.018 mole) of 19 by using a c y l a h i  
ilar to those of method F. 

2-Acetamido-3-mercaptopropionamide (2).  H. Selective N- 
Acetylation of 1.-To a stirred mixture of 11 g (0.07 mole) of 1 
:iiid 97 ml of 82% aqueous tetrahydrofuran ( T H F )  was added 
10.9 g (0.08 mole) of NaOAc,3Hp0. The temperature of the 
reaction mixture dropped to 15' and stirring was continued until 
the temperature rose to 20". The mixture was then kept a t  0-5' 
while 6.7 ml (7.24 g, 0.071 mole) of AcrO was added over a period 
of 2 0  min. After stirring overnight a t  room temperature, 3 ml of 
Ci AY HCI and 200 ml of T H F  were added. The NaCl was col- 
lected aiid the filtrate was concentrated to give a white solid 
which was recrystallized from EtOH: yield 7 g (61 mc). 

Zinc Reduction of 20.-Concentrated H2SOa (15 g, 0.153 
mole) \vas :tddcd 4owly l o  :I hlirrecl mixture of 4:) g (0.192 mole) 
of 20, 12 g of Zn dust, aiid 100 ml of 2 lV HOAc. The exothermic 
reaction raised the temperature to 55'. After warming for 1 hr 
a t  45-50', the reaction mixture was concentrated. The residue 
was dissolved in 150 ml of warm EtOH. Crystallization afforded 
4 X . . i  g ( 8 8 7 )  of rrude 2 it1 foiir r r n p .  

Sodium-Liquid Ammonia Reduction of 20.--Sodiuni was 
added iri small pieces (until the blue color persisted for 1-2 niiii) 
to a mixture of 32.2 g 10.1 mole) of 20 and 400 ml of liquid "3. 

The solvent m-as removed. The white residual powder was slurried 

I. 

J. 

at  10-15' with 150 ml of 90% EtOH, and EtOH-HCl (80 ml, 
4 S) was added slowly to bring the mixture to pH 7 .  After 
separating the inorganic salt by filtration, the filtrate was coil- 
centrated and cooled to give 19.5 g ( 5 7 7 , )  of crude 2. 

Debenzylation of 11.-To 500 ml of liquid NHI was added 
simultaneously (in portions) 25.2 g (0.1 mole) of 11 aiid Na. 
The NH, was allowed to evaporate under a stream of N, :tiid the 
solid was dried in vucuo. The residual powder was stirred with 
40 ml of ice-HpO and the pH of the mixture was adjusted to 
4-5 with concentrated HCI. The product 2 was collected aiid 
dried; yield 8.1 g (50%). 

L. DL-2-Acetamido-3-mercaptopropionamide (3).-The 
mother liquors from a larger (0.85 mole) rim of the preceding 
example ( K )  were cooled to give 8.5 g (6%)  of 3. 

M. L-2-Acetamido-3-acetylthiopropionamide (18).-After 
debenzylating 29 g (0.127 mole) of 8 in approximately 50% yield 
according to method D, the product without isolation was treated 
wit,h about 2 equiv (15.1 g, 0.148 mole) of AcSO according to 
method H to give 6.5 g (277,) of the N,S-diacetyl derivative (18). 
N. L-2-Formamido-3-mercapto-N-phenylpropionamide (6).-- 

A mixture of 5.85 g (0.015 mole) of 17, 2 g of phenol, and 50 nil 
of CFICOOH was heated under reflux for 20 min. The resulting 
solution was concentrated to a semisolid which was slurried with 
a mixture of EtpO and H 2 0  to give 6;  yield 2.3 g (69%). 
0. L-2-Acetamido-3-mercapto-N-phenylpropionamide (7).- 

N,N'-llicyclohexylcarbodiimide (10.3 g, 0.05 mole) was added 
at  10" to a stirred solution of 8.1 g (0.05 mole) of NAC, 4.65 g 
(0.05 mole) of aniline, and 90 ml of THF.  The reaction tempera- 
ture increased exothermically to 25". After stirring the mixture 
overnight :it room Ienipewture, 10.5 g of 1,3-&( 
was collected. The filtrat,e was concentrated to a semisolid which 
was crystallized from EtOAc-Skellysolve B to give 1.3 g (11%) of 
7 as white solid in two crops. 
P. ~~-2-Acetamido-3-benzylthio-N-(2-hydroxyethyl)propion- 

amide (15),---A mixture of 7..5 g (0.02 mole) of 4-nitrophenyl 
Zu'-~Lce1y1-8-lietixg.l-~L-~~sleiiiate,l~ I .% g (0.02 mole) of 2-:~mi11o- 

K. 

(17)  IT. D. Cash. J .  Org.  Chem.. 27, 3329 (1962). 



ethauol, :iiid 100 nil of THF was stirred overilight a i  1'ootil  

temperature and filtered. The filt,rate was cwnceiitraterl I O  :I 

hrowri gum which was dissolved in 40 ml of 1 : I  k;tOIT--Et2(). 
The so1ut)ion was decolorized with Nuchar, coriceniriitrtl t l l  ;i 
>mall volume, diluted with EtOAr-heptalie, ailti stored a t  0'. 
The separated solid was collected aiid triturated with ; i c ~ t ~ ~ r c  
giving 3.3 g (555:) of 15. 

In a later preparatioii the gumni.~ reactiuti pI'(Jdll('i was i ri- 
turated with acetone to give comparable product i l l  i:<f ;, !.ield. 

Q. ~-3,3'-Dithiobis(2-benzamidopropionamide) (22) .~  
I3erizoyl chloride (15.6 g, 0.1 1 mole) was added slo\vly :it 5--11)' 
to a mixture of 15.6 g (0 .05 mole) of 19, 16.4 g (0 .2  Iiiolej of 
:inhydrous NaOAc, 150 nil of H a ( ) ,  a r i d  IO i d  of toluene. ..lftei. 
the mixture was stirred for dayr at roo111 temperature. i t  ~v : i s  
filtered to separate 22; yield 17 g (76(,';). 

R. ~-3-(Benzylthio)-2-formamidopropionamide (10 ).- - A  4 ~ -  
tioii (.if 20.5 g (0.098 mole) of 8 iri 200 ml of 97-100' ; FICO?TI 
wit?; treated dropwise at 5- 10' with 70 nil (0.74 inole) of  Akc,O. 
After being warmed slowly to r o o m  temperature: the niistuw 
wits dilut,ed with 1 1. of EtOAc, mid filtered. The filtrate W:I> 

cm~ent ra ted  a t  reduced pressure to :t sniall volume :ii i t i  tiilutrtl 
with 600 ml of H,O. The white solid which separated WIF rol- 
lected, washed with H,O, arid dried; yield l l .;i g of cintle 111:i- 

1eri:il. Recrystallization from 50'; I'lOH gt iw 2 ( S I  ; I of 10. 
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'I'hc yyrithesis of the p-xiiiinobeiizoy1-L-gIut:~ii~ic 
:kcid derivativeh of pyrimidylethyl isocyanate* \\ a. 
prompted by earlier worl; oil I ionclawctil  :mtimetnbo- 
lite, by Balier which demonztrtited that draitic alteix- 
tioris in thr  tetrahydrofolic ticid molecule brought 
forth rclxted compounds with :tntinietabolite :tctivity. 

The re:tctions outlined in Chart I i1liistr;ite t h e  
,ynthetic scheme follon.ed for the :icqui4tiori of t l i ~  
intennediate iwcyanateh. 1ie:irrangenieiit of the azid+ 
wab accompanied by a shift in infrared absorption f roiii 
2130-2140 (azide) to 2280 ern-' (isocyaiiate) 

L\cctylation of the ?-amino group of I to give ethyl 
:3-(2-acet it m i d o-4-h y d r  ox  y-ti-me t h y l-5-p y r i in i tl\ I )- 
propi~)ii:tte (VII) ~ a *  uridertaheti t o  protccl thi-  
ar t i re  group in wbsequerit ie:tcticni~ 111 Ypite ( i t  t h v  
t:ict t h a t  the acetyl group \vas Io on reaction of 1-11 
\\ i t h  hydr:tzinc, giving the ?-an i o  hydrazide Y I I I ,  
iwctioii of 1'111 with iiitroiih acid >rppearcd t o  givv 
~5-(.'-amirio--l-11ydroxy-~i-nict hpl- 5-pyrirnidyl) propioiiyl 
nzidc which s h o n d  :in iritr:tr(d p(xL :it ?II(iO cin - I  

Ha. K = OH ,/ ti. R = SH 
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