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I h s e  (nig./kg.) 
Deat,lis--Acute 

---llelnycd 
---ToI,:tl 
--Time 

a-Carbamylpropanesulfonamide (IV).---l)iphen).l cu-sult'il- 
yopionate (49 g.)  vas heated with licluid aninioni:~ (I00 nil 
in a sealed tube at 75" fo r  12 lir. Removal of the :imnioni, 
followed by estrwtion with ether left :I residue which after 2 
r~yst:tIlizntions froin e t l ~ n o l  y:tve the diamide; Jield 20.5 g.. 

iliiai. Calcd. for C1FI,,S,O,~: C ' ,  2SS.!)1: €1, 6.03; S, 1B.dS. 
Found: C, 29.09; II, 6.01; l-,, 17.15. 

The infrared spectrum in  pot:issiurn 1)ronride gave priiicipxl 
bands at 3 p ( X H )  broad, 5.96 p ( C O ) ,  :ind 7.55 p, 5.8 p (SO,). 

a-Carbamylpropanesulfonyiurea (V,.-- cu-C:trl,:ini?-lprop:tn(.- 
sulfonamide ( IV)  (8.65 8.') W:E added t l J  3 finel), divided sus- 
pension O f  po t :~s~iuni  (-\:mite (4.5 g. ' in refluxing absolute 
ct,liunol (150 nil.'] and the mixture n-:ts r e f l u 4  \vith stirring for 
2 h r .  Tlie resulting mixture was cooled and the pot,assium salt 
of tlie ureide (11.35 g.) was collected by filtration. Tlie salt was 
dissolved in water (13 nil.) and widified wit,li concd. hydrochloric 
arid (p1-I 2). Tlie resulting white solid (7.3 g.), which formed 
:Lfter cooling, melted after recrystallization from absolute ethanol 
:It l . i l - I Z o  dec. 

-1iid. Calcd. for (:6HLlS304S: (', 2S.71; H, 5.26, S,  20.10. 
1:ound: C,28.47; €I, 5.18; N, 10.f.i. 

The infrared spectrum had bands :it 5.80 I* (SIICOSH,), 
,;.!I5 p (SH,COCH). 6.62 p (?), 7.60 p , 8.6i u (SO,) and was pr:ic- 
t icdly identical with that of carbniii~-l~iiet~hanesulfonylure~. 

Lutidiniuni 6-Ethyl-1,2,4,2H-thi1diazine-3,5(4H,GH)dione 1 ,  
l-DioxicIe.-A rnixture of a-~~:irh:tniylprop:iriesulfon~-lure:~ 12.0 
a,;) : tnd t1r.i. 2,Mutidine t5 nil.; \V:LS refluled for 30 niin. At  
the end ( J f  this period :I viscoiis licluiti formrd nhicli solidified t o  :I 
glass upon cooling. I ) e r m t ~ : ~ t i ~ r ~  o f  i.he iiitidine 1% :is followrd by 
trituration of the glass with :tcaetontx. The crystals fornied w r t :  
rec7rqst:illized from absoluted etlianol: yield 0.81 g., m.p. 204.- 
206". 

for CIuH,iS304S: C, 48.20; 13, 5.72; S,  14.05. 
; H, 5.58; N, 14.U. 

'rhe infrared spect,runi in potnssiuni bromide contained prin- 
cipal bands a t  5.9 p (CO), 6.19 u (C'Oj, 7.24 p, 8.5 p. (SO,) and 
rcw,nibled that for the sodium salt of 1,2,4(3H)-thi:tdiazine-3,5- 
(4H,BH)-dione 1,l dioxide.2 

'rile decanted lutidine upon treatment ivitli ether gave mi 
uniurphous solid wliicti when recrystallized from absolute et1i:tnol 
give ().ti5 g. of a-carbani!.lpropanesulfonamide. 

Reaction of Diphenyl a,a-Diethylsulfoacetate with Liquid 
Ammonia. --lXphenyl a, d i e t  Iiylsu1fo:wct at r i 19.5 8.'' Y-: t? 

w:tled with liquid itiiiiiioni:t (40 n i l . )  i n  :t &tss tube :tiid :tillon ( x i 1  

IIJ starid :it rooni trrnpcr:iture for I da>-. Reinoval of t l i v  
:~iiittionin iv:~s folloi~ed by cxtrnction Jvith cther. The reniaiiiing 
solid was refluxed for 30 niin. with 75 nil. of absolute ethanol aiid 
gave 8.8 g. of n compound melting at 223-2245' dec. 

, I  rial. Calcd. for C16H14X&S: (I, 3i.11 ; 11, i . 22 .  Fuur i t l :  
(!, :36.77; H, G.79. 

l'rc:ttnicnt of tliis salt with hydrocliloric acid folloived by sulu- 
tiori in dirriethylfor~naniidt: and reprecipitation with ether gave :t 
rvliite solid melting a t  218-220" dec. 4,4-Diethyl-1,2-thiazeti- 
tlirie-3-one l,l-dioxidei is reported to  rnelt a t  63". 

. I I L u / .  Calctl. for CJ-I,,XO3S: C, 40.70; H, 6.27. Found: 
C:, 40.71; €1, 6.63. 

Pharmacological Test (Table I).-Groups of 3 mice n-ere dosed 
nit11 the drug :ind then watched for gross symptomatology. 
'The degree of the affect mas graded from 0 to  +++ by Lin 
experienced observer. S o  sleep was observed a t  any dose level. 
13y comparison pentob:trbital produces sleep a t  35 mg./kg. intra- 
peritoneally. 

iickno wledgment .-'l'hc ;I 11 t liors \vis h to thank t h c 
-Uibott 1,ahoratories for the pharmacological test 
rcportecl. 

111.p. 174-175'. 

l)eri\a~i,es of 1-Phen? 1-4-(2-hydroxj - 
3- me thox?-propyl)piperazine 

Tlie structural rclatioiibliip of tlie piperaziiies t o  
certain other materials k n o ~ i i  to have pharmacological 
activity has piompted the synthesis of several series 
of piperazine derivatives with potential use as antlicl- 
niintic, antihistiiiiiiiic, a i d  tranquilizing agents. Xmiiio 
cthers, particularly those of tlie ethanolamine serif$, 
are eff'ectiye as aiitiliistiniiiiics. -1 wide mriety of 
piperazine compounds have already been found to 1iar.e 
rffect upon the  central nervous system. These in- 
clude various dialkyl- and arylalkylpiperazines,2-" frc- 
quently with a 2-alkoxyethyl, 3-alkosypropyl, 2- 
liydroxyethyl, or 3-liydrosypropyl group as one of the 
S-substituents. 

The present \\ark consists of the preparation aiid 
rharacterization of derivatives of l-phenyl-4-(2-liy- 
droxy-3-niethoxypropy1)piperaziiic. It also includcb 
the syritlie4s of four new l-aryl-~-(2-hydroxy-;:- 
iurthouSpropy1)piperaziiies and their use in the prep- 
:wation of the respective nietliyl ethers. Tlie phy>i- 
(.a1 and analytical data for these compounds are gi\-cn 
i i i  Table I .  T l i e  follon iiig general procedure was uhcd  

0- , 
I 

I 
ClCH2CHCH20CH3 i 

J 

where It = -CUO-alkyl or -COCsHb. 
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TABLE I 
DERIVATIVES O F  1-ARYL-q-( 2-HYDROXYPR0PYL)PIPERAZINES 

OR" 

r- Analyses- -- 
H N 

Calcd. Celcd. 
Found Found 

7.31  8.13 
7.26 8 .28  
7.58 7.81 
7.68 7.94 
7.84 7.51 
7.45 7.88 

8 .08  7.24 
8 .13  7.40 
8 .08  7.24 
7.89 7.36 
8 .30  6.99 
8.45 6.79 
8.50 6 .75  
8 .65  6 .68  
9.15 10.60 
9.54 10.01 
9.41 10.06 
9.23 10.26 
9 .65  9.58 
9 .47  9.66 
9.87 9 .14  

10.11 9.28 
9.87 9 .14  
9.89 10.03 
8.29 8 .23  
8.34 7.94 
8 .63  9.99 
8.70 10.07 
8.90 9.52 
8.80 9.74 
8.90 9 .52  
8.88 9 .65  
8.70 8 .63  
8.89 8.77 
8 .90  9.52 
8.92 9.42 
9.15 9.011 
8 .98  9 .05  
9.15 9.09 
9.10 9.03 
8.93  8.28 
8 . 8 5  8 . 5 5  
7.39 7.91 
7.48 7.83 

Neut. 
equiv. 
Calcd. 
Found 

345 
343 
359 
359 
373 
370 
387 
386 
387 
386 
401 
404 
415 
417 

C 
Calcd. 
Found 

55.73 
56.03 
56.40 
57.08 
57.98 
58.02 

58.98 
58.92 
58.98 
58.87 
59.91 
60.09 
60.78 
61.09 
68.15 
68.47 
69.03 
69.04 
69.82 
69.75 
70.55 
71.04 
70.55 
70.14 
74.08 
74.31 
64,26 
63.98 
65.27 
66.32 
65.27 
66.4*5 
62.93 
62.92 
65.28 
65.67 
66.20 
65,93 
66.20 
66.11 
63.86 
63 .97 
71 . l 6  
70.91 

Yield, 
% 
25 

Recrystallizing 
solvent 

Abs. EtOH- 
dry acetoiie 

~ - C ~ H Q O H  

B.p.", (mm.) 
or M . P . .  " C .  

176-176.5 

162-162 dec. 
dec. 

R" 

COzCHa 
It ' 

H I 

I1 

I11 

I V  

V 

VI 

VI1 

VI11 

I X  

X 

XI  

XI1 

XI11 

XIV 

S V  

XVI 

XVII 

XF'III 

XIX 

S X  

131 

S S I I  

H 

H 

H 

29 

56 EtOH-Et20 161-162 dec. 

19 

7 

20 

Hz0 155.5-156.5 

155.5-156.5 H 

H 

H 

Hz0 159-160 

24 

45 

HzO 155-156 

135(0.2) 

132(0.2) 

H 

H 23 

H 29 

14 

150 (0.2) 

140(0.1) 

145 (0 .2 )  

H 

H 8 

H 

2-CH30 

2-C2HaO 

4-CgH50 

2-n-C3HTS 

2-CH30 

2-CzHj0 

4-CzH60 

2-CzHsS 

50 

69 

194-208 (0.1) 

81-83 

40 

57 

59 

71-71.5 

H 

H 

CHI 

96-97 

177 (0.2) 

147 (0 .3)  

147 (0.3) 

41-43 

33 

1s 

46 (Distilled) 

Et20 

15 

70 

173-lSO(O.3) 

104.5-1 05 H 

r OCHa 
1 

164-164.5 46.79 6.70 6.42 29.09' 
46.66 6.72 6.21 29.27 L -1 

a Iodine analysis. 

Both sodium hydride and metallic sodium were used 
for the preparation of the sodium salt, but in many 
cases it proved difficult, because of the proximity of 
their boiling points, to separate the final reaction prod- 
uct from the oil in which the sodium hydride was sus- 
pended. Consequently, with few exceptions, the corn- 
pounds reported here were prepared using metallic 

sodium. Furthermore, the sodium alcoholate, which 
was soluble in benzene or toluene in which it was pre- 
pared, could be decanted from any unreacted sodium 
before addition of the halide to the solution. 

Invariably, the crude product was contaminated with 
at  least a small amount of the starting alcohol Purifi- 
cation processes were repeated in each case until the 
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their appreciation for this research grant, and for the 
help of Parke, Davis and Co. in carrying out the 
pharmacological testing herein reported. 

The Synthesis of Two New Metabolites of 
Catecholamines : 3,4-Dihydroxyphenyl- 

ethyleneglycol and 4-Hydroxy-3- 
methoxpphen ylethyleneglycoll 

J. D. BENIGSI~ A K D  h T H O N Y  J. VERBISCAR 

Regis  Chemical Company ,  Chicago 10, I l l inois  
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Recently two metabolites of epinephrine and nore- 
pinephrine have been identified as 4-hydroxy-3- 
methoxyphenylethyleneglyco13-5 and 3,4-dihydroxy- 
phenylethyleneglyc01.6.~ The preparation of these two 
metabolites was undertaken in order to complete their 
identification by chemical syntheses. 

In  the reaction sequence the benzylated aldehydes I 
were treated with a large excess of hydrogen cyanide 
to maximize their conversion to the mandelonitriles 
11. The mandelonitriles were unstable and difficult to 
separate from the starting aldehydes. Furthermore, 
when the crude mandelonitriles were converted to their 
corresponding ethyl mandelates (IV), the starting 
aldehydes and the esters proved to have nearly identical 
solubility and absorbance properties on alumina or 
silica gel and could not be separated. It was found 
that acetylation of the intermediate mandelonitriles 
afforded a mixture from which the acetylated mandelo- 
nitriles (111) could be fractionally crystallized. Ethanol- 
ysis of the acetylated mandelonitriles with ethanolic 
hydrogen chloride gave the easily purified ethyl man- 
delates (IV), which were reduced to the corresponding 
glycols (V) with lithium aluminum hydride. Hydro- 
genolysis of the protecting benzyl groups gave the 
glycols in good yield. An attempt to prepare these 
glycols by lithium aluminum hydride reduct'ion of the 
unprotected ethyl mandelates* was unsuccessful. 
3,4-Dihydroxyphenylethyleneglycol (VIa) is a crys- 

talline solid which is stable on standing. However, in 
one attempt a t  purification a polymeric substance re- 
sulted. It is known that phenolic benzyl alcohols can 
be quite sensitive t'o acids, bases, and heat, giving 
phenol-formaldehyde type condensation products.9 

(1) This work was supported b y  the Psychopharmacology Service Center 
of the National Institutes of hlental  Health under contract No. SA-43-ph 
3021. 

(2) T o  whom inquiries should be addressed. 
(3) J. Axelrod, I. J. Kopin, and J. D. hiann, Biochem. B i o p h y s .  A c t a ,  36, 

576 (1959). 
(4) J. Axelrod, Abstracts of the Eight National hiedicinal Chemistry 

Symposium of the American Chemical Society, University of Colorado, 
Boulder, Colorado, June 18-20, 1962, p. 4 a .  

( 5 )  E. H. LaBrosse, J. Axelrod, I. J. Kopin, and  S. Kety, J .  Clin. Innest., 
40, 253 (1961). 

(6) I. J. Kopin and  J. Axelrod, A r c h .  Biochem. B i o p h y s . ,  89, 148 (1960). 
(7) I .  J. Kopin, J. Axlerod, and  E. Gordon, J .  Bid.  Chem., 236, 2109 

(1961). 
(8) The corresponding ethyl 3,4-dihydroxy- a n d  4-hydroxy-3-methoxy- 

mandelate esters have been reported b y  E. F. Recondo a n d  H. Rinder- 
knecht, J .  O w .  Chem.,  26, 2248 (19601, and  K. N. F. Shaw, 4.  MciMillan, 
and 31. D. Armstrong, ibid. ,  23, 27 (1958). 

(9) E. E. Royals, "Advanced Organic Chemistry." Prentice-Hall, Inc., 
Englewood Cliffs, K. J., 1954, pp. 501406.  

4-Hydroxy-3-methoxyphenylethyleneglycol (VIb) 
has been reported3 to be an oil, and numerous attempts 
on our part to obtain a solid product failed. However, 
a crystalline piperazine salt complex formed which 
had several notable physical characteristics. It was 
easier to handle and more stable than the free phenolic- 
glycol. Furthermore, paper and thin layer chromato- 
grams of the free glycol, the salt, and an acidified 
sample of the salt showed identical Rf  values, a char 
acteristic of significance to biochemical investigations. 

CsH5CHzO RoDcHo / - CsH5CHzO RoxYcHoHCN 

c- C6HaCHzO RoDcHoAcCN \ 

I1 I I I-Va, R = CsH5CH2 
b, R = CHa 

RODCHOHCOOC~H, 

CsHsCHzO \ 

IV I11 + 
R O a C H O H C H , O H  --f RO DCHOHCHZOH 

CeHbCH20 HO 
V VIa, R = H 

b, R = CH3, Piperazine Salt 

Experimental 

Melting points were taken on a Hoover Uni-Melt capillary 
apparatus and are corrected. Ultraviolet spectra were deter- 
mined in 95% ethanol using a Perkin-Elmer spectrophotometer 
Model 202. Infrared spectra were determined in chloroform 
using a Perkin-Elmer Infracord Model 137. Elemental analyses 
were performed by Midwest Microlab, Indianapolis, Indiana. 
3,4-Dibenzyloxymandelonitrile Acetate (IIIa).-To a mixture 

of 31.8 g. (0.1 mole) of 3,4-diben~yloxybenzaldehyde,~~ 40 g. 
(0.6 mole) of potassium cyanide, 225 ml. of dioxane, and 
55 ml. of water was added with stirring 33 ml. (0.4 mole) of 
hydrochloric acid. The mixture was stirred and refluxed for 1 
hr., after which time it was cooled to room temperature. Benzene 
was added to the dark mixture, and the aqueous layer discarded. 
The organic layer was diluted with 200 ml. of benzene and dried 
over sodium sulfate. To the dark filtered solution was added 
125 ml. (1.2 moles) of acetic anhydride and 50 ml. of pyridine, 
and the solution allowed to stand a t  room temperature overnight. 
The mother liquor was removed under reduced pressure, fresh ben- 
zene was added to the oil, and it again was evaporated to dryness. 
The oil was dissolved in 200 ml. of ethanol whereupon 24.4 g. (42%) 
of I I Ia  crystallized. A white crystalline product, m.p. 67-68", 
was obtained on recrystallization from ethyl acetate and hexane. 

Anal. Calcd. for C24H21N04: C, 74.40; H, 5.47; N, 3.62. 
Found: C, 74.59; H, 5.58; N, 3.52. Infrared: 5.72 M (C=O). 
The nitrile a.bsorptions in this series were not detected in our 
study. 

Ethyl 3,4-Dibenzyloxymandelate (IVa).-A solution of 28.0 
g. (0.72 mole) of 3,4-dibenzyloxymandelonitrile acetate (IIIa), 
300 ml. of ethanol, and 200 ml. of ethanolic hydrogen chloride 
was allowed to stand under nitrogen a t  room temperature for 
16 hr. The mixture was evaporated under reduced pressure to  
an oil, which was covered with water and extracted with ether 
and twice with benzene. The extracts were combined, dried 
over sodium sulfate, and evaporated. The resulting oil was 
covered with hexane and allowed to crystallize. There resulted 
24 g. (84%) (of product, m.p. 58-61", Two recrystallizations 
from ethyl acetate and hexane gave a white crystalline solid, 
m.p. 68-70'. 

Anal. Calcd. for C24H240j: C, 73.46; H, 6.16. Found: 
C, 73.72; H, 6.05. Infrared: 2.80 f i  (OH), 5.80 f i  (C=O). 

(10) F. W. Short and E. F. Elslager, J .  .Wed. P h a r m .  Chem., 6 ,  642 (1962). 
(11) H. Burton and P. F. G. Praill, J .  Chem. Soc. ,  522 (1951). 


