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A new alcohol, lJ2-dieth~l-3-hydroxymethylpyrazo1idine, has beeii prepared in two steps from IJ-diethyl- 
Transesterification of this alcohol with several methyl esters afforded eleven 

The hydrochloride salts of thebe esters possess local anes- 
hydrazine and diethyl maleate. 
new esters embodying the pyrazolidine ring system. 
thetic activity. 

Since the introduction of procaine by EinhornJz 
several thousand ester-type local anesthetics have 
been synthesized. A great number of these arose by 
variation of the amino alcohol portion of the m~lecu le .~  
In  the present study ester-type compounds have been 
prepared in which the customary amino alcohol has 
been replaced by an alcohol incorporating an -?\'-N- 
linkage and in this series of compounds the -S-K- 
linkage is part of a pyrazolidine ring system. These 
esters bear structural resemblances to procaine, pipero- 
caine, and other synthetic local anesthetics. 

The alcohol embodying the pyrazolidine ring was 
constructed in the following way. Treatment of 1,2- 
diethylhydrazine (I) with diethyl maleate (11) gave a 
good yield of 1,2-diethyl-5-ethoxycarbonyl-3-pyrazoli- 
dirione (111). The latter compound may be visualized 
as arising by an addition of the hydrazine to the a,P- 
unsaturated ester, followed by closure to the five- 
membered ring with elimination of a molecule of eth- 
anol. A somewhat similar reaction, that of hydrazine 
with ethyl niethacrylate to give 4-methyl-3-pyrazolidi- 
none has been r e p ~ r t e d . ~  The structure of I11 is sup- 
ported by elemental analysis and its infrared spectrum 
(see Experimental Section). Reduction of the amido 
ester I11 by lithium aluniinuni hydride gave the alcohol, 
1,2-diethy1-3-hydroxyniethylpyrazolidirie (IV) . The lat- 
ter was converted to a picrate derivative upon treat- 
ment with picric acid. 
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Reaction of IV under transesterification conditions 
with eleven different methyl esters afforded the basic 
esters (V) containing the pyrazolidine ring system (see 
Table I ) .  Yields in the latter reaction mere good 
with the possible except'ion of the reaction involving 
methyl p-aminobenzoate. This methyl ester poly- 

(1) For recent reviews on local anesthetics see: (a) s. Wiedling and C. 
Tegner in "Progress in Medicinal Chemistry," Voi. 3, G. P. Ellis and  G. B. 
N-est, Ed., Butterworth Inc. ,  Washington, D. C . ,  1963, p 332; (b) S. Old- 
ham, M / g .  Chemist ,  36, No. 12, 50 (1964). 

(2) A. Einhorn and E. Uhlfelder, Ann., 971, 131 (1909). 
(3) T. P. Carney in "Medicinal Chemistry," C. A I .  Suter, Ed . ,  John 

(4) T. Lieser and K .  Kemmner, Chem. Ber., 84, 4 (1951). 
b'iley and Sons, Inc., New York, N. Y., 1951, p 280. 

nierized to a considerable extent. Treatment of the 
basic esters V with HC1 gave the hydrochloride salt 
derivatives (see Table 11). 

Local Anesthetic Activity.-The compounds pre- 
pared were evaluated according to the procedure of 
Block and co-workers using earthworms of genus 
Lumbricus.j Each compound was tested a t  four or 
five concentrations (0.015-0.8%) and five worms were 
used for each concentration. Straight line plots were 
obtained when the response time (min) was plotted 
against per cent concentration on log scale. The 
relative potencies were calculated using 10 niin as the 
mean response time. The results are summarized in 
Table 11. The most potent compound was assigned a 
relative anesthetic potency of 100%. By comparison, 
the standard piperocaine hydrochloride had a relative 
anesthetic potency of 17%. 

The structure-activity relationship results obtained 
in this work parallel findings previously made for 
benzoate esters.6 Thus, introduction of a p-amino 
substituent results in a compound of higher potency 
than the unsubstituted benzoate, Although the p -  
methoxy-substituted derivative was less active than the 
p-amino-substituted derivative, the corresponding eth- 
oxy derivative was more active (see Table 11). The 
introduction of an o-fluor0 substituent gives a com- 
pound less active than the p-amino derivative, also in 
agreement with previous work.' Soteworthy are 
compounds 4 and 6 of Table 11; the former is ap- 
proxiniately 6 times as potent as piperocaine hydro- 
chloride and the latter is about 3 times as potent. 

Experimental Section* 
Most of the required methyl ehters were obtained from com- 

Methyl p-ethoxybenzoate wit5 prepared by the mercial sources. 
published procedure.g 

( 5 )  B. P. Block, D. J. Potts,  and R.  S. H. Finney, J .  Pharm.  Pharmacal. 

( 6 )  Reference l a ,  p 354. 
(7)  G. A .  Olah, A. E. Pavlath,  J. A .  Olah, and  F. Herr, J .  Org.  Chem., %a, 

(8) hlelting points were determined with the  Fisher-Johns apparatus and 
Infrared spectra nere  recorded on a Beckman I R  8 spec- 

Microanalyses were performed by Dr. 

(9) R.  West, S. Ornstein, D. AlcKee, and R. Layzer, J .  A m .  Chem. Soc.,  

S u p p l . ,  16, 85T (1964). 

879 (1957). 

are uncorrected. 
trophotometer using NaCl optics.  
Kur t  Eder, Geneva, Saitzerland. 

74, 3960 (1952). 
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.\lctliyl ~~-(~~-I )u ty l :~ i~ i i i io  jl,eirzo:ite was prepared hy t d t l i t  ioii of 
sufficient ethereal diazomethaiie til 7.72 g (0.04 mole) of p-(  T I -  

t,iityl:tiniito)beii~oic, acid in 50 1111 of ether t o  give :i yellow color 
a1iic:h persi,.ted. The clear solutioti which resulted was evaporated 
t o  dryness in Z ' U C ~ L O .  0 1 1  rec 
from aqueous ethanol, 7.4 g ( 
obtained, mp 107-109", lit.1o mp 104-105". 

\Iethj-l p-cyclohexyloxybeiizoate was prepared by atlditioii 
of sufticierit et>hereal diazomet,hane to 8.8 g (0.04 mole) of p -  

loliexyloxybenzoit. acid in 1-50 ml of ether ti) give :t yellow 
color which persisted. The ethereal .wlutioii  as washed oiice 
with water :tiid dried (;\IgSOa). The speiit drying ageiil WLC 

filtered : i n t i  the ether was distilled. Distillatioii of the residue 
atforded 8.14 g (87%) of the ester, bp 127" (0 .55 mm), nZ% 
1 ..5421. 

.Inal. (Mid for C~,JT,&~: (I, 71.77; 11, 7.74. F o ~ ~ i d :  

1,2-Diethyl-5-ethoxycarbonyl-3-pyrazolidinone.---~~1~ :L solti- 
tiriii IJf 46.5 g (0.528 mole) of l,S-dieth~-lhydraaiiie" in 25 nil 
of :haolute ethaiiol !vas added a >olutioti of 86.0 g (0 .500  mole) 
of diet.hy1 maleate in 65 ml of tlwolute ethanol dropwise, with 
stirring mid ice-bath cooling. After 5tirring a t  room temperature 
overnight, the reaction mixture wiis refluxed on the steam bath 
for 5.25 hr. The ethaiiol was removed in ZJCLCUO and the residue 
w:is distilled atitl amounted to 95.7 g (89,5yc) of a colorless oil, 
h p  94' (0.05 mm), n z o ~  1.4646, ACrxc13 3 79 (wter C=O), 5.98 q 
(amide C=O). 

.lnal. Calcd for C:oI~18K20,3: (1, .X.O3; IT, 8 . 6 ;  S, 13.08. 
k'ourid: C, 55.91; IT, 8.51; ?;, 12.94. 

c, 71.78; II, 7.82. 

:10) .I. I<. Surrey and 11. I'. Hammer, J .  An&. L'iiem. Soc., 66,  ?127 (194.4). 
(11) 1L. Iienaud axid L. C .  Leitch, Can. J .  C h e n . ,  31, 545 (lU5.I). 

1,2-l)iethyl-3-hydroxymethylpyrazolidine.---A siJlntioti of XJ.7 
g (0.228 riicile) of ~,2-diethyl-5-ethoxy~ar~)oii~l-3-p!-~)~i~itl i) l i(~ 
i i i  G O  riil I J f  iiiihydr~u:, ether was added dropwise with ptirritig to :I 
holut i o t i  of 13.2 g (0.X4S mole) of LiAlH, iii 130 ml of atihydrous 
PI her. .Ifier cwmplet ioii of the :itl(lition the r e d  ion mist w e  
\\-:IS rrflusetl for  13 hr. 1)ecoinpositioi~ of t tie romples was 
cffec,ted b j -  40(,.; aqueou; KOII with ic*e-l)ntli miling. 'rhc 
ctlier 1:iyer L T ~ R  separated tilid the iniorgaiiir salts \wrc exi.r:tcd c d  
1 wice ivith 100-rid porticjii- of ether. The corrihincd (+hc!r cs- 
t ri1c.t- \vert> dric,tl (IIgSO,). After removal of the  spent, dryitig 
: i ~ e t i ~ ,  the ether \ v w  t l i~t~l l r t l  o i i  :I wt ie r  1)ath. Thr residue w a h  
tlthtilletl aiid yieltied 25.8 g (71.6cy ) of it  viicous, colorlehs liquid, 
bp 46' (0.24 mm),  n% 1.4700, AriiL'I3 2.95-3.15 (II-l,oiidcd OH), 
2.78 p (free O H ) .  

r l n n l .  Cnlcd fi)r (.;8111J2(): C, 60.7%; 11, 11.47; S.  17.70. 
Fourid: C', 60.62; [I, 11.54: S, 17.i5. 

t:tllitie I) icmte derivative was prepared :tiid r( 

. l d .  Cdcd for CI,HZiS,O~;: C, 43.41 : I I ,  >.4(i; S ,  lS.lIS. 
I'Oulid: (:, 43.~58; 11, 5.3!>; N; 18.05. 

Esters of l,X-Diethyl-3-hydroxymethylpyrazolidine. General 
Method.--To a solution of 1,2-dietIiyl-3-h~droxymethylpyrasoli- 
dine (0.05 mole) in  60 nil of dry heptane was added a 1-niiii3 
piere of freshly (:lit scidiuiii. The resulting solution wts healed 
011 ail oil bath uiitil the sodium dissolved. The mixture was 
cooled, a11 appropriate methyl ester (0.05 mole) was added, 
atid the reaction mixturc was refluxed under a Dean-Stark tube 
riiitil t,he theoretical amount of methanol had separated (10-40 
hr). Xfter washing twice r i t h  5-ml portions of water, the 
hept m e  solution was dried (IzIgS04). The spent drying agent 
\vas filtered and the  heptaiie was removed by distillatioil :it 

:itmo.-pheric pressure. The residue was then distilled uiicler 
redwed pressure (see Table I). 
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Hydrochloride Salts.-The monobasic esters were dissolved in 
ether and treated with dry HC1. The precipitated hydrochloride 
salts were filtered, washed with a small amount of ether, and 
recrystallized from absolute ethanolkther. The dibasic esters 
were dissolved in 95% ethanol and treated with zt calculated 
amount of 1 A’ HC1 to form the monohydrochloride salts. The 
solvents were evaporated on a water bath in vacuo and the 
residue was dried ( P205) in a desiccator before recrystallization 
from absolute ethanol-ether (see Table 11). 
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7-Bromo-%methyl-10-( 1-D-ribityl)koalloxazine has been synthesized by the condensation of 2-bromo-4-nitro- 
5-chlorotoluene with D-ribamine to produce 4-bromo-5-methyl-2-nitro-N-~-ribitylaniline. The latter was reduced 
and the obtained o-phenylenediamine was condensed with alloxan monohydrate. This new flavin stimulates the 
growth of the riboflavin-deficient rat  a t  all quantities used but, in spite of this activity, the higher quantities are 
lethal for the animal. Since riboflavin protects the animal against the toxicity of this flavin, the analog is a re- 
versible antagonist of riboflavin in the rat. The flavin is also an antagonist of riboflavin in Lactobacillus casei, but 
it stimulates growth of the organism in the presence of small quantities of the vitamin and under specific conditions. 

Weygand, Lowenfeld, and Rloller3 synthesized 7,8-di- 
bromo-lO-(l-D-ribityl)isoalloxazine (7,8-dibromoflavin) 
and compared its ability to inhibit the growth of 
Streptobacterium plantarum P32 with the activity of the 
previously known 7,8-dichloro-l0-(l-~-ribityl)isoallox- 
azine (7,8-dichloroflavin) against this organism. The 
7,8-dichloroflavin possessed an inhibition index (ZI) 
of 398 while the 7,8-dibronioflavin, with an inhibition 
index of 1750, was far less potent against 1.9. plantarum 
P32. We have prepared 7,8-dichloroflavin also, and 
our improved procedure yielded a product of un- 
questioned p ~ r i t y . ~  

The bacterium, S. plantarum, does not require an 
exogenous source of riboflavin, and we considered it 
important to test 7,8-dichloroflavin on two test systems 
which do require exogenous riboflavin. We found that 
7,8-dichloroflavin was not an antagonist of riboff avin in 
Lactobacillus case9 (ATCC 7469))’ and thus confirmed an 
earlier report by Snell, et ~ 1 . ~ 8  and further demonstrated 
that this material was also completely devoid of biologi- 
cal activity in the rat.6 We have synthesized 7-chlo- 
ro-8-methy~-l0-(l-~-ribity~)isoalloxazine~ (7-chloro-8- 

( 1 )  This work was supported in part  by Grant CY-2540 from the National 
Cancer Institute, U. 8 .  Public Health Service. 

(2) The numbering system used for the flavins named in this article con- 
forms to  tha t  of Chemical Abstracts. All papers constituting the literature 
citations have made use of the older ring-numbering system. The  older 
numbering system will conform to  the Chemical Abstracts system b y  increasing 
each position number b y  one. 
(3) F. Weygand, R. Lowenfeld, and E. Bfolier, Chem. Ber. ,  84, 106 (1951) .  
(4) Inhibition index (II) = micrograms of analog a t  half maximum growth/ 

0.3 pg of riboflavin times the  molecular weight of riboflavin/molecular 
weight of analog. 

( 5 )  The melting point of our material remained 288-290° dec through 
repeated recrystallizations; R. Kuhn, R .  Weygand, and  E. F. Moiler, Ber., 
76, 1044 (15431, reported m p  273-275O dec. 

( 6 )  J. P. Lambooy, R .  A. Scala, and E. E. Haley. J .  Nutr., 74, 466 (1961) .  
(7)  American Type Culture Collection, Rockville, Md. 20852. 
(8 )  E. E. Snell, 0. A .  Klatt ,  H. W. Bruins, and W. 1%‘. Gravens, Proc. 

(9) E. E. Haley and J. P. Lambooy, J .  Am. Chem. Soc., 76, 5053 (1954). 
SOC. Ezp t l .  Biol. Med. ,  82, 853 (1953). 

niethylflavin) and studied its biological activity in both 
the rat and L. casei.1° I t  is a potent inhibitor of L. casei 
with an II  of 76 (in this test system, it is exceeded in 
potency by only 7-niethyl-8-chloro-l0-(l-~-ribityl)- 
isoalloxazine) .ll The 7-chloro-8-methylflavin is the 
most potent antagonist of riboflavin in the rat to be 
described to date. This antagonism is expressed in 
terms of lethality because, paradoxically, the compound 
is an excellent stimulant for the growth (but not sur- 
vival) of the riboff avin-deficient rat.I0 

Weygand, et u Z . , ~  found 7,8-dibromoflavin to be far 
less active (ZZ = 1750) than 7,8-dichloroflavin (ZZ = 
440) as an antagonist of riboflavin for S. plantarum 
We have found 7-chloro-8-methylflavin to be a potent 
inhibitor (ZZ = 76),’0 while 7,8-dichloroflavin was inert6 
as an antagonist of riboflavin in L. casei. It was of 
interest to us to learn if the incorporation of one 
bromine atom would produce an analog whose activity 
was related to that of 7,8-dibromoflavin in a way which 
resembled the relationship we had discovered between 
the analogs containing one and two chlorine atoms. 

Chemistry.-2-Bronio-5-chloro-4-nitrotoluene was 
condensed with D-ribaniine to produce 4-bromo-5- 
methy1-2-nitro-r\’-~-ribitylaniline. This compound mas 
reduced to 2-amino-4-bronio-5-niethyl-X-~-ribitylani- 
line which was immediately condensed with alloxan 
monohydrate in the presence of boric acid to produce 
7-bromo-8-methyl-l0-( l-~-ribityl)isoalloxazine. 

Biological Activity.-7-Bronio-8-met hyl-10- (l-D-ribi- 
ty1)isoalloxazine is a strong antagonist of riboflavin 
in L. casei; the 11 was found to be 137. I t  appears to 
be a slightly better stimulant for the grom-th of the 
riboflavin-deficient rat and, also, it appears to be less 
toxic than the previously studied 7-chloro-8-niethyl-10- 
(1-D-ribityl)isoalloxazine. The antagonism of the an- 

(10) E. E. Haley and J .  P. Lambooy, J .  Nutr . ,  72 165 (1560). 
( 1 1 )  Synthesis, ref 5 ;  biological activity. ref 6. 


