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2,2'-Dialkoxybenzhydrylanlides and 
2,2'-Dialkylbenzhydrj 1 Esters of 

N,N-1)isubstituted a - h i i n o  Acids. 
Synthesis and Pharmacological Evaluation vCH---"; I 
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Reagents 1 = SOCIz, 11 = ll??jH2, in = LAH, iv = I ~ z C O C ~  

ethyl-5-oxo-3-pyrrolidiilylcarboxylic acid (126 g, 0.5 inole) ill 
CHC13 (200 ml) was added to freshly distd HOC12 (250 g, 2.1 
mole). The reaction mixture was heated under reflux for 2 hr.  
The solvent and unreacted SOCl? were evapd under reduced 
pressure arid the residual oil used without further piirificatioii. 

Preparation of Amides. Method A.--Arniiles and .Y-pheii- 
ethy1-5-oxo-3-pyrrolidinylcarbonyl chloride in equimolar qiiait- 
tities were allos-ed t o  react in an excess of Zc; XaOII. A solid 
sepd on cooling, this xas  collected, washed (H?O), and recrystd. 

Method B.-Amines (2.0 moles) and .V-pheiiethyl-5-oxopyr- 
rolidinylcarbonyl chloride (1.0 mole) were allowed to react ill dry 
CHCl, at, -60". A solid, which sepd on storage, was collected 
and washed (CHCl,) and the washings were added t o  the filtrate. 
The combined washings were dried (XaXl , )  and evapd. The 
residual oils solidified on cooling and were recryztd. For details 
see Table 11. 
,V-Phenethyl-3-pyrrolidinylmethylamines (4).-11AH (4 .7  g, 

0.15 mole) was suspended in dry dioxane (150 ml) ill a Hoxhlei 
apparatus. N-Phene thyl-3-oxo-:3-pyrrolidinylcarboxarnides (0.1 
mole) were packed into the thimble and extracted. The products 
were worked up in the usual way and purified as .iiich or charac- 
terized as acyl derivatives. 
K-Phenethyl-3-pyrrolidinylmethylaniiine (4a) was redistilled 

under reduced pressure, the fraction boiling at 190" (1.5 nun) wa5 
collected: yield 14.75 g (52C,c). Anal.  (ClsH?a?;2) C,H,N. 

N-Phenethyl-3-pyrrolidinylphenethylamine . 2HBr (4b ) 
was recrystd from EtOII-Et?O: mp 255-236"; yield 31.$15 g 

)Anal. ( C Z ~ H ~ O B ~ ~ X ~ )  C,H,K;. 
(Substituted phenyl)-,V'-(l-phenethyl-3-pyrrolidinyl)acet- 

amides (1) .  Method A.--S-Phenethyl-3-pyrrolidinylmethyl- 
amines (0.1 mole) in dry CHC13 (100 ml) were added to aiihyd 
Tu'aHCOt (0.15 mole). The suspension was cooled to 0" arid the 
appropriate acid chloride (0.2 mole) added. The reaction mis- 
tiire was heated under reflux for 5 hr and filt,ered hot. The 
filtrate was dried (NazSOd) and evapd. The residual oils were 
distd under reduced pressure. 

Method B.-IV-Phenethyl-3-pyrrolidinylmethylami1~es (0.1 
mole) in dry CHC1, (100 ml) were treated with the appropriate 
acid chloride (0.3 mole) and the reaction mixture was heated 
under reflux for 2 hr. Excess acid chloride and solvent was distd 
off under reduced pressure. The residue was basified by addn 
of 36y0 KOH and the base extd with EtzO (4 X 25 ml). The 
products were isolated as in method A. Compound 4 was insol 
in EtnO. 
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Isomers of lidocaine nhicli do not have t n o  Me 
groups ortho to the anesthesiophore group differ mark- 
edlj in anesthetic properties Obviousl) the coii- 
siderable steric hindrance pla3 b ail importaiit role i n  

this pharmacological activit) . A\loreover, the rcplace- 
ment of a functional S H  by 0 can lead to  isosteric 
compounds of similar propertiex? 

The title compounds were chosen for i t uc l j  because 
the) coiitaiii :L he\ structural feature of lidocaine. 
steric hindrance, i1ioieovci I\ e TI eie  interested in stud! - 
irig what effect replacement t ~ f  SHCO 0'20 in thii  
t j  pe of molecules I\ ould have OII  the actil it\ profile 

of the iriterniedi,ite h:do esteib J\ :ii 

mildlj basic condition* .Ittempts to 
preparc them 1)) \)oiling (11-o-t 011 lcarhiriol and CIC'O- 
CH,Cl 11 ere iiii~ucce+fuI. til-o-t 011 Ichloroiiiet1-i,tne4 u :i+ 

obtiiined 
* h i  attempt \ \ as  made to coirelate 1oc:d ,mesthet IC 

poteiic\ n i t h  the bond order of the C 'O  linkage a* nie:i- 
wred by the CO stretching fiequencj . -1 pievioub coi- 
relation of this t x  pe has beeii ieported.' I<xainiiiation 
of T:hle I ihonz  there iio correlatiori hetween the C'O 
itbsorptioii frequencj arid the local aiiesthet ic poteticx 
Ilirect comparison of estei 3 iind amides perhapi ~ l iou ld  
riot be made, paiticulnrli v i t l i  the hindered .tmide* ie- 
ported here, iiiice :imidez 111 general arc' I eprcientntive- 
of IL loner abhoiptioii frecjucnc> . 

( ~ r c ~  t t + t c d  Biological Results.. --C'oinpouiidi 1 28 
101 tlic'ir local n ~ l t ~ i t h ~ ~ t i c  : icti l i t \  :illd thc rcx<11lt* (11 t l l i '  

ob>eivation> ai (1 wtni r i , i i i ze t l  111 T:iblr I 
duration of l(ic:il .tiieitlicJtic activitj 
the Bulbring arid ITiijd:~ techiiique 
soliis of 1-20 in diitd H,O I\ ere injected iritradeiniall~ in 

guinea pigs. C'ompounds 21-28, because of iiist ithilit 1 
in H20,  ne ie  injected at a dose level of 0.23c/; in prop> l- 
eriegl) col. 120c:il ane.;theii;i JI A\ iiidicated bj  the a\)-  
sence of a flinching re<poiise \\ hen the tie'lted 5itc n '\> 

pricked at 5 ,  10. 30. 60, 120 and 180 miii after 
injection I,iducaine TI ab uied for compnrison through- 
out the experiments 

I t  is apptireiit from these piiniary result< that 3 
is somen hat more active than lidocaine i t d f  Hon - 
ever, the injectioii site TI a 5  inflamed aiid edematou.. 
Tn enty-four ~ ( J L U ~  after the experiment the :mimnls 

]'(it i' 

erv ai-c 
Allicjuoti of 0 2:' 
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Yield, 
% 
91 
88 

85 

80 

82 
78 
81 

79 

80 

76 
79 
76 

78 

79 

74 
81 
78 

76 

77 

75 
59 

44 

63 

52 
28 

68 

66 

58 

Mp, OC 

205-206 
200-201 

145-146 

203-204 

207-208 
246-247 
229-230 

208-209 

220-221 

209-210 
199-200 
191-192 

193-194 

194-195 

203-204 
237-238 
234-235 

220-221 

246-247 

216-2 17 
198-200 

195-196 

177-179 

173-175 
147-148 

161-162 

168-169 

135-136 

Carbonyl 
absorption 
frequency, 

om -1 

1666 
1672 

1658 

1656 

1658 
1661 
1672 

1669 

1661 

1669 
1666 
1669 

1658 

1667 

1656 
1667 
1669 

1672 

1669 

1675 
1764 

1751 

1748 

1748 
1730 

1742 

1730 

1739 

Surface 
local 

anesthetic 
activitya 

0.80  
0.96 

1.30 

0.00 

0.70 
<0.10 
0.50 

0.50 

0.80 

0.80 
0.96 
0.96 

0.80 

0.40 

0.80 
<o .  10 
<0.10 

<0.10 

<o.  10 
0.10 
0.98 

1.04 

0.72 

0.39 
1.02 

0.86 

1.02 

1.10 
Values refer to lidocaine, assigned a relative anesthetic potency of 1. C: calcd, 62.55; found, 63.00. All compounds were 

analyzed for C, H, C1, N. J C: calcd, 64.94; found, 64.50. e H: calcd, 7.23; found, 7.75. f C: calcd, 70.68; found, 69.90. 9 H: 
calcd, 7.49; found, 8.20. 

were killed, 

liferation Of polynuclear 
the injection, tissue irritation had disappeared. 

Subsequent histological examination of 

However) dayS after 

slowly distd until the temp was about 160". TO the hot mix- 

was added and the temp raised to 180-185' for 10 hr. After 
cooling the mixture was poured into 40 ml of H20 and the product 
was collected, washed, dried, and recrystd (EtOH). 
2,2'-Dimethoxy-N-formylbenzhydrylamine (29) was obtained 

in 98% yield (10.8 g), mp 180-181". Anal .  (CleH1,NOa) C, 
H, N. 

the areas showed acute inflammatory response with pro- ture 10 t3 of the appropriate 2,2'-dialkoxYbenZhYdrY1amineQ 

Experimental Sections 

2,2'-Dialkox~-N-formylbenzhydrylamines.-( NH&C03 (22 g) 
and HCOOH (22 ml) were mixed, heated cautiously, and then 

(8) All melting points were taken in Fischer-John apparatus and are un- 

Infracord. Microanalyses were performed at this laboratory. Where 
analyses are indicated only by symbols of the elements, analytical results 
obtained for those elements were within *0.4% of the theoretical values. 

corrected. I r  spectra were measured on a Perkin-Elmer Model 137 E (9) C.  Graebe and A .  Feer, Ber., 19, 2610 (1886). 
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2,2'-Diethoxy-N-formylbenzhydrylamine (30) was obtained 
in 9370 yield (10.2 g), mp 170-171". Anal .  (C1EHg1N03) C, H, N. 
2,2'-Rialkoxybenzhydrylamines.-A suspension of 10 g of the 

appropriate N-formyl derivative in 50 ml of HC1 5yo was re- 
fluxed until a clear soln was obtd. hfter cooling the amine. 
€IC1 crystd. 

2,2'-Dimethoxybenzhydrylamine~HCI (31) was obtained in 
76% yield (7.8 g), mp 246-247'. Anal .  (ClsH1&1N02) C, H, 
C1, N. 

2,2'-Diethoxybenzhydrylamine .HCI (32) was obt.ained ill 
85% yield (9.8 g), mp 239-240". Anal .  (C1?H,2ClNO2) C, H, 

2,2'-Dialkoxybenzhydrylamides.-A soln of 0.01 mole of C1- 
COCHzCl or BrCOCHBrCH3 in 10 ml of C6He was added over 
a period of 0.5 hr to a cold, stirred soln of 0.02 mole of the ap- 
propriate free berizhydrylamine in 10 ml of C6H6. The mixture 
was kept at  20-25' for 12 hr and then filtered. The filtrate was 
treated with an excess of the appropriate amine and the mixture 
was refluxed for 1.5 hr. After cooling, C6H.3 extract was filtered, 
washed twice with HZO, and dried (MgSOh), t,he solvent vias 
evaporated, and the hydrochloride was prepared (EtOH-ether). 
2,2'-Dialkylbenzhydryl Esters.--8 soln of 0.01 mole of C1- 

COCHzCl or BrCOCHBrCH3 in 10 ml of CsHB was added over a 
period of 0.5 hr to  a cold, stirred soln of 2.12 g (0.01 mole) of di-o- 
tolylcarbinol1° arid 0.89 ml (0.011 mole) of pyridine in 30 ml of 
C&. It was filtered, 
the filtrate treated with an excess of the appropriate amine, and 
the mixture kept at  40-45" for 3 days. After cooling, it was 
treated as described in the above procedure. 
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c1, r;. 

The mixture was stirred an addn 0.5 hr. 

(10) H. H. Hatt,  J. Chem.*Soc., 1631 (1929). 
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Over the past decade a considerable amount of theo- 
retical interest has been shown in the structural con- 
siderations of the nicotinic activity of a variety of 
molecules. Fukui studied a series of phenyl choline 
ethers, (I), using simple Huckel 110 calculations. 

L 

The study revealed that  the substituent groups in- 
fluence frontier electron density at the 0 and the 
superdelocalizability a t  the ortho positions, and that  
these indices correlated with nicotinic activity. The 
suggestion was made that  the 0 atom and the ortho 
position on the ring might be spatially related to  the 
onium group in the phenyl choline ethers in the same 

* To whom correspondence should be addressed. 
(1) F. Fukui, C. Nagata, and 8. Imamura, Science, 184, 87 (1960). 

mariner as the ether and CO oxygen storris iri tliil potelit 
nicotinic agent, ACh (Figure 1). Thus :ill ortho ring 
position would play a role a t  the receptor compnra\)le 
to the c:trbonyl 0 atom. 

Figure 1.-Spatial relationship between phenyl choliiie 
ether and acetylcholine postulated by Fukuil and predicted from 
this study. 

FVe have reported extended Huckel AI0 calcul. d t' lolls 
on both ACh2 and nicotine3 in which 11 e concluded 
that  both nicotine and -4Ch can assume preferred 
conformations in which the pyridine S and carbonyl 0 
atoms, respectively, are of similar distance from tlie 
onium groups iii each molecule (Figure 2 ) .  The rolt 

Figure 2.-Spatial relationship between nicotine and acetyl- 
choline in their predicted preferred conforrnation~.~ 

of the ether 0 iii the nicotinic activity of XCh is not 
evident' from this comparison,. since there is no iltom 
in nicotine th:Lt appears equivalent' to  the etlier 0 
a t  a receptor. The receptor equivalence of the pyr- 
idine N and the carbonyl 0 is certainly suggested 
from these studies. 

In a recent, study by Crow, et a,/., a series of ring- 
substituted phenyl choline ethers was considered using 
simple Hucltel theory. The relationships between c d -  
culated reactivity indices and nicot'inic activit'y re- 
vealed correlations only with the energy of t,he highest 
occupied 310 and the superdelocalizabilit,y at. the 
ring ortho positions. These findings agree with those 
of Fukui' except for the lack of a correlat'ion between 
an  oxygen reactivy index and activity. The suggestion 
arising from these results was that  the aromatic ring 
int'eracts with the receptor, probably a t  one of the 
ortho positions, to form a charge-transfer complex. 

A basic problem still remains with the phenyl choline 
ethers if the ortho ring position is to  be seriously con- 
sidered as mimicking the carbonyl 0 of ACh ut  the 

(2) L. B. Kier, M o l .  I'harmacol., 3, 487 (1967). 
(3) L .  B .  Kier, ibid., 4, 70 (1968). 
(4)  J .  Crow, 0. Wassermann, and W, Holland, J .  .\fed. Chem., la ,  761 

(1969). 


