
Experimental Sectionlb 
10 [3-( 3-Azaspiro j5.51 undecan-3-yl)propyl] phenothiazine Hy- 

drochloride (1).-10-(3-Chloropropyl)phenothiazineig ( 3  g, 
0.018 mole) arid 3-a~aspiro[ j .6]undecarie~~ (5.6 g, 0.036 mole) 
were refluxed for 24 hr in 30 rill of toluene coiitaiiiiiig a fen. ( 
t ; h  of KI. 
stid allowed to  starid overnight at 5 " .  Precipitated 3-azaspiro- 
[5.5] undecane hydrochlorideL3 wits removed by filtrat ioii, n-:i>hctI 
nit h ether, : t i id dried . It weighed 3.4 8, i h c  thc~oietic~:il 
:trnount. The filtrate ripped :it i11(, ir:iter pump u i i t l  tlieii 
:ill mnteriul hoiliiig uy 00' ( 0 . 2  r n n i )  K : I ~  rc.mrivrtl at ihr 
vaciiiiiii pump and tliicarded. The re-idii:il oil n-:i.: di.w)lved i i i  

500 ml of at)>oliite ether atid xitiii.atec1 Tyitli IICl g w .  The 
hydrochloride of the product W : I <  fillered, ~r:rihetl with ether, 
xiid dried at <IOo.  There x t .  ii1)t:tiiietI 0 g (7  
227 hiid 22T-22S0, after r (~(~ry.~t : i l l i~: i l i iJ i i  f'i,iiin 
xnol-et her mixtiire. 

10- [2-( 8-Azaspiro[4.5]decan-8-yl~propyl]phenothiazine Hy- 
drochloride (5).--10-(L'-13romc~pri~p~-llplieiiothi:iziiic~ ( n i p  I26 
12T", !),6 g j  0.01; miilc~), fi-nzasiiirt~[4..j]tlec,a ii(>l3 (8.4 g, O.O(i 

tills of KI  wore refIiise(1 for 30 1ir i i i  IO!) nil 
eci re:tvlioii mixturf, w:is diluted with :: V ( J I  

( J f  et,her ant1 kppt ovrriiight :at 5'. 8-Azaspiro[4.5] decane hy- 
drobromide13 ( 5  g, theory 6.fj g )  W:I> rcmcivetl hy filtmt i o i i  : ~ i i ( l  

washed with et,her. The  filtrate :in11 \\-:t.liing-: w t w  -triIipeti 
of wlveiit at, the  \rater pump until :I o i l s  oil rcxi:iiiiecl. Ail 
material hoilirig i ip to 10oo (0.2 nini)  W:LS di-tilled: th(> rcsidunl 
oil was d isdved  i i i  300 nil of c,ther and x i t i i r : i td  iritli I€C!l 

The mixture wa$ ('IJoled, diluted n-ith 2 Vlil of e 

Benzocyclobutene Derivatives. Oximes with Muscle Relaxant Characteristics' 

A iiiimber of l-acylberizocyclot)iitelle., their oxime,, a i d  several oxygeii-piibst it,iited oximes were prepared arid 
screened for potential mephenesin-like miiscle relaxant act,ivitg. The compounds Rere obtained from a common 
precursor, 1-cyanobenzocyclohiteue. which xras made from o-chloroliydrociriiiariioiiitrile by an improved method. 
The most effective material iri the tests employed &-as the oxime of l-acetJ-lbeii~ocyc,lohutene, ahich WELS corn- 
parable in milligram potency to tlie comparative standard, chlorzoxazone. 

To date, our study of the biological properties of com- 
pourids containing the bicyclo[~.2.0]oc,tti-l,:~:.5-triciie 
ring system has in(-luded t>he prepar:tt,ion of several 1- 
aniinoniethyl-2 and various I ,  1-disubstit'utetl benzo- 
cyclobutenes. Since slieletal inuscle relaxant, activit'y 
had been reported for the oximes of 2-acetyl-l,4- 
benzodioxane4 :~nd  dicgclopropyl lietone,j compounds 

I 1) I'rebanti~rl i n  liar1 befow [lie l J iv i5 tun  of lledicinal Chemistry, 1.51~1 
National Sleeting of the  ameriran Chemical Society, Pittsburgh, Pa., 
I Ia r rh  1968. 

( 2 )  .J. .i. ,Skorcz and J. E. Robertson. J..lfed. ChPm., 8 ,  2.55 (l!lliJi. 
(3)  3 .  A. Skorrz and F. E. Kaminski. ihid.. 8 ,  7 3 2  (1965). 
(4) C .  I. .Judd, J .  Freedman. a n d  .I. F:. Robertson, .\bstructs, 149th Sa- 

tiunal Meeting of the  Imer i ran  Clieinival Society, Detroit, lficli., 1 p r i l  
1Hti.5, p 22N.  

( - 5 )  I,. 17. lilockus, G. 11. Everett,  an(1 11. 1;. Ridiariis. l '<de,rntir,n i'rm., 
17. 350 (1978). 

c~>niaiiiiiig :I c.arhoriyl group adjacent, to a c~yc~l0:tlliyl 
ring, :I nunibcr of I-ncylbenzocyclobut~~es : tud  their 
oximes werv 111:iclc~ for wreening as potential niu~c.lc re- 
laxant$. Scwr:il oxygen-substituted derivatives of O J I P  

of the morc intcre\ting materials, l-acetylbenzocyclo- 
buterie oxiiiic, also werc prepared. The synthesis nritl 
pharniacological ev:tluation of these compounds iiro 
described in the present report. 

The ketones were made from l-cyanobenzocyclo- 
butene (l), whic.l.1 was prepared as shown in Scheme I. 
o-Chlorohydroc~iiiiiitllloliitrile (2) ,  obtained in an owr- 
:dl yield of 53%) from o-chlorobenzyl chloride :ml 
methyl cyanoacetatc, n-as converted to  1 by a modifica- 
tion of the proc.cdure of Bunnett and Sliorcz.fi Thii 

( (11 I I l h in i i r i~  11i1l 1 \ Shortz, .I O!Q C h c m ,  27, 383Ii Cl'lO2> 
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TABLE I 
1-BESZOCYCLOBUTENYL KETONES AND OXIMES 

Yield, 7--Calcd, %-----. -Found, %-- 
C H N  C H N  No. R Z Bp (mm) or mp, OC 470 Formula 

4 CH3 0 79-80 (0 .9)  57 CioHioO 82.15 6.89 81.88 7.03 
5 CH, NOH 90-92a 49 CioHiiNO 74.53 6.88 8.69 74.32 6.82 8.57 
6 n-CaHs 0 93-94 (0 .2 )  56 Ci3H160 82.94 8.56 82.88 8.49 
7 n-C4Hg NOH 5E1-58~ 27 CiaHI7NO 76.80 8.43 6.89 76.82 8.22 6 .88  
8 C6H5 0 124-126 (0.  04)b 50 CijHi20 86.51 5.81 86.32 5.90 
9 C6H5 NOH 131-134' 31 CijHi3NO 80.69 5.87 6.27 80.49 6.17 6.34 

10 CH2CsHj 0 133-134 (0.1) 30 C16H140 86.45 6.35 86.40 6 .45  
11 CH2C6Hj XOH 87-90d 18 CiaHijNO 80.98 6.37 5.90 81.07 6.27 5.82 
12 C6Hll 0 98-102 (0.005) 25 Ci5H180 84.07 8.47 83.88 8.45 
13 C6Hll NOH 187-1886 28 CijHigNO 78.56 8 .35  6 .11  78.74 8 .55  5 .96  

15 C3Hj S O H  127-1310 10 C12Hi3NO 76.97 7.00 7.48 76.55 7.09 7.65 
14 C3H5 0 87-100 (4.5)'  19 Ci2Hi20 

a Crystallized from Skellysolve B (bp 60-80"). Solidified on standing, mp 75-77.5' after recrystallization from aqueous methanol. 
c Appreciable prior softening. d Crystallized from aqueous methanol. E Crystallized from chloroform-ethanol. f Cyclopropyl 
ketone, contaminated by starting nitrile, was converted directly to oxime. 0 Crystallized from cyclohexane. 

SCHEME I 
().ClC,H,CH?Cl NaOCH flCHzCH(CN )C02CH3 + 1_ - c1 

I. NaOH 
2 .  D M F , I ~ ~ '  I 

1 2 

benzyne-mediated cyclization was conveniently carried 
out with up to 3 moles of 2 in yields of 62-70%. 

The carbonyl compounds were obtained from 1 by 
way of reaction with the appropriate Grignard re- 
agents. Although optimum conditions were not de- 
termined, a moderate (40-150%) excess of the organo- 
metallic reagent was sufficient, in most cases, to  provide 
the 1-benzocyclobutenyl ketone in fair yield.' Since 
removal of the a hydrogen of 1 is f a ~ i l e , ~  proton 
abstraction by the Grignard reagent to afford an inter- 
mediate equivalent to 3 probably was a competing 

3 

reaction. This was suggested by the recovery of some 
starting nitrile from all of the reactions;8 the maximum 
amount was 35oj, in the case of the usually sluggish 
cyclohexylmagnesium bromide. 

The oximes in Table I were prepared in the usual 
fashion with a slight excess of hydroxylamine in aqueous 

(7) C. Kaiser and C. L. Zirkle, U. S. Patent  3,149,159 (1964), synthesized 
ketone 4 from benzocyclobutene-1-carboxylic acid and excess methyl- 
lithium: no yield was given. 

(8) Similar results have been reported for reactions of phenylacetonitrile 
with various Grignard reagents; ac best, small amounts of the expected 
ketones were formed, presumably because of preferential attack a t  the  re- 
active methylene protons. For example, see C. R. Hauser and W. J. Humph- 
lett ,  J .  Org. Chem., 15, 359 (1950); W. I. O'Sullivan, F. TI-. Swamer, \V. J. 
Humphlett, and C. R. Hauser, i b i d . ,  26, 2306 (1961). 

The oxime 6 also was mentioned. 

ethanol. The crude yields generally were high, but 
invariably only a portion of the material could be in- 
duced to crystallize as a sharp-melting solid. Although 
this behavior implied the presence of both the syn- and 
anti-lietoximes, no attempt was made to isolate the 
isomeric compounds. 

Two general methods were utilized to obtain 
the 0-alkyl oximes in Table 11. The condensation of 
1-acetylbenzocyclobutene (4) with methoxyamine and 
n-butyloxyamine afforded 16 and 17, respectively. 
Since this approch was limited by the availability of 
the alkoxyamines, the oxime 5 was alkylated directly. 
Treatment of 5 with sodamide in dimethylformamide 
at  ambient temperature, followed by the introduction 
of a suitable alkyl halide, provided the ketoxime ethers 
16,18, and 19. Hydroxyalkylation of 5 with propylene 
oxide yielded the carbinol 20; assignment of the second- 
ary alcohol structure was made on the basis of similar 
reactions described in the l i t e r a t~ re .~  

Contrary to the reported acylation of dicyclopropyl 
ketoxime,'O heating the oxime 5 in acetic anhydride 
resulted in extensive decomposition. The use of acetyl 
chloride in ether, however, readily gave the ester 21. 

The structural integrity of the bicyclic ring system 
in each of the compounds was substantiated by ultra- 
violet (A,,, near 272, 265, and 260 mp) and infrared 
(cycloalkyl band at  10.0-10.1 p) spectra.3 All of the 
0-substituted oximes displayed weak C = S  absorption 
near 6.1 p, and, in addition, the ethers had a strong 
C-0 band at  approximately 9.6 p.  

Pharmacology.-The benzocyclobutene derivatives 
were evaluated for possible and relative mephenesin- 
like central muscle relaxant activity by two primary 
methods with chlorzoxazone as a standard. Results for 
the three types of compounds are summarized in 
Table 111. 

I n  spinal cats, it  was observed that of the ketones the 
alkyl (4 and 6) and aryl (8) compounds produced a 
slight selective polysynaptic block at  the lower doses 
but were toxic a t  the higher dose levels. I n  contrast 
with this, the benzyl group (10) produced a reverse 

(9) G. B. Bachman and T. Hokama, J .  A m .  Chem. SOC., El, 4223 (1959). 
(10) B. W. Horrom, U. S. Patent 3,117,987 (1964). 
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'1 Sroriiig of relative hytiaptic reflex inhibition 011 0 to 4f h i > :  

S = a reverse effect (stiniulatioti). h Scoring of relative niwcle 
relaxant activity OII  0 to X +  basis. S = stiniiilat,ioii, T = trail- 
cliiiliaing artivity, I )  = depression at high doses, 0 = i i o  :ictivit>-. 
( 1  Stand:trd c.ompoiuid, chloraoxazoiie f Paraflex@). 

c$fec.t iii  t tiat it iiiduced an increase in polysynapt1ir 
reflex artivity. The cyclohexyl ketone 12 waq without 
t.ffcvt on the reflexes. 

A similar relationship was evident with the oximes." 
The niethyl (5) and cy>lopropyl (15) compounds pro- 
tluc*ed polysynaptic reflex inhibition with a relatively 
high degree of selertivity arid potency Increasing the 
lcrigth of the :zlkyl rhain (7) reduced the activity, but 
:ilso iucwasecl the relative toxicity. Aryl substitution 
(9) rc~siilted 111 w r y  weak but selective inhibitory activ- 
ity. \\-a< seen with the parent ketone 10, the pres- 
c n c ~  of :I benzyl group (11) producxed a stimulatory 
effect. In vontrast with the former, the increase in the 
polysynaptic. reflex activity was very pronounced, with 
:I slight cmcomitant increase in the monosynaptic 
reflex. 

I n  the caqc of the 0-substituted oximes, methyl (16), 
Iiydroxypropyl (20), or acetyl (21) substitution of thtl 
parent compound 5 resulted in but a slight decrease in 
t lit. degree of polysynaptic blockade. However, the 
introduction of a higher alkyl (17), benzyl (18), or vinyl 

(11) The cyrlohexyl ketoxime 18 was too insoluble i n  proi iyl t~ne g I y 1 ~ 1  
f , ,  r e \ B I hi:, 1 ion i n  t h P prpscn t CY perimrn t R I  rirwed I I re. 

Experimental Section)? 
Methyl o-Chlorobenzylcyanoacetak---To a stirred iolutioii of 

63.1 g (1.17 Ill(JleS) of commerrial sodium methoxide and 454 g 
(4.58 ~noles) (Jf  niethyl c.)-siioac:etal-e in 800 nil of methanol a t  25" 
\va> :tdded 184 g (1.15 moles) of  cu,o-dichlorotolueiie over a I-hr 
period. The  resulting milky solution was refluxed for 3 hr, anti 
the  vilvetit. \va- reint)vetl uiider vacuuni. The residue R : I ~  

t:iken up iti ether, which \v:iy washed Tvith water, dried (Na2SOI), 
no ester was dis t,illetl, followed 

rolorlesa liquid, bp  126--127" 

: i t  d4-.iTo s f re  Ilizrttion from 2-propanol. 

SaOH (750 nil) T W ~  added with stirring 136 g (0.61 mole) of 
i ne(  hy1 o-c~hl~irobeiizylc.?.:rnonc.rt:11 e. :is R melt. After 15 miti 
(he roliition w:iG diluted with w:iter (250  nil) arid acidified with 
c~olic~eiiir:itrtl l€Cl ( 2 0 0  mlj. The wsuliitig mixture was stirred 
for i hr, :itid t h r x  [)revipi(ated inaterial W ~ L X  filtered, waslied wrll 
\ \ i t 1 1  tvuter, :uid tlrietl to give 128 g ( Inn ' - ; )  of the c.y:tnn :wid, 
nip 13O--IX2" j l i t . :"  nip 154--145.5"). 
o-Chlorohydrocinnamonitrile (2).  'The C~>-:IIIO acid ( 12h g, 

' n  100 ml of  dinic?tliylforniamide (I)lIF) wits dr- 
Dis tilla tioi i 

1 g (N(( of the iiitrilr. 111) 85' (0.3 nun), lit.14 111) 

'To :i wc~ll-~tirreci liuspensiclii 
( I f  c~oninierc.i:il xd:imide (312 g, 8 moles) it1 5 1. of liquid :tmmorii:i 
under nitrogen KIC added :Ul g (2  moles) of the nitrile 2 over :i 

I 0-miii period. Tlir mixture was ,stirred for 3 hr, neutralized wit~h 
solid NN4XOa, atid allowed 1 0  -t:iiid until the ammonia had 
cvaporated (overiiight ). IVater was cautiously added to the 
residue, and the orgmiic nirtterial was taken up in chloroform, 
whirh \va> wal-hed twice with 57; €IC1 arid once with water, 
tiritd (Na2SOr). : i t id  cvrtporai c d .  1)istillatioii of the remaining 

as t l c!-r,ribetl f ( )r :I relat et1 compoui id. 2 

1-Cyanobenzocyclobutene [ 1 ). 

112) V e l t i n g  p o i n t h  Ticre taken lv l t l i  a 'Thomas-Hoorer apparatus and 
a re  iwrrecteii. .inalpsen were performed in our laboratories and b>- Urs. 
C ; .  \\eiler and F. 13. Straiiss, Oxford,  England. The ultraviolet spectra were 
iibinineii with a Ueckman specrrophotometer, Model DK2A, and  the  infrared 
\rtrclra i v i t h  a Beckman spectrophotometer, hlodel IR 8. 

I : i i  I<. 13. Gnrat. I'li.l>. Dissertation, Brown Cniversity,  1964 
( 1 4 )  A .  0.  Grrbenyiik arid I. P. Tsukerranik, J .  G z n .  C h e m .  

2 W  l!I.-,5): P h e v .  . l ? ~ , ~ t j  , S O ,  I63!l !1956). 



September 1906 *\\IUSCLE REL.4XilsT BENZOCYCLOBUTENYL OXIMES A.i9 

liquid (301 g) afforded 179.3 g (70%) of the nitrile, bp 90-92" 
(3  mm), lit,.15 bp 88" (1.3 mm), n Z 5 ~  1.5451. 

The methods iised to prepare the ketones and the 0-sitbstitnted 
oximes are illustrated by t,he following procedures. 

1-Benzocyclobutenyl n-Butyl Ketone (6).-To the Grignard 
reagent prepared from 11.8 g (0.48 g-atom) of magnesium turnings 
and 65 g (0.48 mole) of 1-bromobutane in 800 ml of anhydrous 
ether was added dropwise a solution of 25 g (0.19 mole) of 1- 
cyanobenzocyclobutene (1) in 150 ml of ether. The mixture was 
stirred a t  room temperature for 15 hr and then was t,reated with 
100 ml of saturated SH,Cl solution. Water (1 1. j was added, the 
ether was removed by distillation, and the remaining mixture 
was heated at  reflux for 1 hr. The cooled organic layer was taken 
up in ether, which was dried (Sa2S04)  and evaporated. Distilla- 
tion of t,he residue afforded 0.7 g (3yc) of the starting nitrile, 
followed by 20.6 g of the ketone as a colorless liquid. A portion 
was redistilled for analysis; A:;" 273 mp ( E  1350), 266 (l520),  
260 (1230), and a shoulder at  254 (1000). Infrared bands ap- 
peared a t  5.87 and 10.04 p (CS2). 
0-Methyl-1-acetylbenzocyclobutene Oxime (16). Alkylation 

Method.-A mixture of the oxime 5 (9.0 g, 0.056 mole) and 2.4 g 
(0.062 mole) of sodamide in 25 ml of DNF was stirred at, room 
temperature for 18 hr, then heated for 1 hr at  SO", and cooled. 
AIethyl iodide (41 g, 0.28 mole) was added, and the mixture was 
stirred overnight at 25", diluted with ether (300 ml), and filtered. 
The filtrate was washed with water, dried (NatS04), and evapo- 
rated to afford 9.4 g of a brown liquid. Elution of this material 
from 200 g of alumina with Skellysolve B (bp 60-80")-benzene 
(5:  1) provided the product (5.8 g )  as a colorless liquid. A por- 
tion was distilled for analysis: 272 mp ( E  1830), 265 (ISSO), 
and 259 (1250). Infrared bands appeared a t  6.15, 9.51, and 

Alkoxyamine Method.-A solution of the ketone 4 (10 g, 0.07 
mole) and 5.7 g (0.07 mole) of methoxyamine hydrochloride in 
60 ml of pyridine was refluxed for 6 hr. The cooled solution was 
diluted with water and extracted wit,h chloroform, which was 
washed with 2% HCl and water, dried (XaZSO4), and evaporated. 
Chromatography of the residual liquid (6.6 g)  as outlined in the 
previous procedure afforded the oxime ether 16 in 40c0 yield. 

O-(2-Hydroxypropyl)-l-acetylbenzocyclobutene Oxime (20).- 
To the anion generated from the oxime 5 (2.8 g, 0.016 mole) with 
0.8 g (0.02 mole) of sodamide in 25 ml of D l IF  was added drop- 
wise 9 g (0.15 mole) of propylene oxide, and the mixture was 
stirred overnight a t  25'. Dilution with water and extraction 
with ether afforded 3.2 g of crude material, which was eluted from 
70 g of alumina with benzene-ether (1 : 1). The resulting pale 
yellow oil amounted to 2.8 g. A portion was distilled for analysis: 
A::" 272 mp ( e  2080), 266 (2120), and 260 (1420). Infrared 
bands appeared a t  2.79, 2.87, 6.16, 9.62, and 10.06 p (CSZ). 
0-Acetyl-1-acetylbenzocyclobutene Oxime (21).-A cooled 

solution of the oxime 5 (6.4 g, 0.04 mole) and triethylamine (4  g, 
0.04 mole) in 100 ml of anhydrous ether was treated dropwise 
with 3.2 g (0.04 mole) of acetyl chloride in ether (50 ml). The 
reitdon mixture was stirred overnight at 2 5 O ,  the amine salt 

10.03 p (CSs). 

(15) hl .  P. Cava, R. L. Litle, and D. R. Napier, J .  A m .  Chern. Soc., BO, 
2257 (1958). 

was filtered and washed with ether, and the combined ether 
portions were evaporated. Ilistillation of the residue (8.5 g)  
afforded 5.75 g of the ester as a stran--colored liquid: A:::,"," 271 
mp ( e  1890), 26.5 (l%O), mid 259 (12x0). Infrared hands ap- 
peared at  5.68, 6.1 1, and 10.06 p (CC14). 

Biological Screening. Effect on Spinal Cat Reflex.-The com- 
pounds were administered t,o unanesthetized cats with a high 
spinal transection at  the level of  the aecoiid cwviral vertebrae. 
The procedure employed was a slightly modified method of 
Slater and his associat,esi6 and involved det ermiiiation of relative 
milligram potency arid the degree of selective antagonism of 
polysynaptic spinal reflex activity, the flexor reflex, in comparison 
with the effect on moriosyiiaptic activity, the patellar reflex or 
knee jerk. The latter was elicited with an electrically operated 
automatic hammer, and the reapoiise of the leg was recorded 
kymographically from the sectioned Acliilles tendon. The flexor 
reflex !vas recorded uirnilarly from the severed elid of the aiiterior 
tibial tendon of the opposite leg folli~\viiig sqiiare wave stimiila- 
tion of the peripherally ligated ipsilateral t ihial nerve. .All com- 
pounds were administered intraveii~~iisly i i i  doses of 4, 8, and 16 
mg/kg in a total volame of 1 or 2 ml of progyleiie glycol. An 
occasional compoiuid was also admiiiirtered at a dose of 32 mg/kg. 
The rate of injection \\-as niaiiitaiiied roilstant at 3 min for all 
doses. Only one experimental cvmpoiuid \vas administered to  
each cat. However, all animals recmeived :t final injection of 
chlorzoxazoiie as a standard for comp;trat ive piirpobes and to 
test the viability of the preparatioii. Thih \\-as administered at 
a dose of 8 mg/kg and occasioiially also :it a dose of 16 mg/kg. 
Relative activity i$ presented i i i  Table I11 
0 to 4 f .  

Mouse Behavior.-The profiles were ohtaiiied essentially in 
accordance with the procedure outliiied hy Irwin. l7 This con- 
sists of gross observations of various parameters prior tfJj duriiig, 
and following animal manipulation, both before and aft,er drug 
administration. Peak effects were rored on  an arbitrary wale 
of 0-8, with a base-line score for normal" signs a.: 4 aiid for 
"abnormal" signs as 0. Summary scores presented in Table 111, 
describing muscle relaxant and other pharmacologic areas of 
activity, are on a 0 to 3+ basis. Compoiiuds that were relatively 
inactive, toxic, or that possessed an apparelit low therapeiitir 
ratio (therapentic dose/LDjo) were given a score of 0. There 
were three mice at  each dose level, and all agents were adminis- 
tered intraperitoneally in a suspension of 5% giim acacia. Ap- 
proximate LD;, values n-ere also obtained from these in- 
vestigations. 
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(16) I. H. Slater, J.  F. O'Learp, and D. E .  Leary, J .  Pharmacol. E r p f l .  
Therap., 100, 316 (1950). 

(17) S. Irwin in "Animal and Clinical Pharmacologic Techniques in 
Drug Evaluation," J. H. Nodine and P. E. Siegler, Ed.. Year Book Medical 
Publishers, Inc.. Chicago, Ill., 1964, pp 36-54. 


