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tracted repeatedly with ether; the pooled extracts were extracted 
once with 5% K O H  (which was discarded) and then several times 
with 1 ,V HC1. The combined HC1 extracts were washed with 
ether. then they were basified with KOH, and the resulting sus- 
pension was extracted repeatedly with ether. The pooled ethereal 
extracts were dried (Na2S04) and filtered, and excess ethereal 
H('1 was added. A limpid, off-white liquid separated, which was 
induced t n  crystallize by successive washing with 1-butanol and 
heptane. The resulting solid was recrystallized from acetone-hep- 
!an? t o  afford 0.700 g (71%) of feathery crystals: mp  208-210" (at  
1.0 !TOo the feathery crystals sublimed to form rosettes of nee- 
t i I tvJ :  nnir (DMSO) 6 2.60 [s, 6 H; N(CH3)2], 3.75 and :i.90 ( 2  s,  :; 
H each, 0CHai.Anai.  ( C I ~ H ~ P C I K O Z )  C. H, N .  
4-Dimethylamino-3,4-dihydroxy-9,lO-dihydrophenanthrene 

Hydrobromide ( 6 ) .  Compound 9 (0.48 g, 0.0015 mol) was heated 
in '5 in1 of 48% HBr under Nz at 120-125" for :3 hr. Volatiles were 
then removed under reduced pressure (steam bath) and residual 
arnnunts of water were removed by repeated azeotroping with tol- 
uene. The  solid residue was taken up in hot ethanol and was treat-  
ed with charcoal. The solvent was removed under reduced pres- 
sur(' and the almost-white solid residue was recrystallized from 
I-kiutanol heptane to  afford 0.440 g (87%) of a light buff powder. 
nip 222--22"3" dec.Ann/ lC16H18BrN02) C ,  H. N. 
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A prior communication2 from this laboratory described 
procedures by which the direction of Hofmann elimination 
of a quaternary apomorphine derivative 1 could be con- 
trolled so as to obtain predominantly 2 or 3 (Scheme I). It 
was also demonstrated that Emde degradation of 1 gave a 

Scheme I .  Degradation of Quaternary Apomorphine 
Derivatives 
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single product, 4. Cooke and Haynesj stated that the t i i  

rection of Hofmann elimination of quaternary aporphines 
appears to depend on the distribution of substituents and 
that small changes in reaction conditions may affect the 
course of the reaction. It was of interest to  determine 
whether the selectivitb of eliminations demonstrated tor 1 
was operative in other aporphine systems. and the .L' 
methyl quaternary derivative 5 of nuciterine (1.2-ci2 
methoxyaporphine) was selected for study. 

('H 0 
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Neumeyer, et U L , ~  have reported that the ether cleavage 
product 6 of (R)-nuciferine (which possesses the same ab- 
solute configuration as the biologically active enantiomer 
of apomorphine5) exhibits no emetic activity in the d o g .  
Like apomorphine, 6 contains the elements of' the dop- 
amine structure, which is concluded to be the biologically 
significant portion of the apomorphine molecule.* We ra- 
tionalize the emetic inactivity of 6 on the basis that  the 
dopamine portion of the molecule is held rigidly with the 
catechol ring and the amino group in a gauche disposition 
(7).  In apomorphine, the dopamine moiety exists in an 
anti arrangement (8) which we conclude is necessary for 
maximal emetic effect. In the present work, it was specu 
lated that Hofmann cleavage of 5 between the nitrogen 
and carbon 6a would permit preparation of 12b, in which 
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the flexible dopamine chain could assume the anti confor- 
mation (8) for proper interaction with the emetic receptor 
and with certain peripheral dopamine receptors. 

Preparation of (i)-nuciferine (9) followed a literature 
method;C a modification of the Pschorr cyclization step 
(compound 14), in which freshly prepared copper powder 
was employed as the catalyst, permitted isolation of N- 
benzylnornuciferine in 60% yield. This represents one of 
the highest yields for a classical Pschorr cyclization re- 
ported to date. 

OR OR 

loa. R = CHI lla, R = CH,, Ea, R = C H ,  
b, R = H  b. R = H  

Yunoussoff, et al.,7 refluxed 5 with alcoholic KOH and 
isolated modest amounts of trimethylamine and 1-vinyl- 
3,4-dimethoxyphenanthrene, plus a 73% yield of 10a as a 
"semi-liquid mass." Cook and Haynes3 repeated this reac- 
tion and concluded that the direction of elimination pro- 
ceeds exclusively to give loa. In the present work, the 
reactions demonstrated for apomorphine in Scheme I were 
accomplished on the (*)-nuciferine derivative 5 to give 
comparable yields of loa, l la,  and 12a, whose structures 
were confirmed by nmr data.  (E)-Nuciferine methiodide 
was treated with the potassium salt of triethylcarbinol, to 
afford an optically active elimination product, which fur- 
ther verifies the structure of lla, the only possible prod- 
uct retaining an asymmetric center. The procedure2 for 
directing Hofmann ring cleavages in aporphine systems 
seems to be a general one. 

Vavrek, e t  al.,6 have reported that treatment of nucifer- 
ine (9) with HI in glacial acetic acid permitted selective 
cleavage of the methoxy group at  position 1. In the pres- 
ent work, treatment of nuciferine, loa,  and 12a with 48% 
HBr produced the 1,2-diphenolic systems. 

Pharmacology. lob, 12b, and dl-6 were evaluated for 
biological activity by dissolving them in 50% propylene 
glycol-water. Control injections of the solvent system did 
not alter biological responses. The compounds, when ad- 
ministered to four anesthetized dogs, in doses of 1 mg/kg, 
did not alter the arterial pressure, heart rate, or the pres- 
sor response of epinephrine. The pressor response induced 
by bilateral carotid occlusion was not altered by 1 mg/kg 
doses of these compounds. Apomorphine produces dra- 
matic responses in these assays a t  dose levels of a few fig/ 
kg.s In pigeons, 6 and lob, in doses up to 40 mg (-115 
clmol)/kg, did not induce pecking or vomiting, or alter the 
pecking rate induced by apomorphine. The estimated 
threshold pecking dose for apomorphine in the pigeon is 
1.64 clmol/kg2. 12b produced sedation at  10 mg/kg and 
sleep at  40 mg/kg in pigeons but no pecking or emesis. 

Discussion 

The prior report4 of emetic inactivity of 0,O'-desmeth- 
ylnuciferine (6) in the dog was verified in the pigeon. The 
inactivity of 12b, for which emetic and peripheral dopam- 
inergic potency had been predicted, may be rationalized 
on the basis that  this system, unlike the potent emetics 
apomorphine and 5,6-dihydroxy-2-dimethylaminotetralin 
(l3),9 and unlike dopamine itself, possesses a bulky sub- 
stituent a t  the 5,6 positions of the dopamine ring. It is ap- 
pealing to speculate that this bulk cannot be accommo- 
dated at the dopaminergic receptors under consideration. 
A similar argument may be proposed for the inactivity of 
lob. 
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Experimental Section 
Melting points were determined in open glass capillaries on a 

Thomas-Hoover Uni-Melt apparatus and are corrected. Elemen- 
tal analyses were performed by the Microanalytical Service, Col- 
lege of Pharmacy, University of Iowa. Where analyses are indicat- 
ed by symbols of the elements, the analytical results were within 
&0.4% of the theoretical values. Ir spectra were recorded with a 
Beckman IR-10 instrument, and nmr spectra were recorded on a 
Varian Associates T-60 instrument (Me4Si). 

dl-N-Benzylnornuciferine (14). 1 -(2-Aminohenzyl) -2-benzyl- 
6,7-dimethoxy-l,2,3,4-tetrahydroisoquinoline6 (20 g, 0.52 mol) in 
200 ml of glacial acetic acid and 15 ml of concentrated H2S04 was 
cooled until solid material began to separate (10-15"); then 
NaNOz (5 g) in 36 ml of water was added dropwise over 10 min. 
The resulting deep red solution was stirred at  3-5" for 0.75 hr; 
then the reaction vessel was removed from the ice bath,  0.337 g of 
sulfamic acid, 22.9 g of freshly prepared copper powder,'O and 400 
ml of acetone were added, and the mixture was refluxed for 0.75 
hr. The hot solution was filtered, cooled, and basified with 14% 
NH40H. The resulting mixture was extracted with ether. The ex- 
tract was washed with saturated NaCI, dried (NazSOd), and fil- 
tered, and the solvent was removed from the filtrate to give a vis- 
cous, red oil. This was chromatographed on neutral alumina and 
eluted with ether to afford a yellow oil which solidified upon addi- 
tion of methanol. The solid was recrystallized from methanol to 
yield 11.5 g (60%) of crystals, m p  97-99" (lit.6 mp 98-99"). 

dl-Nornuciferine (1.5). This was prepared from 14 by the proce- 
dure of Weishach and Douglas,'l m p  120-123" (lit.12 mp 124- 

dl-Nuciferine (9). This was prepared from 15 by the method of 
Vavrek, et ~ l . , ~  m p  162-164" (lit.13 m p  165.5"). 

dl-Nuciferine Methiodide (5 ) .  Compound 9 (3 g, 0.01 mol) in 
100 ml of ether was treated with excess Me1 and was stored over- 
night a t  lo". The resulting white solid was recrystallized from an- 
hydrous ethanol to afford 4.5 g (97%) of material, mp 222-224" 
(lit.? m p  164-167" from acetone-benzene). Anal. (C20H23IN02) C, 
H, N. 
1-(2-DimethyIaminoethyl)-3,4-dimethoxyphenanthrene Hy- 

drochloride (loa). Compound 5 (1.0 g, 0.002 mol) was refluxed 
with 4.76 g (0.207 g-atom) of Na in 48 ml of anhydrous ethanol. 
The reaction mixture was filtered and the filtrate was taken to 
dryness under reduced pressure. The solid residue was suspended 
in water and was extracted several times with ether. The pooled 
extracts were washed with saturated NaCl and dried (Na2S04). 
Ethereal HCI was added; the oil which separated was triturated 
with 2-propanol and then was recrystallized from this solvent to 
afford 0.5 g (68%) of product: mp 195-197" (Cook and Haynes3 
characterized this compound as its picrate and HI salts); nmr 
(CDC13) 6 2.88 Is, 6 H, N(CH3)2], 3.20-3.77 (m, 4 H, CHZCHZ), 
3.95 and 4.03 (2  s, 6 H, OCHs), 7.38-7.97 (m,  6 H. ArH), 9.57-9.80 
(m,  1 H,  ArH). Anal. (CZOHZ~CINOZ) C, H, N. 

1 - (  2-Dimethylaminoethyl)-3,4-dimethoxy-9,l0-dihydrophen- 
anthrene  Hydrochloride (12a). Compound 5 (1.5 g, 0.0036 mol) 
in 75 ml of water was treated with 10.7 g of 5% Xa.Hg, added in 
small portions over 2 hr. The reaction mixture was permitted to 
stand overnight a t  room temperature; then it was extracted sev- 

125"). 



era1 times with ether. The wmiJined extract.; were dried 
(Na2S04) and filtered. The solvent was removed from the filtrate. 
leaving an oily residue which was treated with ethereal HC1. l h e  
solid which separated was taken up in pentane- anhytirous etha 
no1 (2 : l )  and upon coaling. 0.90 p 172%) of product 
187 189"; nmr (CDCls) 6 2.7:? [s. 6 H, N(CH3)2 j ,  2 .  
ened m, 8 H, aliphatic H I .  3.67 and 3.90 (2 L, F; H 
8.17 (m. 4 H, .4rH). 8.20-8.17 lm. 1 H A~FI I  A V C I /  
(CzoH26ClS02) C. H, N. 

d/ - l  -Vinyl-3,4-dimethoxJ.-1O-dimethylamino-9,1O-dihydro- 
phenanthrene Hydrochloride ( I  l a ) .  Compound 3 i l  .:U p. @.@0:32 
mol) was refluxed for 6 hr in a solution of 0.955 :: (C1.024 g-atnml 
of I( in freshly distilled triethylcarhinol (Eartman.  white label:. 
The cooled mixture was treated with excess 10% HC'I anc 
tracted with ether. 'I'be aqueou.; lavt-r W A S  treatcd 
NaHCO:{ and the resulting niixii ire exiractiv . 
with t,ther. The pooled extracts were dried iT;izSO 
and the ether was reiriovrri Erorn the tiltratc; rintic.: 
sure. The residual oil was c.hromatographrd on sili( 
cd with ether. Evaporation of the eluate af'fordeti ;in oily rr-idiic. 
whirh was treated Lvith ethereal HCI t n  give ~ ~ , - l l J  
solid: m p  182.181"; nmr (CDC 2.02 j b  ii II. sI('F1:$lzJ, .i.6 
and :1.88 1 2  >, 6 I J ,  O C H ~ I ,  5.1: .-I 1111. :: 1-1. \ l I l > l  HI. 7 ~IO--S,O 
( m .  5 H. ArI-1 + vinyl H i .  R , : I ~  I::: : t i  ? , r H i ,  i n o i  

(Ki-1,2-l)imethoxyaporphine (Kuciferine,  9 ) .  Thih \vas isola;  - 
ed from Nelumbo h t ~ ~  (yellow water l i l) .  co1lrc.tc.d froni w lily 
pond in the Amana Colanies in eastern Iowa. hy Rn isolation prcr- 
cetiure reported by Kupchan. e t  ni:'" nmr ; ("DCI,~I  ii 2.z. i  I s .  : \  K. 
NCHs),  3.67 and 3.86 (s, 6 H. O C l l ~ ) .  6.6:; I S ,  ! H ,  irI-1).  7 17 
7.37 ( m .  :I El, ArH).  8.2F8.50 ( m .  111, X r H ) .  
(K) - 1 -Vinyl-3,  4-dimethoxy- IO-dimethylamino-9, IO-dihydro- 

phenanthrene Hydrochloride ( I la) .  i R - 5 .  prepired ( ro in  ( 1 0 - 9  
as described for ( * ) - 5 .  was treated as described lor  d!-i la :  \ ~ 3 1 %  
-97.70" ( c  0,174, ethanoli. 
ti/-l,2-I)ihydroxyaporphine Hydrobromide ( d j - 6 ) .  ~'oinpoi.nid 

dl-9 (1.0 g. 0.003 mol) was heated ii~ 1 !O 125" undcr  S:: w i i h  lG 
m l  of 48% HHr fnr .I hr .  After removd of volatile.;. the io l i t i  re>i. 
due was recrystallized from ethand i o  yield 0.60 p 157% 1 n t  p r n d -  
uct, m p  226-2228" ( Neumeyer, ct i l l  , * chaiacter i~cd i hi. ha-e ;I,- 

its HIsaltI.Ancii ( ( ' l ~ H : x H r N O ~ I  i'. H. Y 

i>:i%i i i t  

( C ~ ~ H ~ ~ C I N O ~ I  C', tl. K.  

tK)-I,'-Dihydroxyaporphine Hydrobromide \Oi)-ti].  !'hi 

prnduct. n;p liiO---l8:3", A n d  IC,, 

t'rom ethanol tci 
iCji;He&rKOei ('. i l .  X 

Antagonism of Slow Reacting Substance in Anaphylaxis (SRS-A) and Other 
Spasmogens on the Guinea Pig Tracheal Chain by Hydratropic Acids and 
Their Effects on Anaphylaxis 
Margaret E. Greig* and Kobert 1, <;Iitiin 

lie\cnrrh i) i i i \ ic,n [ h i  1 pjihn rnpon h ~ i f i n ~ f l z f , ~  Ll/chigcr1 l ' )OOi  ! < f L i  I L f  f f ~ \ p ~ f l  i i  c i i /  

The anaphylactic reaction in the guinea pig is accompa- 
nied by the release of histaniine,1,2 slow reacting sub- 
stance in anaphylaxis (SRS-Ai,"; bradykinin,R and pros- 
taglandins (PG) E2 and F2,.9 and possibly other humoral 
factors which may or may not contribute to the pathologi- 
cal effect.lO.11 There is evidence that a t  least histamine. 
SKS-A, and bradykinin contribute to  the anaphylactic. 
bronchospasm in the guinea pigi.R.12 and that the last two 
mediators but not histamine are involved in anaphylaxis 
in cattle.13 Proof of participation of specific mediators in 
human asthma is much more difficult but it has been 
shown that human lung is exquisitely sensitive to SRS- 
A I 4  responding with a prolonged, intense contraction and 
that SRS-A as well as histamine is released from sensi- 
tized human lung when challenged.15.16 

While the pharmacological properties of histamine and 
bradykinin are well known, those of SRS-A may be less 
generally appreciated. SRS-A was first identified as a me- 
diator in anaphylaxis in 1940 by Kellawav and Trethewir3 

*Correspondence concerning t h i s  piiper riioultl t ic n d d r w s d  to I his a i l  

t h m  at  291:3 Memory h n e .  Kalamarm.  Mirh  4:IOtl'; 

but its structure is still unknown. It may be that the SKS 
released by 48/80 and the SRS-A released during variouq 
anaphylactic procedures are not identical but pharmnco- 
logically they are very similar.17.18 Strandherg and 
Uvnasl9 have shown that SRS from cat paw is a c'arhox)~! 
ic acid with hydroxyl groups and one or more tiouble 
bonds but is probably not a prostaglandin. 

SRS-A causes a slowly developing contraction in a l i m -  

ited number of smooth muscles including guinea pig and 
human bronchial muscle and guinea pig ileum.20 Antihis.. 
tamines abolish the bronchoconstrictor response t o  hista- 
mine in the guinea pig but have RO effect on that induced 
by SRS-A or bradykinin. On the other hand. aspirin, sodi- 
um flufenamate, sodium mefenamate, and certain other 
antipyretics antagonize the response to both kinins and 
SRS-A without affecting the response to histamine.21 

Antihistamines are of relatively little use in hutnan 
asthma although they offer limited benefit when adminis- 
tered prophylactically especially in mild cases. They are 
also of little benefit in human systemic anaphylaxis. It is 
possible that other autacoids are more important thun  
histamine as mediators in this reaction Antipyretic' 


