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A n a l .  Calcd for Ci4H&O: C, 75.97; H, 10.47; S, 6.33. 
Found: C, 75.52; H, 10.30; N, 6.36. 

lO-Methyl-5( e j-phenyl-5( a j-hydroxy-trans,syn,trans-tetra- 
decahydroacridine (12aj.-The reaction of the ketone 11 (0.50 g, 
0.0023 mole) with phenyllithium was performed according to the 
procedure of Zieringl* and Beckett.I3 Li (0.64 g, 0.092 g-atom) 
was placed in 100 ml of dry ether. A few drops of bromobenzene 
m-as added, and the mixture warmed to start the reaction. The 
remaining bromobenzene (a t'otal 0.8 g, 0.0046 mole) was added 
a t  a rate to cause the mixture to reflux vigorously. Sft,er the 
addition was complete, the mixture was refluxed an additional 
45 min. The flask was cooled in an ice-salt, water bath, the ketone 
11 was added over 10 miii, and the mixture was stirred at  room 
temperature for 2 hr, refluxed for 1 hr, arid allowed to stand for 
3 hr. HC1 was added while t'he mixtiire was cooling in an ice 
bath. The ether layer was separated, and the aqueoiis layer was 
made alkaline with colicelitrated S H 4 0 H  arid extracted five 
times with 50-ml portions of ether. The ether layers were com- 
bined, dried (lIgSO4), and filtered, aiid the ether was removed 
t,o give the desired product (12a) iri 6 6 5  (0.45 g) yield, mp 165' 
(recrystallized from JIepCO): ir (KBr), 9.52 and 9.84 (C-0 
stretching of alcoholIg), 14.24 (phenyl), (in CHC13) 2.77 (OH);  
nmr (Ccl,), envelope 0.80-2.20, 2.21 (N-CH,), broad baiid 7.20- 
7.60 (aromatic). 

A n a l .  Calcd for C&TdYO: C, 80.22; H, 9.76; X, 4.68. 
Found: C, 79.96; H, 9.94; S, 4.62. 

lO-Methyl-5( e)-phenyl-5( a)-propionoxy-trans,syn,~~ans-tetra- 
decahydroacridine Hydrochloride (13a).-The alcohol 12a ( 1.4 
g, 0.0047 mole) in 50 ml of dried toluene was added slowly to 
freshly distilled propionyl chloride (2.0 g, 0.0216 mole) ill 15 ml 
of dried toluene. The mixture was stirred and heated at  60-70" 

for 7 hr. At, the end of this time the precipitate was made alkaline 
with aqueous S a H C 0 3  arid ext'racted (CHC13). The CHCl, 
solution was dried and t,he solvent was evaporated to yield 0.7 g 
of starting alcohol. 

The tolueiie solution was evaporated aiid the remaining ma- 
terial was made alkaline with aqueous SaHCOI. The material 
was ext,racted (CHC13) and the latter solution was dried. Upon 
evaporation of the chloroform, the ester was piepared to yield 
0.63 g of product (71C; over-all yield from alcohol based on 
material coiisumed); nip 109-11l0 (after purificat,ion with ac- 
tivated charcoal in J\Ie2C0 and precipitation of the salt from 
an acetone solution with ether); ir (KBr), 5.78 (C=O); iimr 
(CDCl,), broad envelope 0.80-3.35 with a triplet centered a t  
1.28 (ester CH,), quartet center at 3.82 (ester CH,), broad band 
4.84, broad baud 7.30-i.90 (aromatic). 

Anal. Calcd for Cn3H34SOJ21: C, 70.47; H, 8.74; X, 3.57. 
Found: C, 69.98; H, 8.94; N, 4.09. 
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The coiiformational preference of ephedrine isomers has beeii deduced from nmr studies of these conipouiids 
and the corresponding 3-methyl-2-phenylmorpholiiie diastereomers. The nmr data suggest that, in a variety 
of solvents, the ephedrines are intramolecularly hydrogen bonded both as the free bases arid salts. A possible 
explanation for the stereo structure-act,ivity relationship of the ephedrines has been advanced. Arylethaiiol- 
amines such as epinephrine and other related physiologically active compourids have been suggested to  exist 
primarily as internally hydrogen-bonded species. 

The differences in activity between ephedrine arid 
its optical isomers have received considerable at- 
tention2 and the conformational aspects of these 
compounds with respect to their biological activity 
recently have been d i s c ~ s s e d . ~  Although the complete 
stereochemistry of ephedrine (I) and +ephedrine (11) 
has been established r i g o r o u ~ l y , ~ . ~  an assignment of 
t,he conformational preference of these diast'ereomers 
has remained somewhat controversial. Based on dif- 
ferences in reactivity, it' was believed that ephedrine arid 
+ephedrine resided in t'wo different 

(1) Prerious payer. P. 9. Portoghese and T. N. Riley, J .  Phrirm. Sci., 54, 

( 2 )  (a) K. I<. Chen, C .  R. IYi i ,  and  E. Henriksen, J .  Phurnmcol  E r p f l .  
( I ) )  I<. Sliiniarnuto, S. Ucliiziimi, and 0. Kanariclii, 

( c )  K. .\. Hahn,  J .  13. LaPidua, .\, 
(d) P. S. Patil,  A. 

(e) 

(8) R. B. Barlow. "Introduction to Chemical Pharmacology," 2nd ed. 
J. 13, I,aiiiiIiin, 

(4) R. Freudenberg, E. ScliotTel, and E. Uraun,  J .  Am. Ciiem. Sac. ,  64, 

(5) D. C. Phillips, Acta Crys t . ,  7, 159 (1954). 

1831 (1965). 

T h e r u p . ,  36, :36:i (1929) ;  
Japori .  J .  Phurm. C h e m . ,  27, 460 (lY55); 
Tye, and J. IT. Nelson, J .  Phnrm. Sci . .  54, 378 (1965); 
Tye, and J. B. Lapidus, J .  Phurnncol .  Erptl. T k e r u p . ,  148, 158 (1965); 
G. Lanciault and H. H. Wolf, J .  P h u r n .  Sci., 54, 841 (1965). 

, J O I I I I  \Yiley and Son., I w . ,  Pr'eu Yuik, S. I.,, 1964, p 310; 
A. Tye,  P. Patil. and U.  .\. hIodi, J .  M e d .  Chrm.,  6, 76 (l96:3). 

234 (1932);  K. Freudenberg and F. Nikolai. .4nn., 510, 223 (1934). 

OH "-Me 

Ph-CH,-CHb-JIe 
I, erythro 

I t  was later suggesteds-'0 that a gauche and tvans 
relationship existed for the hydroxyl and methylnmirio 
groups in +ephedrine and ephedrine, respectively. 
Everett and Hynell reached the same conclusion from 
a st'udy of t'he dissociation constants of isomeric 
ephedrinium ions. Based on infrared studies, Kan- 
sawa12 proposed that both isomers are in gauche 
conformations in chloroform and carbon tetrachloride. 
In  this connection, however, it' was noted that +- 
ephedrine formed stronger intramolecular hydrogen 
bonds. l l o re  recently, HytieI3 has investigated the 

' I  

11, lhreo 

(6) H. Emde,  Hela. Chim.  Actu, 1 2 ,  365 (1929). 
( 7 )  TT. N. Naga i  and S. Kanoa, Ann.,  470, 1 5 i  (1929). 
(8 )  L. H. Welsh, J. Am. Chem. Soc., 71, 3500 (1949). 
(9) V. J. Close, J .  Ory. Chem., 15, 1131 (1950). 
(10) C.  I'odor aiid I < ,  Koraka, . I .  Clirm. Sac . ,  8.50 (1952). 
(11) D. H .  Ex-erett and J. B. Hyne, ibid., 1936 (1958). 
(12)  T. Kansana ,  Bull. Chem. SOC. J u p u n ,  29, 398 (1956); 29, 4 i 9  

(13) J. B. Hyne. Can. J. Chem., 38, 125 (1960). 
(1956); 29, 604 (1956). 



Results and Discussion 

Coupling Constants. -Ephedrine ( I )  :ind $-el)Iieclriiic~ 
(11) e : ~ h  c:m exist in three ~ ) o ~ h i h l ( ~  staggered coriforni:i- 
tioils (A, B, aiicl C). Sirirc the rule of iiitercoriverbioir 

Me " H 

I I(' 1.4 Me 

IR 

H _ _  H 

I IIC IIA Me 
11 B 

other than chaiiges 111 coniormational equiliknxi 
Thib is suggested by the oksci?-ation that J~\-Jrrl = 
1 ib fairly conbt:iiit in d m i t s  of widely differing 
polarity. 

I'll 

I l lA irin 

IVB IV A 

l i  the geoiiietly oi the rnorpholiiie riiig20*22 i i  -1nii1:1i~ 

t o  that of the ch:ur form of cyclohexane, it s h ~ ~ u l d  tx. 
possible to c:tlculate approximate v:ducs of A(; for thv 
equilibria, l1IX g IIIB and IVX Ii'B, froin l;iici\\ I I  

values for hub-tituenti found in the literature j 



Soveniber 1967 CONFORMATIOX OF EPHEDRIXE ISOMERS 1059 

Using this approach, it has been ~ a l c u l a t e d ? ~  that 
approximately i5yo of each base is in the equatorial 
phenyl conforniation (IIIA and IVA). This is con- 
sidered to be a minimum percentage since the calcula- 
tions did not take into account the effects of bond 
shortening due to  the heteroatoms in the morpholine 
ring. This mould tend to increase the diaxial inter- 
actions when compared to similar interactions in 
cyclohexane. 

Sitice Ha and H h  are gauche to each other in both 
IIIA arid IIIB, it might be expected that the value of 
J a b  should be cquivalent in either flip conformation. 
There is, however, reason to believe that this is riot 
the case. It recently has been reportedIg 2o that 
vicinal coupling is dependent on the orientation of 
electronegative substituents. Consequently, isomeric 
compounds with similar dihedral angles can show 
significantly different coupling constants. hccord- 
ingly, the diastereomer (YA) having a proton which is 
trans to an electronegative group should show a smaller 

H H 

‘1 

VA 
VB 

vicinal coupling constant than does VB.’9 This 
phenomenon has also been reported in 2,G-dimethyl- 
morpholine diastereomers20 where oxygen has a greater 
effect than nitrogen. For this reason it is expected 
that conformer 111-4 should have a smaller value of 
Jab than IIIB. Evidence suggesting that this is 
indeed the case was obtained from the protonated form 
of I11 where the average value of J a b  was found to be 
approximately 0.4 cps lower than the Corresponding 
free base. As the spin-spin coupling between the 
methyl group and the vicinal C-3 proton exhibited no 
significant difference between the salt and base when 
examined in the same ~o lven t s , ?~  this suggested that 
the difference in J a b  was due to an increase in the pop- 
ulation of equatorial phenyl conformer (IIIA). Thus, 
while the free base has been e~ t i rna t ed?~  to contain 7570 
of IIIA, the salt has been calculated24 to posses this 
conformer to  the extent of approximately 98%. The 
small decrease in J a b  on protonation therefore very 
likely is due to an increase in the conformer (IIIA) 
having the lower coupling constant. 

Protonation of IV causes an increase in Jab, an ef- 
fect opposite to that observed with 111. The direction 
of change is not unexpected since the conformational 
equilibrium mould, on protonation, be shifted almost 
entirelyz4 to the equatorial conformer (IVA) at  the ex- 
pense of the axial species (IVB). The change is much 
larger than that seen when 111 is compared with its 
corresponding salt because i r i  this case the difference 

(24)  The  Values of - A G  (kcal/mole) employed in  the calculations were 
1.6 for Ph:H and 0.9 for J I e : H .  I n  the bases the size of t he  lone pair of 
electrons on nitrogen and oxygen was considered to he negligible. This is in  
accord with the recent observations of N. L. Allinger, J. G. D. Carpenter, 
and F. >I. Karkoaski  [ J .  Am. Chem. SOC., 87, 1232 (1965)l and E.  L. Eliel 
and 11. C. Knoeher [ ib id . ,  88, 5347 (1966)l. For the  salts. an  additional 
tliauial iiitrra(,iiiiii W L S  i i i d i i d P c 1  wtLeii rrquirrd. 

(25)  TILe vicinal coupling conytants for the inetlig-l grotip were a s  follows: 
in CIJCh, 111. 7.1; III.HC1, 7.1; I V ,  6.7; 1V.HC1, 6.9; in DMSO. 
I. 6.3,  I .HC1,  6.4; 11, 6 . 6 ;  I I .HCI,  6.6; 111, 6.8; III.HCI, 6.8; I\‘, 
6.2; IV.HCI. 6.3. 

in the values of J a b  for IVA and IVB is much greater. 
The larger average values of AJ,b for the salts, when 
compared to the bases, also is in accord with the idea 
that there is a higher population of 111-4 and IV,4 when 
in the protonated form. 

Since III.HC1 and IT’.HCl are estimatedz4 to con- 
tain about 9S% of conformations IIIA and IVA, re- 
spectively, the values of J a b  for the salts can be con- 
sidered to be representative of “pure” 2-axial-3- 
equatorial and 2,3-di:Lxial coupling. 

The vdues of J a k l  for ephedrine (I) arid $-ephedrine 
(11) in solvents of widcly differing po1:vity are shown 
in Table I. The H,HI, coupling coilstunts of 4.07 
arid S.23 cps in CI)CI.I solvent agrees very well with 
the values reported by Hy11e.l~ These data suggest 
that ephedrine resides chiefly in conformations (IA 
and IB) which possess a gauche OH-SHNe relation- 
ship, and that IIA is the most populous rotamer in 
#-ephedrine. Among the gauche ephedrine rotamers 
it would be expected that LA should be favored over 
IB, since the former possesses fewer nonbonded inter- 
actions. Purely on the basis of nonbonded iriteractioIis 
the favored ephedrine rotamer should be IC and, if 
this mere the only factor determining the rotameric 
population, J a b  would be much larger than the ob- 
served values. The relative insensitivity of Jab to 
changes in solvent polarity indicates that strong intra- 
molecular hydrogen bonding’? is, in part, responsible 
for the above results. The fact that DMSO, a solvent 
Itnownz6 to form strong hydrogen bonds, produces 
only a very small change in J a b  suggests that AG for 
intraniolecular hydrogen bonding compensates for 
the greater steric interactions present in IA and I B  
when compared to the less hindered rotamer (IC). 

X somewhat different situation exists for +ephedrine 
in that steric factors enhance rather than oppose intra- 
molecular hydrogen bonding, since rotamer IIA rep- 
resents the most stable conformation by virtue of pos- 
sessing fewest nonbonded interactions. On this basis 
it would be expected that the population of the rota- 
meric species (IIC) that is incapable of internal bonding 
should be smaller when compared to the corresponding 
rotamer (IC) in ephedrine. The infrared studies of 
Kansama, l 2  who reports that the difference in frequency 
between free arid interiially bonded OH is greater for 
+ephedrine, supports this interpretation. 

A comparison of ephedrine and +ephedrine with 
the corresponding morpholines (111 and IV) reveals 
that J a b  for ephedrine is approximately 1 cps greater 
than 111, whereas the I) isomer is smaller than IV by 
about 0.5 cps. There are two possible reasons for these 
differences. First , ephedrine and +-ephedrine may 
have small amounts of C rotamers in equilibrium with 
species 4 and B. This would tend to increase J a b  for 
ephedrine and produce an opposite effect in +-ephe- 
drine. This is supported by the infrared solution 
spectra’* of the bases nhich show a small free OH band. 
Second, the positions of the conformational equilibria, 
A e B, mag also contribute to these differences by a 
mechanism which has been discussed earlier in con- 
nection with the morpholines. Hence, J a b  for IA 
should be smaller than for IB, because in the former 
rotmier HI, i5 /r*a,ls t o  ille OH group. 
expected that the A:B  ratio in ephedrine would be 

It would 

(26) 0. L. Chapman and R.  N-. King, J .  Am Cltem Soc., 86, 1256 (1964). 
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TABLE I11 
CHEMICAL SHIFTS" OF ISOMERIC EPHEDRIKE AND hlORPHOLINE BASES 

7-1- ------II- ,-----III---- -IV-- 
Solvent 68 6Me 6, h e  A6,b 6a 6Ye 6. &Me 

CC14 . . .  . . .  . . .  . . .  . . .  4.66 0.87 3.82 0 .73  
C6H6 4.67 0.64 4.17 0.71 0 .52  4.67 0.90 3.90 0.66 
CDC13 4.70 0.82 4.16 0.94 0.54 4.80 0.94 4.00 0.80 
DM SO 4 .65  0.81 4 .27  0.72 0.37 4.63 0 . i 9  3 .86 0.70 
Chemical shifts expressed in ppm. 16, - 116. = 66,. 1116, - IT'&, = A&. 

T l B L E  I\; 
CHEMICAL SHIFTS" OF ISOMERIC EPHEDRIKE ASD >IORPHOLINE SALTS 

-1.HCI- -1I.HCI- -- III.HCI-- -IV.HCI-- 
Solvent 6a 6AIe 6a 6AIe A&b 6, 6\Ie 6a 63le 

CDCL . . .  . . .  . . .  . . .  . . .  5.44 1.30 4.81 1 .34 
TFAd 5.28 1.32 4.86 1.30 0.42 5,l.?J 1 .34 4 . 7 1  1.26 
DMSO 5.25 0 .96  4 .64  0.98 0.60 5.04 1 .01  4.33 1.04 
DsO 5.20 1 .17  4.77 1 .15  0.43 3 .38  1 .17  4 . 6 8  1.15 

a Chemical shifts expressed in ppm. Is, - 116, = A&. c IIIa, - IVs, = A&,. Trifluoroacetic acid. 
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A6.C 

0.84 
0 .  i 7  
0 80 
0 77 

A6.C 

0.63 
0.44 
0 51 
0.70 

is located at approximately 0.8 ppm higher field than 
the cis isomer (111) (Table III). This large difference 
is most likely related to the orientation of the vicinal 
methyl group. In the former compound conforma- 
tions IVA and IVB both have a gauche relationship 
between Ha and the methyl group, whereas in the 
latter the thermodynamically favored species (111.4) 
disposes these groups in an antiparallel manner. 
Thus, H, should experience an upfield shift in IV  due 
to shielding by the methyl On the other 
hand, Ha in the favored conformer (IIIA) of the cis 
isomer ~ o u l d  be located in the deshielding of 
the methyl group and therefore produce a downfieId 
shift. Taking these opposing effects into consid- 
eration, the large difference in chemical shift can be 
accounted for. 

A similar relationship exists for ephedrine and $- 
ephedrine, as it can be observed that the former com- 
pound shows the Ha resonance a t  lower field than 
does the latter. These data suggest that the preferred 
rotamers of ephedrine and $-ephedrine are similar 
to those of the corresponding morpholirie isomers 
(IIIA and IVA, respectively). 

It is significant that the differences in chemical 
shifts (As,) between ephedrine and +ephedrine are 
substantially lower than those found in the morpho- 
lines. While it is difficult to draw any firm conclusions 
concerning the origin of the differences in As, because 
the morpholines arid ephedrines are probably solvated 
differently, the consistently lower values of As, for the 
latter isomers suggest that rotamers B and C may have 
contributed to this phenomenon. Sccordingly, 6, 
for ephedrine would be represented by a weighted 
average of all staggered conformations, \\ith I A  as the 
preponderant rotamer and minor quantities of IB and 
IC. Both IB arid I C  would lower the value of 6, 
as a result of the shielding exerted by the gauche 
methyl group. An effect in the opposite direction 
should occur in $-ephedrine due to the deshieldiiig in- 
fluence of  thc methyl huhtitueiit on Ha in rutamer 
IIC. It is interesting to note (Table 111) that in 
DMSO v)lvent the bases (I arid 11) &ow ii substan- 
tially different value for As, when compared to those 
obtained in non-polar solvents. This appears to  be 

(31) H. Booth,  Zetruhedron, 22, 615 (1966). 

due to an increased populatiori of I C  arid I I C  due to 
competition of DMSO for protons involved in intra- 
molecular hydrogen bonding arid is in accord with the 
conclusions which were drawn from the analysis of 
AJ,b values. The fact that the morpholine isomers 
show only small differences in ASab and AJ,b suggests 
that there is 110 significant change in the conforma- 
tional equilibria with different solvents. 

The salts of the morpholine and ephedrine isoniers 
(Table IV) showed qualitative11 the same type of 
relationship as the bases with regard to As,. This 
supports the spin-spin coupling data n hich suggests 
that IA and I IA are the chief rotamers. There ap- 
pears, however, to be no constancy of the A6, values. 
This may be due in part t o  the anisotropic effect of 
polar solvent molecules n hich could be oriented in 
such a fashion so as to affect the chemical shift of Ha. 

The near magnetic equivalence of the cis and 
trans methyl groups in the morpholines is in marked 
contrast to the corresponding oxazolidines and ox- 
azolidones where it has been reported32 that the C- 
methyl group which is cis to the aromatic ring can 
resonate a t  approximately 0.6 ppm higher field than 
in the trans isomer. The reason for the difference 
in chemical shift i:, due to  the fact that the greater 
torsional strain inherent in hve-membered rings 
causes the phenyl arid methj 1 groups in the cis isomers 
to be partially eclipsed with resultant shielding of the 
methyl group. I n  the case of the morpholine bases 
and salts, a substantial difference betn eeri the chem- 
ical shift of the methyl group in the cis and fmns 
isomers was observed only hen benzene was employed 
as solvent. The small differences seen in solvents 
other than benzene are in accord with the gauche 
relationship of the phenyl and methj.1 groups in the 
more stable conformations (IIIA arid IVA). The 
difference in axle which was seen nhen benzene was 
employed is probably related to a difference in solvent 
orientationi3 with rwp(>ct to  the mcthj 1 g r o ~ p  in 111 
:Llld IV. 

A comparison of  the cheinicul hliifts of the C-methyl 
group in ephedrine atid +ephedrine in the Same 
solvents reveals that they have very similar 6hIe  values. 

(32)  J. B. Hs ne, J .  Ana. Chem. Soc., 81, 6068 (1959) 
(33 )  hl .  J. Aroney, C.-Y. Chen. R. J. \T. LeFevre, and A. N. Slngli, J .  

C h e n .  Soc., 98 (1966). 



Tliis provides additional evideiice that the prderred 
conformut ions (IA and ITA) of these compounds are 
verj- iiniilar t o  those of the more itahle inorpholirit. 
coiiiornicr- (111.4 :tiid IV.4). 

Stereostructure-Activity Relationship.--The tin11 
(1:11:1 sl roiigly suggest that the preferred conformations 
l o 1  q)l i(drii ie (I) aud $-ephedriuc (11) baqes and salt, 
: i ~ c '  1.1 : t i i t1 IIA. re-pectivel> . I'urther, these retainer\ 
:ire 1)c~liovc~I tci be stirbillzed 1)) intraniolecular bond5 
111 thc C:LW ot the free b:t+eh 1-1, the h> drox\ 1 protoll 
i \  l i >  tlrcigcii h i i t l ed  t o  the b,t-ic nitrogen. With the 
coi i j i ig i tc ,  acid. 1'11% a n  acidic proton attached to  the 
:~ i i i i i io i i iun i  griiiip i h  1~ydrogc.11 horidcd to the ox\ gcii 
f l l l i c ~ t  l o l l .  

Me Me 

VI VI1 

. i t  p h j  siological pH a major fraction of each base 
I-  i i i  the ionized form. X s  it is quite p( 
~)tiai~macologic:il activities of these compounds we 
tlcpcnderit oil the  protonated species, it would be of 
valric~ t o  calculate the coiitribution oi viirious ionized 
rotmiers to the total population in aqueoub solution. 

The fraction of f 1 . a ~ ~ ~ ~ ~  arid gauc-he rotamers in 
c>phcdriuc~ arid +ephedrine halts can be estimated 
c l u a i i t  itiitivclj from the observed coupling constants 
(J,>I,\<~) if the  v :hes  of Jobad  for I11 'HC1 and IT. HCI 
:iw conhidered t o  he representative of gauche ( J ,  = 2.S 
c p )  aiid ti.ans ( J ,  = 10. ,i cp.) coupling, respectively. 
It hhould be pointed out that  this is an :ipproximation, 
siiicv J ,  in  ephedrine (1-1 and IR) and in +-ephedrine 
(1113 u i d  IIC) rotamers probably do not have iden- 
tied v:~liics. Thi5 is a consequencez0 of the different 
oriviitatioiis i ) f  gauche protons with respect to the 
c>lcct roiiegative g roup .  With the gauche rotamers 
(1.1 : t i id  1B) of ephedrine. this TI o d d  introduce only 
:I inial1 cwor siiicr the proton5 in both the  favored 
iutunici. (1-1) m d  the model compound conformatioii 
(111.1) bear the .ame relatiunship to the electro- 
iiclgative 5ubstitueiits. Therefore, the c~ilculated per- 
cwtagr  of rot:imcr I C  should be slightly higher than the 
:ictu:tl v d u e  hecause the population o f  I H ,  whew J 
value. is proh:ibly between 1 aiid L' c p  greaterzc than 
th:lt oi 1A. i- much lower. 111 +ephedrine both 
gauche rotamers (IIB arid IIC) have their protons 
:~ri~anged differently whrn compared to IIJA. Rotamer 
1113. having both Ha and Hb oriented in an anti- 
p ~ ~ i l l e l  faahion with respect to the electroriegativc 
qiuups, .hould have :I coupling constant which i h  

,tpprmim:itel~- 1 cps lesszc than that of IIIA. Ori 
t h c  other haiid, in IIC 1101ie of the protons are arranged 
i i i  thih :intip~millcl orientation and this should result 
i i i  i i  vidiic~ ( i f  ' J ,  ithich iq  ahout I' cph greaterzc thiiri 
t Iic mci t l (~ l  conipciriiid T I  I. Siiirtt I I13 i h  obviouslj. the> 
niaiii gauche contributor, the calculated amount ol 
11.1 qhould therefore be a little less than the real valuc. 
The  value of . I ,  drrived frori~ the trans morpholints 
( I  \ ' I t ( ' ] )  s t l l l l l l d  l ) t b  \('I.> V l ( l h ( ,  [ ( I  . / /  t(lr I C '  : I r lc l  I IA\  



hydrogen bonded in a mariner similar to the ephe- 
drines. For example, epinephrine and norepinephrine 
might be expected to reside mainly in gauche or par- 
tially staggered conformations (VIII and IX, re- 
spectivcly) . While the nonbonded interactions are 

K 
IX VI11 

minimized 111 VIII,  the latter rotamer (IX) is also a 
possibility since the internal hydrogen bond in IX 
\ \odd be stronger due to the shorter distance between 
the donor proton arid acceptor group. This could 
compensate for the greater steric interaction due to 
partial staggering. S o  significant partial eclipsing 
was observed in the ephedrines because of the severe 
interaction ryhich would be created betn-een the 
phenyl and methyl groups. Internal bonding may 
not only stabilize these amines in a conformation 
favorable to amine-receptor association, but also 
would render the hydroxylic proton more acidic and 
consequently promote stronger hydrogen bonding with 
the receptor. 

The ephedrine isomers are knownze to show only 
very minor differences in central stimulant activity. 
I t  recently has been reported3* that there is little, if 
any, direct action associated n ith these compounds. 

(18) H H \\ olf D E Rollins, and C. R Roa land  114th Meeting of the 
\cadem) of Pharmaceutical Sciences, 1 9 6 i ,  Abstracts, p 92. 4 PII i 

The fact that pipradrol possesses stereo~pecificity~g 
and a high degree of direct action has led to the gen- 
eralization40 that the receptors involved in direct central 
action possess greater steric demands than do the 
sites associated with the release of endogenous catechol- 
:imines. Consequently, the conformational rcquirc~- 
nielits for the indirect action of tlicsc coiiil)oulitl~ i t i  

tlie CKS may not be very critical. 

Experimental Section 
All spectra were obtained with a Tarian A-60 nuclear magnetic. 

resonance spect,rometer at an operating frequency of 60 Mc/sec. 
Chemical shifts are considered accurate to ~ t 0 . 0 2  ppm and the 
spin-spin coupling constants wele within i-0.1 cps of t,he meail 
values reported. Each sample was run as a lo?; (w/v) soliitioii. 
The probe t,emperature was 37 =t 1". 

Ephedrine was obtaiiied from a commercial sourue (1lcrc.k) iw 
were $-ephedrine (Burroughs Wellcome) atid Irana-3-mel h>,l-2- 
pheriylmorpholine (Geigy). c~s-3-~\Zethyl-2-phe1i~lnio~~li~~l i i i~  
was prepared according to the method of Clarke.21 
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niorpholine and to Dr. Sorbert Gruenfeld of Geigy 
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(39) The  term "stereospecificity" signifies that  pliarmacological activity 
resides only in one isomer, while "stereoselectirity" implies that  activity is 
found predominantly in one isomer, though not exclusirely. This definition 
is adapted from E. L. Eliel. "Stereochemistry of Carbon Compounds," 
JlcGrau--Hill Book Co., Inc., K e n  Tork ,  N. I-., 1962, p 436. 

(40) P. S. Portoghese, T. L. Pazdernik. IT, L. I iuhn,  G. Hite. and A .  
Shafi'ee, J .  M e d .  Chem.. in press. 
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Ucpcii t tri tnt  of O? yanic Cheniast, y, T I  arner-Lambert Research Institute, rltoi I is Plains, LW J u  s c ~ j  

Receated June 15, 1967 

1,3-Cyclohexa1iediones add readily to 3,4-dihydroisoquinoliries, 3,4-dihydro-~-carboliiiesJ arid quiiiazoliiie. 
Some of the resulting 2-substituted 1,3-~yclohexanediones are active in experimental tumor systems. 

Recently, we have described a synthesis of benzo [a] -  
yuinolizinesl by the reaction of linear p-diketones with 
3,4-dihydroisoquinolines. The present communication 
concerns the reaction of cyclic p-diketones with 3,4- 
dihydroisoquinolines and other partially reduced hetero- 
cyclic nuclei having an activated C = S  function. 
The reaction is characterized by rapid rate and high 
yields. For example, addition of 6,7-dimethoxy-3,4- 
dihydroisoquinoline (I) to diniedone (11) produced 

(1) 31. \on Strandtmann,  31. P. Colien, and J. Shavel, J r . ,  J .  Org. C h e m . ,  
31, i 9 i  (1966). 

('21 Related reactions of corresponding carbinolamines such a s  cotarnine 
( I -Ily<lroxy-2-met tiyl-(i,i-mr~liyleiiediu.;~-8-rnetl1oxy- 1,2,:3,4- tetraliydroisu- 
<iuinuline) and hydrastine ~I-l iyriroxy-2-methyl-6,7-metliylenedio~y-l ,Z,~,~- 
tetrali?-rir(,isotliiinoline) uitli compounds having activated methylene 
c r o i i p  h i \  t. Iwrn ilercril,ed l iy C. Lieberniann and I<. l i rov f ,  Bcr.. 37, 
2 I I , I ! l O  I ) .  

Y 
H3C CH, 
111 

within seconds a crystalline precipitate of I11 in 95% 
j-ield. Compounds prepared by this method are suni- 
niurizecl in Tablc I. 


