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TABLE I 
PMR CHARACTERISTICS OF SOME DIASTEREOISOMERIC 

1,3-DIMETHYL-4-HYDROXY-(AND -4-ACYLOXY-) 4-PHENYLPIPERIDINE HYDROCHLORIDES 
4-0x5 gen -----Chemical shifta (VH) in-- 

No. function Proton group DaO CDCli 

1 OHI a-Ph 4 4 7 . 3  44lC (19) 
p-Ph 446. 443c (8) 
a-N-hIeb 175 167 
p-N-AIeb 173 163 
a-3-A1ed 37.3 39 5 
p-3-Med 45 .i 8 
0-Ph 44lC (4) 436< (4) 
p-Ph 439b 437c (1) 
a-S-hle liSc 172' 
p-N-Me 173b 174e 
a-3-hIed 44 44 
p-3-nIed 41 61 
a-COAle" 130 136 
p-COIIeb 124 123 ,j 
a-Ph 439c 14) 433.t5c (4) 
p-Ph 443.5b(1 5 )  438b (1 .5)  
a-N-hIe 174 5b 171.5e 
8-N-hIe 174 . jb  173.5" 
a-3-hIed 43.5 44 
p-3-bIed 43.5 62 
a-COCH2AIef 155.5 155.5 
p-COCHJlef 146 143 
a-COCH2Meg 69.5 73.5 
p-COCH2Meg 62 64 
a-Ph 4346 (2) 436< (4) 
8-Ph 440b (1.5) 437b (1) 
a-N-bIe 1 T 4 b  1 7 1 ~  
p-N-hIe 174b 174e 
a-3-hIed 40 44 
p-3-Med 42 .5  61 
a-COCHzEtQ 150 151 
p-COCH2Etg 141 139 
a-COCH2CH2hIeh 98 10.5 
p-COCH2CH2Meh 92 94 
a-CO(CH2)zMeg 5 5 . 5  62 
p-CO(CH2)2Afe~ 50 53.5 
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a 111 cps from T l I S  (internal with CDCls, and external with D20 as solvent) spectra being measured at a frequency of 60 l1Icpq; 
e Iloitb- 

g Triplet (J = 6.5-7 
coupling constants and widths a t  half-height (WB) in cps. 
let ( J  = 5 cps) due to spin-spin coupling with N+H proton, singlet when D20 is added. 
cps). 

Singlet. Main peak of multiplet. Doublet (J = 6.5-7 cp5). 
f Quartet ( J  = 7 cps). 

Center of multiplet (four main peaks). I Pmr data in DzO previously reported with DSS as internal standard.' 

methyl interactions. The more probable aromatic 
orientation, shown in 5 (in which t'he two rings ap- 
proach coplanarity), mill have a shielding influence upon 
the acyloxy prot'oris for reasons previously given. In 
the axial 4-phenyl chair conformation, of the two ex- 
treme aromatic-piperidine ring orientations (aryl plane 
coplanar or a t  right angles with a plane passing 
through S-1 arid C-4 of the heterocyclic ring), 
the one shown ip 4 is the more likely because it removes 
ortho-aromatic hydrogen from the vicinity of the equa- 
torial 3-methyl gr0up.j In conformation 4, the 4- 
acyloxy function does not' pass above the aromatic 
plane during the course of its rotation about the (3-0 
bond, the phenyl-acyloxy orientation being similar to 
that present in  the preferred CY coriformer 2 (in CY iso- 
mers, conformational preferences are probably a1 ke 
in both CDC1, and DzO; see below). Hence, the facts 
that the chemical shifts of the P-acyloxy groups arc 
upfield of the corresponding LY signals and in extent that 

(51 I n  the absence of this nroiip a conformation in which the  plane of axial 
phenyl is approximately perpendicular to t ha t  of t he  piperidine ring is more 
probable (rf. ref 6). 

(6) N. L. .illinuer, J. Allinger, 11. .I. DaRooge, and S.  Greenberg, J .  Org.  
Chem., 27, *!603 (1962). 

they do not differ significantly from those observed in 
CDCl?, together with the large -AGOx value of a phenyl 
substituent in saturated, six-membered, cyclic systems 
(3.1 kcal 'mole is an average value) ,* support the sliew- 
boat 5 as the preferred conformation of P ester (1) hy- 
drochlorides as solutes in DzO. 

These changes in conformational equilibria induced 
by solvent changes may be accounted for in terms of 
solvation effects. A considerable increase in the de- 
gree of solvation of both the protonated basic center 
and the oxygen function at C-4 is probable when CDCln 
is replaced by DzO as solvent; in consequence, the 
effective bulk of these structural features should become 
greater. While such increases should not significantly 
alter conformational preference? in the CY derivatives, 
preference for the P conformer 3 mould be expected to 
decrease, since the destabilizing methyl-N+H and oxy- 
gen function-H 1,3-diaxial interactions obtained in 3 
will be larger in the more solvated molecule. It is 
known, for example, that the - A G O ,  value of the hy- 
droxyl group is significantly greater in D20 than in 
CCld (1.0 for CClJ, 1.25 for DzO at 2S0).' Solvation 

(7) 1'. A. L. Anet, J. Am. Chem. Soc., 84, 1053 (lQf32). 



Discussion 

1 tic rc~sLl1Lh of allllllal t C \ t h  for :ttlMlgebla for dl:l.tcrcw- 
iwnieric wters of :~-niethyl-~-plier~yl~iperi~ix~-$-olo wv 
giveii in Table 11; valueo for tlie acetoxy and butyroxj 

ire due to Dr. Paul .Jansaeii 
(J:tIlbsell 1'liarmaceutic:i) for these data. It i? riote- 
worthy that among the active pairs. the inore 1)otent 
member (8) has the czs-3-alkyl-4-Ph configuration. * I  

Significantly, the potent 4-ethos~--i-(L'-furyl)piperidinc 
(6) l 3  has the same configuration (unpublished results). 

I >  

O>ter\ ~UY' 11ovel sild t h d  

I 

KH,),Ph 
6 

(8) .\, I C .   a ah^', .\. 11. J<ci.kelt. ; t ~ i i l  1 1 .  .\. Iur iu ,  ?'ctru/icdi.uri, 22 ,  2751 

(!!J .\, T. I3uttini  a n d  hI. l i .  O'Retl, 1 
(10) Tile conclusions of thip discushi" 

( l ! J l j l j j ,  and references tlierein c i t td .  
d i .un  L v t t c r ~ .  129 (l!)tii).  
suliject t o  t he  usual i,roviso> of 

tlie compounds cited being morphine-like analgetics acting a t  t he  same 
receptor (all a r e  at least as  active as meperidine a n d  fairly closely reiated 
chemically) and  of potency variations among isomers being largely due t o  
rlifferences in drug-receptor assticiation* and only in minor degree to  factors 
siicli as  drug transport .  etc. 

(11) The  more active isomer rif llie relntrd :~-allyl-l-metliyI-~-~henyl--i-  
uropionoxypiperidine pair is a possiljle exception. i jut  its configuration !iaa 

.I. LCY, . I .  O I U .  C ' / ~ ~ , I I I . ,  22, 1221 ~ l ! l 3 T !  
, 11. 11l111, ; 1 1 d  I , .  I < .  vnllanrr., . I .  .Ili,/ 

Evlderlce l1az 1)e r~ I I  ],reserlted that the pleferr1d coli- 

formation of the $ e.ter 1 hydrochlorides in DLO (xiid, 
hence, also i n  Tvnter, thr  medium of greatest biological 
iignificance) is the  4ew-boat 5.  I t  is likely that thc 
$-$-(2-furjrl) ether 6 adopts a similar conformation i i i  

water, since thc A 1 alue (chemical shift of D20 - chemi- 
cal .hift uf  CDC'l,) ihserved for t he  h i e t h y l  group 
of this conipvuiid (:t- lij drochloride) is clost. to - 20 
cps, i.e., almost ideritical n-ith tliat noted for :3-meth\ 1 
in the fl  esters 1 (Table I) .  

Iri view of the lower activity of the a eatrrz  1 (ir i  

which :t nonchair conformation 15 improbable), it may 
be postulated that the skew-ha t  conformation reprv- 
betits :in optimum arrangement of structural fcaturci 
111 ~-i)henvlpiperidirle :inalgetic. and that  derivative5 
which might be rxpected to have high skew-boat popu- 
liitioiib may he poteiit analgetics. Support for 
t hi, proposition i. provided by the following example?. 
( ) F  tliv three isonicric 1,3,.5-tririicthylpiperidine wtrr-  
7, the hkew-boat i -  nioti favorcd in the a (with t \ \ u  

:N WPh , , e M : h  +N $+ 
H H I 

H Me 

7-rr 7-d 7- 3 

:mid nietly 1 group. in the e-pheiiyl cliair. 7-CY) :tiid 

1e:i.t in the y form (with two equatorial nwth? 1 g roup  
i t 1  i hc chair, 7-y),  ccinipoiin~l~~ of the highest :ind Iowesi 
activit? , req)ectivclj-, :tnioiig the trio.li 111 tliv 1,:3,5- 
trimethyl deriv:itiveh 8, factors unf:wor:hl(~ tors itrd ;I 
.l;ew-bo:it (*iiiifiirni(~ o1)tainecl i i i  all thrw i,oniers 
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(nonbonded interactions of e-Me groups in 8-CY and -y 
are raised in boat forms, and models show that  the 
cis-1,3-diaxial AIe-lIe interaction of 8-P is not relieved 
in the corresponding boat), the sole active member (y) 
being about as active as the y-1,2,5-trimethyl isomer.'j 
Ethyl 3-a-phenyltropane-3-P-carboxylate, which is 
somewhat more potent than meperdine,'e would be ex- 
pected to have a significantly large skew-boat 10 
population because the chair conformer 9 is destabilized 
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by a-Ph-bimethylene bridge interactions. Spectro- 
scopic evidence supports this contention for related 
P-ethyl and phenyl ketones." 

In  a recent analysis of stereochemical factors in 
narcotic analgetics, Portoghesels stated that the con- 
formational requirements for most of the 4-phenyl- 
piperidine analgetics appear to be minimal. From the 
present evidence, however, i t  is probably more accurate 
to  state that although a fairly wide range of 4-phenyl- 
piperidine conformations are compatible with activity, 
those in which the aromatic and piperidine rings ap- 
proach coplanarity (as in the skew-boat with phenyl in 
the bow-sprit position) may be most effective in evok- 
ing a response. 

Experimental Section 

Where analpes  are indicated only by symbols of the elements, 
analytical results obtained for those elements were within 
1.0.47, of the theoretical values. 

The pmr zpectra were recorded on a Varian A-60 spectrometer 
operating at the normal running temperatiire with TATS az 
ztandard (internal with CDCl, and external with DzO as solvent). 
a-1,3-Dimethyl-4-pheny1-4-propionoxypiperidine hydrochloride 
(a-prodine), mp 222" (lit.18 220-221 "), and the corresponding 
p isomer (p-prodine), mp 199-200' (l1t.I9 195-196'), were ob- 
tained by heating the a- and p-piperidinols l a  with propionic 
anhydride and pyridine.'@ New esters prepared in this way were 
as follows (uncorrected melting points determined with a Buchi- 
Tottoli apparatus in capillary tubes). 

a-4-Acetoxypiperidine ( lb)  hydrochloride, mp 216-218", 
from i-PrOH-EtZO. Anal. (C1,H~ZClNOZ) C, H, N. 

p-4-Acetoxypiperidine (Ib) hydrochloride, mp 211-213", 
from EtOH-Me&O. A4nal. C, H, N. 

0-4-Butyoxypiperidine (Id) hydrochloride, mp 196-197', from 
EtOH-MeCOEt. Anal. (C1~Hz6ClI\'02) C, H, X. 

p-4-Butyroxypiperidine (Id) hydrochloride, mp 202", from 
EtOH-MeCOEt; umax 3400 em-'. Anal. C, H, ?: (low C value 
due to water of crystallization). 

All of the esters had v&"' near 1720 cm-' (ester C=O). 
The pK,' values of the prodine isomers in 5OcJc EtOH-HZO, 
determined by hlbert's and Sergeant's method,Zouere a, 7.68 i 
0.06, aiid p, 7.75 f 0.06. 
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A recent report2 described a select'ive inhibition by 
salicylhydroxamic acid (I) of deoxyribonucleic acid 
(DSA) synthesis in Ehrlich ascites tumor cells. Char- 
acteristics of the inhibition were similar in some respects 
to the actions of hydroxyurea3 and of oxamylhy- 
droxamic a ~ i d , ~ , ~  the hydroxaniic acid analogs of car- 
bamic acid and oxamic acid, respectively. Effects on 
the synthesis of ribonucleic acid (RSA) and of protein 
were nominal and were considered to  be of a secondary 
nature as a consequence of the lowered rate of DSA 
formation. The inhibit'ion by I was further evident 
immediately upon adding the compound to the cells; 
that is, no preincubation was necessary to evoke the 
effect. The rate of DSA synt'hesis resumed the con- 
t,rol rate upon removal of the inhibitor by washing the 
cells, indicating no firm binding to the cells and no ir- 
reversible alteration of the cells by the compound. 

The work herein described was initiated to determine 
the ways in which structural features of compounds 
related to I may influence the course of nucleic acid 
synthesis in a tumor-cell test system. 

Biological Data.-Table I shows the 50 and 90% 
inhibitory concentrations of each compound on DXA 
synthesis in Ehrlich ascites tumor cells. With one 
exception, data are presented as obt'ained with no 
preincubation (ie., inhibitor and isotopic precursor 
were added to the cell suspension simultaneously) 
and, also, following 1-hr preincubation of the cells with 
each compound prior to addition of the isotopic pre- 
cursor. The relative potency of 9 of the 12 compounds 
was increased by the 1-hr preincubation period, the 
most striking example being that  of XII. Slopes of the 
regression lines were fairly closely grouped when in- 
hibitor and precursor mere added simultaneously but 
varied erratically following the 1-hr preincubation 
period. 

Figure 1 shows the effects of each of the 12 compounds 
on DSA, RNA, and protein synthesis in Ehrlich ascites 
tumor cells. The selectivity of action of I on DNA 
synthesis was confirmed; that  is, t,he rate of DNA syn- 
thesis was depressed almost SO% after 1-hr exposure of 
the cells to  the compound with no appreciable diminu- 
t'ion in the rate of RKA or protein synthesis. Com- 
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