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synthetic scheme, the (+)-base and (-)-hydrochloride 
salt were derived from (R)-(+)-pipecolic and hence have 
the (R)  configuration (IVa). Conversely, the (-)- 
base arid (+)-hydrochloride salt are in the (8) series 
(IVb). 

The infrared spectrum (Figurc 1) of pipradrol in 
tetrachloroethylene'o a t  0.005 JI showed a band a t  
3450 em-' which is characteristiell of intramolecular, 
0-H. . . N  bonding. The fact that no band could be 
detected in the vicinity of 3600 cm-' indicates the ab- 
sence of any significant quantity of free hydroxyl. 
The sharp, medium-intensity peak a t  3315 em-' was in 
the range of the 5-H stretching vibrational frequency.12 
At high coricentration (0.5 -11) both the OH and S H  ab- 
sorptions were at  frequencies identical with those found 
in the high-dilution studies. There were, however, 
several very lowintensity bands between 3150 and 
3300 em-' which were not observed a t  10v concentra- 
tion and which may be due to  the presence of a small 
amount of intermolecularly bonded'$ species. 

The infrared data suggest that pipradrol possesses 
strong intramolecular hydrogen bonds. If i t  is assumed 
that  the piperidine ring is in a chair conformation which 
is stabilized by an equatorial diphenylcarbinol group, 
three staggered conformations (1'11) are possible. 
Conformation T'IIc can be eliminated as a significant 
contributor to the rotameric population because intra- 
molecular hydrogen bonding in this rotamer is unlikely. 
Of the remaining internally bonded species, rotamer 
VIIa should be more thermodynamically favored be- 
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cause the axial, C-2 ring proton is flanked by the two 
bulky phenyl moieties. This is clearly a lower energy 
conformation than that  in which the aromatic groups 
flank the C-3 atom of the piperidine ring as shown in 
VIIb. On this basis i t  is proposed that pipradrol con- 
sists primarily of rotamer VIIa and is best represented 
by stereoformula IVa or IVb. 

Pharmacology.-The effect, of racemic and optically 
active pipradrol on spontaneous, coordinated motor 
activity in mice was measured using the photocell 
counter technique of Dews.14 In Figure 2 the average 
activity of groups of five mice each are represent'ed 
graphically in terms of t'he number of times the mice 
broke a light beam in their cage during a period of 90 
min following oral administrat'ion of various doses of 
these compounds. The act,ivity of control animals is 
included in the area enclosed by the dashed lines. 

The signs of CXS activity with orally administered, 
racemic pipradrol are motor st'imulation with doses 
above 3 mg/kg. Motor activity increases with in- 
creasing dose until it reaches a peak a t  about 17 mg/ 

( lo)  I t  was found that CHCh, CClr, and CS. were unsuitable as solvents 

(11) T. Kanoawa. Bull. Chem. S O C .  Japan, 29, 398, 479 (1956); G. Hite, 

(12) R. A. Russell and H. 11.. Thompson, J .  Chem. Soc., 483 (1955). 
(13) L. J. Bellamy, "The Infrared Spectra of Complex Moleciiles," 2nd 

(14) P. E. Dews, Brit. J .  Phormacol., 8, 46 (1953). 

because they reacted with pipradrol. 

E. E. Smissman. and R.  \\-est, J .  A m .  Chem. Soc., 82, 1207 (1960). 

ed, John Wiley and Sons, Inc.. New York, N. Y.. p 253. 
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Figiire 1 .-Infrared spectra in the hydroxyl region for pipradrol 

ill t,eti~arhIoi.oet hyleiie solvent. 
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Figure 2.-The effect of racemic pipradrol ( A ) ,  (R)-pipradrol 
(O), arid (8)-pipradrol (0) 011 spontaneous motor activity of mice 
after oral administration. Note that the curve (0 )  which wa5 
calculated from values of the racemate closely approximates the 
experimentally determined curve for (R)-pipradrol. The activity 
of control animals is included in the area enclosed by the dashed 
lines. 

kg. With higher doses, iricoordinated activity and 
ataxia occur, followed by tremors and clonic convul- 
sions. The same symptoms occur with (E)-pipradrol 
in doses approximately half those of the racemate. 
No CNS stimulation was seen with (8)-pipradrol. 

These experiments indicate that all of the central, 
stimulant activity of the racemate resides in the (R) 
isomer (IVa).16 Estimation of the dose-effect curve on 
the basis of the content of active enantiomer in the 
racemate revealed that the calculated curve closely 
approximated that of the (R) isomer. This suggests 
that, in addition to being devoid of stimulant activity, 
(8)-pipradrol does not significantly antagonize the 

(15) Intraperitoneal administration of racemic and optically active 
pipradrol also showed the ( R )  isomer to possess all of the motor simulant 
activity. 
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tracted once again with EtOAc. The solvent was removed 
in, uaczio, and the oily residue a a s  treated with ethereal HC1. 
After two crys tallieat ions from EXOH-E t,O, there was ob t ailred 
3.66 g of IVa.HC1, mp 388-288" dec, [ L Y ] * ~ D  -63.6" (c 1, 1310). 
Employing (S)-VI in an identical procedure afforded 3.8 g of 
IVb.HC1, mp 287-288" der, [ u ] * ~ D  +66.9" (c I ,  H20).  The 
infrared spectra of both anitpodes were identical with the optically 
active salts obtained by optical resolution.24 The nmr spectrum 

exhibited multiplet resonances at 2 (6 TI, (CH2)3), 3.3 ( 2  H, 
XCH?), 4.4 (1 H, SCHCO),  and 7 . i  (IT- = 16 cps, IO H, A r )  
PPm. 

The bases were geiierated from the purified hydrochloride 
salts by treatment with 1 NaOFI and were recrystallized from 
Skelly B to  give crystals, mp 97-98", [aIz5u +59.8" (IVa) and 
- ;i7.9" (IVb) ( c  2, MeOII). The high-resolution infrared spec- 
trum of IV at 0.5 and 0.005 J I  concentrations showed bauds at 
34.50 (O-H. . .N)  and 331.7 rm-' (XH). 

(24) (+)-Pipradrol dibenaoyl-(+)-tartrate neutral salt monohydrate was Acknowledgment.-The authors are grateful to Dr. 
H. H. Wolf of the College of Pharmacy, Ohio State obtained from a N e O H  solution of 2 eiluiv of pipradrols and 1 equiv of re- 

solving acid; m p  138-112O, [ a ] * j u  -69' (c 2 ,  AleOH). (-)-Pipradrol 
~lil,enxoyl-(+)-tartrate neiitral salt \vas crystallized from eitlier MeOH (IO- 
15 mI,'g) or 95% EtOH (20-25 mi !g): mp 1TO-172°, [a126u -36' (c 2 ,  
MeOH) .  T h e  two salts were converted to the optically active bases whicl~ 
were recrystallized from 75-90' petroleum ether to  give (+)-pipradrol (IVa),  

L'niversity, TTho informed US of the results of his studies 
on the effect of a-methyltyrosine 011 C I S  a('tiITity Of 

1lipradro1 and ephedrirle 
mp Y8-1OO0, [ a I z 5 D  +58.5' (c 2, U e O H ) ,  and (-)-pipradrol ( IVb) ,  mp 95- 
9 i o ,  [ a ] 2 5 D  -62.5O (c 2 ,  31eOH). The two bases were converted to  the HCI are decomposition points which are quite variable and depend upon the rate 
salts ivhich ivere purified by recrystallization from either 95% E t O H  or a of heating. The ( R )  and (S)  enantiomers employed in the pharmacological 
mixture of JIeCOEt-AIeOH; IVa.HCI, mp 303-305' dec, [ a ] %  - 68.8'. studies were obtained by the  above procedure (private communication from 
and IVh.HCI, mp 305-30io dec, [a12611 +A8.5' ( c  2, HgO). The melting E. R. .indrews and P .  L. Tiernan. The X m .  S. RIerrell Company, and J .  L. 
poinrs of the HCI salts. de t~rmined  1,s t h e  customary capillary tube method, Scliaar, currently ar Alonsantu Research Carp.. I layton, Ohio). 
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The syntheses of some l-hydroxy-2-hydroxymethyl-4-(6-substituted-9-purinyl)cyclohexanes were accomp- 
lished by the following procedure. Diethyl 4,4-ethylenedioxypimelate on Dieckmann cyclization gave 2-car- 
bethoxy-4,4-eth~lenedioxycyclohexanone. Catalytic hydrogenation of the ketone followed by LiAlHa redtic- 
tion of the ester gave 2-hydroxymethyl-4,4-ethylenedioxycyclohexanol which after several additional reactions 
was separated into trans- and cis-3-acetoxymethyl-4-acetoxycyclohexanes (5a and 5b). Hydrogenation of the 
ketone group of 5a arid 5b gave the alcohols which were converted into tosylates. Displacement of the tosylate 
with azide followed by catalytic hydrogenation of the azides gave the amines. The major product from 5a was 
1~-amino-3a-hydroxymethyl-4p-hydroxycyclohexane, whereas 5b gave nearly an eqiial mixture of la- and lp- 
amino-3a-hydroxymethyl-4~-hydroxycyclohexanes. The stereochemistry of these trisubstitiited cyclohexanes 
was dediiced from nmr studies. Finally two of these amines were converted into some lp-hydroxy-2a-hydroxy- 
methyl-4a-(6-substitiited-9-purinyl)cyclohexanes and l~-hydroxy-%a-hydroxymethyl-4a-(6-amiiio-Y-purirryl)- 
cyclohexane. These compounds were not potent inhibitors of adenosine deaminase, possibly becaiise they are 
repelled by the hydrophobic region of this enzyme. 

In  several previous studies, it was found that certain 
9-(substituted cyclopenty1)- and 9-(substituted cyclo- 
hexy1)adenines xere capable of inhibiting the enzyme, 
adenosine deaminase. For example, if an OH group 
were located on the 2 position of the cyclopentyl or 
cyclohexyl group, it was found that this substitution 
increased inhibition relative to the unsubstituted cyclo- 
alkyl gr0up.l However, if an OH group were located 
at  position 3 of the cyclohexyl group or if a hydroxy- 
methyl group were located at position 4 of the cyclo- 
alkj.1 group, little change in inhibition of adenosine 
deaminase was noted relative to 9-cyclopentylade- 
11i11e.~~~ Based 011 this and other data,j  it was concluded 

that the 2-OH group of these inhibitors makes a con- 
tribution to binding to adenosine deaminase. In  order 
to determine the effect on inhibition of adenosine de- 
aminase by certain 9-cyclohexyl-6-substituted purines 
that contain both an OH group and a hydroxymethyl 
group on the cyclohexyl moiety, we decided to  prepare 
some l-hydroxy-2-h;vdroxymethyl-4-(6-substituted-9- 
puriny1)cyclohexanes. This paper describes the syn- 
thesis, stereochemistry and enzymatic evaluation of 
these compounds. 

Chemistry.-Our main goal in this area was to 
develop a general route for the preparation of 1- 
hydroxy-Zhydroxymethyl-4- (6-subst ituted-9 -purinyI)- 
cvclohexanes which could later be amlied to each of the L A  

four possible isomers. For t,he sake of simplicity, no 
consideration will be given to t'he stereochemistry of t'he 

However, the separation of isomers and t'heir identi- 

( 1 )  (a) This investigation was supported by Grant T-337.4 from t h e  

Public Health Seri.ire. by  research career program award 5-K3-C.4-18718-05 intermediat,es in the procedure outlined in Chart I. 
from r l i e  Kational Cancer Institute, and training Grant 5-Tl-GM-555-05 
from the Division of bIedical Sciences, U.  S. Public Health Services. Be- 
tliesda. AId, (h) KationaI JIeri t  TVinner, Lunsford Richardson Aaard .  fication mill be described in the folloWing seCtiOl1. 

~ m e r i c a n  Cancer Society, h y  research Grant ,5 -~01-~wr-09775-05  from the  

(2)  H. J. Schaeffer, S. Marathe,  and 1'. .ilks, J .  Phurm.  Sci.,  63, 1368 Dieckmann cyclization of diethyl 4,4-et,11y]enedioxy- 
( 1964). 

(3) H. J. Schaeffer. Ii. K. Iiaistha, and S. K. Cliakraborti, ibid., 63, 1971 pimelate (l) by a nlodification Of a previouslJr reported 
(1964). 

(4) H. J. Schaeffer, D.  D. Godae, and G .  Liu, ibid., 63, 1510 (1961). ( 5 )  H. J. Schaeffer, D.  Vogel, and R. Vince, J. .Wed. Chem., 8 ,  ii02 (196.5) 


