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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). 

Enzyme Inhibitors. XIX. The Synthesis of Some 
1 -Hydroxy-2-hydroxymethy1-4-(6-subs tituted-9-purinyl)cyclohexanes 

as Nucleoside Analogs'" 

HOWARD ,J. SCHAEFFER AXD ROBERT VINE 11' 

Drpartnient of .llPr/irinal CheniistTy, School of Pharmacy, Stafe Zrniz'prszty o j  .Yew 170rX at Buffalo, Bliffalo, . I - P I ~  J-ork 14214 

Recezoed Apral 10, 1967 
Revised Manuscript Received September  16, 1967 

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) 
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procedure gave a good yield of ~-carbetliox3---l,l-et hyl- 
criedioxyc3.clohcxaiiorie (2).b 

Catalytic reduction (PtO,) of 2 gave 3 which was 
subsequently converted to the correbporidirig diol 4 with 
Ii.41H4. Attempt.: to i.olate the corr~spondi~ig I\etorick 
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exhibits a half-width of 22 cps if the hydrogen is 
and that the signal from the equatorial hydrogen is ap- 
proximately 30 cps downfield from the axial hydro- 
gen.I0 l 1  Table I lists the nmr signals for the coni- 
pounds illustrated in Chart I1 in which Ha represents 
an axial hydrogen on the carbon bearing the indicated 
substituent and He represents an equatorial hydrogen 
of the same carbon of the cyclohexane ring. Since it is 
reasonable to assume that the trans isomer will have 
its substituents diequatorial, a signal a t  275 cps with a 
half-nidth of 22 cps for 19 established that this com- 
pound has an axial hj,drogen on the carbon bearing the 
acetoxy group and is therefore the f ~ - a n s  isomer. In 
the case of 20, the less bulky acetoxy group will occupy 
the axial position. Thus, the signal a t  301 cps with a 
half-width of 7 cps for the corresponding equatorial 
hydrogen established that 20 is the cis isomer. The 
trans-diacetate (19) was converted to the tosylates 7 and 
21 as described for the conversion of 4 to 7. Tosylate 
7, which accounted for 48yo of the mixture, was sepa- 
rated from the oily isomer 21 by crystallization. This 
solid isomer 7, which was identical in all respects with 
the solid isomer 7 in Chart I, mas assigned the stereo- 

( 7 )  R. U. Lemieux, R. I<. Kulling, J .  H.  Bernstein, and  W. G. Schneidern 

(8) J. I. >lusher, ibid., 83, 1116 (1961). 
(9) K. L. Williamson and \V. S. Johnson, i i i id. .  83, 4623 (1961). 
(10) E. L. Eliel and 11. H. Gianni, Tetrahedron Letter., 97 (1962). 
(11) L. XI. Jackman, ".ipplications of Suclear Magnetic Resonance 

Spectroscopy in Organic Chemistry," Pergamon Press, Ne% York, N .  I-., 
11355, p 1i3 .  

J .  Am.  Chem. Soc., 80,6098 (1958). 
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chemistry indicated in Chart I1 by nnir analysis. 
Eliel has demonstrated that cyclohexyl tosylates in 
which the tosylate group is in the axial position exhibit 
a signal with n cheniical shift of 273 cps for the equa- 
torial hydrogen on the carbon bearing the tosylate 
g~-oup.~O In the case where the tosj late group is purely 
equatorial, the corresponding axial protoii exhibits a 
signal at  243 cps. Eliel also observed that i n  the acetate 
esters the equatorial proton absorbs a t  299 cps, whereas 
the axial proton has a signal at  26s cps. Conipourid 7 
exhibited a broad signal at  2773 cps which integrated for 
t no  protons. This ipectrum is ill ngreeinent with the 

T.IBLE I' 
SLXM.~RY OF THE N m i  SPECTKI.M O F  SOME 

Compd substi tuent H :% H e  

195 OAc 27.5 
20h O B c  . . .  301 

Tb OAc 273 . . .  
OTs . . .  i I> 

24c OAC 283 . . .  
XHAc 246d . . .  

26" OAc , . .  302 
S H h c  24 .id . . .  

5 Values are given in rps downfield from ;\le& where H, indi- 
cates an axial proton and He indicates an equatorial proton on 
the carbon of the cyclohexane ring bearing the substituent indi- 
cated. * Spectrum in CC1,. Spectrum in CDC18. The 
signal for this proton coincides with the signal for the acetoxy- 
methyl protons. The value reported is the approximate center 
of the tot'al peak. 
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: ~ i g n ~ n e r i t  of 7 as illustrated i t 1  Chart 11. Dibplacc- 
ment of the tosylate ester with sodium azide c a u w  a t i  
inversion at the center of reaction thus giving ri:,c to 
the azide which was subsecjueritly reduced to the a~iiiric 
:ind acetylated to give the amide 24. The nnir spec- 
t rum of 24 is in agreement with the all-equatorial iso- 
mer. X sinal1 quantity of a second product x i \  oh- 
taincd from 5a, and it is suggested that this material 
has the stereochemiqtry :is \ho\vii i l l  25. HJ :irialogj-. 
the htereocheniistry of 26 w:is assigned from the nnii '  

data of Table I. Similarly, :i *econtl product was ob- 
t:iiiied from 5b, arid it i:, p r o p o d  that thi- prodiict 
has the htereochemistry 

These results establi 
(7a) from Chart I c o ~ i s i ~ t s  of' a mixture of i m i i c v  
21-23 (Chart 11). The conversion of 7a to the aniiiic, 

hydrochloride 28, as illustrated in Chart 111, \ \as car- 
ried out i i i  the same iiiaiiiiw :i* dc-cribed for the cor- 
rehpoiiding isomer (7) 0 1 1  Chart 1. Ho\vever, \\heti 28 
was deacetylated (HCI-_\ H),  the resulting h\ dro- 
chloride (29) would iiot c allizc mid. coii*ecjueiitl;\ 
cwuld not be purified. T fore, distillable atiiountx 
of tlie frer amine (32) ~ v e r r  oht:tiiied 1.1). :til nlternatc 
procedure outlined in Chart 111. In thii sequeiict.. 7a 

deacetylated (HCI-JleOH) :ind gave the diol 
(30) which 1va5 converted to the f r w  amine (32) b! 
catalytic reduction of thc crude azide (31). Uiitilla- 
tion of the crude mixture gave a pure compouiid in :I 

Myo yield which as shown below proved to  be 32. The 

Experimental Section12 
hlethod A. 2-C~arbethoxy-4,4-ethyienedioxycyclohexanol ( 3). 

rriixtiirr i,f i . 0 0  g (3O.(i nimole.) of 2, 200 ml of OS?;, E tOII ,  
:uid 200 nig of PtO? WR\: h~-drogriiated at room temperatiire at :ill 
iiritial presslire of 4.2 kg i* i i i*  iuitil the theoretical amount of  I T ?  
had beeii absorbed. After filt rxtiori of the reactioii mixt.ure, the 
volatile nintrrials were i~cri~oved in i ' ( lc i /o :urd gave 7.03 g of  :I 
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TABLE I1 
PHYSIC.IL CONST.INTS AND ANALYTICAL DATA FOR SOME PURIXES .UiD THEIR 1XTbRMEDI.iTES 

Recrystn 
soirent" 

A 

€3 

C 
1) 
D 
E 

F 

F 

(; 

C 

lip, " C  

94-96 

16G.164 

233-23.i 
li0-175 
202-204 
4 7 4 8  

C 

1 13-1 13 

109-112 

113-118 
230-233 

Bp, O C  b" 
85-86 (0.03) 
119-120 (0.05) 

136-139 (0.20) 
123(0.05) 

b 
10G103(0009) 

103 (0.03) 
108-109 (0.05) 
93-96 (0.05) 

b 
b 

6 

b 
90-94(0 O T )  

120-123 (0.10)  

Yield, 70 
78.5 
62.5 
8 2 . 5  
93.3 
48.9 
50.8 
62.0 
66.9 
$7.8 
50.2 
7;i .  9 
79.8 
3 3 . 2  
42 .5  

83.9 
37.8 
69.3 
$3.2 
4 9 . 8  
5.5.1 
42 .8  
60.0 
44.3 
22.2 
22.4 

8 2 . 5  

19 

Analyses 

c, H 
c, €I 
c, H 
c, H 
c, H, s 
c, H 
C, H, N 
C, H, N 
C, H, N 
c, H, x 
c, r3, Y,  CI 

c, H 
c, TI 
c, H 
c, H 
c, H, s 
C,dH, S 
C, H,  K 
C, H,  K 
c, IT, K 
C, H,  S 
c, H, N 
C, H,  N 
C, H,  S 
c ,  IT, N 

C, H,  S,  C1 

.4, EtOAr-hexane; R, lIeOl€-Et20; C, 1leOTT; 11, TTC1-?\IeOH/Et20; E) hexane; F, CClr; G, C6TT6-hexane. Coiild not, be 
distilled; piirified by colrunii chromatography. .\lp 218'; rcdidifies and remelts at 223". ri 1Iixtiwe of isomers. Ann/. C: cdrd,  
X.23; found, 56.66. 

liqaid which was purified by distillation (See Table I1 for analy- 
ses'? and physical constant,s). 

2-Hydroxymethyl-4-ethylenedioxycyclohexanol (4).-To an 
ire-cold mixture of 990 mg (26.1 mmoles) of LiAlH4 in 50.0 ml of 
anhydrous Et20 %-as added a solntion of 4.00 g (17.4 mmoles) of 
3 in 50.0 ml of anhydrous Et20. The mixture was heated under 
reflux for 8 hr. The chilled reaction mixture was titrated with 
H20, and the white precipitate was removed by filtration. The 
filtrate, after being dried (MgSO?), was evaporated in z'ucuo and 
gave 2.81 g (86'3) of the diol. The liquid product was dissolved 
in 2.5.0 ml of H20 and washed with Et20 (two 20-ml portions).lj 
Removal of the H20 in vacuo gave 2.48 g of diol. 

Method B. 3-Acetoxymethyl-4-acetoxycyclohexanone (5).- 
A solution of 53.0 g (0.282 mole) of 4 in 350 ml of H 2 0  nras stirred 
with 100 g of Dowex 50W-X8 ( H + )  resin at, 50" for 2 hr. The 
resin was removed by filtration and washed with 100 ml of H20. 
The filtrate was evaporated to 65 g16 and dissolved in 200 ml of 
pyridine. Ac?O (215 g, 2.09 moles) was added, and t,he mixture 
was stirred overnight a t  room temperature and then a t  60" for 
20 min. 11eOH (50 ml) was added, and the mixture was evapo- 
rated in ~ ' ( C C I L O  to constant weight. Distillation of the crude 
mixture gave 5.  
3-Acetoxymethyl-4-acetoxycyclohexanol (6 )  was prepared from 

5 by method A. 
Method C. 3-Acetoxymethyl-4-acetoxycyclohexyl Tosylate 

(7 and 7a).--4 mixture of 766 mg (3.33 mmoles) of 6 and 935 
mg (5.00 mmoles) of p-toluenesulfonyl chloride in 2.5 ml of pyri- 
dine was stirred a t  room temperature for 18 hr. The reaction 
mixture was chilled and acidified with concentrated HC1. H20 
(1.5 ml) and CHC13 (15 ml) were added, and the phases were 
separated. The aqueous phase was extracted (CHCl3, two 13-ml 
portions). The combined extracts were washed [H20 (20 ml), 
5% SaHC03 (two 20-ml portions), H20 (20 ml)]. After being 
dried (l\lgSO1), CHCI, was removed in z'acuo and gave 1.25 g 
(99yc) of an oil which partially crystallized. The solid isomer 
(7) was obtained pure by two recrystallizations from EtOAc- 
hexane. The filtrates were combined and gave a mixture of 

(14) T h e  analyses reported in this paper were performed b y  Galhraith 

(15) The  diol decomposes on distillation when this step is omitted. 
(16) Complete removal of t h e  water results in polymerization. 

Laboratories, Inc., Knoxville, Tenn. 

isomers which conld not he crystallized. The oil was passed 
through a neutral alumina column (4.0 g)  using a solvent of 
EtOAc-hexane (1: 1). Collection of the first 45 ml and evapora- 
tion of the solvent gave t,he analytical product (7a). 

Method D. l~-Amino-3~-acetoxymethyl-4p-acetoxycyclo- 
hexane (9).-A solution of 10.0 g (26.0 mmoles) of 7, 5.09 g 
(78.0 mmoles) of NaN3, and 3.28 g (78.0 mmoles) of LiCl in 
100 ml of DMF was heated at  50" with stirring for 48 hr. The 
reaction mixture was filtered to remove the inorganic salts, and 
the filtrate was evaporated in vacuo to remove the solvent. 
H2O (50 ml) was added to the residue, and the mixture was 
extracted (CHC13, three 50-ml portions). The combined CHC13 
extracts were washed (H20, three 50-ml portions) and dried 
(NgSO,). Removal of the CHCL in z'acuo gave t,he crude azide 
(8) which was not further purified: yield 6.49 g (97.8y0); Y 
(em-') (film) 2100 (N3), 1730 (C=O), 1240 (C-0-C). The 
crude azide was dissolved in 125 ml of absolute EtOH and hydro- 
genated over 200 mg of P t 0 2  at an initial pressure of 4.2 kg/cm* 
for 2 hr a t  room temperature. Removal of the catalyst by filtra- 
tion and evaporation of the filtrate in DUCUO gave a dark oil, 
yield 5.61 g. The crude product was fractionated in eiacuo. 

lo-Amino-3a-hydroxymethyl-4p-hydroxycyclohexane Hydro- 
chloride (lo).-A solution of 500 mg (2.18 mmoles) of 9 in 10 ml 
of 27, HC1-MeOH was left a t  room temperature for 24 hr. Re- 
moval of the volatile material in vucuo gave a colorless oil which 
was crystallized from hleOH-EtzO. 

lp-Hydroxy-2~~-hydroxymethyl-4a-( 5-amino-4-chloro-6-pyrim- 
idiny1amino)cyclohexane (l l) .-A solution of 1.00 g (5.50 
mmoles) of 10, 1.80 g (11.0 mmoles) of 3-amino-4,6-dichloro- 
pyrimidine, and 1.66 g (16.3 mmoles) of Et3?; in 15 ml of 1-butanol 
was heated under reflux under Nu for 48 hr and then chilled in 
ice. After removal of the insoluble Et3N.HCI by filtration, the 
filtrate was evaporated in z'acuo to a yellow semisolid which solidi- 
fied on trituration with CsH,. The C6H6-inso1uble fraction was 
removed by filtration and gave 1.93 g of a mixture of 11 con- 
taminated with Et3N .HC1. The crude mixture was dissolved 
in H 2 0  (25 ml) and MeOH (1 ml) and decolorized with Norit. 
The filtrate was evaporated to 10 ml, chilled, and filtered to re- 
move the pure product. 

lp-Hydroxy-2a-hydroxymethyl-4a-( 6-amino-9-purinyl)cyclo- 
hexane (13).-A suspension of 1.00 g (3.66 mmoles) of 11 and 40 
mg of ethanesulfonic acid in 15 ml of triethyl orthoformate was 




