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HC1 in three portions, the acidic extract was basified with 
NH4OH, and the resulting mixture was extracted with ether. 
Ether was removed from this extract under reduced pressure and 
the solid residue was recrystallized from petroleum ether (bp 
37.6-51.2°) to give 0.55 g (59%) of 32, mp 58-59°. Anal. 
(C16H24N2) C, H, N. 

l-[2-(l,2,3,4-Tetrahydroisoquinolyl)]-6-(l-piperidyl)-2,4-hex-
adiyne (33). This was prepared by the method described for 32, 
utilizing 0.078 g (0.0026 mol) of paraformaldehyde, 0.16 g (0.00019 
mol) of piperidine, 0.1 g of cupric acetate, and 0.25 g (0.0013 mol) 
of 31. The combined reaction mixture was stirred and heated at 
70° for 10 hr. Water (25 ml) was added and the resulting mixture 
was extracted as described for 32 to give an oil which was subject­
ed to dry column chromatographic treatment (neutral alumina, 
CHCI3) to provide 0.131 g (35%) of a light tan oil. 

l-[2-( 1,2,3,4-Tetrahydroisoquinolyl)]-6-dimethylamino-2,4-
hexadiyne (34). This was prepared by the method described for 
32, utilizing 0.48 g (0.016 mol) of paraformaldehyde, 1.33 g (0.012 
mol) of 1,2,3,4-tetrahydroisoquinoline, 0.2 g of cupric acetate, 0.88 
g (0.0082 mol) of 22, and 155 ml of dioxane. The combined reac­
tion mixture was heated at 75° and stirred lor 16 hr. Water (25 
ml) was added and the resulting mixture was extracted as de­
scribed for 32 to give a brown oil which was subjected to dry col­
umn chromatographic separation (neutral alumina, CHCI3) to 
give 1.08 g (52%) of a straw-colored oil. 

l-Dimethylamino-6-(l-pyrrolidyl)-2,4-hexadiyne (35). This 
was prepared by the method described for 32, utilizing 0.88 g 
(0.0124 mol) of pyrrolidine, 0.495 g (0.0165 mol) of paraformal­
dehyde, 0.2 g of cupric acetate, 0.88 g (0.0082 mol) of 22, and 90 
ml of dioxane. This combined reaction mixture was stirred and 
heated at 75° for 16 hr. The product was isolated as described for 
33 to give 0.60 g (38%) of a brown oil. 
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In recent years , t he use of ni t roxides as free-radical 
probes in t h e s tudy of biologically significant react ions has 
come of a g e . 1 ' 7 Unfor tuna te ly , syn the t ic l imi ta t ions have 
h indered the deve lopment of m a n y free-radical analogs of 
i m p o r t a n t t he rapeu t i c agen t s . Such is t h e case wi th 4-
amino-2 ,2 ,6 ,6- te t ramethylpiper id inooxyl (I), a n in te rmedi ­
ate in t he p repara t ion of medic inal ly act ive c o m p o u n d s . 
Rosantsev a n d K o k h a n o v 8 have found t h a t all a t t e m p t s a t 
direct ca ta ly t ic oxida t ion of 4-ammo-2 ,2 ,6 ,6- te t ramethyl -
piper idine (II) to t h e corresponding free radica l I led to 
the isolation of an oxime rad ica l HI, which could not be 
reduced to I. T h e a u t h o r s 8 were finally able t o ob t a in t h e 
desired free radical I after a laborious syn the t i c sequence 
involving a reduct ion a n d oxida t ion . Reac t ion of 2,2,6,6-
te t ramethy l -4 -p iper idone (IV) wi th hydroxy lamine gave 
the corresponding oxime V. Reduc t ion us ing sod ium in n-
penty l alcohol gave 4-amino-2 ,2 ,6 ,6- te t ramethylp iper id ine 
(VI). Subjec t ing t h e p iper id ine VI to acet ic anhydr ide 
gave t he corresponding 4-ace tamido-2 ,2 ,6 ,6- te t ramethylp i -
per idine (VII). Oxida t ion of VII wi th hydrogen peroxide 
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tube containing the appropriate l,6-diamino-2,4-hexadiyne and a 
tenfold molar excess of methyl bromide in 2-propanol was permit­
ted to stand at room temperature for 48 hr. The resulting white 
precipitate was collected on a filter and recrystallized. See Table 
I. 
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followed by hydrolysis gave t he desired free radical I. 

Recently, Borch, et al.,9'10 have discovered the selective 
reduct ive powers of sod ium cyanoborohydr ide . They ob­
served t h a t ke toximes could be reduced to t h e correspond­
ing AT-alkylhydroxylamines wi thou t overreduct ion to t he 
amines . Fu r the rmore , unde r mild condi t ions , e.g., p H 6-8 
a n d a t a m b i e n t t e m p e r a t u r e , a ldehydes a n d ke tones can 
be reduct ively a m i n a t e d to the corresponding pr imary , 
secondary, and te r t ia ry amine wi thout direct reduct ion of 
the a ldehyde or ke tone . W h e n the p H is lowered to 3-4, 
t he reduc t ion of a ldehydes or ketones is sufficiently rapid 
so as to m a k e th i s react ion synthet ica l ly useful. W i t h th is 
in mind , we felt t h a t these condi t ions migh t be mild 
enough to allow a reduct ive an ima t ion of a ketone pos­
sessing a ni t roxide wi thou t e l imina t ing t h e free radica l . 
For example , t h e react ion of 4-oxo-2,2,6,6-tetramethylpi-

Notes 
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per idinooxy (VIII), a m m o n i u m ace ta te , a n d sodium cyano-
borohydr ide a t p H 7 gave 70% of t h e desired 4-amino-
2,2 ,6 ,6- te t ramethylpiper idinooxyl ( I ) . 

W e found th i s react ion a t a m b i e n t t e m p e r a t u r e t o be 
general for most p r imary a n d secondary amines except 
iV-methylaminoethanol , in which w a r m m e t h a n o l gave t h e 
desired p roduc t . Sod ium cyanoborohydr ide is commercia l ­
ly avai lable as a brown solid. For mos t reduct ions , further 
purif ication is unnecessary . If desired, t h e ma te r i a l can be 
recrystal l ized from d ioxane . 1 0 W e have found t h a t reduc­
tive aminat ior i of 4-oxo-2,2,6,6- tetramethylpiperidinooxy 
(VIII) can occur wi th in t he p H range 5-9, a l though t h e 
o p t i m u m yield is a t p H 7 -8 . Fu r the rmore , t h e use of 3A 
molecular sieves, to absorb t he water , increases t h e yield 
of t h e p roduc t considerably . 

In our cont inuing s tudy of local a n e s t h e t i c s , 1 1 , 1 2 t h e de­
ve lopment of a spin- labeled analog migh t provide us wi th 
addi t iona l informat ion abou t t he site of ac t ion of these 
agents , especially in lieu of t h e earlier work of N a r a h a s h i 
and Fraz ie r . 1 3 In th i s communica t ion , we discuss t h e syn­
thesis a n d the pharmacology of 2-[iV-methyl-iV-(2,2,6,6-
te t ramethylp iper id inooxyl ) ]e thyl 4-e thoxybenzoate (XI) . 
W a r m i n g 2,6-dimethyl-2 ,5-heptadien-4-one wi th a m m o n i a 
hydroxide gave 2 ,2 ,6 ,6- te t ramethyl-4-piper idone (IV). Oxi­
da t ion of t he p iper idone IV wi th hydrogen peroxide gave 
the corresponding free radical VIII. Reduc t ive amina t ion 
of VIII wi th e i ther m e t h y l a m i n e followed by alkylat ion 
wi th e thylene oxide or warming a m e t h a n o l solution of 
AT-methylaminoethanol gave 4-[7V-(2-hydroxyethyl)-A(r-
m e t h y l a m i n o ] - 2 , 2 , 6 , 6 - t e t r a m e t h y l p i p e r i d i n o o x y (X) . 
React ion of X wi th 4-ethoxybenzoyl chloride gave t he 
local anes the t ic , 2-[N-methyl- iV-(2,2,6,6-tetramethylpiper-
idinooxyl)]ethyl 4-e thoxybenzoate (XI ) . 1 4 

CH3NH2 

H 
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0COJCH2CH2NCH3 
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P h a r m a c o l o g y . T h e hydrochlor ide sal t of 2-[iV-methyl-
iV-(2,2,6,6-tetramethylpiperidinooxyl)]ethyl 4-ethoxyben­
zoate (XI) was neut ra l ized in physiologically buffered so­
lut ion a n d i ts pharmacologica l ac t ion on t h e sciat ic nerve 
of t he frog de t e rmined . T h i s was ascer ta ined by placing 
the nerve in an isolated nerve c h a m b e r in which conduct ­
ed impulses were moni tored by a doub le -beam oscillo­
scope. At 1%, t h e c o m p o u n d reversibly blocked axonal 
conduct ion of the sciat ic nerve . 

E x p e r i m e n t a l Sec t i on 

General Comments. Sodium cyanoborohydride was obtained 
from Alfa Products, Inc. The purification of this compound is dis­
cussed in the text. Melting points were determined on a Thomas-
Hoover capillary melting point apparatus and are corrected. Ele­
mental analysis was performed by M-H-W Laboratories of Gar­
den City, Mich. The epr spectrum was obtained on the Varian 
Associates E-9 spectrometer. 

4-Oxo-2,2,6,6-tetramethylpiperidinooxy (VIII). To a solution 
containing 7.5 g of 2,2,6,6-tetramethyl-4-piperidone (IV),15 0.75 g 
of sodium tungstate, and 0.75 g of EDTA in 50 ml of H 2 0 was added 
10 ml of 30% H2O2. The reaction mixture was stirred at ambient 
temperature for 48 hr and filtered and the pH lowered to 5. Satu­
ration of the solution with NaCl and extraction with Et20 gave a 

red oil. Chromatographic separation using neutral AI2O3 and 
CH2CI2 gave 6.9 g (84%) of a red solid, mp 33-35".16 

4-Amino-2,2,6,6-tetramethylpiperidinooxyl (I) . To a solution 
of 4.52 g (588 mmol) of NH4OAc dissolved in 150 ml of absolute 
MeOH at pH 7-8 was added 1 g (58.8 mmol) of 4-oxo-2,2,6,6-
tetramethylpiperidinooxy (VIII) and 0.258 g (41.0 mmol) of 
NaBH3CN. The reaction was stirred at ambient temperature for 
24 hr and filtered and the solvent was removed under vacuum. 
The remaining oil was taken up in H 2 0 ; the pH was lowered to 
5-6 with dilute HC1 and extracted with CHC13. The H 2 0 solution 
was made basic with NaOH, saturated with NaCl, and extracted 
with CHCI3. The solution was dried over anhydrous MgS04 , 
evaporated to dryness, and chromatographed using neutral AI2O3 
and EtOH, giving a red solid, mp 33-35°. This product was iden­
tical in all respects (ir and tic) with the compound previously de­
scribed.8 

4-(iV-Methylamino)-2,2,6,6-tetramethylpiperidinooxy (IX). 
To a solution of 2.38 g (352 mmol) of MeNH2-HCl dissolved in 
150 ml of absolute MeOH at pH 7-8 was added 1 g (58.8 mmol) of 
4-oxo-2,2,6,6-tetramethylpiperidinooxy (VIII) and 0.222 g (35.2 
mmol) of NaBH3CN. The reaction was stirred at ambient tem­
perature for 48 hr and filtered, and the solvent was removed in 
vacuo. The remaining oil was taken up in H2O, saturated with 
NaCl, extracted with E t 2 0 , dried over anhydrous MgS0 4 , and 
distilled given 0.82 g (75%), bp 56-59° (0.07 mm). Anal. 
(Ci0H2iN2O) C, H, N. 

4-[AM2-Hydroxyethy])-JV-methy]amino]-2,2,6,6-tetramethyl-
piperidinooxy (X). To a solution of 1 g (5.4 mmol) of IX in 20 ml 
of 95% EtOH was added 3 ml of ethylene oxide. The reaction was 
kept at ambient temperature for 72 hr and then evaporated to 
dryness. The remaining oil was taken up in 50 ml of H 2 0 and the 
pH lowered to 5-6 with dilute HC1. The solution was extracted 
with CHCI3. The H 2 0 layer was made basic with NaOH and ex­
tracted with CHCI3. The solution was dried over anhydrous 
MgS0 4 , evaporated to dryness, and chromatographed using neu­
tral A1203 and EtOAc giving 1.7 g (73%) of a red viscous oil. The 
methiodide salt was prepared by dissolving some of the red oil in 
an Et20 solution of Mel at ambient temperature overnight. The 
salt was filtered and recrystallized from absolute EtOH, mp 215-
218°. Anal. ( C i a H z g N ^ I ) C, H, N. 

To a solution of 2.64 g (352 mmol) of iV-methylaminoethanol 
dissolved in 100 ml of absolute MeOH at pH 7-8 was added 1 g 
(58.8 mmol) of 4-oxo-2,2,6,6-tetramethylpiperidinooxy (VIII) and 
0.222 g (35.2 mmol) of NaBH3CN. The reaction was stirred at 50° 
for 72 hr and filtered, and the solvent was removed in vacuo. The 
work-up was identical with an earlier discussed procedure giving 
0.9 g (67%) of a red viscous oil. This oil was identical in all re­
spects (ir and tic) with the product previously described. 

2-[Ar-Methyl-AT-(2,2,6,6-tetramethylpiperidinooxyl)]ethyl 4-
Ethoxybenzoate (XI). To a solution of 2.48 g (10.8 mmol) of the 
alcohol X and 1.1 g of NEt 3 (10.8 mmol) in 40 ml of dry C6H6 was 
added 2 g (10.8 mmol) of 4-ethoxybenzoyl chloride. The reaction 
was stirred at ambient temperature for 12 hr and washed with 
10% NaOH and then H 2 0 . The organic layer was dried over an­
hydrous MgS0 4 and evaporated to dryness leaving a red oil. This 
oil was chromatographed with neutral AI2O3 and CH2C12 giving 
2.1 g (51%) of a red viscous oil, which solidified upon standing, 
mp 71-73°.-The hydrochloride salt was prepared by dissolving a 
sample of the product in absolute MeOH and lowering the pH to 
5-6. After the solvent had been removed, the residue was triturated 
with E t 2 0 giving the product, mp 172-174° from dioxane. Anal. 
(C2 iH3 4N204Cl) C, H, N. 

A c k n o w l e d g m e n t . T h i s s tudy is suppor ted in p a r t from 
Gran t No . N S 10823 from the Na t iona l Ins t i tu tes of 
Hea l th . T h e au thor wishes to t h a n k Dr. K . V. Rajagopa-
lan in t he D e p a r t m e n t of Biochemis t ry for t h e use of his 
Varian Associates E-9 spec t rometer . 
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1-0-D-Arabinofuranosylcytosine (ara-C)1 and its acyl de­
rivatives2 '3 are effective anticancer agents in animals, and 
ara-C has found clinical utility.4 More recently, 0-2,2'-
cyclocytidine has also shown activity and has been shown 
to be resistant to deamination.8 Ara-C owes its biologic 
activity largely to its interference with DNA synthesis, 
after its conversion to the triphosphate.8 Its substrate and 
inhibitor properties result from its resemblance to 2'-
deoxycytidine, indicating that the hydroxyl group at C2 
cis to the pyrimidine does not interfere with the binding 
of this compound to the active sites of the enzymes that 
normally metabolize 2'-deoxycytidine.7 Although it would 
seem logical that other substituents at C2' cis to the cy-
tosine moiety would also be tolerated by these enzyme ac­
tive sites, only one such structure, 2'-deoxy-2'-fluoro-/3-D-
arabinofuranosylcytosine, has been evaluated for antican­
cer activity, and it was found to be active.7 

To examine the effect of modification of ara-C at the 2' 
carbon on biologic activity, we selected the 2'-0-methyl 
ester 7 for synthesis. This compound was produced in 3% 
yield, along with six other products, by the dimethyl sul-
fate-aqueous base methylation of ara-C.8 Since this hard­
ly seemed a practical approach for the preparation of 
enough material for biologic evaluation, another procedure 
was sought. Methylation of 3',5'-di-0-dibutyryl-ara-C3 by 
diazomethane in dimethoxyethane seemed promising, 
since ribonucleosides can be selectively alkylated at the 
2'-hydroxyl in this manner.9 In the present case, no reac­
tion occurred in 24 hr. The addition of boron trifluoride 
etherate caused reaction to occur, but the product isolated 
in 25% yield and identified by spectral data was a mixture 
of two O-methylated nucleosides of uracil. 

tThis work was supported by funds from the Division of Cancer Treat­
ment. National Cancer Institute, National Institutes of Health, Contract 
No. NIH-NCI-C-73-3712. 

The failure of these methylation procedures led us to 
seek another approach. Austin, et al.,10 found that, al­
though nucleophilic attack on methyl 2,3-anhydro-/3-D-ri-
bofuranoside occurs predominantly at C-3, sodium methox-
ide attacks the a anomer exclusively at C-2. We have con­
firmed these results, obtaining a good yield of methyl 2-
O-methyl-a-D-arabinofuranoside (1) by this reaction with 
no chromatographic or pmr spectra evidence for the forma­
tion of the 3-O-methyl xylo isomer.! Treatment of the re­
sulting methyl 2-O-methyl-a-D-arabinofuranoside (1) with 
either benzoyl or p-chlorobenzoyl chloride in pyridine 
gave the 3,5-dibenzoylated sugars 2 and 3. Hydrolysis of 3 
gave 3,5-di-0-(p-chlorobenzoyl)-2-0-methyl-D-arabinose 
(4), which was chlorinated with hydrogen chloride in 
methylene chloride. Heating a neat mixture of the chloro 
sugar 5 and 3,4-dimethoxypyrimidine gave a single nucle­
oside, identified by a nuclear Overhauser pmr experiment 
as the 13 or cis anomer 6 in good yield. The p-chloroben­
zoyl groups were removed with methanolic ammonia, 
which also replaced the 4-methoxy group to give the de­
sired l-(2-0-methyl-/3-D-arabinofuranosyl)cytosine (7) 
(Scheme I). Unfortunately, this nucleoside failed to show 
cytotoxicity to H.Ep.-2 cells in culture or to inhibit the 
L1210 leukemia in vivo. The reasons for this failure are 
not vet known. 
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Exper imenta l Sec t ion § 

Methyl 2'-0-Methyl-a-D-arabinofuranoside (1). A solution of 
methyl 2,3-anhydro-a-D-ribofuranoside (146 mg, 1 mmol) and sodi­
um methoxide (1.35 g, 25 mmol) in 5 ml of methanol was refluxed 
for 18 hr before it was neutralized and evaporated to dryness. The 
residue was extracted with acetonitrile (3 x 25 ml), and the ex­
tracts were evaporated to dryness: yield of oil, 173 mg (97%); 
mass spectrum 147 (M - OCH 3 )+ ; pmr (CDC13) <5 3.39 and 3.42 
(2 s, 2 OMe), 3.4-4.1 (H2, H3, H4, 2H5), 2.8-5.4 (very broad, OH), 
4 .9(d ,J i 2 = 1-2 Hz, Hj). 

Methyl 3,5-Di-0-benzoyl-2-0-methyl-a-D-arablnofuranoside 

tEarlier work in these laboratories11 revealed that, contrary to litera­
ture,12-13 ammonia attacks this epoxide at C2 and C3 giving approximately 
equal amounts of the arabino and xylo isomers. 

§Melting points were determined with a Mel-Temp apparatus and are 
not corrected. The pmr spectra were determined in the solvent indicated 
(Me4Si) with a Varian XL-100-15 spectrometer, and the correct integrals 
were obtained for the assignments indicated; chemical shifts quoted for 
multiplets were measured from the approximate centers. The mass spectra 
were determined with a Hitachi Perkin-Elmer RMU-6D-3 spectrometer. 
Chromatographic analyses were carried out on tic plates of silica gel H 
(Brinkmann). The spots were detected by uv light after spraying with Ul-
traphor (WT, highly concentrated) and by charring after spraying with 
aqueous ammonium sulfate. 


