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A facile and general procedure was developed for the preparation of vitamin Be amine oxides and their cor- 
responding 2-carbinol rearrangement products. These compounds served as intermediates in the synthesis of the 
dicarboxaldehyde 2-nor-2-formylpyridoxal 5’-phosphate and of 2-nor-2-formyl-4-deoxypyridoxo1 6’-phosphate, 
an isomer of pyridoxal 5’-phosphate. Both analogs were prepared for the purpose of exploring the spacial con- 
figuration of polypeptide chains at the pyridoxal j’-phosphate site in glycogen phosphorylase (EC 2.4.1.1 ) and 
other enzymes. 

The introduction of st,able covalent bridges bet,ween 
amino acid rrsiduos has been recently utilized as a 
dircct, chemical tml  to provide informat’ion about the 
spacial orientat,ion of polypeptide chains in proteins. 
It occurred to us that this approach, couplcd with a 
syst,cmat,ic application of affinity labcling techniques, 
may rovcal tho architecture of important sites on cn- 
zymes and pcrhaps cont ributc to the elucidation of 
thc catalytic mechanism. 2-Sor-2-formylpyridoxal 5’- 
phosphate (9) and 2-nor-2-formyl-4-dcoxypyridoxol 5’- 
phosphatc (4)2 wtrc synthrsizcd as part of a project de- 
signed t? probe t,hc t’hrce-dimonsional structure around 
thc pyridoxal 5’-phosphate pocket in glycogen phos- 
phorylase (EC 2.4.1.1)3 and a number of othor ctn- 
zymes. Earlier invcstigations indicatod that the ab- 
sence of the 2-methyl group has little cffcct on thc 
activity of the c o f a ~ t o r . ~ ~ ~  Consequently, an addi- 
tional funct’ionalit’y was anchored at this position in the 
expectation t’hat the enzyme will conserve a high dc- 
gree of specificity for this analog and thus promote the 
formation of a bisazomethine cross-linkage a t  the PLP 
site. 

The synthetic pathway, as depicted in Scheme I, is 
based on an irnprovcd two-step synthesis of 2-pyridine 
carbinol analogs serving as intermediates for the final 
products doscribed herein. When m-chloroperbenzoic 
acid5 is employed in either protic or aprotic solvents in 
the cold, a smooth N-oxidation of vitamin Be com- 
pounds proceeds. Although several syntheses of pyr- 

( 1 )  1’. Wold, Methods k’nrumol.. 26B, 623 (1972). 
(2) Abbreviations used are as follows: u-hydroxy indicates the intro- 

duction of a 2‘-hydroxyl group and 2-nor-2-formyl, the reyilacement of a 
2-methyl with a 2-formyl: I’LP. pyridoxal 5’-phosphate; m-CPBA, m- 
chloroperbenzoic acid; PPA, polypliosphoric acid; T H F ,  tetrahydrofuran: 
(TI?AhO, trifluoroacetic anhydride. 
(3) For previous work on this subject see A.  Pocker and E .  15. Fischer, 

Biochemistry, 8 ,  5181 (1969); S. Shaltiel, J. L. Iledrick, A. Pocker, and E. H .  
Fischer, ib id . ,  8 ,  5189 (1969). 

(4) E. E. Snell, Vitam. I lorm. (Neiu York) ,  28 ,  265 (1970); W. Dowhan, 
Jr.,  and E. 12. Snell. J. U i o l .  Chem., 246, 4629 (1970). 

( 5 )  .J. Cymerman Craig and K. K. Purushothaman, J .  Ore. Chem., 88, 
1721 (1970). 

idoxol N-oxide had been publi~hed,~?’ none would seem 
to equal the general applicability or good yields ob- 
tained with this reagent’. Ethanol was frequently 
used as solvent from which the amine oxidos crystal- 
lized out during t’he course of oxygenation. I’rotw- 
tion of a formyl group was effected by hemiacetal for- 
mation; ot’herwisc extensive oxidation to the corrc- 
sponding carboxylic acid is the prcfcrrod pat,hway as 
noticed in the quantitative conversion of pyridoxal 5’- 
phosphate to 4-pyridoxic acid 5’-phosphate. On the 
other hand, carbinol groups arc: attackcd only on a 
limited scale and the rclativoly small improvcmcnts in 
yield do not warrant tho work involved in protection 
and deprotcction. Thus several compounds in the 
vitamin BO group were rcadily converted to thc amine 
oxides with thc cxccption of the 1’12 diethyl acetal, 
which under a variety of conditions gave rise to low 
yields and a number of by-product’s. In a second 
st’ep, an intramolecular rearrangement8 of the amine 
oxides to the corresponding 2-pyridine carbinols was 
effected by trifluoroacetic anhydride [(TFA)20], a rc- 
agent which was not previously utilized for such con- 
versions on a preparative scale.Q We found t,his an- 
hydride to be superior to acetic anhydride in that it rc- 
quired mild conditions for acylation and gave rise to 
fewer by-products. 

With w-hydroxypyridoxol readily available, attempts 
were made to oxidize 7c to 8 by activated manganese 
dioxide. The complex mixture of products thus ob- 
tained was fractionated on an ion-exchangc column and 
was found to include w-hydroxypyridoxal (7a) and 2- 
nor-2-formylpyridoxol as well as other acidic compo- 
nents, but only small amounts of the desired dicarbox- 
(6) T. Sakuragi and F. A. Kummerow, J .  Oro. Chem., 24, 1032 (1959). 
(7) G. R. Bedford. A. R. Katritaky, and 13. M. Wuest. J .  Chem. Soc., 

(8) S. Oae, Tetrahedron. 20, 2677 (1966). 
(9) Trifluoroacetic anhydride \vas previously employed on a preparative 

scale in a Beckmann rearrangement [see W. 1). Einmons. J .  Amer. Chem. 
Soc., 79, 6522 (1957)l and in mechanistic studies of N-0 bond cleavage of 
amine oxides [T. Koenig. ibid. ,  88,  4045 (1966)l. 

4601 (1963). 
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aldehyde. Consequently, 8 was obtained by the se- 
lective oxidation of w-hydroxypyridoxal methyl hemi- 
acetal (7d) followed by acid hydrolysis. Phosphoryla- 
tion of the 5-hydroxymethyl function was effected with 
polyphosphoric acid by well-established l 1  

to afford 9. 
A similar synthesis gave 2-nor-2-formyl-4-deoxypyri- 

doxol 5'-phosphate 4, a cofactor analog possessing a 
divergent orientation of reactive groups around the 
pyridine ring. Likewise, the preparation of why- 
droxypyridoxal j'-phosphate (12), previously obtained 
via an elaborate procedure, l2 is readily accomplished 
starting from 7a (unpublished results). This approach 
constitutes a general route for the conversion of 2- 
mcthylpyridoxol analogs to their 2-formyl derivatives 
and opcns the way to further modifications of this 
position. 

Verification of the structure of the new compounds 
proceeded in a number of ways. Whereas 3-pyridinols 
display in general only one absorption band at acid pH, 
the amine oxides consistently show two strong bands, 
as illustrated in Table I. Therefore, ultraviolet 
spectra served as a diagnostic tool to differentiate the 

(10) E. A. Peterson, H. A. Sober, and A.  Meister, Biochsm. Prep. .  8 ,  29 

(11) M. Iwanani, T. Numata, and M. Muraknmi, Bull. Chem. SOC. J a p . ,  

(12) Y .  Nakai. F. Nasugi, N. Ohishi, and S. Fukui, Vitamins (Kvoto), 

(1953). 

41, 161 (1968). 

88, 189 (1968). 
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amine oxides from their precursors as well as from their 
2-carbinol derivatives. Moreover, the course of N-ox- 
idation can be conveniently monitored by following the 
marked hypsochromic shift (ca. 20 nm) of the r-r* 
transition which occurs in ethanolic solution; the con- 
tribution of the reagent m-CPBA is minimal. Aro- 
matic amine oxides are known to possess low acidic 
dissociation constants and are consequently singled out 
from all other intermediates by migration in an elec- 
trical field and on cationic exchangers. 

Furthermore, the conversion of the bases to the 2- 
carbinol derivatives was established employing nmr 
spectroscopy by following the disappearance of the 2- 
methyl proton signals in the cationic species and the 
appearance of the 2-methylene signals, the latter being 
clearly distinct from both the 4- or 5-methylene peaks 
as reported in Table II.13 The presence of the ring 
proton signal coupled with a positive Gibbs reaction 
given by all tho intermediates ruled out a pyridone 
structure. It has been established that both hydra- 
tion and hemiacetal formation in pyridoxal derivatives 
increases with the acidity of the solution. Conse- 
quently, the aldehydic C-4 proton signal is shifted to a' 
higher field and appears as a doublet, the result of COU- 
pling to one of the 5-methylene protons. The non- 
equivalence of the latter is apparent only at  higher pH. 

(13) W. Korytnyk and R.  P. Singh, J .  Amer. Chm. Soc., 86, 2813 (1963). 
and references cited therein. 
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TABLE I 
ULTRAVIOLET ABSORPTION SPECTRA OF INTERMEDIATES A N D  FINAL PRODUCTS 

Compd 

Pyridoxal N-oxide 

4-Deoxypyridoxol AT-oxide (2) 

Pyridoxol 5'-phosphate N-Oxide (15) 

w-Hydroxypyridoxol N-oxide 

o-Hydroxypyridoxal (7a) 

w-Hydroxy-Cdeoxypyridoxol (7b) 

w-Hydroxy-4-deoxypyridoxol 5'-phosphate (3) 

2-Nor-2-formylpyridoxal (8) 

'2-Nor-2-formylpyridoxal 5'-phosphate (9) 

2-Nor-2-formy1-4-deoxypyridoxol R'-phosphate (4)c 

-0.1 A' H( 
X m x  

29 1 
2.58 
28.5 
258 
293 
260 
300 
262 
288 

3- 
e m x  

4970 
7900 
6500 
4100 
5100 
4800 
5300 
9100 
8000 

282 8300 

282 9200 

315 sh 100 
285 7800 
323 sh 2300 
296 6100 
310 sh 3200 
285 7000 

-Phosphate buffer pH 7- 
hmbx Lmsx 

310 3600 
393 2400 
317 5900 

325 4800 
258 sh 7950 
33 1 5700 

315 7300 
390 100 
313 7400 
252 3900 
313 8500 
252 4000 
368 8300 
255 sh 6800 
41Bb 5500 
2Fj5 sh 5200 
378 5200 
303 3800 
237 9100 

--0.1 .V Na0I-I- 
Amax erne.* 

312a 6200 
387 1800 
31P 7200 

325" 6700 
2.iA sh 7000 
331Q 7500 

305 5400 
390 700 
303 6600 
244 6900 
303 6900 
244 6900 
368 8900 
2R5 sh 6500 
410 ,5900 
2.55 sh 5400 
378 6400 
308 3100 
237 11 #io0 

a Insignificant shifts occurring in the alkaline range indicate that no additional proton dissociation takes place above pH 7. In 50 
mM glycerophosphate buffer (pH 7) containing 30 mM mercaptoethanol, the standard buffer for phosphorylase assay, a considerable 
blue shift to 385 nm occurs. It is tentatively attributed to a selective 
thioacetal formation at  the 2-carbonyl position, since none of the Ccarbonyl derivatives thus far investigated have displayed a shift 
of this magnitude. 

The shift was not observed with glycerophosphate buffer alone. 

c Uncorrected for water content. 

TABLE I1 
NMR SPECTRA OF THE SYNTHETIC INTERMEDIATES AS 

COMPARI<:D WITH THEIR PARENT COMPOC"I)S* 
---froton shifts at  position- 

Compd C-2 C-4 C-5 C-6 

Pyridoxol -156 -298 -286 -498 
o-Hydroxypyridoxol (7c) -302 -299 -289 -497 
4Deoxypyridoxol -156 -141 -285 -487 
w-Hydroxy-44eoxypyridoxol (7b) -298 - 143 - 287 -494 
Pyridoxal -158 -406 -316 -495 

wHydroxypyridoxa1 (7a) 

%Nor-%formylpyridoxal (8) 

- 405 
-302 -408 -319 -503 

- 407 

- 399 
-606b -401 -312 -495 

(I Solutions of the hydrochlorides (10% in DzO) were employed 
for all determinations. Shifts are reported in hertz units a t  60 
MHz downfield from tetramelhylsilane with 1,Cdioxane as 
internal standard. Assignment of peaks is in good agreement 
with published data (see ref 13). * Tentative assignment. 

The low-ficld signal a t  - 606 He observed in 8 is there- 
fore tcntativcly assigned to the 2-formyl proton. This 
peak, however, disappears altogether in the cationic 
species of 9, indicating complete hydration of both 
carbonyl groups, while the protons of the dihydratc 
show as a multiplct centered at  -3S4 Hz. A detailed 
analysis of the nmr signals of the zwittcrionic and 
anionic species is now in progress. Interestingly, the 
infrared spectra of all the carboxaldehydes as deter- 
mined in Sujol mulls did not display the anticipated 
carbonyl strcitching vibration. Apparently this func- 
tion is masked cithcr as a hemiacetal or a hydrate in the 
solid state. 

Preliminary studies with rabbit muscle glycogen 
apophosphorylase indicatc that 9 restores activity to 
the extent of 30%, suggesting that binding to a unique 
eaminolysine group at the PLP pocket O C C U ~ S . ~  How- 

ever, 4 does not markedly reactivate the apoenzyme 
(<l'%), prcsumably as a consequcncc of an unfavor- 
able orientation of substituent groups, although binding 
does occur as verified by characteristic spectral shifts. 
Work now in progress attempts to delineate thc bio- 
chemical significance of these cxpcriments and t o  iden- 
tify thc peptide loop joining the 2- and 4-carboxyalde- 
hydes in 9. Thesc findings will bc published elsewhere. 

Experimental Section 
All chemicals employed were of reagent grade or the highest 

grade available commercially. m-Chloroperbenzoic acid (m- 
CPBA) of 94% purity was kindly provided by the Xorac Com- 
pany Inc., Azusa, Calif. The Aniberlite CG-50 ion exchanger 
was purchased from Mallinckrodt, whereas Ilowex 50-X8 (200- 
400 mesh) was obtained from Bio-Rad. Unless otherwise 
specified, 2.5 X .io or 100 cm columns in the hydrogen ion form 
were employed as required, using water as eluent. Activated 
manganese dioxide was prepared according to Harfenist .I4 Paper 
electropherograms (on Whatman 3MM) were run in pyridine- 
acetate buffer (pH 3.6) for 30 min at  2000 V; distance of migra- 
tion is reported relative to the migration of pyridoxal 5'-phosphate 
and expressed as R p ~ p .  Spots were detected by the Gibbs test;l6 
aldehydes were visualized by the phenylhydrazine reagentlB and 
phosphate esters by the Hanes-Isherwood molybdate stain." 

Ultraviolet spectra were recorded on a Beckman IIK-1 spectro- 
photometer, infrared spectra were obtained with a Perkin-Elmer 
21 spectrophotometer, and nuclear magnetic resonance spectra 
were determined on a Varian A-60 instrument. Melting points 
were taken in a Thomas-Hoover Uni-Melt apparatus and are un- 
corrected. Elemental microanalyses were performed by Alfred 
Bernhard, Elbach uber Engelskirchen, West Germany, and by 
Galbraith Laboratories, Inc., Knoxville, Tenn. 
A Facile Preparation of wHydroxypyridoxa1 Methyl Hemi- 

acetal Hydrochloride (7d).-Pyridoxal hydrochloride (0.05 mol) 

(14) M .  Harfenist. A.  Baverley, and W. A. Lazier, 3 .  Ore. Chem., 19, 1608 

(15) N. D. Giblis, J .  B i d .  Chem., 72, 649 (1927). 
(16) H. Wadaand E. E. Snell, J .  B id .  Chem., 286, 2089 (1961). 
(17) C. S. €lanes and F. A. Ishermood, Nature (London), 184, 1107 (1949). 

(1954). 
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W:IS converted to the ethyl hemiacetal in the usual manner18 and 
the acid was neutralized with 1 equiv of sodium bicarbonate in 
the cold. Salts were removed by filtration and the ethanolic 
solution was chilled to - 10" and used without further purifica- 
tion. A solution of m-CPBA (0.08 mol) in 50 ml of ethanol was 
then added dropwise with stirring and the reaction mixture was 
left in the freezer overnight, when the amine oxide 6 crystallized 
out. .!A small amount of contaminating starting mat,erial wa3 
removed by recrystallization from ethanol. The yield (8.9 g, 
85%) can be increased by submitting the pooled residues from the 
recrystallization steps to one passage through Amberlite CG-50 
cationic exchanger and one additional crystallization from 
ethanol. This product, which does not melt but decomposes on 
heating above 150°, was indistinguishable from a sample obtained 
by the oxidation of pyridoxol "oxide with activated manganese 
dioxide, as established by uv spectroscopy and preparation of the 
known p-toluidine Schiff base.19 

Pyridoxal N-oxide ethyl hemiacetal (6,O.Ol mol) was then sus- 
pended in 50 ml of dry chloroform and chilled to -10'. Tri- 
fluoroacetic anhydride (20 ml, 0.07 mol) was added dropwise wit.h 
st,irring over a period of 30 min, and the solution was held under 
gentle reflux for 6 hr and left to st.and overnight. Following 
this, all solvents were flash evaporated, and the residual brownish 
oil was hydrolyzed by warming in hydrochloric acid and decolor- 
ized with Darco. On evaporation and drying the crude hydro- 
chloride thus obtained was immediately converted into the 
methyl hemiacetal hydrochloride (7d) by a short reflux period in 
absolute methanol. One crystallization from methanol-THF 
gave 2.05 g (88'30) of the pure compound which, like its precursor, 
did not melt but decomposed above 150". 

Anal. Calcd for CoH11N04.HCl: C, 46.26; H, 3.18; N, 
6.00; Cl, 14.95. Found: C, 46.05; H, 5.15; N, 6.20; C1, 
15.18. 

2-Nor-2-formylpyridoxal (8).-w-Hydroxypyridoxal methyl 
hemiacetal hydrochloride (7d, 1 g) was dissolved in a mixture of 
10 ml of methanol and 50 ml of tetrahydrofuran. Manganese 
dioxide "A" (3 g) was added and the reaction was allowed to 
proceed with stirring at  room temperature for 24 hr. The cata- 
lyst was then filtered off and washed thoroughly with methanol. 
The combined filtrate and washings were evaporated and frac- 
tionated on an Amberlite CG-50 column and the product was 
recrystallized from water to afford 0.41 g (51%) of 8 as the white 
monohydrate, mp 167-168" dec. A yellow form is obtained by 
column chromatography on silica gel employing ethanol-chloro- 
form ( 1 : l )  mixture as eluent. On recrystallization from water 
the yellow crystals revert to the white habit. Reduction of both 
forms with sodium borohydride in aqueous solution afforded a 
compound indistinguishable in its spectral and chromatographic 
properties from w-hydroxypyridoxol (7c) .  The compound can 
be detected on paper by the slow change in color of its phenyl- 
hydrazone from yellow to amber and finally to maroon, quite 
distinct from the stable yellow color obtained with 3-pyridinol 
monocarboxaldehydes. It is fairly acidic, as is demonstrated by 
its migration on paper electropherograms (RPLP -0.2) and on 
ion exchangers. 

Anal. Calcd for C8H,N04*H20: C, 48.24; H,  4.55; N, 
7.03. Found: C, 48.45; H ,  4.64; N ,  7.19. 

Azomethine formation proceeds readily with a number of 
amines, such as p-toluidine, I-adamantamine, and p-amino- 
benzoic acid. The bis-p-toluidine Schiff base Crystallized out 
from methanol-water in orange needles, mp 148' dec, as the 
dihydrate. 

A n d .  Calcd for C Z Z H ~ ~ N ~ O ~ . ~ H Z O :  C, 66.82; H, 5.35; N ,  
10.63. Found: C, 66.99; H, 5.10; N, 9.89. 

2-Nor-2-formylpyridoxal 5'-Phosphate (9) .-The bis-p-tolui- 
dine Schiff base of 8 (0.4 g) was submitted to phosphorylation 
with polyphosphoric acid, After one passage through a Dowex 
BO-8X column the fractions containing 9 were pooled and re- 
applied to the recycled column. This treatment removed un- 
identified contaminants which coeluted in t)he first purification. 
Only 40 mg (14%) of pure product was obtained. The low yield 
appears to be due to interference by condensation reactions. 
The phosphate est,er (RPLP 1.7), like the parent compound, is 
dist.inguishable from all other PLP analogs by the maroon- 
colored stain obtained on paper with phenylhydrazine reagent. 

(18) D. Heyl, E. Luz, S. A. Harris, and K. Folkers, J .  Amer. Chem. SOC., 

(19) J. Vidgoff, Ph.D. The&, University of Washington, Seattle, Waahing- 
78, 3430 (1951). 

ton, 1970. 

Moreover, the electronic spectra as shown in Table I are con- 
sistent with an extended r-electron system. 

Anal. Calcd for C E H E N O ~ P . ~ / ~ H ~ O :  C, 35.36; H, 3.36; N, 
5.12; P, 11.48. Found: C, 35.18; I€,  3.62; N, 4.93; P, 
10.88. 
~-Hydroxy-4-deoxypyridoxol 5'-Phosphate (3).-4-Deoxy- 

pyridoxol base (0.02 mol) was dissolved in 130 ml of t.etrahydro- 
furan and treat,ed with m-CPBA (0.03 mol) in the cold. The prod- 
uct was collected by filtration and purified by one passage 
through Amberlite CG-50 and crystallization from ethanol-tetra- 
hydrofuran mixture; the amine oxide (2.8 g, 84%) separates as 
the monohydrate, mp 185' dec. 

Anal. Calcd for CSH11NOI.H20: C, 31.33; H,  6.99; N, 
7.48. Found: C,50.97; H,6.93; N,7.06. 

The rearrangement of 4-deoxypyridoxol Ar-oxide (2 0.03 mol) 
was effected essentially as described under w-hydroxypyridoxal. 
After treatment with Darco and flash evaporation an almost pure 
product (2.9 g 78%) crystallized out), which required only one 
recrystallization from ethanol-ethyl acet,ate mixture mp 184" 
dec. 

Anal. Calcd for CEH11NOS.HCl: C 46.72; H 5.88; N 
6.81; C1, 17.24. Found: C, 46.95; H, 5.45; N, 6.75; C1, 
17.23. 

The synthesis was completed by phosphorylation of 7b (0.03 
g) as described above. The pure compound (0.29 g, 79%) was 
obtained following passage through an Amberlite CG-50 column 
and crystallization from water-ethanol mixture, from which i t  
separates as slender white needles. On paper electropherograms 
at  pH 3.6 or 6.5 the migration of 3 is almost, identical with that of 
its isomer pyridoxol 5'-phosphate. However, a good separation 
can be accomplished by tlc on polyamide sheets in n-butyl 
alcohol-acetone-acetic acid-ammonia-water mixture (3.5: 2.5: 
1.5:1.5:1.0) with Rr's of 0.52 and0.13, respectively. 

Anal. Calcd for CEH12NOgP: C, 38.66; H, 4.86; N, 5.62; 
P,  12.43. Found: C,38.30; H,4.79; N,3.74; P,  12.42. 
2-Nor-2-formyl-4-deoxypyridoxol 5'-Phosphate (4).-w-Hy- 

droxypyridoxol 5'-phosphate (3, 0.2 g) was dissolved in 5 ml of 
4 N H2S04 and chilled to -15'. Rlariganese dioxide "A" 
(0.8 g)  was added and the mixture was kept; in the freezer with 
stirring for 35 hr, when the catalyst was filtered off and washed 
with a small amount of ice-cold water. The filtrate was neu- 
tralized in the cold with ;io% sodium hydroxide and chroma- 
tographed on an Amberlite CG-50 column in the dark. Frac- 
Lions containing the carboxaldehyde were pooled and evaporated, 
then rechromatographed to remove a small amount of con- 
taminating starting material. Compound 4 (78 mg, 39%) was 
obtained as a yellow, glassy solid containing variable amounts of 
water and defied crystallization. The spectral properties of this 
compound (Table I )  are consistent with a 3-hydroxy-2-pyridine 
aldehyde structure and are markedly different, from that of PLP. 
On paper electropherograms 4 migrates as a single spot ( & I ~ L P  
1.5), gives a strong greenish color with Gibbs reagent and a bright 
yellow color with phenylhydrazine, and displays a green fluores- 
cence when exposed to ammonia vapor. 

Pyridoxol N-Oxide 5'-Phosphate (15).-a4,3-0-Isopropyidene 
pyridoxol base20 (13,O.Ol mol) was dissolved in 50 ml of dry chloro- 
form and m-CPBA (0.015 mol) was added dropwise with cooling. 
After standing overnight in the cold, 2.2 g (98%) of the product 
was isolated by chromatography on basic alumina6 and purified 
by one crystallization from tetrahydrofuran, mp 173". Hydro- 
lysis of the acetonide afforded a substance identical in melting 
point and uv absorption with that obtained by the direct oxida- 
tion of pyridoxol with m-CPBA or with peracetic acid.6 

Anal. Calcd for Cll1116N0,: C, 58.65; H,  6.71; N, 6.22. 
Found: C, 58.66; H,  6.77; N, 6.15. 

a4,3-O-Isopropylidenepyridoxol N-oxide (1 g )  was phosphoryl- 
ated with polyphosphoric acid in the usual manner. On acid 
hydrolysis and one passage through an Amberlite CG-50 column, 
0.76 g (66%) of pure pyridoxol N-oxide-5'-phosphate (15) was 
obtained. The structure of the final conipound was verified by 
mobility on paper electropherograms ( R I T , ~  2.2) and spectral 
analysis (see Table 1). Attempts to effect the rearrangement of 
the phosphorylated aminc oxide resulted in a number of un- 
identified side products. 

Anal. Calcd for C ~ H ~ ~ N O ~ P * ~ . ~ H Z O :  C, 30.97; H ,  5.52. 
Found: C, 31.36; H ,  6.37. 

(20) W. Korytnyk and W. Wiedeman, .I. Chem. SOC., 2351 (1962) 
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w-Kydroxyppridoxol N-Oxide.-Oxidation of w-hydroxy- Fischer for his interest and encouragement and to Mr. 
pyridoxol with m-CPBA in ethanol as described above afforded B, xist of the Chemistry Department, university of 

Washington, Seattle, for assistance with the nmr instru- the title compound, mp 160’ dec, in 7,5% yield. 
Anal. Calcd for CJW!”s: C, 47.76; H, 5.51; N, 6.96. 

Found: C,47.80; H,5.44; N, 7.02. ment. 
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3‘-Amino-3’-deoxythymidine 5’-phosphate (10) and 5’-amino-5’-deoxythymidine 3’-phosphate (18) were 
prepared. Compounds 10 and 18 are analogs of deoxythymidine 5’- and 3’-phosphates in which the 3’- and 6’- 
hydroxyl groups are replaced by amino groups. The synthetic sequence leading to 10 and 18 involved the 
synthesis of 3’-azido-3’-deoxythymidine (5) and 5’-azido-5’-deoxythymidine (15) by different multistep path- 
ways. Phosphcrylation of 5 and 15, followed by removal of the protecting groups, gave nucleotides 9 and 17 
which contained azide groups in the 3’ and 5’ positions, respectively. The azide group was unaffected by these 
transformations. Catalytic reduction of the ahide groups of 9 and 17 gave the title compounds 10 and 18 in good 
yield. Moreover, 10 and 18 formed crystalline inner salts, 11 and 19, respectively, which facilitated purification 
and characterization. In  addition, 10 was converted into 3’-chloroacetamido-, 3’-iV-(O-ethylcarbarnoyl)-, 
and 3’-heptafluorobutyramido-3’-deoxythymidine 3’-phosphates (12, 13, and 14, respectively) and 18 was con- 
verted into 3’-acetamido-, 5’-chloroacetamido-, and 5’-AV-(O-ethylcarbamoyl>5’-deoxythymidine 3’-phosphates 
(20, 21, and 22, respectively); these derivatives were candidate active-site-directed inhibitors of a nuclear exo- 
ribonuclease isolated from nuclei of mammalian cells. 

The presence of 3’-amino-3’-deoxy-p-~-ribofuranosc 
moiety in the antibiotic puromycin4 has stimulated 
considerable interest in other amino sugar nuclcosides 
and nucleotides as pharmacological agents. Furthcr- 
more, several Oypes of 3‘-deoxy or 3’-amino-3’-deoxy 
nucleoside and nucleotide analogs have been reported 
to inhibit the synthesis of nucleic acid and, a t  least in 
some cases, the inhibition is due to  incorporation of a 
nucleoside which cannot support further chain elonga- 
tion. Thus, 3’-deoxyadenosinc has been shown to 
inhibit the synthesis of both D S A  and RNA in Ehrlich 
ascites tumor c c l l ~ . ~ , ~  Other studies6,’ have dcmon- 
strated in vi2l.o inhibit,ion of R S A  synthesis by 3’- 
dcoxyadenosine 3’-triphosphatc, catalyzed by RNA 
polymerase. Also described was inhibition due to 
incorporation of 3’-deoxyadcnosine at thc 3’ terminus 
of the growing RKA molecule. The absence of 3’- 
hydroxyl function in this position pr0hibit.s further 
chain elongation. 3’-Arnino-3’-dcoxyadenosince and 

(1) Paper 111: 

(2) A preliminary account of a portion of this work has appeared: 

R. P .  Glinski and M. B. Sporn, Biochemistry. 11, 405 
(1972). 

R .  P. 
Glinski. M. S. Khan, R. L. Kalamas, C. L. Stevens, and M. B. Sporn, Ckem. 
Commun., 915 (1970). 
(3) This investigation was supported hy NIH Contract P H  43-66-929. 
(4) J. J.  Fox, K. A .  Watanahe, and A. I3lock, Progr.  Nucl. Acid Res. M o l .  

(6) H.  Klenow, Biochem. Biophys. Acta., 76, 347,354 (1963). 
(6) H. T. Shigeura and C. N. Gordon, J. Biol. Ckem., 240, 806 (1965). 
(7) H. T. Shigeura and G. E. Boxer, Biochem. Biophys. Res. Commun., 

(8) H. T. Shigeura, G. E. Boxer. M. L. Meloni, and 8. 1). Sampson, 

Biol., 6, 261 (1966). 

11, 758 (1964). 

Biochemistry, 6, 994 (1966). 

3’-deoxyguano~inc~ appoar to function in a similar 
manner. 

The synthesis of 3’-amino-3’-dt:oz;Sthymidine 5’- 
phosphate (lo), ~’-amino-;i’-dcoxythjirnidinc 3’-phos- 
phatc (18), and dcrivatives containing a haloacctamido 
inactivating group was undertaken in these labora- 
tories as part of a program davot>ed to thc dcsigri of 
candidate active-site-directed inhibitors of a nuclear 
exoribonuclease. The (~xoribonucleasr, iso1atc.d from 
the nuclei of mammalian c(:lls, selectively dcgradcs 
single-stranded, newly synthesized nt-RKA from thc 
3’ end, liberating nucleotides with a 5’ phosphate 
groupi0 The enzyme has affinity for mononucleotides 
and oligonucleot’idcs, but not for uncharged nucleo- 
sides. In addition, the enzyme is present in relatively 
large amounts in neoplastic tissues, rclativc to most 
normal tissucs, l 1  thus enhancing the importance of thc: 
acquisition of sclectivc: inhibitors of nuclear cxoribo- 
nuclease in studying normal and abnormal nucleic acid 
metabolism. This papc’r describes the synthcsis, 
purification, and characterization of these novel nu- 
cleotides; detailed biochemical rrsults will be dcscribcd 
elsewhere. 

The key concept underlying the successful prepara- 
tion of compounds 10 and 18 was the us(: of stable 

(9) C. 0. Gitterman, R. W. Burg, G. E. Boxer, D. AMeltz, and J. Hi t t ,  

(10) M. B. Sporn, D. If. Berkowitz, R. P .  Glinski, A. B. Ash and C. L. 

(11) >I. B. Sporn, H. AI. Lasarus, J. ?d, Smith, and W. R.  Henderaon, 

J. M e d .  Chem., 8, 664 (1968). 

Stevens, Science, 164, 1408 (1969). 

Biochemistry, 8, 1698 (1969). 


