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Pentacoordinate phosphorus is considered as an intermediate ofScheme 2
transition state in the formation or hydrolysis of biologically relevant yBu OJ(
phosphorus compounds, for example, DNA, RNA, and c-AMP. °
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the present time. Efforts to obtain solid-state structural information “*" Jsopropylidene-D- s
on pentacoordinate phosphorus containing nucleosides have not glucofuranose

been successful despite studiésthat have extended over the past
30 or so years. Most of these studies focused on solution NMR
measurements and, in many cases, were performed on reactio
mixtures without product isolation. However, phosphoranes con-
taining the amino acids, valine and isoleucine, have been structurally
characterized?
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rIS(:heme 2). The carbohydrate-based phosph@@eeely soluble
in hexane and, hence, posed a problem in crystallization. However,
direct crystallization from the oil that formed in the synthesis was

We surmised that the principal reason that the studies were successful in providing reasonable crystals for X-ray analysis and

unsuccessful was due to the fact that the phosphoranes are ver)Pure enough samples for NMR studies. Both of these phosphoranes
are very stable to water in low polar solvents. They undergo

sensitive to moisture, especially in the presence of the ribose syste S : :
. " . ydrolysis in solution on prolonged exposure and decompose fairly
as it is most often water soluble or hydrophilic. Further, the ribose- 7 S o
quickly in high polar solvents, such as acetonitrile.

based phosphoranes usually form powders from low polar solvents Phosphorand may be considered as a model transition state in
that are necessary to keep the phosphoranes stable. In the case %e hydrolysis of a structural part of DNA. The geometry of

nucleosides, solubility is limited to highly polar solvents, such as . o . . .
pyridine, dimethylformamide, or dimethyl sulfoxide, which are not pentacoordlnateq phosphorahis trigonal bipyramidal (Figure 1)
asis pentacoordinated phosphorane

a good choice for the sensitive phosphoranes. To overcome thes

problems, we selected two systems, one cyclic and one acyclic, c_,'s(\

that would improve solubility, stability, and crystallizability. This @ o A )c3o

strategy provided the first crystalline samples of biorelevant 26 “YY?“,Q 2 \{27

phosphoranes that were stable enough to be handled freely in o A OC“’
. " ) S . 23

ambient conditions. In this communication, we report the synthesis W

and first crystal structures of biorelevant nucleoside and carbohydrate- cst\

based phosphoranesand2, respectively.
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The nucleotidyl phosphorank was synthesized in 90% yield 13 ¢ j Y o8 o ! \OC
by reacting 2,2ethylidenebis(4,6-diert-butylphenyl)fluorophos- ; p 06 o ¢
\C14 c3 w

phite 3 with thymidine in the presence bdf-chlorodiisopropylamine o3
in dichloromethane (Scheme 1). The carbohydrate-based phospho- W@cm CBC“’
OCS]

[o]
O o o =("’§/ Figure 1. ORTEP? diagram ofl (at 50% probability level with hydrogen
SR + o N atoms omitted for clarity). Only one set of the disordetexd-butyl group
3)

C25

Scheme 1

N— PANCUCHC, atoms is shown (with suffix “A”).

Thymidine The X-ray structure of phosphorarieshows that the eight-

oﬁ/ﬁﬁ mer_n_bered' ripg has an.anti-conforr_nation an_d occupies die.quatorial
O N positions similar to earlier observatioHsThe six-membered ribose

?/17, ring occupies axiatequatorial sites as expected. NMR studies show

i 007 0,
=t S‘;# s—(— O\QN/I that 1 exhibits isomerism (Scheme 1). The NMR datalashow
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that there is only one isomer in solution which is different from

3 s aB) ° that found in the solid state. There are two protons from the ribose

X-Ray Structure moiety with high shielding of more than 1.5 ppm. Such shielding

can arise only if two of the ribose protons are in the shielding region

rane 2 was synthesized by reacting tris(2,4tdit-butylphenyl)- of the aromatic ring. This leads to the structure with the primary
phosphited with 1,2-O-isopropylidenea-p-glucofuranosé in the alkoxy group placed in the axial position that is sandwiched between

presence oN-chlorodiisopropylamine in dichloromethane solution the aromatic rings. Similar shielding has been observed earlier,
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resulting in more than 1 ppm upfield shift for proto¥{415 This 4 §(«’a1) FUHHZ; l;_an, B.:CZhhao,zgagélTul,Z%.-(Zbg )z(ﬁ L.;YLuéQi\;AWanZg, \3\./-2.;
: P 1ao, H.-£. bloorg. em , . ou, Y.-S.; Miao, £.-W.;
leaves the secondgry alkoxy group to occupy th_e equatorial position. Feng, Y.-P.; Zhao, Y -FSynth. Commur2001, 31, 631. (¢} Zhao, Y -F.:
The P-F coupling for an equatorial bond in a tetraoxyphos- Ehoﬁ' y.-'S:.SyntQ. gorghmurﬁgo%so,l2?597(d3)723h?n)gé”.-1;XChZehn, X,
u, H. Y.; Feng, Y. P.; Zhao, Y.-FSynlet 4 . (e en, X.; Zhang,
phorane was Observe.d to be 922.5 Hin phOSphlora.nd‘ the . N.-J,; Li, Y.-M.; Jiang, Y.; Zhang, X.; Zhao, Y.-H.etrahedron Lett1997,
values were far lower (in the order of 767 Hz), confirming the axial 38, 1615. () Chen, X.; Zhang, N.-J.; Ma, Y.; Zhao, Y.-Phosphorus,

; ; ; i ; Sulfur Silicon Relat. Elem1996 118 257. (g) Chen, X.; Zhao, Y.-F.
placement. Since the sandwiched axial position is used by the Synth. Commuri995 25, 3691

alkoxy group, the fluorine atom must be in the other axial position.  (5) (a) Broeders, N. L. H. L.; Koole, L. H.; Buck H. Mdeteroat. Chem.

f _ 1991 2, 205. (b) Broeders N. L. H L.; Koole . H.; Buck, H. M. Am.
In the solid state, as seen from the X-ray structure, the groups at Chern. $001990 112, 7475. () Koole, L. H.: Van. G.: Marcel H. P.:

the axial positions have interchanged. Buck, H. M. J. Org. Chem1988 53, 5266. (d) Buck, H. M.; Koole, L.

Al i i i i H.; Van, G.; Marcel H. PPhosphorus Sulfur Relat. Elert987, 30, 545.

_ The five-membered glucose rlng_l?mccuples aX|a+equator_|aI (&) Koole, L. H.- Moody, H. M.. Buck, H. MRel. Tra. Chim. Pays-
sites as expected. In phosphorghen contrast tol, the bulkier Bas1986 105, 195A. (f) Van, O.; Peter, J. J. M.; Buck, H. NRecl: J
secondary alkoxy group occupies the axial position, while the less R. Neth. Chem. So¢984 103 119.

. y Y9 P P . P . - . (6) (a) Huang, Y.; Sopchik, A. E.; Arif, A. M.; Bentrude, W. G. Am. Chem.
bulky primary alkoxy group occupies the equatorial position. This Soc 1993 115 4031. (b) Yu, J. H.; Arif, A. M.; Bentrude, W. GL. Am.
suggests that the energy difference should be small. The proton Chem. Soc199Q 112, 7451. (c) Yu, J. H.; Sopchik, A. E.; Arif, A. M.;
NMR t f oh h n2d t sh diff Bentrude, W. GJ. Org. Chem199Q 55, 3444. (d) Bentrude, W. G.; Yu,

spectrum of phospnora 0€s not show any dairrerence J. H.; Sopchik, A. EPhosphorus, Sulfur Silicon Relat. Elet99Q 51—

between axial and equatorial aryloxy groups. This suggests that @ 22, 7h3- (e\)/Y/;J, JK. H.;tBenter% V\IS G.etrahezdr&n Lﬁ_tft19t89 3% %95.
: . ychev, V. A.; Koroteev, M. P.; Dzgoeva, Z. M.; Nifant'ev, E. Buss.
the molecule should undergo a fluxional process, possibly by a 3. Gen. Chem2001, 71, 188.

Berry pseudorotation process, which allows all of the groups to be  (8) Katalenic, D.; Skaric, V.; Klaic, BTetrahedron Lett1994 35, 2743.

equilibrated to give averaged signald® ©) ng’f%’% Rl.olg.z;.SWamy, K. C.K.; Holmes, J. M.; Day, R.IGorg. Chem
(10) Burton, S. D.; Swamy, K. C. K, Holmes, J. M.; Day, R. O.; Holmes, R.
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