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Abstract  Conformational analysis of a novel nucleoside analogue, 1-(1-Deoxy-B-D-psicofuranosyl)thymine
(3) 1s described The structure of 3 differs from the natural nibonucleoside counterpart 4 in that a methyl group
replaces H1' Conformational analysis of 3 was based on the vicinal proton-proton J-coupling constants J53,
J3q+ Jg's,, and J g5+, which were measured at 500 MHz for different solvents, and at different sample
temperatures Although merely two J-coupling constants are available for conformational analysis of the
furanose ring in 3, it can be concluded that a preference exists for a North-type puckered conformation A

comparison 1s made with 1-(B-D-ribofuranosyl)thymine (4) which shows almost an equal populanon of

pseudorotamers in North 2 South conformational equilibrium of the ribose moiety Molecular mechanics
calculations using the MM2 force field yield molecular structures that are in excellent agreement with the NMR
data, both for compounds 3 and 4 Thus, it can be safely concluded that the Me group on C1’in 3 has a
pronounced impact on the furanose conformation by driving its conformational equilibrium towards the North
form The North conformation of 3 appears to correspond with pseudo-equatonial locanon of the Me group,
which is stenically favoured

Decoyimine (Angustmycin A) 1 and Psicofuranine (Angustmycin C) 2 are well known adenine ketose naturally
occurring nucleosides! They have antibacterial and antitumor activity, and are noncompetitive nhibitors of
xanthinemonophosphate aminase? They are extremely susceptible to hydrolysis under acidic condition The
additional hydroxymethyl group at C1' in the sugar moieties of both Decoyinimne 1 and Psicofuranine 2 make
them umque amongst all naturally-occurring nucleosides3 We have been interested to incorporate this unique
one extra carbon appendage at the anomeric center 1n pynmdine nucleosides which have exhibited HIV-specific
anti-retroviral activities#-23 We reasoned that this unique functionalization at C1' by a single carbon
homologation may dictate some specificity against HIV reverse transcriptase In our attempts to do so we chose
to prepare the corresponding C1'-(Me) derivative?? instead of C1'-(CHyOH) siumply because of the steric
considerations We herein report our studies on the conformational implication of introduction of the C1'-(Me)
group, as in 1-(1-Deoxy-B-D-psicofuranosyl)thymine (3)24, compared to 1-(B-D-nibofuranosyl)thymine (4)40,
first by 500 MHz IH-NMR spectroscopy and the data analysis by well-known pseudorotation concept, and
finally we arrtve at an explicit model of the preferred conformation of 3 1n solution through a set of molecular
mechamcs calculation using Allinger's MM2 force field

(A) Conformational analysis based on vicinal proton-proton J-coupling constants Our 500 MHz TH NMR
studies on compound 1 were focussed primarily on the vicinal proton-proton coupling constants, 1€, Jp3,

J34, J45 and J45¢ The couplings J4'5: and J45» provide a direct means to determine the conformation around
the C4'-C5' bond25:26 As 1s well known, the conformation around this bond can be nterpreted in terms of a
rapid equihbrium over the staggered rotamers ¥+, ¥ and v The calculated rotamer populations for the C4'-C5'
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bond 1n 3, as measured under different experimental conditions, show that y* and Y rotamers are
approximately equally populated (47% and 48%, respectively) and prefered to Y rotamer (5%) The data on
compound 3 are summarized in Table 1. The coupling constants J53: and J34+ were used to monitor the
conformation of the modified ribose ring 1n 3 Clearly, the introduction of the Me group at C1' cuts down the
number of vicinal proton-proton constants from three (1n ribonucleosides) to two in 3 The well-known
pseudorotation concept 27 provides the most convenient way to describe the conformation of (modified)

Table 1  J-couplings (Hz) of 1-(1-Deoxy-B-D-psicofuranosyl)thymine (3)

Solvent D,0 DMSO-dg Pyndine-ds
Temp = T geC 19°C 30°C 19°C 19°C

I3 47 48 48 44 45

Jya 71 71 70 87 83

Jys 29 31 32 26 26

Jas 58 58 59 43 40

furanose rings Only two parameters are needed to characterize the nng geometry a maximum puckering
amplitude v, which defines the extent of puckenng of the furanose ring, and a so-called phase angle of
pseudorotation (P) which indicates which part of the ring 1s bent The parameters vy, and P are directly related
to the set of endocychc torsion angles vo[C4'-04'-C1'-C2'], v,[04'-C1'-C2'-C3'], v,[C1'-C2'-C3'-C4'],
v3[C2'-C3'-C4'-04'], and v4[C3‘-C4'-O4'-C1']28 The dynamic behaviour of nucleosides and nucleotides 1n
solution can often be interpreted in terms of a two-state equilibrium, form I 2 form I Clearly, five parameters
are needed to describe such a conformational equilibrum v, and P of forms I and II and a mole fraction
showing the relative participations of forms I and II

Although nothing 1s known a prior: about the pseudorotational dynamices of compound 3, 1t 1s clear that even
the stmplest case of a two-state conformational equilibrium poses a serious problem to conformational analyss,
since only two observables (Jo-3 and J3y4) are available The common remedy to this situation 1s to measure
vicinal coupling constants over a range of temperatures?9 Varying the sample temperature will change the
posttion of the equilibnum, rather than the conformational properties of the individual forms For structure 3
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this would mean that each new sample temperature adds two values to the experimental J-coupling data set,
while only one extra parameter has to be calculated (1 ¢ the mole fraction for that particular temperature)

Table2  J-couplings (Hz) of 1-(B-D-nbofuranosyl)thymine (4)

Solvent ' D,0 o DMSO-d6 Pyndine-ds
Temp = 80C 19°C  30C  45C  80°C  19°C 19°C

Jro 47 48 48 51 48 58 48

I3 54 55 55 54 56 52 51

Jyg 52 52 52 53 51 . 45

Jgs 29 30 31 31 31 - 27

Jase 42 43 44 45 45 34 27

For this reason, we have attempted to measure Jy3: and J34 at dxfi'erent temperatures It was found, however,
that compound 3 decomposes for temperatures higher than 35 °C, while for lower temperatures only minute
changes of the J couplings could be detected Essenuially, this means that the conformational analyss of the
modified nibose ning 1n 3 poses a severely underdetermined problem

Imually, a graphical method was chosen to translate our values for Iy and J3:4 1nto a rough structural model
of the modified ribose ring Figure 1 shows the calculated dependence of Jo13 and J3:4 on P, the phase angle of
pseudorotation The three curves 1n Figure la correspond to fixed values of v, at 35°, 40° and 45°,
respectively The calculations were based on (1) the empirically generalized Karplus equation as developed by
Altona et al ,25 which relates vicinal proton-proton J-coupling constants to proton-proton torsion angles, and
(1) the relanons ¢[H2'-C2'-C3-H3'] = 24° + 1.06 v, and ¢[H3'-C3'-C4'-H4'] = -124 0" + 1 09 v5 30
Closed curves are obtained as P vanes from 0° (North region) via 180° (South region), to 360° (North region)

The experimental data points, which represent time-averaged values of the J-coupling constants 1n each of the
participating conformers, nearly coincide at the spot (Jo3» = 4 7-4 8 Hz, J3y4: = 7 0-7 1 Hz), which 1s close to
the North region 1n all three graphs This shows that the modified ribose ring 1n 3 1s biased towards a North-
type conformation Clearly, the position of the experimental data points 1s determined by the J-values n each of
the conformers participaung 1n the conformational equilibrium, and their mole fractions In the case of a two-
state equilibrium, this means that the experimental data points are found on the line (conode) that connects the
P-values for the two participating conformers 3132 In this respect, 1t 1s of mterest to note that the experimental
data pounts are offset from any conode that can be drawn between the points on the curve for vy, = 35° This
means that the puckening amplitude of the furanose ring in 3 must exceed 35° For the curves vy, = 40° and vy,
= 45° 1t 15 possible to construct conodes between € g the North and South regions, such that the experimental
data ponts fall on the conodes If done so, 1t follows that the conformation 1s biased towards the North-type
conformation (> ca 80 %) It 1s of interest to note that this conclusion remain valid if the modified ribose ning
m structure 3 would be 1nvolved 1n a more complex conformational equilibrium (e g between three states) Ina
subsequent alternative analysis, we used the program PSEUROT?? for the translation of our J-couplings 1nto a
conformational picture of the modified nbose ring in 3 PSEUROT calculates the best fit of the five
conformational parameters needed to characterize a two-state conformational equilibrium (vide supra) to the set
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of experimental vicinal couplings PSEUROT was run under the assumption that the puckening amplitudes in
both participating conformers are equal Mimmal root-mean-square error was found for vy, = 38 5°, the two

Table 3 Pseudorotatonal & MM2 Calculations 1-(1-Deoxy-B-D-psicofuranosyl)thymne (3)

PSEUROT Pseudorotational parameters from
Analysis MM2 Calculations
Syn, v+ Ann, vt Syn, 1 Ann,
(Fig 2a) (Fig 2b) (Fig 2¢) (Fag 2d)
6[H2'-H3'T* 42.1° 47 5° 45 6° 46 3° 47 Q°
o[H3'-H4']* -157 5° -160 6° -161 0° -158 3° -159 0°
Vo 14 05° 17 0° 14 6° 177° 17 8°
vy -3243° -369° -34.8° -36 8° -37.2°
A7) 38 43° 41 3° 402° 40 6° 412°
V3 -29 75° -330° -332° -31 8° -323°
A7 9 70° 10 2° 11 8¢ 89° 92°
P 340 -4.8° -20° -6 3° 61°
Vmn 38 5° 41 4° 40 2° 409° 41 4°
% N 80
Stenic Energy 25 857 24373 2574 24 085
(Kcal/mol)
Y (deg)® 56 8° 56 7° 178 9° -177.6°
X (deg)= -24 6° 173 4° -127° 174 6°

* 9[H2-C2-C3-H3], ¥#¢[H3-C3-C4'H4], ¢ $[05-C5-C4-C3], = $[C2-N1-C1'-04]

participating conformers are predicted to have the phase angles P = -3 4° (North) , and P = 150 3° (South),
with a mole fraction x(North) = 80% The calculated proton-proton torsion angles ¢[H2'-C2'-C3'-H3") and
0[H3'-C3'-C4'-H4'] 1n the North form are 42 1° and -157 59, respectively At this pont, we have compared
the structure of 3 with the conformational features derived from the 500 MHz 1H-NMR of 1-(B-D-
ribofuranosyl)thymine (4) The PSEUROT analysis of J-couplings of 4 showed that the population of North
and South conformers 1s approximately equal (Table 4), and the rapid equilibrium over the staggered rotamers
v+, 4t and y- population for the C4'-C5' bond 1s favoured to Y+ (65%) while the population of 1 1s 30% and ¥

rotamer 1s 5%

(B) Molecular Mechanics Calculations In order to arrive at a more explicit model of the preferred
conformation of 3 mn solution, a set of molecular mechanics calculation were carned out, using Allinger's MM2
method33 Starting geometries were generated on the basis of the conformational information as deduced from
J-couphing analys:s (vide supra) Thus, the MM2 calculations served to refine the expenimental data We
decided to examine four distnct starting structures, taking mnto account that structure 3 poseses three important
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Table 4 Pseudorotational & MM2 Calculations of 1-(B-D-nbofuranosyl)thymne (4)

North conformer South conformer
PSEUROT Parameters from PSEUROT  Parameters from
analysis MM2 analysis MM2
Calculations Calculations
vo 99° 23° -330° -32¢9°
Vi -29 7° -261° 38.0° 387°
A7) 38.15° 377° -28 5° -29 4°
V3 -32 04° -38 4° 81° 11 35°
V4 13.7° 22 9° 15 4° 13 5°
P 30° 15 9° 138 2° 140 8°
Vi 38 2° 39 2° 38 2° 37 9°
% N 45 55
Steric Energy 20 403 2037
(Kcal/mol)
v (deg)® 59 4° 58 3°
X (deg)= -162 0° —147 5°

¢ $[05-C5'-C4'-C3], = ¢[C2-N1-C1'-04]

degrees of conformational freedom, namely pseudorotation of the furanose moiety, rotation around the C4'-
C5' bond, and rotation around the C1'-N1 bond34 In view of the NMR results, all calculations were started
from a North-type puckered furanose ring, and either a ¥* or 4t conformation around the C4'-CS5' bond The
conformation around the glycositdic C1'-N1 bond was put 1n either the ani or the syn range since 1t was not
possible to obtain any three-bond J-couplings between C2-H1' or C6-H1' 37.33 While 1t 1s known that
pyrimidine bases have a strong tendency for anti conformation, we anticipated that a syr conformation for 3
can not be disregarded Space-filling models seem to indicate that the presence of the Me group on C1' can
sterically interfere with O2 1n the case of anft conformation, 1 ¢ the Me group on C1' could therefore induce a
preference for syn The four distinct starting structures can be charactenized as follows (1) North furanose
ring, y* for the C4'-C5' bond, syn for the C1'-N1 conformation, (1) North, ¥*, anti, 1) North, W, syn, (1v)

North, %, anti Table 3 summanzes the most important geometrical and energetic parameters that were obtained
after optimahization of the geometry, using the MM2 force field The optimized structures are also graphically
shown by ball and stick model 1n Figures 2a, 2b, 2c and 2d, respectively Comparing the steric energies, 1t 1s
obvious that MM2 predicts anti onentation of the base to be preferred over syn onentation by ca 1 5 Kcal/mol
(Table 3) The glycosidic torsion angle 1s predicted to be approximately 174° for ani structures (Figures 2b &
2d, Table 3) The molecular models corroborate that the steric hindrance between the Me group on C1' and the
base moiety 1s not of major importance 1n this geometry Another important conclusion that can be drawn from
the calculational results 1s that structures depicted 1n Figures 2a to 2d have virtually converged to the same
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Fagures 2a - 2d  Molecular mechanics (Alhinger's MM2 force field) optimized structures for 1-(1-
Deoxy-B-D-psicofuranosyl)thymine (3) (2a) North, ¥+, syn , (2b) North, ¥+, ann, (20) North, ¥,
syn, (2d) North, 1, antr Note the puckering amplitudes [vy] 1n all four optimized structures are
between 40 2 and 41 4° and the phase angles (P) are between -6 3 to -2 07, which correlate very

favourably wath the results from PSEUROT analysis [Vy, = 38.5° and P = -3 4" for the preferred North
form (~80%)
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geometry for the modified nibose The puckering amplitudes in all four optimized structures are between 40.2
and 41 4°, and also the phase angles fall in a very narrow range (-6.3 to -2 0°} Interestingly, these resulits
correlate very favourably with the results from PSEUROT analysis (vide supra, Table 3), which yielded a
puckering amplitude of 38.5 ° and a phase angle of -3 4 *for the most preferred North form Also, a companison
of the proton-proton torsion angles ¢{H2'-C2’-C3"-H3'] and ¢{H3’-C3’-C4’-H4’] shows a very close
correspondence between the PSEUROT derived structure, and the MM2 calculated structure, started from
geometries (1) - (1v)

Discussion  Despite the fact that only two vicinal J-coupling constants are available for conformational
analysts of the modified nbose ring 1n 3, 1t can be safely concluded that a preference exists for a North type
ring conformation NMR data and molecular mechanics calculations support this conclusion unequivocally
Examining the North conformation more 1n detail, 1t 1s clearly seen that the Me group assumes a pseudo-
equatorial location with respect to the furanose ring Conversely, the thymine base 1s 1n a pseudo-axial location
Perhaps the best visuahization 1s given via the Newman projection along the C2'-C1' bond (Fagure 3) Figure 3
clearly illustrates that the Me group 1s more remote from the furanose nng 1n the case of a North conformation,
than for a South conformation The conformational properties of compounds 3 (Table 3) and 4 (Table 4)
should be discussed in terms of at least two effects First, the aglycon base tends to adopt a pseudoaxial
location, 1n which an antipeniplanar onientation of the C1'-N1 bond, and one of the lone-pairs on 04' 1s

Ny

OH Hy'
Ny
(A) _ Cy
VA el MeH)
04 OH ]
b
North
[dl
Hy
OH
C4 Oy N,
N, (AN
(B) %A( = Cs
Me(H) ,
South e(H)

Figure 3 Newman projections along the C2-C1' bond i compounds 3 and 4. The location of the Me group at C1' 1s clearly
distant (as indicated i the Newman projection by [d] with the arrow) from the furanose ning (C3'-C4') 1n the case of the North
conformation (A) [d(CH3,C4") =3 517A], [d(CH3.C3) =3 746A] & South conformation (B) [d(CH3,C4" = 3.279A, [d(CH3,C3")
=3196A]] An altemative measure for the location of the methyl group with respect to the furanose ring 1s provided by the torsion
angles ¢[C3'-C2"-C1"-Me] and $[C4'-04'-C1'-Me] For the North conformation (A) $[C3'-C2'-C1'-Me] = -150 6° and $[C4'-O4'-
C1'-Me] = 135 4°, for South conformation (B) ¢[C3'-C2'-C1'-Me] = -80 3* and $[C4'-04'-C1'-Me] = 94 0"

achieved This geometry permits maximal n - 6* ovetlap (anomerc effect)3S Secondly, it 1s known that bulky
ning-substituents tend to occupy a (pseudo-) equatonal location 1n order to minimize unfavourable steric
mteractions3? Interestingly, the encountered conformational properties of compounds 3 and 4 can be
rationalized on the basis of combined action of the anomeric and steric effects The preferred North
conformation of 3 corresponds with pseudo-axial location of the base [favourable anomeric effect,
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unfavourable for steric reasons] and pseudo-equatonal location of the Me group [favourable for steric reasons]
Clearly, an alternative South-type conformation would place the thymine base 1n a pseudo-equatonial location
[loss of the anomeric effect, favourable for steric reasons, as well as unfavourable pseudo-axial location of the
Me] Thus the overall favourable pseudo-equatonal location of the Me group drnives the conformation of 3 to
the preponderant North-type conformation

If we now turn to compound 4, 1t 1s seen that North conformation corresponds with pseudo-axial location of
the aglycon [anomeric effect operative, but disfavoured for steric reasons], and the alternative South
conformation has pseudo-equatonal locatton of the base, in which virtually no stabihzation occurs by the
anomeric effect, while steric interactions with the ring would be minimized These opposing steric and
anomeric effects do not provide any special driving force for either favoured North- or South-type
conformation for 4 In fact, this simple rational 1llustrates that North and South conformation are approximately
equally favourable 1n the case of rnibothymudine 4 1n solution (and, 1n fact also for other ribonucleosides)38
Clearly, further expennmental and theoretical studies are required to quanufy the energetic aspects of the
anomeric effect, and pseudo-axial/pseudo-equatorial location of subsutuents on furanose rings In fact, we
have observed in previous work on C2'- and C3'-methylated modified nucleosides that Me has a relanvely
pronounced preference for pseudo-equatonal location, which can completely dictate the conformation of the
furanose ring36 Compound 4 represents a unique new example of a nucleoside analogue 1n which the furanose
conformation 1s tuned via a methyl group on one of the furanose carbons

EXPERIMENTALS

Compounds 3 & 4 were prepared using the literature procedure (ref 24 & 40, respectively) All NMR spectra
were recorded on a Bruker AMX-500 spectrometer !H-NMR spectra were collected with 32K data pomts 1n
D50 at different temperatures and zero filled to 64K data points A trace of dry acetomitrile was added as an
internal reference for chemical shift measurements (5 2 00 ppm). MM2 calculations were performed using
Prof Allinger's MM2 force field as implented by J W Ponder [Chem3D plus (version 3 0) by Cambndge
Scientific Computing, Cambridge, Massachusetts, USA]

ACKNOWLEDGEMENTS

Authors thank Swedish Board for Technical Development and Swedish Natural Science Research Council for
generous financial supports and Wallenbergsuftelsen, Forskningsrddsnimnden (FRN) and University of
Uppsala for funds for the purchase of a 500 MHz Bruker AMX NMR spectrometer Financial Support from the
European Molecular Biology Orgamzation (EMBO) through two-year EMBO fellowship to LHP 1s gratefully
acknowledged Authors (V.B & A G) thank CNRS (URA 463) for generous financial support and RHONE-
POULENC RORER for a studentship

REFERENCES

R J Suhadolnik, Nucleoside Anubiotics, Wiley, New York, 1970

R J Suhadolnik, Nucleosides as Biological Probes, Wiley, New York, 1979

EJ Pnsbe, J Smejkal, JP.H Verheyden and J G. Moffatt, ] Org. Chem , 41, 1836 (1976)

H Mitsuya and S Broder, Proc Natl Acad Sci,US.A 83, 1911 (1986)

J Balzarini, R Pauwels, M Baba, M.J. Robins, R. Zou, P Herdewyn and E De Clercq, Biochem
Biophys Res Commun , 145, 269 (1987)

C-H Kmm, VE Marquez, S Broder, H Mitsuya and J Dnscoll, J Med Chem , 30, 862 (1987)
M Baba, R Pauwels, P Herdewin, E De Clercq, J Desmyter and M Vandeputte, Biochem
Biophys Res Commun 142, 128 (1987)

~N o nh W=



5856

10

11
12
13
14
15
16

17
18

19
20
21
22
23

24
25

26

27
28

29

30
31
32
33
34
35

36
37

38
40

J PLAVECet al

R Datema, G Remaud, H Bazin and J Chattopadhyaya, Biochemical Pharmacology, 38(1), 109
(1989)

T S Lin, MS Chen, C McLaren, Y -S Gao, . Ghazzouli and W H Prusoff, / Med Chem , 30,
440 (1987); (b) TS Lin, R.F Schinazi and W.H Prusoff, Biochem Pharmacol , 17,2713 (1987),
(c) J Balzanni, G -J Kang, M. Dalal, P Herdewyn, E. De Clercq, S Broder and D G Johns, Mol
Pharmacol , 32, 162 (1987), () Y Hamamoto, H Nakashima, T Matsui, A Matsuda, T Ueda and
N Yamamoto, Antimicrob Agents Chemother 31, 907 (1987)

M M Mansun, JE Starrett, Jr, I Ghazzouli, M JM Hutchcock, R.Z Sterzycki, V Brankovan, T -
S Lin, EM August, WH Prusoff, J-P Sommadoss1 and JC Martin, J Med Chem 32, 461
(1989)

M S Hirsch and J C Kaplan, Ann Int Med. 103, 750 (1985)

P Chandra et al, Cancer Res (suppl), 45, 4677s, (1985)

E de Clercq and J Balzarim, Antiviral Res Suppl , 1, 89, (1985)

R. K. Robins, Chem & Eng News, 64, 28, (1986)

R Dagam, ibud, 65, 41, (1987)

R Pauwels, M Baba, J Balzarini, P Herdewyn, J Desmyter, M J Robins, R Zou, D Madej and E
de Clercq, Biochem Pharm , 37,1317, (1988)

L Vrang, H Bazin, G Ramaud, J Chattopadhyaya and B Oberg, Antiviral Res , 7, 139, (1987)

B Enksson, L Vrang, H Bazin, J Chattopadhyaya and B Oberg, Antimicrobial gents and
Chemotherapy, 31, 600, (1987)

H Bazin, J Chattopadhyaya, R Datema, A-C Ernicson, G Giljam, N G Johansson, J Hansen, R
Koshida, K Moelling, B (5bcrg, G Ramaud, G Steming, L. Vrang, B Wahren and J-C W,
Biochem Pharmacol , 38, 109-119 (1989)

F Barré-Sinoussi, J C Chermann,, F Rey, M T Bygetre, S Chamaret, J Gruest, C Dauguet, C
Axler-Blin, F. Vézinet-Brun, C Rouzioux, W Rozenbaum and L. Montagmer Science (Washington,
D C.) 220, 868 (1983)

R C Gallo, PS Sann, E P.Gelmann, M Robert-Guroff, E Richardson, V S Kalyanaraman, D
Mann, GD Sidhu, R E Stahl, S Zolla-Pazner, J Leibowitch and M Popovic Science (Washington,
DC) 220,865 (1983)

E de Clercq, J Med Chem 29, 1561 (1986)

J Balzarim, M Baba, R Pauwels, P Herdewyn, SE Wood, MJ Robins and E De Clercq, Mol
Pharmacol 33,243 (1988)

(a) H Hrebabecky, J Farkas and F Sorm, Coll Czech Chem Comm, 37, 2059 (1972), (b) V Buet
and A Grouiller (Manuscript in preparation)

C A G Haasnoot, FA AM de Leeuw, HPM de Leeuw and C Altona Recl! Trav Chim Pays-Bas
98, 576 (1979)

Limuting values for J4:5 and J45» 1n the staggered C4'-C5' rotamers are as follows v+ Jg5 =24 Hz,

Jg5»=13 Hz Rotamer Yt Jgs5 =2 6 Hz, Jy5» = 105 Hz Rotamer Y Jg5 = 10 6 Hz, J45+ =3 8 Hz
See also ref 25
C Altona and M Sundaralingam J Am Chem Soc 94, 8205 (1972) and ibid 95, 2333 (1973)

The relationship between P, ¢, and the five endocyclic torsion angles 1s simply v, = ¢y, cos (P + g-2)
144 °)ywith) =0 4 Seeref. 27

FAAM de Leeuw and C Altona J Comp Chem 4, 438 (1983) and PSEUROT QCPE Program
No 463

HPM de Leeuw, C A G Haasnoot, and C Altona Isr J Chem 20, 108 (1980)

LH Koole, HM Buck, A Nyilas, and J Chattopadhyaya Can J Chem 65, 2089 (1987)

WK Olson J Am Chem Soc 104, 278 (1982)

JT Spague, JC Ta, Y Yuh, and N Allinger J Comp Chem 8, 581 (1987)

W Saenger In "Pninciples of Nucleic Acis Strcuture” Springer Verlag, New York, 1984

For comprehensive reviews on the anomenc effect, see AJ Kirby In "The Anomeric Effect and
Related Stereoelectronic Effects at Oxygen" Srpinger Verlag, Berlin, 1983, and P Deslongchamps In
"Stereoelectronic Effects 1n Organic Chenustry” Pergamon, Oxford, 1983

L H Koole, HM Moody, HM Buck, A Grouller, H Essadiq, J-M Vial and J Chattopadhyaya
Recl Trav Chim Pays-Bas 107, 343 (1988), and LH Koole, HM Buck, H Bazn, and J
Chattopadhyaya Tetrahedron 43, 2989 (1987)

RU Lemieux, TL Nagabhushan, B Paul Can J Chem 50, 773 (1972)

D B Davies, Progress in NMR Spectroscopy, Pergamon Press, 12, 135 (1978)

See I R March, Advanced Organic Chemustry, New York, 1985

J-M Vial, NG Johansson, L Vrang and J Chattopadhyaya, Antiviral Chenustry & Chemotherapy,
1(3), 183 (1990)



