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Abstract Conformanonal anaiysts of a novel nucleostde analogue, I-(I-Deoxy-&D-psrcofwano~l)thymme 
(3) 1s descrtbed The structure of3 dtffers from the natural rtbonucleostde counterpart 4 in that a methyl group 
replaces HI’ Cor$ormattonal analysts of 3 was based on the vtcmalproton-proton J-couphng constants J2’3: 
J3#4#, J4*5#, and J451~ whtch were measured at 500 MHz for different solvents, and at dtflerent sample 
temperatures Although merely two J-coupltng constants are avatlable for conformahonal analysts of the 
f&nose ring tn 3, tt can be concluded that a preference exists for a North-type puckered conformatton A 
comparison IS made wtth I-(P-D-rtbofuranosyl)thymtne (4) which shows almost an equal populatton of 
psemiorotamers tn North 2 South conformational equtltbrtum of the nbose moiety Molecular mechantcs 
calculatwns using the MM2 force field yield molecular structures that are m excellent agreement with the NMR 
data, both for compounds 3 and 4 Thus, tt can be safely concluded that the Me group on Cl’ tn 3 has a 
pronounced tmpact on the&ranose conformatton by drtvmg us conformatwnal equrltbnum towards the North 
form The North confonnatton of 3 appears to correspond with pseudo-equatonal locatton of the Me group, 
whtch 1s stencally favoured 

Decoyuune (Angustmycm A) 1 and Pslcofuranme (Angustmycm C) 2 are well known adenme ketose naturally 

occurnng nucleosldesl They have annbactenal and armtumor activity, and are noncompetmve mhlbltors of 

xanthmemonophosphate anunase* They are extremely susceptible to hydrolysis under acldlc condlnon The 

additional hydroxymethyl group at Cl’ m the sugar moienes of both Decoymme 1 and Pslcofuranme 2 make 

them unique amongst all naturally-occumng nucleosldes3 We have been Interested to incorporate this unique 

one extra carbon appendage at the anomenc center us pynnudme nucleosldes which have exhlblted HIV-specdic 

anti-retroviral activities - 4 23 We reasoned that this unique functlonahzanon at Cl’ by a single carbon 

homologanon may dictate some specdiclty agamst HIV reverse transcnptase In our attempts to do so we chose 

to prepare the corresponding Cl’-(Me) denvanvea instead of Cl’-(CH2OH) simply because of the stenc 

conslderanons We herein report our stuQes on the conformahonal lmphcanon of mtroducnon of the Cl’-(Me) 

group, as in l-( 1-Deoxy-P-D-psicofuranosyl)thynune (3)24, compared to I-@-D-nbofuranosyl)thymme (4)40, 

first by 500 MHz IH-NMR spectroscopy and the data analysis by well-known pseudorotatlon concept, and 

finally we amve at an explicit model of the preferred conformation of 3 m solution through a set of molecular 

mechanics calculahon using Alhnger’s MM2 force field 

(A) Conformattonal analysts based on vrcmal proton-proton J-coupltng constants Our 500 MHz 1H NMR 

stu&es on compound 1 were focussed pnmanly on the vicmal proton-proton coupling constants, 1 e , JT~, 

J3t4e, Jes and Jcy The couplmgs Jq’y and Jq’5w promde a dnect means to detemune the conformanon around 

the C4’-C5’ bond*5,*6 As 1s well known, the conformation around this bond can be interpreted m terms of a 

rapid equlhbnum over the staggered rotamers p. y and y The calculated mtamer populanons for the C4’-C5 
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bond m 3, as measured under different expenmental condltlons, show that p and p rotamers are 

approximately equally populated (47% and 48%, respectively) and prefered to y rotamer (5%) The data on 

compound 3 are summarized m Table 1. The couplmg constants Jy3’ and Jye were used to monitor the 

conformation of the modified nbose nng m 3 Clearly, the mtroducnon of the Me group at Cl’ cuts down the 

number of vlcmal proton-proton constants from three (m nbonucleosldes) to two m 3 The well-known 

pseudorotation concept 27 provides the most convement way to descnbe the conformaaon of (modtied) 

Table 1 J-couplings (Hz) of 1-(1-Deoxy-P-D-pncofuranosyl)thymme (3) 

Solvent 

Temp = 

52’3’ 

13’4 

54’5’ 

J4’5” 

- -- 8°C 

47 

71 

29 

58 

D20 

19°C 

48 

71 

31 

58 

30°C 

48 

70 

32 

59 

tiMSo-& Pyndme-d5 

19°C 19°C 

44 45 

87 83 

26 26 

43 40 

furanose nngs Only two parameters are needed to charactenze the nng geometry a maxlmum puckenng 

amphtude v, which defines the extent of puckenng of the furanose nng, and a so-called phase angle of 

pseudorotahon (P) which indicates which part of the nng 1s bent The parameters v, and P are directly related 

to the set of endocychc torsion angles vo[C4’-04’-Cl’-W], ~1[04’-Cl’-C2’-C3’], v2[Cl’-C2’-C3’-C4’], 

’ v&2’-W-W-04’], and v4[C3’-C4’-04’-Cl] 28 The dynamic behavlour of nucleosldes and nucleondes m 

solunon can often be mterpreted m terms of a two-state eqmhbnum, form 12 form II Clearly, five parameters 

are needed to descnbe such a conformatlonal equlhbrum V, and P of forms I and II and a mole fraction 

showing the relanve pmclpahons of forms I and II 

Although nothmg 1s known a pnon about the pseudomtauonal dynarmcs of compound 3, It 1s clear that even 

the simplest case of a two-state conforma~onal eqmhbnum poses a senous problem to conforma0onal analyns, 

smce only two observables (JT~ and J314’) are avtiable The common remedy to thus situation IS to measure 

vlcmal couplmg constants over a range of temperatures 29 Varymg the sample temperature will change the 

position of the eqmhbnum, rather than the conformatlonal propemes of the mdlvldual forms For structure 3 
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thts would mean that each new sample temperature adds two values to the expenmental J-couplmg data set, 

whale only one extra pammeter has to be calculated (I e the mole frachon for that pamcular tempemmre) 

Table 2 J-couplmgs (Hz) of I-@-D-nbofuranosyl)thymme (4) 

Solvent * 
. . . . 
w **f-* DMSoi6 Pyndmed5 

Temp = 8°C 19+ 30+ - 45°C 80°C . . 19°C Iboc 

51’2 47 48 48 51 48 58 48 

J2’3 54 55 55 54 56 52 51 

53’4 52 52 52 53 51 - 45 

Jq’5 29 30 31 31 31 - 21 

Je5” 42 43 44 45 45 34 21 

For this reason, we have attempted to measure Jzy and Jye at &fferent temperatures It was found, however, 

that compound 3 decomposes for temperatures higher than 35 “C, while for lower temperatures only mmute 

changes of the J couplmgs could be detected Essentially, this means that the conformatzonal analysts of the 

mtified nbose rmg m 3 poses a severely underdetermmed problem 

Inmally, a graphcal method was chosen to translate our values for Jz31 and Jy+ mto a rough structural model 

of the modzfied nbose rmg Figure 1 shows the calculated dependence of JT~ and J3’41 on P, the phase angle of 

pseudorotatlon The three curves in Figure la correspond to fixed values of V, at 35’, 40’ and 45’, 

respectively The calculaaons were based on (1) the emplncally generalrzed Karplus equation as developed by 

Altona et al ,25 which relates vlcmal proton-proton J-couphng constants to proton-proton torsion angles, and 

(II) the relations t$@IZ’-C2’-C3’-H3’] = 2 4’ + 1.06 vp and $[H3’-C3’-W-H4’] = -124 0’ + 1 09 v3 30 

Closed curves are obtamed as P vanes from 0’ (North region) via 180’ (South region), to 360’ (North regon) 

The experunental data points, which represent tune-averaged values of the J-couplmg constants m each of the 

partlclpatmg conformers, nearly comclde at the spot (Jyr = 4 7-4 8 Hz, Jye = 7 O-7 1 Hz), which 1s close to 

the North regon in all three graphs This shows that the m&tied nbose nng m 3 is based towards a North- 

type conformation Clearly, the posmon of the expenmental data points 1s determmed by the J-values m each of 

the conformers pamclpatmg m the conformaaonal eqmhbnum, and their mole frachons In the case of a two- 

state eqmhbnum, this means that the expemnental data points are found on the lme (conode) that connects the 

P-values for the two parhcipatmg conformers 3132 In this respect, it is of interest to note that the expenmental 

data points are offset from any conode that can be drawn between the points on the curve for v, = 35’ This 

means that the puckermg amphtude of the furanose nng 1113 must exceed 35’ For the curves v, = 40’ and v, 

= 45’ It 1s possible to construct conodes between e g the North and South regons, such that the expenmental 

data pomts fall on the conodes If done so, it follows that the conformanon 1s biased towards the North-type 

conformation (> ca 80 %) It 1s of interest to note that this conclusion remiun valid if the modified nbose nng 

m structure 3 would be mvolved in a more complex conforma~onal eqmbbnum (e g between three states) In a 

subsequent altematrve analysis, we used the program PSEURm9 for the translation of our J-couphngs mto a 

confoxmanonal picture of the modified nbose nng in 3 PSEUROT calculates the best fit of the five 

conformatlonal parameters needed to charactenze a two-state conformational eqmhbnum (v&e supru) to the set 
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of expenmental vlcmal couphngs PSEUROT was run under the assumpaon that the puckermg amplitudes m 

both pamclpatmg conformers am equal Muumal root-mean-square error was found for v,,, = 38 S, the two 

Table 3 Pseudorotahonal & MM2 Calculahons I-(1-Deoxy-ED-pslcofuranosyl)thymme (3) 

PSEUROT Pseudorotational parametexs from 
Analysis MM2 Calctions 

Sm. rc Ann, r+ SYn, r’ Anti, 3 
Fig 2a) (Fig 2b) F1g 2c) (F1g 26) 

$[H2’-H3’] * 42.1’ 47 so 45 6” 46 3” 47 o” 
$[H3’-H4’]# -157 5O -160 6“ -1610” -158 3’ -159 o” 

vo 14 05” 17 o” 146’ 17 7O 17 8’ 
v1 -32 43” -36 9’ -34.8’ -36 8’ -37.2’ 

VP 38 43’ 41 3O 40 2O 40 6” 412O 

v3 -29 75O -33 o” -33 2O -31 8’= -32 3” 

v4 9 7o” 10 2O 11 8’ 8 9’ 9 2O 

P -3 4O -4 8’ -2 o” -6 3O -6 1” 

vm 38 5’ 41 4O 40 2O 40 go 414O 

%N 80 

S tent Energy 25 857 24 373 25 74 24 085 
(Kcal/mol) 

Y (de.# 56 8’ 56 7” 178 9’ -177.6’ 

x (deg)* -24 6” 173 4O -12 7O 174 6” 

* @[H2’-C?‘-C3’-H3’], #@[H3’-C3’-C4’-H4’l. @ 1$[05’-CS-C4’-C37, * @[C2-Nl-Cl’-CM’] 

pmapatmg conforme.rs 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 (P[H2’-C2’-C3’-H3’) and 

Q[H3’-C3’-C4’-H4’] m the North form are 42 10 and -157 50, respectively At this point, we have compared 

the structure of 3 with the conformatlonal features denved from the 500 MHz 1H-NMR of l-@-D- 

nbofuranosyl)thymme (4) The PSEUROT analysis of J-couphngs of 4 showed that the populahon of North 

and South conformers 1s approxtmately equal (Table 4), and the rapid eqnhbrmm over the staggered mtamers 

?/t, y and y population for the C4’-CS bond 1s favoured to y+ (65%) while the populauon of -+ 1s 30% and y 

rotamer is 5% 

(B) Molecular Mechanrcs Calculations In order to arnve at a more explicit model of the preferred 

confonnanon of 3 m s&non, a set of molecular mechanics calculation were camed out, using Alhngefs MM2 

method33 Startmg geomemes were generated on the basis of the conformanonal mformanon as deduced from 

J-couphng analysis (vlde supra) Thus, the MM2 calculauons served to refine the expenmental data We 

decided to exarnme four &stmct startmg structures, takmg mto account that structure 3 poseses three Important 
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Table 4 Pseudorotational & MM2 Calculauons of l-(P_D-nbofuranosyl)thyrmne (4) 

North conformer South conformer 
PSEUROT Parame fmm 

IbE 

PSEUROT Parame fmm 
ZlMlySlS analysis Mz 

Calculanons Calculattons 

“0 

“1 

“2 

“3 

“4 

P 

“rn 

%N 

Stenc Energy 
(Kcal/mol) 

Y (deg)@ 

9 go 

-29 7” 

38.1Y 

-32 04’ 

13.7O 

3 o0 

38 2O 

45 

2 3” 

-26 lo 

37 7O 

-38 4’ 

22 9” 

15 9” 

39 2O 

20 403 

59 4O 

x (deg)* -162 O” 

-33 o” 

38.0’ 

-28 5’ 

8 lo 

15 4O 

138 2’ 

38 2’ 

55 

-32 go 

38 7” 

-29 4O 

1135” 

13 5O 

140 8” 

37 9” 

20 37 

58 3” 

-147 5O 

@ $[OS-CS-C4’-C3’], * $[C2-Nl-Cl’-04’1 

degrees of conformahonal freedom, namely pseudorotanon of the furanose moiety, rotation around the C4’- 

C5’ bond, and rotation around the Cl’-Nl bond s4 In view of the NMR results, all calculaaons were started 

from a North-type puckered furanose nng, and either a p or v conformation around the (X-C5 bond The 

conformatlon around the glycos& Cl’-Nl bond was put in either the anrt or the syn range since it was not 

possible to obtain any three-bond J-couplmgs between C2-Hl’ or C6-Hl’ 37338 While It 1s known that 

pynmldme bases have a strong tendency for anll conformation, we anticipated that a syn conformation for 3 

can not be disregarded Space-filling models seem to indicate that the presence of the Me group on Cl’ can 

stencally mterfere with 02 m the case of arm conformation, I e the Me group on Cl’ could therefore induce a 

preference for syn The four dishnct starting structures can be characterized as follows (1)’ North furanose 

nng, y+ for the C4’-CS bond, syn for the Cl’-Nl conformation, (u) North, y, anfl, (m) North, y, syn, (iv) 

North, 3, anti Table 3 summarizes the most nnportant geomemcal and energenc parameters that were obtamed 

after ophmahzatron of the geometry, using the MM2 force field The optmuzed structures are also graphically 

shown by ball and stick model in Figures 2a, 2b, 2c and 2d, respectively Comparmg the stenc energies, It 1s 

obvious that MM2 pticts arm onentatlon of the base to be preferred over syn onentanon by ca 1 5 Kcal/mol 

(Table 3) The glycosldtc torsion angle 1s predicted to be approxunately 174’ for arm structuxs (Figures 2b & 

2d, Table 3) The molecular models corroborate that the stenc hmdrance between the Me group on Cl’ and the 

base moiety 1s not of major importance m this geometry Another nnportant conclusion that can be drawn from 

the calculatlonal results IS that structures depicted m Figures 2a to 2d have vutually converged to the same 
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(2a) 

(2b) 

Figures 2a - 2d Molecular mechamcs (Alhnger’s MM2 force field) opbmlzed structures for l-(l- 

Deoxy-P-D-pslcofuranosyl)thymme (3) (2a) North, v , syn , (2b) North, ‘Y+, UW (2~) North, 3, 

syn, (2d) North, y, antz Note the puckenng amphmdes [v,] m all four optimized structu~s are 
between 40 2 and 41 4’ and the phase angles (P) are between -6 3 to -2 0’. which correlate very 

favourably with the results from PSEUROT analysis [v, = 38.5’ and P = -3 4’ for the preferred North 

form (-80%) 
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geometry for the mod&A nbose The puckenng amphtudes In all four optunued strxtures are between 40.2 

and 414 : and also the phase angies fall III a very narrow range (-4.3 to -2 0 “) Interestmgly, these results 

correlate very favourably with the results from PSEUROT analysts (v&z supra, Table 3), which yrelded a 

puckenng ampluu&z of 385 “and a phase angle of -3 4 ‘for the most prefemed North form Also, a comparison 

of the proton-proton torsion angles $[H2’-C2’-C3’-H3’] and @[H3’-C3’-C4’-H4’] shows a very close 

correspondence between the PSEUROT denved structure, and the MM2 calculated structure, started from 

geometnes (1) - (iv) 

Ducussron Despite the fact that only two ~cmal J-couphng constants are avalable for conformatlonal 

analysis of the moddkd nbose nng in 3, it can be safely concluded that a preference exists for a North type 

rmg conformation NMR data and molecular mechanics calculahons support this conclusion uneqmvocally 

Exammmg the North conformatmn more m detad, it is clearly seen that the Me group assumes a pseudo- 

equatonal lccahon ~th Rspect to the furanose nng Conversely, the thymme base 1s in a pseudo-axA locahon 

Perhaps the best v:suahzatlon is gtven via the Newman pqectlon along the C2’-Cl’ bond (Figure 3) Figure 3 

clearly illustrates that the Me group 1s more remote from the furanose rmg m the case of a North conformation, 

than for a South conformanon The conformational properaes of compounds 3 (Table 3) and 4 (Table 4) 

should be &scussed m terms of at least two effects First, the aglycon base tends to adopt a pseudoaxlal 

location, m which an anapcnplanar onentanon of the Cl’-Nl bond, and one of the lone-paus on 04’ 1s 

south 

Figure 3 Newman pro~ecttons along the CT-Cl bond m compounds 3 and 4. The locauoon of the Me group at Cl’ IS clearly 
distant (as mdtcated m the Newman pqecuon by [d] wh the arrow) from the fmanose nng (U-C47 m the case. of the North 
conformauon (A) [d(CH3,W) = 3 517&, [d(CH3,C3’) = 3 746A]& South confonnatton (Et) [d(CH3,C!4’) = 3.279& [d(CH3C3’) 
= 3 196A11 An altemauve measure for the locatton of the methyl group with respect to the furanose rmg IS prowded by the torsion 
angles $[C3’-CT-Cl’-Me] and $[CX’-04’-Cl’-Me] For the North confonnauon (A) 
Cl’-Me] = 135 4’. for South conformation (B) 

$[C!3’-C2’-Cl’-Me] = -150 6’ aad 9[C4’-04’- 
$[C3’-C2’-W-Me] = -80 3’ and $[C4’-04’-Cl’-Me] = 94 0 

achieved This geometry perrmts maximal n - (T* overlap (anomenc effect)35 Secondly, it 1s known that bulky 

nng-subsntuents tend to occupy a (pseudo-) equatonal location m order to mmumze unfavourable stenc 

mteractlons39 Interestmgly, the encountered conformatlonal properties of compounds 3 and 4 can be 

ratlonahzed on the baws of combtned action of the anomenc and stenc efjecrs The preferred North 

conformation of 3 corresponds with pseudo-axial location of the base [favourable anomenc effect, 
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unfavourable for stenc reasons] and pseudo-equatonal locanon of the Me group [favourable for stenc reasons] 

Clearly, an alternative South-type conformation would place the thymme base m a pseudo-equatonal location 

[loss of the anomenc effect, favourable for stenc reasons, as well as unfavourable pseudo-axial location of the 

Me] Thus the overall favourable pseudo-equatonal location of the Me group dnves the conformation of 3 to 

the preponderant North-type conformahon 

If we now turn to compound 4, It 1s seen that North conformation corresponds with pseudo-axial location of 

the aglycon [anomenc effect operative. but dlsfavoured for stenc reasons], and the altematlve South 

conformation has pseudo-equator& location of the base, in which virtually no stabilization occurs by the 

anomenc effect, while stenc mteractlons with the nng would be rmmrmzed These opposing stenc and 

anomenc effects do not provide any special dnvmg force for either favoured North- or South-type 

confonnauon for 4 In fact, ths sunple rational dlustrates that North and South conformation are approxunately 

equally favourable m the case of nbothym&ne 4 m soluhon (and, in fact also for other nbonucleosldes)3* 

Clearly, further expenmental and theoreacal studies are reqmred to quantify the energetic aspects of the 

anomenc effect, and pseudo-axial/pseudo-equatonal location of subsntuents on furanose nngs In fact, we 

have observed m previous work on C2’- and C3’-methylated modified nucleosldes that Me has a relatively 

pronounced preference for pseudo-equatonal location, which can completely dictate the conformation of the 

furanose nngx Compound 4 represents a umque new example of a nucleoside analogue m which the furanose 

conforma0on is tuned via a methyl group on one of the furanose carbons 

EXPERIMENTALS 

Compounds 3 & 4 were prepared usmg the literature procedure (ref 24 & 40, respectively) All NMR spectra 
were recorded on a Bruker AMX-500 spectrometer tH-NMR spectra were collected with 32K data pomts m 
D20 at hfferent temperatures and zero filled to 64K data points A trace of dry acetommle was added as an 
internal reference for chemical shift measurements (8 2 00 ppm). MM2 calculahons were performed using 
Prof Allmger’s MM2 force field as implented by J W Ponder [Chem3D plus (version 3 0) by Cambndge 
Scientific Computmg, Cambndge, Massachusetts, USA] 
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