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Abstract The conformattons of 3’-azrdo-termmated-sulfonate-aimer I and 3’-ammo-termmated-sulfonamtde-drmer 2 
are characterized by the followtng features (1) The 5’-termtnal nucleosuie moiety of I has a S-type sugar (87% S). a 
staggered p rotamer across the C4’-C5’ bond (65 46) and an antt onentatwn of the base about the glycoalkc bond The 
S’-termtnal nucleostde morety of 2 has an almost equal populatton of S and N confonnatwnss. a staggered F rotamer 
(69 %) and an antI onentatton of the base (2) The 3’-termznal nucleostde moieties of I and 2 are tn -50% N $ S 

equtlrbnum and the 1’ conformer IS the most populated A comparison of the conformattonal proper&s of I and 2 wtth 
the natural thymtdylyl(3*+5~)thymtdtne [d(TpT)] 3, thymrdylyl-(3’~5~)-5’-thto-5’-deoxythynudtne d(TpST)5 4 and 
thymrd~nylacetamuio-[3*(O)+5’(C)]-5~-deo~thymuhne NH2d(TcmTp 5, show the followutg characterrsttcs (I) The 
conformatwnal preference of the sugar ring IS partially determined by the gauche effect Thts means that the more 
polar the C3’-X bond due to the electroneganve character of the 3’-U-X substrtuent, the more the N f S equdtbnum ts 
baased toward the S-type conformation 3*-O-S > 3*-O-P > Y-0-H > 3’-N3 > 3’-NH2 (tt) The conformatron about the 
C4’-C5’ bond (y) 1s also mfluenced by the gauche effect based on the nature of the 5’-substrtuent and by the abrlrty of 
the S’-substrtuent to form hydrogen bondrng wuh the H6 of thymcne Thus, the population of the p conformer follows 
the order 5*-O z= 5*-N > 5’-S > 5*-C (ur) The CS-C6’ bond has a slrght preference for the @ co$ormaaon ( 56 % fl m 
1 and 58 % tVt Ln 2). whde m natural d(TpT) 3, the CS’-05’ bond accounts for 83% of St conformanon Upon 
substrtturon of the 5’-oxygen by 5-sulfur. as in d(TpST) 4, the population of /3t conformer was found to decrease to 57 46 
Thts &crease In the /3t populatlon In 1) 2 and 4 IS a result of the reduced polanty of the 5*-C-X [X = CH2 tn I and 2 and 
X = S m 4 1 m compararson to the 5’Y-O bond m 3, whtch weaken the gauche effect 

Backbone mod&d analogues of ohgo-DNA may act as antisense repressors at the transcnpnonal and 

translational level of gene expression through specific base pamng owing to the information contamed m the 

nucleot(s)lde sequence Such antisense analogues may prove useful for designing specific chemotherapeutic 

agents against viral, bacterial, and parasmc infections as well as cancer1 The study of conformatlonal 

charactensncs of these backbone modified analogues of ohgo-DNA may also shedlight on how the nucleic 

acid structures dictate their specific functions 2 For the backbone modified analogues of ohgo-DNA to be 

tuologcaily specific, they should be resistant to chenucal and bmchermcal degradation, must penetrate through 

cell membranes and be capable of forming stable base-paired duplexes Clearly. the potential ut~hty of such 

analogues as specific gene-directed agents m blologlcal systems will be related to the degree to which their 

geometry resembles the geometry of the natural counterpart Some of the important charactenstics to be 

studied in this regard are the chemical changes that are permissible m modified analogues of ohg*DNA that 
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st111 allows the formatlon of a stereoregular backbone, correct geomemcal spacmg and onentatlon of the 

nucleobases for hybn&zatlon Only lusted data are avadable3 on the structural perturbation created by the 

modification of the phosphate backbone and most of these are concerned wltb analogues of nucleoades m 

which one or two of the non-bndpng oxygen atoms are substltuteds 

In this work, we have studied the conformatlonal properties of 3’-audo-termmated-sulfonate-&mefi 1 

and 3’-ammo-terminated-sulfonamide-dlme# 2 by NMR (1H at 500 MHz) spectroscopy The conformational 

properties of 1 and 2 have been compared with those of natural thytmdylyl(3’-+5’)thyrmdme [d(TpT)]s 3, and 

thyrmdylyl-(3’-+5’)-S-thlo-S-deoxythymtdme d(TpST)S 4 and thymldmylacetamtdo-[3’(0)-+5’(C)]-S- 

deoxythymldme NHpd(TcmT)S 5 In this study, we have attempted to understand the effect of the hfferent 

backbone substltuents on the conformauon of the sugar nng and on the conformation about the W-C5 bond 
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Assrgnment of proton resonances The assignment of the non-exchangeable proton resonances was 

achteved by usmg two dlmenslonal HOHAHA (Fig l), DQF-COSY (Rg 2) and NOESY (Fig 3) 

expenments HOI-MI-IA (Fig 1) was used to ldentlfy the two spm systems while DQF-COSY served to assign 

the Hl’ to HS/HS spm system within each sugar residue NOESY was used to connect the base protons to 

their own sugar residue and to confirm the assignment of the H2’ and H2” protons In compounds 1 and 2, one 

S-oxygen has been subsatuted by a CH2 group which have been assigned C6’, H6’ and H6” The chemical 

shifts of the non-exchangeable protons for compounds 1 and 2 are listed m Table 1 The downfield proton at 

CS was assigned as the H5’ while the upfield proton was assigned as the H5” accordmg to the Remm and 

Shugafi rule Slmdarly, the lower field proton at C6’ was assigned as the H6’ while the higher field proton was 
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(A) 

Hl’ (3,-T) 4 
Hl’ (Y-T) +z! 
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Ftgure 1 Two-dtmenstonai HOHAHA spectra of (A) 1 at 29gK. and (B) 2 at 298K The Fl axts re~nts the 
HI’ protons, whde the. F2 axis represents the H2’-HS’ protons The H6’ and H6” refer to the CHz, group whtch 
replaces the S’sxygen ( x denotes the DMSO +) 
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assigned as the H6” The H5’ and HS’ of the 3’-terminal nucleonde absorb at higher field (-2 ppm) compared 

to the HS and HS’ of the S-termmal nucleostde due to the replacement of the S-oxygen by a CH2 group m the 

mtemucleoslde linkage In compound 1, the H3’ of the S-termmal residue 1s slightly deshlelded because of the 

substitution of the phosphorus atom by a sulfur atom m the mtemucleoslde lmkage, whrle m compound 2, the 

H3’ 1s slightly shielded due to the substitution of the 3’-oxygen by a NH group The chemical shaft of the other 

protons, Hl’, I-L?, I-G?” and H4’ IS not affected by the modification of the mternucleoslde linkage 

Detennrnanon of vumal couplmg constants The vicmal ~JHH coupling constants were obtatned tiectly 

from the one dimensional lH spectra and/or by measurement of the fine structure of the Hl’-H2’, Hl’-H2”, 

H2’-H3’, H2”-H3’, H4’-H5’ and H4’-HS’ cross peaks in a DQF-COSY spectrum The couplmg constants were 

then refined by simulation of the above cross peaks (Fig 2) usmg the spectral slmulatlon program SMART7 

and are listed m Table 2 

Deterrnrnatron of the sugar nng conformatron The conformatlon of the pentofuranose nng m a 

nucleoslde moiety can be fully described m terms of the phase angle of pseudorotatton (P) and the puckenng 

amplitude ($)8 From X-ray studles9 on nucleostdes and nucleottdes, It was found that @ values range from 35’ 

to 45’ For North-type (N) sugars (CY-endo, Cz’-exe), P ranges from -1’ to 34’ and for S-type (S) sugars (C2’- 

endo, C3’-exe), P ranges from 137’ to 194” In solution, the sugar rmg exists m an equlllbrmm of the two 

rapidly mterconvertmg conformers N * S The mole fracnon of N and S conformer as well as their 

geometry, expressed by their phase angle of pseudorotauon pN and Ps and puckermg amplitude @N and es, 

can be calculated from the vlcmal proton-proton (~JHH) couplmg constants J1.2, JIT”, 5~3’. Jr3* and ~3@tO 

These coupling constants (Table 2) were used as an input for the pseudorotabonal analysis of the sugar using 

the program PSEUROTll (Table 3) When necessary, the PSEUROT program was adapted to take mto 

account the presence of 3’-mtrogen instead of 3’-oxygen l2 Table 3 shows that the two sugar rings m 3’-azldo- 

termmated-sulfonate-&mer 1 are in the S-type conformation, the conformational punty bemg higher for the S- 

termmal nucleoslde (87% S) than for the 3’-azldo-termmated nucleoslde (56% S) In 3’-ammo-termmated- 

sulfonanude-&mer 2, the S- and 3’-sugar nngs show 52 and 49% S-type conformanon respecttvely In natural 

[d(TpT)] 3, the sugar nng of the 5’-terminal nucleoslde and 3’-termmal nucleoslde shows 74% and 66 % of S- 

type conformaaon In [d(TpST)14 and [NHzdCTcmT)] 5, the sugar nngs have the comparable population of S- 

type conformation as m the natural d(TpT) 3 (Table 3) These data suggest that the nature of the 3’-a- 

substltuent has an mfluence on the conformatton of the sugar nng Upon substltuhon of the 3’-oxygen by a 3’- 

termmal avdo in 1 or 3’-termmal ammo m 2, the N $ S equlhbnum 1s shifted toward smaller population of 

S-type pseudorotamer 56% S m 1 and 49% S In 2 This effect 1s also noticeable m the 5’-terminal residue 

change of the 3’-phosphate funcnon m the 5’-termmal residue in d(TpT) by a sulfonate m 1 or a sulfonanude In 

2 changes the pseudorotamer eqmhbnum from 74% S to 87% S to 52% S, respectively This bfference m the 

sohuon conforrnatlon may be partly explamed by the gauche effect 13, that 1s the tendency to adopt the 

structure m which the 04’ and 3l-a subsutuent are in a gauche onentatlon (Figure 4A) In N-type 

deoxysugars, the 04’ and 3’-a substttuents are m atrans onentation, while m S-type deoxysugars, the 04’ and 

3’-a subsntuents are m a gauche onentanon, hence the preference for S conformation (Figure 4A) The higher 

electronegauvlty of oxygen versus mtrogen leads to a greater preference for a X3’-C3’-C4’-04’ gauche 

onentauon For the S-termmal residue m 1 - 5, the gauche effect Increases with the higher polansatlon of the 

C3’-X bond, and therefore the %S mcreases m the following order 2 c 3 = 4 = 5 c 1 with the increased 

electronegauvlty of the 3’-subsutuent For the 3’-termmal residue m 1 - 5, the gauche onentanon also increases 
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F~yre 2 Comparison of (A) expenmental DQF-COSY cross peaks and (B) smulated DQF-COSY cross m fof 
the 3’-tennmal nxxiue of 1 (C) Expenmental DQF-COSY cmss peaks and (D) sumdated DQF-COSY cross peaks 
for the S-termmal resulue of 2 The chenucal shifts given m Table 1 were used. Lme widths of 2 Hz were used 
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Fqwe 3 Two-dunenslonal NOESY spectra of (A) 1 at 298K. and (B) 2 at 298K Mumg ume of 800 ms In 
compounds 1, the nOe cross p&s between H6-H2’ and H6-H3’ mduxw an am confonnauon In compounds 2, the 
3’-mmuml msulue shows &e’s between H6-HI’ and H6J-P mdxxtmg an anr# conformahon 
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with the higher electronegatlvlty of the 3’-substltuent 2 c 1 < 3 = 4 = 5. Thus gawhe effect has been 

previously observed m 3’-a-substituted-2’-deoxynucleostdes such as 3’-a-fluorothymtdme and 3’-a- 

azldothynudme m which the population of S conformer IS 90 % and 50% respecnvelyt4 (Table 4) 

Compd 

Table 1: 1H-NMR chemical shifts (ppm) of 1 and 2 at 298K 

Sugar Hl’ HT HZ” H3’ H4’ H5’ 85” H6A H6B H6 CH3 

S’T 613 233 240 520 406 354 3 54 760 171 
1 

3’T 602 245 225 431 376 211 2 10 349 343 740 172 

5’T 60.5 241 231 388 369 361 3 50 7 63 170 
2 

3’T 600 210 228 318 342 185 184 306 306 7 30 171 

Compd 

1 

Table 2: 3JHH (Hz) coupling constants* of 1 and 2 at 298 K 

sugar 1’2’ 1’2” 2’2” 2’3’ 2”3’ 3’4’ 4’5’ 4’5” 5’5” SH6 SH6” 5”H6’ 5”H6” 

5’T 83 58 -147 57 22 19 36 36 -120 _ - - _ 

3’T 56 72 -130 70 55 44 42 85 -120 59 10 10 51 

5’T 63 70 -140 82 58 57 29 38 -12, _ _ - _ 
2 

3’T 52 75 139 64 59 68 41 82 -120 54 105 103 49 

Table 3: Pseudorotatlonal parameters (P, 9) and population (%) of S-type conformer for 1 and 2 

I l I 2 I 3d 4d 
_______________.___________________ ______---___----__-- ___________________. 

5’T 3’T 5’T 3’T Tp pT TP PST 

pN 9a 0 26 b 

g 36-38a 170 36 185 37 146 b b 

@S 36 32 37 b 
%S 87 56 52 49 74 66 76 64 

error (Hz)~ 0 9 103 048 

a PN and t$N were kept consrant whtle PS. @S and %S were red1fine.d 
h Not detemuned due to the 50% NS eqnbbnum 
c Sum of tbe differences between tbe five expenmental couplmg constants and their calculated values 
d taken from ref # 5 

Tcm cmT 

78 65 

2’-a-Substituted nucleosldes also show the same behavior An increase of the polanty of 2’C-X bond produce a 

larger preference for the N-type conformation Thus, the population of the N conformer IS lower in 2’- 

deoxyundme (40% N) than m undme (58% N) and 2’-azido-2’-deoxyundme (58% N), while it IS higher in 2’- 
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deoxy-2’-fluoroundme (87% N)15 (Table 4) 2’-Ammo-2’-deoxyundme and 2’-ammo-2’-deoxyadenosme show 

more S-type conformatton than 2’-deoxyundme and 2’-deoxyadenosme despite the higher electronegattvlty of 

Table 4: Relanon between electronegatlvlty of C3’-a-substltuent (X) and CZ’-a-subsmuent (Y) 
and % S-type conformer m nucleosldes 

X Ax %S Ref 

2’-dU 0 60 15 
2’-NH2-dU 07 75 IS 
2’-Nj-dU 10 42 15 
&o-U 13 42 15 
2’-F-U 17 13 15 

dA 0 65 15 
2’-NH2-dA 07 78 15 
rho-A 13 64 15 
2’-F-dA 17 25 15 

Y 

?%2-dA 

r&o-A 
3’-dAIW 

3’-N3-dT 
2’-dT 
3’-dTMP 
3’-F-dT 

Ax %S Ref 

0 25 15 
07 18 I5 
13 64 15 

77 16 

10 60 14 
13 70 16 

74 16 
17 90 14 

Table 5: Calculated hmlted couphng constants (Hz) Jes and 54’5” for the three conformen 
p, 9 and y about the C3’-W-CS-X bond 

x=0 X=CH2 
: * :- y;’ - *.. ‘:: **.. .__ :*......:.*:... . ..*.. .** :.:.::* :..:.::*:...~:..*~~..... y:.... . . 

r’ Y P Y ‘Y” 

J4’5’ 24 26 106 38 22 115 
54’5” 13 10 5 38 19 115 41 

4l44’5’ -64’ 64’ 174’ -64’ 64’ 174’ 

(p4’5” 55’ -178’ -68’ 55’ -178 -68’ 

Table 6: Rotamer dlsmbutlon about the C4’-CS bond (y) 

Compound Y+ + Y 

1 5’T 
3’T 

2 ST 
3’T 

3a TP 
UT 

4a 

sa 

YP 
PST 
Tcm 
cmT 

65 20 15 

17 64 19 

69 26 5 

21 62 17 

56 31 13 
75 22 3 
53 38 9 
32 47 21 

13 67 20 
47 38 15 

a takenfromref#5 

a mtrogen compared to hydrogen Slmllarly, a compmson of 3’-deoxyadenosme with 3’-ammo-3’- 

deoxyadenosme IS expected to show an increase of % S populatton but, m fact, one observes a slight decnase 
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of the S population (18% S) m the latter compared to the former (25% S) This fact suggests that It 1s pnmanly 

the polanty of the C2’-X2’ (or C3’-X3’) bond which dictates the strength of the gauche effect, and the 

conmbution to the polanty to C3’-X or C2’-X by the above polar subsmuents (X) increases m the followmg 

order NH2<H<OH=Ng<F 

Table 7: Correlation between electronegatlvity and hydrogen bondmg ability 
of S-subsmuent (Z) and population off conformer22 

Comp 

: 
4 

Z 

0 
: 

AX 

085 13 
04 
04 
04 

H-bondmg 

+++ +++ 
+ 

%r’ 

15 41 
32 
17 
21 

Table 8: Calculated lmntmg coupling constants (Hz) Jg’e, Jg’e , Jg”e and J5”c for the three 
conformers p+, pt and fl- about the W-CS-W-S bond (columns 3,4 and 5) and 
population Qsmbu0on m compounds 1 and 2 (columns 6,7 and 8) calculated from 
equauon 4 with the J-couplmgs listed m Table 2 

Comp 3JHH P+ P’ P- P+ P’ P- 

1 Jss 28 28 15 5 26 56 18 
55’6” 32 155 28 
J5”6 28 155 2-l 
55-v 155 32 32 

2 JS6 29 29 152 21 59 20 
5~6” 152 29 
J5”6 

ii 
152 28 

J5”6” 152 30 30 

The Jt? and Jlsy coupling constants and the H6 and Hl’ chermcal shifts were measured as a funcuon of 

temperature (5 o to 70 ‘C) The very small changes observed m the N a S equlhbnum, together with the 

small changes of the H6 and Hl’ chermcal shifts clearly suggest that the mtramolecular base-base stackmg 1s 

most probably not an important structural feature m compounds 1 and 2 It has been suggested10 that for 

unstacked dlmers, the thermodynamic parameters (M and AS’) controllmg the nbose eqmhbnum depend 

more on the nature and the stereochermcal onentahon of the nucleobase and the phosphate backbone than on 

the conformanon adopted by the nelghbonng nbose umt Thus, the N $ S eqmhbnum m compounds l-5 

must be slgmficantly determined by the gauche effect of the mtemucleoslde linkage The enthalpy difference 

between the N and S conformers 1s close to zero with the S conformer having the greater entropy 

Conformation of the glycosldlc bond The conformation about the glycosldlc bond was determmed from 

2D NOESY expenments (Fig 3) A nucleonde has a syn conformation when a sh-ong nOe between the H6 and 

Hl’ together with a weak nOe between the H6 and H2’ or H3’ 1s observed A nucleofide with a S-type sugar IS 

m am conformation when a strong nOe between the H6 and H2’ 1s observed while a nucleotlde with a N-type 
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sugar has an unzr conformatton when a strong nOe between the H6 and H3’ ts observed In compound 1, the 

H6 of the S-termmal nucleostde has an nOe cross peak wrth the H2’ mdtcatmg an anfz conformaaon The H6 

of the 3’-termmal nucleosrde shows stronger nOe cross peaks with the H2’ and H3’ mdrcatmg an anti 

conformatron around the glycostrhc bond In compound 2, nOe cross peaks between H6-Hl’, H6-H2’ and H6- 

H3’ were found (Frg 3) to be weak, and smce the sugars are m a 50% N 8 S equMmum, rt 1s drfficult to 

assess the glycosuhc bond conformahon 

Detennmatton of the backbone confonnatron C4’-C5’ bond (r) The conformatton about the C4’-CS 

bond 1s described m terms of three staggered conformers, F, 3 and y (Fig 4b) The populaaon &stnbutton 

between these conformers 1s calculated from the vrcmal proton-proton couplmg constants Jqs and J#sn 

3J= (Xyt)xrye+(Xyt)xryt+O(y)xJ’y 

3J = (Xy+) x ,“y+ + (Xyt) x ,“y’ + (Xy) x J”y 

[when, Xy+ + X$ + Xy= 1] 

(1) 

(2) 

The Jq’s and 54’5” of the mdrvrdual rotamers have been calculated by Haasnoot et al using the generahzed 

Karplus equatront7 

3J~t.t = 13 22 COST ($) - 0 99 cos ($) + C (0 87 - 2 46 COST (cl+ + 19 9 {Axt I)) Axr (3) 
where $ IS the proton-proton torsion angle, cl has a value of +l or -1 depending on the ortentaoon of the 

subshtuent, and Ati 1s the mfference m electronegatrvrty between the subsatuent and the hydrogen 

The W-C5’ bond of the S-terminal nucleosrde m 1 and 2 shows a preference for the p conformatton, 65 and 

69 % respecavely (Table 6), which 1s also observed m naturally occumng nucleottdes For the 3’-terminal 

nucleostde m 1 and 2, one clearly observes the effect of the C4’ lmked exocychc CH$-CH$ bond on the 

populahon of the staggered rotamers across W-W Inspectron of Table 2 shows that the Jq’s and J44* are 

larger for the 3’-termmal nucleostde than for the S-termmal nucleostde In order to make such a comparison 

feasible, rt 1s necessary to take into constderatron the dependence of the vrcmal proton-proton coupling 

constants on the electronegattvrty and onentatton of the substrtuent An electronegatrvtty factor Axt of 0 418 

was therefore mtroduced for C6’ m equahon 3, and the hmrtmg coupling constants for each uuhvrdual rotamer 

Y+, r’ and y were calculated from this equatron using the torsion angles given by Haasnoot et al l7 The 

calculated J-couphngs are listed m Table 5 and were employed m equations 1 and 2 to calculate the rotamer 

dtsmbutton about the W-W bond (Table 6) Table 6 shows that upon substrtutton of the S-oxygen by a 5’- 

CH;! group, the ?/t conformatron 1s substannally less populated (17% ‘r+ m 1 and 21 % T+ m 2), while the -# 

conformer becomes the most populated (64 % y m 1 and 62 % $ m 2) The drstmctron between the ~ and y 

conformers requires the unambiguous asstgnment of the H5’ and H5” If the assignment 1s reversed, the effect 

1s to interchange the y and the y populatron It ts well established however that m nucleosrdes, there ts a 

marked preference for the f rotamer, the y rotamer being rarely encountered This preferred y+ confotmatton 

is determtned m part by the gauche effect The polar C5’-OS bond 1s most stable when it 1s tram to the C4’- 

H4’ bond grvmg nse to the p conformatton (Figure 4B) The most unfavorable conformatron 1s that m which 

two vtcmal polar C-O bonds are trans onentated (r) while the yt rotamer 1s of mtermedrate stability Since m 

the absence of base at Cl’, the populatron of p and yt conformers are approxunatrvely equallg, uuramolecular 

hydrogen bonding between pynmtdme H6 and 05’ also conmbutes to the stabrhzatton of the p 

conformatton~ In d(TpST) 4, where the 5’-oxygen 1s replaced by a S-sulfur and m NHzd(TcmT) 5, where the 

5’-oxygen 1s replaced by S-nitrogen, the populatron off conformer (Table 6) 1s also reduced (32% p m 4 

and 35% p m 5) In Table 7, we have correlated the p populatron wtth the electronegaovrty and the hydrogen 
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bonding ablllty of the S-substltuent. The p population decreases pnmanly with a decrease m the 

electronegauvny of the S-subsutuent (0 > N > S = C). A S-oxygen which has the higher eiectronegatiwty and 

a good ability to hydrogen bond has the higher P populahon A mtrogen is a good hydrogen bond acceptor, 

but its electronegahvlty IS lower and therefore the y+ populauon 1s lower The gauche effect IS weaker with a 

sulfur because of its lower electronega0vlty, hence it controls p populauon m a much less effective manner 

Also since the carbon-sulfur bond IS longer than a carbon-oxygen bond, the H6 of pynnndme IS further apart 

and therefore H6-SS hydrogen bond m 4 IS not very Important. 

Torsion angle (04’~W- (Y-03’) 

s-type sugar 
gauche 93’ 

N-type sugar 
trans 201’ 

Torsion angley (OS-CS- W-C37 

gauche + 

y=60° 

trans 

y= 180° 
gauche- 

y=300° 

Torsion angle p (S-W- CS-C4’) 

gauche+ 

p=60° 

trans 

p= 180° 
gauche 

p=300° 

Figure 4. Newman PrOJeCtions along the (A) W-W, (B) WCS and (C) C5’-C6’ bonds 

Conformatron about the C5’-C6’ bond (“p”) In analogy with the nomenclature used to define the torsion 

angles m a nucleotlde20, the torsion angle about the CS-C6’ bond was denoted as p As for the C4’-CS bond, 

the conformation about the CS-C6’ bond can be defined as an eqmhbnum between the three staggered 

conformanon p+, pt and p-. shown m Figure 4C The conformation about this bond IS then momtored by the 

couplmg constants Jyu, Jg’c, Jg”c and 55~~~ Knowing the proton-proton torsion angles 9, It should be possible 

to calculate the hmltmg J5Vc, J55~, J5”e and J5t-v for each mdlvldual rotamer usmg the Karplus equanon 

denved by Altona er al for the CH25’-CH26 moiety21 



Conformatlonal stu&es of thymldlne dtmers 2297 

3J~B = 13 89 cos* (4) - 0 98 cos ($) + Z (1 02 - 3 40 cos* (& + 14 9 (Axt))) Ax1 (4) 

with A& = A( - 0 24 ZA(x$ (5) 

The hrmtmg coupling constants for each rotamer were calculated from equation 4 Takmg mto account the 

electronegativrty of the i3 subsntuents (equation 5), an electroneganvlty factor Aa of 0 27 was taken for C4 

and an electronegaavlty factor Axt of -0 54 was taken for the 6’-S subsmuent Smce no data were available for 

the values of the torsion angles, the proton-proton torsion angles were assumed to be f 60’ and f 180’ The 

populahon &smbuaon between the three conformers was then calculated using equations 1 and 2 From Table 

8, It can be seen that the CS-C6’ bond has a slight preference for the fit conformatton ( 56 % @ m 1 and 59 8 

pt in 2) In d(TpT) 3, the W-05’ bond accounts for 83% of pt conformahon Upon subsatuaon of the 5’- 

oxygen by S-sulfur in d(TpST) 4, the population of pt conformer was found to decrease to 57 % Agam, as for 

the conformation of the sugar nng and the conformation around the W-C5’ bond, this decrease m the Pt 

populatton must be due m part to a decrease of the polanty of the 5’-S-P bond compared to the S-O-P bond, 

which weakens the gauche effect 

Conclu.sron The conformation of compounds 1 and 2 1s characterized by the followmg features For the 

5’-terminal nucleoslde of compound 1 An S-type sugar, a C4’-C5’ bond m the F conformahon and an unn 

onentatlon of the base about the glycos&c bond The 3’-termmal nucleostdes of compound 1 and compound 2 

are m ca 50% N 8 S equlhbnum and the y conformer 1s the most populated The S-terminal nucleoslde of 

compound 1 shows a 50% N $ S equlhbnum, and has the W-C5’ bond m the p conformahon From the 

comparison of the conformational propemes of 1 and 2 with the natural d(TpT) 3 and with d(TpST) 4 and 

NHzd(TcmT) 5, the followmg points can be drawn (1) The conformatlonal preference of the sugar nng 1s 

pamally determined by the gauche effect The more polar the C3’-X bond, the more the N e S eqmhbnum 1s 

biased toward the S-type conformanon 3’-OS > 3’-OP > 3’-0-H > 3’-N3 > 3’-NH2 (11) The conformanon about 

the CW-C5’ bond (r) 1s influenced by the gauche effect (nature of the 5’-subsntuent) and by the ability of the S- 

substltuent to form hydrogen bonding with the H6 of the base ** Thus, the population of p conformer follows 

the order 5’-0 > 5’-N > 5’-S 7 5’-C Since the conformaoon of the mternucleoslde lmkage 1s slgmficantly 

different from the conformation of the phosphate backbone of natural d(TpT) 3, one can expect that the 

formation of duplexes with natural obgonucleotldes will be destablhzed 

Experimental 

Compounds 1 and 2 were dissolved m 0 5 ml of a 50 50 *H20, DMSO and transferred into 5 mm tubes The 
sample concentration was 3 mM for 1 and 2 For the measurements of the proton chermcal shifts, a trace of 
acetommle was added as an internal reference (set at 2 00 ppm) The NMR expenments were performed on a 
BRUKER AMX-500 MHz spectrometer The two-dimensional NMR spectra, DQF-COSY*3, HOHAI-L@ 
and NOESY*5, were recorded in pure-phase absorption mode with the ttme proporttonal mcrementatton 
method (TPPI) and with low power preirradiahon of the residual HOD peak dunng the relaxahon delay The 
DQF-COSY spectra were acqmred with 8K data points m t2 and 512 pomts m tl The data were zero filled to 
give a 8K x 1K mamx and a sine square window was apphed in both ducctlons before Founer transformation 
The HOI&WA and NOESY spectra were acquired with 2K data pomts m t2 and 256 points in tl For the 
NOESY expenments, a mtxmg ttme of 800 ms was used 
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