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A variety of methods for correlating 'H and 31P chemical shifts have been proposed 
in recent years (1-6). In our experience, best results (considering bath resohtion and 
sensitivity) are obtained with the rehtively simple scheme of Fig, la (5). This scheme 
is essentially the 'H-detezted version of the oldest and simple$ heteronuclear ComJation 
scheme (7), yielding pure absorption spectra. Each of the four components of the 
correlation multiplets in the 2D spectrum displays the 'H-'H multiplet structure in 
the Fz dimension, and the ]€L3'P multiplet structure (ex- for the active coupling) 
in the F, dimension. The four components are in antiphase in the regular manner, 
f T, and the antiphase components are separated by the active JPH coupling. In the 
.F2 dimension of the spectrum, the total multiplet width is equal to the sum of all the 
couplings experienced by the proton. Similarly, in the 31P dimension, the multipIet 
width equals the sum of dl couplings experienced by the 31P nucleus. This mmmu- 
nication describes a general way to decrease the total multiplet width in the Fl di- 
mension to the size of the &H coupling that is responsible for the cross peak, ie., a 
method for supp-esdng all passive couplings in the Fl dimension o f  the 2D spectrum. 

The new pulse scheme is sketched in Fig. lb. A 120" 'H pulse is inserted in the 
center of the evolution period of the standard scheme (Fig. la). Essentially, this 120' 
pulse acts partially as a 180" pulse and ftips the spin state of 75% of the protons. This 
means that for a 31P nucleus that is coupled to only one single proton, 75% of the 3 1 ~  

nuclei will not show any dephasing due to 1H-3'P coupling at the end of the evolution 
period, whereas 25% (for which the 'H has not been flipped) will experience the full 
'fL3IP dephasing during the evolution period. This latter component is the one that 
gives rise to the correlation multiplet in the 2D spectrum (at 25% of the reguIar in- 
tensity). If the 31P is coupled to two protons, 75% of the magnetization that has dephad 
during the evolution period as the result of coupling to one of the protons wiil not 
show dephasing due to coupIing to the second proton; i.e., the couphg to the second 
proton will not appear in 75% of the cross-peak contributions, resulting in a significant 
narrowing of the multiplet structure in the FI dimension of the 2D spectrum. A more 
exact analysis for the three-spin system, IJzS, where I1 and Iz are protons and S is the 
3 1 ~  nucleus, is presen.ted below. 
In the cakulations below, the flip angle of the pulse at the center of the evolution 

period is set to CY. To eliminate any heteronuclear multiplequantum coherence created 
by this a( 'H)  pulse, its phase is cycled along dl four axes without changing the receiver 
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FIG. 1. Pulse scheme of (a) the regular ‘H-detected 31P-’H correlation scheme and (b) the new sequence 
that emplays paaid dewupling of passive spins in the F* dimension. The phase 9 i s  cycld according ta 4 
= x, y, -x, -y, with the receiver +, +, -, -, and data for odd and even n u m b e d  scans are stored separately. 
To suppm hetemnuclem multiplequaaturn artifacts in scheme @), the phase $ is incremented by 90” 
after every four scans, ~ t h o u t  changing the reoeiver reference phase. 

reference phase. Using operator fomalkm (8) and omitting the effect of chemicaI 
shifts, one finds for the 31P magnetization at the end of the evolution period 

- b%&h,l2>1S2 - 2 s y ~ 1 ~ l ~ 2  - 2sy12z ,~I~2 - S ~ C ~ C ~ )  [ I  
with a = (1 - cos a)/& b = (1 + cos ayz; s1 = sin(?rJr,sr1); $2 = Sin(?rJ&1); c1 

= c o s ( ~ J ~ , ~ ~ ) ;  c2 = c o s ( ~ J ~ & ~ > ;  and HJ denotes the scalar coupling part of the Ham- 
iltonian. 

The terms in expression [l J containing the coefficient b2 are the terms that occur 
in the regular scheme of Fig. la, where b = 1. The terns containing coefficient ab are 
the t m s  corresponding to S spins that experience coupling to only one of the I spins 
during the evolution period. These are the desired terms giving rise to the nmow 
multiplet Width in t h e  Fl dimension of the 2D spectrum. The larger the coefficient 
ab, the h&er the sensitivity of the experiment. On the other hand, the terms containing 
6* must be kept small since these give rise to the broad F1 multiplet structure. In 
practk, a flip angle LY of 120’ is a good compromise fur 31P nuclei coupled to 2-4 
protons. Because ab 1, one might expect a dramatic loss in sensitivity for this 
experiment cornpared to the reguh scheme of Fig. I a. However, for a ‘P nucleus 
coupled to N protons, the multiplet intensity in this experkent is spread in the F, 



dimension over only two components, instead of 2" components, which largely negates 
the loss in signal-to-noise ratio. 

The method is demonstrated for a sample of the oligonudeotide d(CGCGAATT- 
CGCGh, p2H 7.0, 100 mM NacI, 400 OD,, units in 0.5 rnl DzO. Spectra were 
recorded at 38"C, on a modified NT-270 spectrometer equipped with a Cryornagnet 
Systems magnet and probe. Spectra obtained with the two schemes of Fig. 1 are shown 
in Fig. 2. Both spectra were recorded and processed with identid parameters. Each 
spectrum results from a 2 X 55 X 5 12 data matrix, with acquisition times of 330 and 
132 ms in the tl and t2 dimensions, respectiveIy. Five hundred twelve scans were 
recorded per rl value and the measuring time was 12 h per spectrum. The lowest 
contour level in Fig. 2a is drawn at a level 40% lower than the lowest level in Fig. 2b, 
which indicates that the sensitivity in Fig. 2a is about 40% lower than that obtained 
with the original method. In fairness, it should be noted that the conditions under 
which the spectra were recorded were optimized for the highest F1 resolution. If con- 
ditions were optimized far sensitivity, by choosing a shorter tl acquisition period and 
Ims severe resolution enhancement in the Fr dimension, the difference in signal-tcF 
noise ratio would be considerably larger than 40%. As can be seen from Fig. 2, the 
spectral resolution has improved dramatically by using the scheme of Fig. 1 b and the 
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FIG. 2. Comparison of 'H-"P correlation spectra of d(CGCGAATTCGCG)3 recorded with (a) tbc m e t h d  
of Fg. Ib and (b) the method of F& I a. The spectra are absorptive in both dimensions aud both negative 
and positive resonances are plotted. Each spectrum results from a 2 X 55 X 5 12 data matrix, with 512 
transients per t ,  d u e ;  measuring time 12 h per s m m .  The spectra are recoded at 270 M H z  'H hquency. 
The Iowest contour level in (a) is drawn at an intensity level that is 40% lower compared to s p a ~ t r u ~  (b). 
Assignment of the C3W resonances, based on 2D NOE spectra and on " P 4 B  c~rrelati011, is given in 
F i g  2 a  
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extensive overlap present in the C3'H-3'P correlations in Fig. 2b is removed almost 
completely. 

It is clear from the above that a substantial gain in Ft resoIution cafl be obtained 
by inserting the less than 180" pulse at the center of the evolution period- The gain 
in resolution is most pronounced at lower fields, where the Fl multiplet width is 
dominated by the passive J p ~  coupIings. At higher fields, the chemical-shift anisotropy 
contribution to the 31P T2 relaxation becomes more significant and will eventually 
dominate the resolution in thus dimension. For the dodecamer d(CGCGAATT- 
CGCGh, the 31P T, value decreases Erom about 125 milliseconds in a 270 MHz 
spectrometer to about 70 rniIliseconds in a 500 MHz spectrometer. Nevertheless, even 
at 500 MHz 'H frequency, a significant improvement in Fz resolution over the original 
method was obtained with the scheme of Fig. I b (data not shown). As shown elsewhere 
(6), spectra similar to Fig. 2a but with much higher sensitivity can be recorded for the 
C3W spectral region by using a selective 180" 'H pulse at the center of the evolution 
period. However, this method is not applicable to t h e  typicdly very crowded region 
of the C4' and C5' protons. 
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