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ANSWERS TO PROBLEM SET 5 
 

1)  a)  Starting with the COSY there are 3 anomeric (H1) protons around 5ppm 
with weak crosspeaks to 3 H2 protons around 4ppm.  The weak crosspeaks are 
characteristic of small H1-H1couplings.  This can be seen in the crosspeaks 
connecting H2s to H3s – they are doublets with small splittings in the f2 (direct) 
dimension and doublets of doublets with one small and one large coupling in the 
f1 (indirect) dimension.  This is characteristic of three mannose rings which have 
a 60 degree dihedral angle between H1 and H2. Connections to 3, 4, and 5 can be 
fairly easily identified.  The extra peak around 4 ppm is an H6 proton showing 
cross peaks to the H6’ and H5 of one of the rings.  Some of these connections 
can be verified in the TOCSY.  For example connections to both H2s and H3s on 
the vertical lines from each of the anomerics.  See tracings on COSY below. 
b) The next steps are to use the proton chemical shifts to assign crosspeaks in 
the HSQC to get the shifts of directly connected carbons.  Then use the carbon 
shifts to identify the extra crosspeaks in the HMBC to make three bond 
connections between the anomeric proton shifts of each mannose and trans-
glycosidic carbons (linkage sites between mannose rings).  The resulting 
assignments are shown below.  Ring three is unique in that the extra connection 
is at very high field (55ppm).  This is an O-methyl carbon, not a mannose carbon.  
Hence this is the methyl trimannoside shown as an example in class. 

 
 

 



 
2)  We are interested in transferring two quantum coherence created by the second 90x 
pulse to one quantum observable magnetization using the second pulse.  The gradient 
–G1 is applied while coherence is two quantum.  These coherences evolve as the sum 
of the precession frequencies for the coupled spins so the gradient has twice the effect 
on a two quantum coherence as a one quantum coherence.  Hence to refocus one 
quantum magnetization after the third 90 degree pulse, we should apply a gradient of 
twice the strength of G1. 


