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1H-1H COSY (COrrelated Spectroscopy) is a useful method for determining which signals occur from adjacent protons (usually up to four bonds). Correlations appear when there is spin-spin coupling between protons, but where there is no coupling, no correlation is expected. This method is very useful
when the multiples overlap or when the extensive second-order coupling complicates the 1D spectrum. There are many variants on the COSY heart rate sequence. The most popular in our laboratory is the gradient enhanced double quantum context (DQF-COSY) version. The ratio of gradient strengths is
usually set to two to give all COSY signals, but can be set to three to provide only the correlations involving three protons, e.g. CH-CH2. We use the gradient improved DQF-COSY heart rate sequence shown in Figure 1. Fig. 1. The pulse sequence for the gradient DQF-COSY Cosy spectrum as shown in
Figure 2 for ethylbenzene (fig. 3) contains diagonal and transverse peaks (signals that are not on the diagonal and correspond to other signals on the same horizontal and vertical projections). The cross-tips indicate couplings between two mutliplets up to three or occasionally four bindings away. The
diagonal consists of the 1D spectrum with single peaks suppressed. The most visible cross-peak in the spectrum is between H1' and H2' at 2.65 and 1.24 ppm. A much weaker four-bond correlation (see figure below) appears between H1' and H2 at 2.65 and 7.20 ppm. All the desired signals are
antiphase. Half of the multiplet is positive and half negative. In addition, artifacts (unwanted signals) appear in the spectrum as vertical stripes (interference and f1 noise) and along the inverted 'V' (fig. 4), the tip of which is on the upper axis of the sepctrum. These artifacts are rarely in phase with the
desired signals and displayed in specific locations. Fig. 2. 2D COSY spectrum of ethylbenzene Fig. 3. Structure of ethylbenzene Fig. 4. Artifacts in ethylbenzene's cozy spectrum For example, in the 12,14-ditbutylbenzo[g]chrysene (fig. 5), only a partial analysis of the regular 1H-NMR spectrum is possible.
COSY (fig. 6) provides additional information about the connection. No correlations (cross-tops) are seen for tbutyls because they are too many bonds away from the ring system. Fig. 5. Structure of 12,14-ditbutylbenzo[g]chrysene Fig. 6. Artifacts in ethylbenzene's cosy spectrum The aromatic region of the
spectrum (fig. 7) shows three bond correlations most strongly. These can be used to determine which protons are neighbors. For example, proton at 8.17 ppm is next to proton at 7.34 ppm, a fact that could not be easily determined from the 1D spectrum. Fig. 7. Aromatic region of 2D COSY spectrum of
12,14-ditbutylbenzo[g] chrysene shows mostly three-bond correlations (a four-bond correlation between H10 and H11 is also visible) Four-bond and five-bond correlations are visible when lower contours (fig. 8). These separate the spectrum into four groups of protons in a way that is much clearer than the
1D spectrum. Fig. 8. Aromatic region of 2D COSY spectrum of 12,14-ditbutylbenzo[g] chrysene shows three, four and five-bond correlations Using horizontal and vertical lines, it is possible to separate each group and follow its connectivity (Fig. 9). The blue group of four protons is connected in the order
of 8.62 ppm to 7.55 to 7.59 to 8.56, the green group of four protons in the order 8.54 to 7.34 to 7.44 to 8.17 and the red group or two protons corresponding to H9 and 10 because they are the only group of two protons expected to have a three-bond coupling constant (8.9 Hz) , is at 7.76 and 8.32 ppm. The
yellow group of two protons corresponds to H11 and 13 because the coupling constant is small (1.9 Hz) and consistent with a four-bond correlation. Fig. 9. Aromatic region of 2D COSY spectrum of 12,14-ditbutylbenzo[g] chrysene shows connectivity and separation in four color-coded proton groups The
multiplet structures in COSY are anti-phase for active couplings, leading to different patterns that for pure phase. A pure singlet (A) does not appear in a DQF-COSY spectrum because it is purely single quantum and a double-quantum filter is used. This applies to deuterial solvent signals and to certain
protiated solvents such as water. The benefit of this is often taken for solvent suppression. A simple doublet appears in the anti-phase. There are many other combinations. The more common ones are listed in the table below, and a few examples are shown. Table 1. multiplications, often seen in COSY
spectra compared to their pure phase cost.a MultiplicityPure phase Antiphase A10 AX1 11 -1 AX21 2 11 0 -1 AXY1 1 1 11 1 -1 -1 -1 -1 -1 -1 AX2Y1 2 2 2 21 1 2 11 0 -1 1 0 -1 AY2X1 2 1 1 2 11 1 -2 -1 AXY21 1 2 2 1 1 2 2 1 1 11 -1 0 0 1 -1 AYX2 , JAY=2JAX1 2 2 2 11 0 0 0 -1 AXYZ1 1 1 1 1 1 1 1 1 1 -1
-1 -1 -1 -1 AYXZ1 1 1 1 1 1 11 1 -1 -1 1 ---1 -1 AyZX1 1 1 1 1 1 11 -1 -1 -1 -1 -1 -1 -1 -1 -1 AXYZ , JAX=JAY+JAZ1 1 1 1 1 11 1 0 -1 -1 -1 AXYZ , JAY=JAX+JAZ1 1 1 2 1 11 1 -1 0 1 -1 -1 AXYZ JAZ=JAX+JAY1 1 1 1 1 1 11 -1 1 0 -1 1 -1 AX61 6 15 20 15 6 11 2 1 0 -1 -2 -1 aActive clutch is from A to X.
&gt;, e.g. Figs. 10-13 shows extensions of COSY multit. The red contours are negative and the blacks are positive. The 1D projections are only representations (in practice the sum of the projection is zero). Fig. 10. Antiphase AX correlation between twice as many H9 and 10 of 12,14-
ditbutylbenzo[g]chrysene Higher multipliers, where all couplings are active, gives it patterns shown in Table 1. For example, the correlation between the CH3 and CH2 protons in ethylbenzene gives a 1 0 1 pattern in a and a 1 1 -1 -1 pattern in the other direction (Fig. 11). Fig. 11. Antiphase A2X3
correlation between the ethyl protons of ethylbenzene When more than two multits are coupled, there is only one coupling active in each crosstop. This can be used to determine which coupling constantly relates to which correlation, something that may not be obvious from the 1D spectrum. In figures 12
and 13 for ditbutylbenzo[g]chrysene, the active couplings are marked. The upper transverse top between the protons at 7.34 and 8.17 ppm shows the largest active coupling of 8.1 Hz. The multiplet below it has the smallest active clutch at 1.4 Hz. F1 the clutch pattern is 1 -1 1 0 -1 1 -1, and the f2 clutch
pattern is 1 1 -1 -1 1 -1 -1 -1 -1.1. The lower multit shows an active clutch of 7.0 Hz, and the clutch pattern in both directions is 1 1 -1 0 1 -1 -1 -1. Fig. 12, 13. Comparison of three AXYZ correlations, showing various active couplings (from COSY on 12,14-ditbutylbenzo[g]chrysene) Page 2 תייפוסורטקפס

ןוטורפ - ןוטורפ نننننننم   (COSY) ךרדב םירשק  ننننننن  نننم  דע  نن  ننن  نننن  نننننن  לנגיסל  םיוסמ  ننننننم  לנגיס  نن  نننن  ننم  نن  نن  نن  نننننم  הטיש   ー םילנגיסה ידמימ  דחה  םורטקפסב  רשאכ  דואמ  תישומיש  וז  הטיש  .תוירושיק  תואריהל  היופצ  אל  דומיצ  ןיא  רשאכ  םינוטורפה , ינש  ןיב  ןיפס  - ןיפס דומיצ  שי  רשאכ  עיפות  תוירושיקה  نن .)
םייטנגמ םילפמ  ידי  לע  הלופכ  תיתנמ  הרבעהל  םיסלופה  תרדס   : תארקנ ונלש  הדבעמב  רתויב  תשמושמה  .הז  יוסינב  תושמשמה  םישרת 1 )  ) םיסלופה תרדסל  תואסרג  רפסמ  םנשי  .ידמימ  דחה  םורטקפסה  תא  םיכבסמ  ינש  רדסמ  םידומיצ  רשאכ  וא  םילנגיס ) רתוי  לש  גוזימ  עיפומ  םימעפלו   ) ינשה םע  דחאה  םיגזוממ  . (DQF-COSY).
םילנגיסה ننن  ننننم  תנמ  نن  ننن 1:2 نننم  ךרדב  עבקנ  םילפמה  ننننننننننننم   ー תנמ نن  نن 1:3  ننن  نننم  םג  نننننم  ןתינ  ینن  ننن  ننن  ننننننم  םהיניב  ننن   ー000 אמגודל דבלב  םינוטורפ  نن 6  نن  نن  ننن  ننننننننم  םיפתתשמ  םהבש  םילנגיסה  ننننن   CH-CH2. 1 םישרת .ןלהל  םישרתב  תראותמה  םיסלופה  תרדסב  םישמתשמ  ונא  st תרדס

םיסלופ  ー نننن  DQF-COSY ילנגיס םנשיו  ننننننننننن , םילנגיס  םנשי  םישרת  םורטקפסב 2 ) םיטנאידרג  םע   ー ונשיו نننن  ننننننن  نننن  םילנגיס   ) یین  ー אצמנש ףסונ  דחא  לנגיס  ینننن   Cross-section or high cut of them). Incisionscygnelli indicates coupling between multiplates due to connectivity at a distance of up to three or
even four connections. The diagonal consists of a one-dimensional sect space without singlets. The most prominent cut signal on the Etilbensen spectrum (Figure 2) (Figure 3) is between proton H1' and proton H2' at 2.65 years to 1.24 km. A much weaker four-link connection (see chart below) is shown
between H1' and H2 at 2.65 RS and 7.2 RPM. All desired signals are in reverse (antiphase) phase instance, i.e. In addition, unwanted signals (Figure 4) appear as a stripe along the y-axis. Moreover, if we draw an imaginary reverse V, there are nodes on the upper axis of the spectrum displayed. These
sounds are not in the same case as the signals typically desired and displayed in some areas. Figure 2. Cozy two-dimensional spectrum of Atylebnzen Chart 3. Molecular structure diagram of ethylevens 4. Unwanted signals on ethylevenzen's COSY spectrum The one-dimensional 12.14-
dietertboutyldenzokerisan (Figure 5) allows only partial decoding. However, COSY 2D spectrum (Figure 6) provides information on the connection between the different protons. There is no connection (cygnelli incision) between the tart-butyl groups and the embedding system because the number of
compounds is too large. Figure 5. The molecular structure of 12.14-Dietertboutilves diagram 6. A two-dimensional CO-spectrum of the 12.14-dietertboutylbanzo crisis in the aromatic region (Figure 7) can be seen in strong connection signals up to three knots away. They can be used to determine which of
the protons are neighbors. For example, the proton is 8.17 km, since the proton is 7.34 km, information that cannot be easily obtained from the one-dimensional spectrum. Figure 7. The aromatic zone of a 12.14-dieter bottilvenzokeris CO 2-D spectrum mostly shows signals within three knots (connectivity
can also be seen four knots away between H10 and H11) Signal Four and five knots away (Figure 8) appear on very low lines though. So the four proton groups could be clearly separated from what could not be seen on the one-dimensional spectrum. Figure 8. Connectivity at a distance of three four and
five knots in the aromatic zone of a 12.14 meter cozy two-dimensional spectrum using horizontal and vertical lines can be separated from each group (Figure 9) and track its connectivity. The blue group of four protons is related in the following order: the proton of 8.62 km is related to the proton of 7.55
YPG connected by proton of 7.59 km, and it is related to proton of 8.56 km. The green group of four protons is related in the following order: the proton of 8.54 km is related to the proton of 7.34 nis per proton of 7.44 km, and it is related to protons of 8.17 km. The red group is of the two protons H9 and
H10. The identification was made because they are the only group of two adjacent protons three knots away, as well as based on split constant (8.9 Hz) suitable for three knots, they appear at 7.76 km and 8.32 KM. The yellow group is of protons H11 and H13 and identification is done according to their
connectivity and the small split constant (1.9 Hz) equals a distance of four knots. Figure 9. Connectivity at a distance of three or four and five knots in the aromatic zone of a 12.14 metre cozy two-dimensional spectrum showing connection and separation (colour-marked) to four sets of multifleetprotons on
the COSY DQF spectrum is displayed in the antipassion of the active coupling. For example, the slot in COSY-DQF with one half positive and the other half (its clutch) negative. Singlet signal (A) on the other hand will not be displayed at all, because during the experiment a ration filter is activated that
filters single-dose transitions responsible for its appearance, and this phenomenon is common in water and solvents where there are protons. This phenomenon can be used to land the solvent signal or water signal. There are many coupling modes (plus Some examples can be found in Table 1. Table 1.
of the multi-flight, as observed in the COSY spectrum compared to appearance in pure conditiona moltifilises pure antiphase A10 AX1 11 -1 AX21 2 11 0 -1 AXY1 1 11 1 -1 -1 -1 -1 AYX1 1 11 -1 1 11 -1 AX31 3 3 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -1 1 1 1 1 -1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 -1 -1 1 -1 1 -1 1 1 1 3 3 11 1 1 1 1 -1 1 -1 AX31 3 3 11 11 -1 -1 AX2Y1 2 1 1 1 11 0 -1 1 0 -1 AY2X1 2 1 1 2 11 2 1 -1 - 1 -1 -1 AXY21 1 2 2 11 -1 2 2 1 11 -1 0 0 1 -1 AYX2, JAY=2JAX1 2 2 2 11 0 0 0 -1 AXYZ1 1 1 1 1 1 1 1 1 -1 -1 -1 -1 -1 -1 AYXZ1 1 1 1 1 1 1 1 11
1 -1 -1 1 -1 -1 AyZX1 1 1 1 1 1 11 -1 -1 -1 -1 -1 -1 -1 -1 -1 AXYZ , JAX=JAY+JAZ1 1 1 1 11 1 1 0 -1 -1 -1 -1 AXYZ, JAY=JAX+JAZ1 1 1 1 11 1 1 1 1 1 0 1 -1 -1 -1 AXYZ JAZ=JAX+JAY1 1 1 2 1 11 -1 1 0 -1 1 -1 -1 AX61 6 15 20 15 6 11 2 1 0 -1 -1 -1 aInurged Clutch is from A to X. The coupling constant is
small from left to right that are: AXYZ, JAX &gt; JAY &gt; JAZ. Diagrams 10-13 are an extension of incision cygnelli from the COSY spectrum and a negative occurrence of coupling marked in red and a positive show in black. The one-dimensional charge along the axes is for illustration purposes only (in
practice they are anti-amounts to zero). Figure 10. A phase-limiting battle between H9 and H10 doubles on the CO spectrum of 12.14-dietertboutylbazokerisen is multifalised at higher levels with all active couplings, for example, the match between the CH3 group proton signal and the CH2 group in the
ethyl bazen molecule gives a coupling structure of type 1 0 1 in one direction and a structure of 1 1-1 -1 in the other. Figure 11. An anti-paagnal match of the ethyl group protons in an ethylbalanzene molecule When there are more than two concise multiples, only one coupling will be active in each cut
signal. By this, you can determine which coupling constantly belongs to a particular link that cannot always be seen on a one-dimensional spectrum. Diagrams 12 and 13 signal the upper cut between the protons of 7.34 km to 8.17 km shows a large active coupling of 8.1 Hz. The vertical axis coupling
structure (f1) is of 1 1 1 0-1 -1 -1 -1, and the horizontal (f2) axis is 1 1 1 1 1 0 -1 -1 -1 -1 -1 -1 . In contrast, the lower part has the minimum clutch constant 1.4 Hz clutch on the F1 axis is in a structure of 1 -1 1 0-1 1 -1 and on the F2 axis the clutch is in a structure of 1 1 -1 -1 -1 -1 the lower incision signal
has a 7.0 Hz size constant and structure 1 1-1 0 1-1-1 in both directions. Charts 12 and 13. Comparison of three AXYZ couplings showing different active couplings (from COSY at 12,14-Dietertolybnzokerisen) 12,14-Dietertolybnzokerisen)
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