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2.5: Degree of Unsaturation/Index of Hydrogen Deficiency

Now with lots functional groups introduced, the extent of constitutional isomers will be expanded a lot. To further explore the
phenomena of constitutional isomers, we will need to understand the concept of Degree of Unsaturation (or: Index of Hydrogen
Deficiency/THD).

Let’s compare three compounds first: pentane, 1-pentene and cyclopentane

pentane 1-pentene cyclopentane
CsHiz CsHio CsHqo

Figure 2.5a Pentane, 1-pentene, & cyclopentane

The formula for pentane is CsHp». For a compound containing 5 carbons, the maximum number of hydrogens is 12, so the structure
of pentane is saturated (no more hydrogen atoms can be added in), or we can say that pentane has zero degree of unsaturation.

For 1-pentene CsH;, there are two less hydrogens than the saturated level (pentane), which means the 1-pentene has one degree of
unsaturation. With a ring introduced, cyclopentane (CsH;,) also has to sacrifice two hydrogens, so cyclopentane also has one
degree of unsaturation. The trend is that when a double bond (essentially a t bond), or a ring, is involved in the structure, it leads
to one degree of unsaturation of the compound.

. 1 Degree of Unsaturation/ Structure Unit Involved
ormuta Index of Hydrogen Deficiency (IHD)* ructure Lt fnvotve

CnHon+2 0 chain alkane only

1 double bond

CnHop 1 .
or 1ring

2 double bonds

or 2 rings

or 1 double bond plus 1 ring
or 1 triple bond

CnH2n—2 2

Table 2.5 Summary of degree of unsaturation/IHD vs structure unit involved

The degree of unsaturation could be accumulated, and Table 2.5 summarizes the situations up to two degrees. As we can see,
adding 1 ring or 1 n bond contributes to one degree of unsaturation. Therefore, the essential meaning of degree of unsaturation is
the “number of rings plus mt bonds” in a structure.

If the structure of a compound is available to us, the total degrees of unsaturation can simply be counted through inspecting the
structure.

Example:

I This compound has one ring
MeO—C o] and one double bond, so the
total degree of unsaturation is 2.

Figure 2.5b Total degree of unsaturation is 2
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COOH .
Benzene ring means 4

o unsaturation degrees (3 double
bonds and 1 ring); COOH also
include one C=O bond. Total
degree of unsaturation is 5.

CHs
Figure 2.5c Total degree of unsaturation is 5

If the formula of a compound is given, we can also calculate the degree of unsaturation by comparing the number of hydrogens vs
the saturated level, by using the equation:

(2n+2)-Xx

Degree of unsaturation =
2 2 (n: number of carbons; X = number of H + number of Halogen — number of N)

This is a general equation that accounts for the presence of heteroatoms as well. Please note that
oxygen atoms are ignored in this calculation.

For example, for a compound with a formula given as C4H7NO, it is calculated that the degree of unsaturation is 2 for this
(2n+2)-X _ (2x4+2)-(7-1) -2
compound: 2 2

Now we are ready to solve constitutional isomer questions with the application of degrees of unsaturation. Usually, the formula
information is available to us for such questions, and we will need to build constitutional isomers based on the given formula
together with other requirements. To solve this type of question, it is very helpful to do it strategically by following certain steps:

o Calculate the degree of unsaturation based on the given formula.

o With the value of this specific unsaturation degree, how many double bonds or rings might be included in the structure?

¢ Combine your knowledge of functional groups with the degree of unsaturation, as well with certain atoms included in the
formula, to see what functional group(s) may be possible.

o Build constitutional isomers according to the above information (separate the isomers by different functional group).

410Examples: Draw and name all the constitutional isomers with the molecular formula CHO.

Approach: Answering the following questions lead you to the solution.

o What is the degree of unsaturation for the formula C4H1¢00? 0

o How many double bonds, or rings, could be involved? none

o What are the possible functional groups that matche with that degree of unsaturation, and include one oxygen atom?
alcohol or ether

o With these hints, we can try to “build” the constitutional isomers for each functional group separately. total seven

structures
Solutions:
alcohols:
OH
N o /Y OH ><
OH
ethers:

e v \0)\

Exercises 2.2
Draw all the constitutional isomers that include a C=0 bond with formula the CsH;,O.
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