Notes on Drawing Structures


We will be focusing on three ways to represent the three-dimensional arrangement about a carbon-carbon bond.  The first of these is called a Newman projection (in honor of Professor Mel Newman of Ohio State University), the second is called a “sawhorse” projection because it vaguely resembles a carpenter’s sawhorse, and the third is referred to as a dash/wedge diagram.


In a Newman projection, the molecule is drawn as if you were looking down the axis of the C-C bond,  with one of the carbons in front toward your eye and the other in back, behind the front one. The three remaining bonds are shown radiating outward from each carbon atom. In order to tell which bonds belong to which carbon atom, an imaginary disc is drawn between to two atoms, and the bonds belonging to the back carbon are shown with only their ends sticking out behind the disc.


The Newman projection can be drawn in several steps. First, draw the imaginary disc separating the front carbon from the back (Step I).  Then add three bonds radiating from the center of the disc, representing the bonds to the front carbon (Step II).  The 109.5˚ bond angles will appear in two dimensions on the paper as exactly 120˚ angles between the lines.  Next draw three shorter lines starting at the edge of the disc, representing the three bonds on the back carbon (Step III). Finally, add the symbols for the elements.
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The completed projection in Step III represents what is called a staggered conformation. An eclipsed conformation is shown in A. It represents an arrangement in which the three bonds to the back carbon are exactly behind the three to the front carbon. The front and back bonds are drawn not exactly eclipsed; otherwise, you couldn’t see the ones in back.


The sawhorse projection represents a carbon-carbon bond that you are looking at neither exactly from the end nor from the side. You are looking at it at an angle such that all bonds and atoms are visible. Figures B and C are sawhorse projections corresponding to the staggered Newman projection shown in Step III. Note that the lower carbon in a sawhorse projection is more or less toward your eye, and the other is away from your eye.  (The C atoms will usually not be shown in a sawhorse projection.)


Draw a sawhorse projection by first drawing a line representing the carbon-carbon bond sloping upward and to the right (Step Ia). Then draw a bond at each carbon, one going exactly straight up and the other exactly straight down (Step IIa). Next, add the two remaining bonds at each carbon, arranged as shown to give the correct bond angles (Step IIIa). Finally, add the symbols for the elements (Figure C).
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The sawhorse projection of an eclipsed conformation starts out as in Step Ia, then one bond in front and one in back are drawn exactly straight up (Step IIb) or straight down, and the remaining bonds are added as shown in Step IIIb. The completed projection (Figure D) represents the same conformation as the Newman projection in Figure A.
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A dash/wedge diagram represents molecules such as C or D when viewed from the side, facing the C–C bond. One bond on each C is best drawn as a line in the same plane as the paper, and the remaining ones are shown as wedges which represent bonds coming toward the viewer out of the plane of the paper, or dashes representing bonds going away from the viewer. Begin the drawing by putting in the bonds in the plane of the paper, then add the other properly oriented. Examples are given below for C and D.




Various other eclipsed and staggered conformations can be drawn in Newman or sawhorse projection or as dash/wedge diagrams by imagining the carbons rotated about the C–C bond.

The chair conformation of cyclohexane is usually drawn in a projection that resembles the sawhorse (see Step Vc, below).  There is a lot of regularity to the structure.  If you are careful about noting which bonds are parallel, it will come out right. Start by drawing two lines as in Step Ic, then add two exactly parallel lines as in Step IIc, and finish the carbon skeleton as in Step IIIc. Notice that the two bonds labeled a are exactly parallel, as are the two labeled b and those labeled c.


Now add three bonds going exactly straight up and three going straight down (Step IVc).  These are called the axial bonds. The remaining bonds radiate outward from the ring, and are called the equatorial bonds. Drawing them correctly (Step Vc) is the hardest part and easiest to mess up. It helps to notice that the two equatorial bonds on opposite ends of the ring are parallel to each other, and exactly parallel to two of the bonds in the ring. For example, the two equatorial bonds labeled a are parallel to the two ring bonds labeled a. The analogous parallelism holds for bonds labeled b and those labeled c.
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A “ring flip” of the chair conformation (below) results in all axial bonds’ becoming equatorial and vice versa. (Only two bonds are shown.) The ring flip takes place through an arrangement similar to Figure E, which is called a boat conformation. When you practice this with a model, note that the ring flip results from simultaneous rotation about several carbon-carbon bonds. Also note that the structure on the left can’t be turned into the structure on the right just by turning the molecule upside down.
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