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INTRODUCTION 

The relevance with which students perceive general and organic 
chemistry has long been a matter of concern to educators in  the 
health professions (1). Chemistry frequently appears to many of 
these students as a multitude of unrelated facts to be memorized and 
rapidly forgotten (2). Although pharmacy is perhaps the health pro- 
fession that is most intrinsically related to chemistry, i t  is not unaf- 
fected by this problem, as may be observed from the performances 
of students in medicinal chemistry courses. 

The effectiveness of medicinal chemistry in relating pharmaco- 
logical properties to molecular structure is highly dependent upon 
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the students' knowledge of basic chemical principles and their com- 
prehension of organic structural theory and function. These skills 
are normally acquired in general and organic chemistry courses that 
are taught during the prepharmacy years simultaneously with 
courses in mathematics and physics. Many of the basic chemical 
principles (stoichiometry, equilibrium, acidity-basicity, etc.) are 
acquired in the first prepharmacy year. The concepts of organic 
structure and reactivity are taught the following year. The effective- 
ness with which these concepts are conveyed during the prephar- 
macy years is of primary concern to educators in medicinal chemis- 
try. This study was undertaken at four schools of pharmacy to 
ascertain the students' perceptions of their prepharmacy preparation 
in chemistry. 

METHODS 

Students (n = 209) who had recently completed their medicinal 
chemistry program at a southeastern, a mid-eastern, a mid-western, 
and a southwestern school of pharmacy were surveyed concerning 
thcir perceptions of thcir preparation for these courses. The schools 
were selected to provide a degree of geographical diversity for the 
study. The curricula of the participating schools all contained a two- 
year prepharmacy program during which courses in general and or- 
ganic chemistry were required. The prepharmacy program was fol- 
lowed by the three-year professional curriculum leading to the B.S. 
in Pharmacy. 

A questionnaire (Appendix A) containing 14 statements concern- 
ing the degrce to which general and organic chemistry prepared the 
students for medicinal chemistry, the value of organic chemistry to 
pharmacy practice, the value of medicinal chemistry in understand- 
ing pharmacology, and the degree of memorization used in organic 
chemistry was constructed. The students were asked to provide 
their year and semester within the school of pharmacy, their grade 
point average, and the courses they had taken in general and organic 
chcrnistry (including the.grades they earned and the colleges where 
they took the courses). A section for comments concerning the rela- 
tionship between both general and organic chemistry and medicinal 
chemistry courses was also provided. 
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The subjects' responses were rated using a five-point Likert-type 
scale. Integral values were assigned, with Strongly Disagree = 1 
and Strongly Agree = 5. For Question 14, numerical values were 
assigned, with a = 1 and e = 5. Mean values and standard devia- 
tions for Questions 1-14 were computed for each school. The total 
mean and standard deviations were computed using the means of 
the four schools to weight each school equally and to obtain a mea- 
sure of interinstitutional variability. Descriptive analyses were per- 
formed to assess the students' perceptions. 

RESULTS AND DISCUSSION 

The results, indicated in Tables 1-3, demonstrate similarity in the 
four schools surveyed. As noted in Table 1, the mean grade point 
average was 3.00, and only marginal differences were noted in the 
mean grades of the respondents obtained in general and organic 
chemistry. These results reflect little interinstitutional variation in 
the abilities of the students surveyed. The mean values obtained for 
each question in the survey regarding the students' perceptions of 
general and organic chemistry as preparation for medicinal chemis- 
try are shown in Table 2. When asked if general chemistry served as 
an adequate preparation for the basic principles of organic chemis- 
try and if organic chemistry provided an adequate background for 
medicinal chemistry, students gave essentially neutral responses. 
This may indicate that potential for improvement exists in these 
areas. 

When students were questioned about which general topics 
within organic and general chemistry need additional emphasis 
(Questions 2-8), the relative values obtained reflected an interesting 
trend. Applied and theoretical acid-base chemistry were the areas in 
which students believed the most additional preparation was 
needed. Structural organic chemistry was also perceived as an area 
where additional emphasis was necessary, with a mean value of 
3.9. Organic stereochemistry, although an area vital to understand- 
ing the molecular basis of drug action, received a mean value of 
3.5. A mean response of 3.1 was obtained for the question concern- 
ing general synthetic reactions. When the organic reactions were 
narrowed to those relevant to the therapeutic actions of drugs and 
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TABLE 2. Students* Perceptions of Chemistry Preparation fo r  Medicinal Chemistry Curriculum 

General chemistry a s  
adequate preparation 
f o r  organic chemistry 

Need for  addi t ional  
course work coverage in :  

s t ruc tu ra l  organic 
chemistry 

theo re t i ca l  acid- 
base chemistry 

applied acid-base 
chemistry 

organic stereo- 
chemi~ l ry  

synthet ic  organic 
react ions  

organic react ions  
relevant t o  drug 
therapeut ic  ac t ions  
and s ide  e f f e c t s  

organic react ions  
relevant t o  drug 
metaboli~m and 
decomposition 

good understanding 
of base organic 
chemistry concepts 

College A 
n = 56 

(Mean f SD). 

2.3 ?. 1.0 

College B 
n = 71 

(Mean t SO). 

3 .5  1 1.2 

College C Collage D 
11 = 38 n = 44 

(nean t SD)* (Hean t SD)* 

3.4 t 1.0  3 .4  * 1.0 



TABLE 2 .  (CcntLnued) 

organic chemistry 
adequately prepared 
f o r  medicinal 
chemistry 

greater  b e n e f i t  with 
pharmaceutically- 
or iented  oraanic 
chemistry 

organic chemistry 
re levant  t o  p r a c t i c e  
of pharmacy 

medicinal  chemistry 
contributed t o  under- 
standing of  pharma- 
cology 

Col lege  A College B Col lege  C C o l l e g e  D 
n = 56 n = 7 1  n = 38 n = 44 

(Mean 6 SD)* (Mean t SD) * (Mean i SD) (Mean i SD) 

Tota l  
n = 209 

(man i SD)*+ 

*1 = S t r w l y  Disagree. 2 = Disagree. 3 = Neutral. 6 - Agree, 5 = Strongly W e e  
+lotat  man end standard d e r i a t i m  c-red m the rneens of the four achool~ in order to  weight epte l ly  each s s h d  



Lingle et ol. 7 

their side effects or to those reactions relevant to drug metabolism 
and decomposition, notably higher levels of perceived need were 
observed. The students' perceptions were measured at a mean of 
3.3 as to whether they had developed a good understanding of the 
basic concepts of organic chemistry from their organic course work. 
This observation may indicate that many of those surveyed believe 
basic concepts were neither well understood nor retained. Further 
evidence of a possible deficiency in the comprehension of basic 
organic chemistry may be seen in the results of Question 14 (Table 
3). From 39.3% to 48.8% of the students memorized reactions and 
had little understanding of the mechanisms involved. 

Students' responses to Question 11 indicated that they strongly 
believe more pharmaceutically-oriented organic chemistry courses 
would be of greater value to pharmacy students than the courses as 
they are currently taught. This result reflects a need as well as a 
potential mechanism for improvement in prepharmacy chemical ed- 
ucation. 

When students were asked if an understanding of the basic con- 
cepts of organic chemistry is relevant to their future practice of 
pharmacy, a value of 3.6 was obtained. However, the students be- 
lieved to a greater extent (mean value = 3.9) that medicinal chem- 
istry did contribute to their understanding of the molecular basis of 
pharmacology. 

LIMITATIONS 

The survey was conducted only among undergraduate students at 
four colleges of pharmacy who had completed their medicinal 
chemistry course work. Expansion of this study to other students 
and alumni in other areas of the country would increase the validity 
of the findings. Also, because the survey instruments were distrib- 
uted in class, it was not possible to determine the actual number 
distributed and the response rate. 

The lack of control for many variables that could have an impact 
on the students' perceptions of their chemistry courses was another 
limitation of the study. Examples of external variables include the 
teaching ability of the instructor and the size of the class, as well as 
each student's intellect and secondary educational background. Be- 
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cause of these potential external variables, it was only possible to 
compare the results of the participating schools in a relative manner. 

Finally, this study only measures students' perceptions about the 
effectiveness of prepharmacy chemistry courses in preparing them 
for medicinal chemistry. 

CONCLUSIONS 

The results of this survey demonstrate a commonality in the ex- 
perieilces of prepharmacy students in general and organic chemistry 
at four universities. The degree to which the students thought that 
general chemistry prepared them for organic chemistry may be per- 
ceived as marginal, as was the preparative value of organic chemis- 
try for medicinal chemistry. Many students did not think they had 
adequately learned the basic concepts of organic chemistry. Al- 
though many students recognized the potential value of a pharma- 
ceutically-oriented organic chemistry course, they rated relevance 
of organic chemistry to their professional careers lower. 

The survey results suggest that several modifications of the exist- 
ing prepharmacy chemistry courses may be beneficial not only to 
pharmacy students but also to students in other health professions. 
First, an increased emphasis might be placed on structural organic 
chemistry, organic acid-base chemistry, and the functional groups 
found in drug structures. Second, the use of biochemical and phar- 
maceutical examples in the teaching of organic reactions would cre- 
ate an increased appreciation of the relevance of the material to 
pharmacy. The latter modification was suggested in a symposium 
on the teaching of organic chemistry, where it was recommended 
that organic chemistry instructors make frequent use of medicinal 
chemistry texts. It was noted that these texts contain a number of 
examples of solubility phenomena, etc., which, when presented in 
a health-related context, seem to increase student interest (2). 

The prepharmacy student should be made aware early in the cur- 
riculum that medicinal chemistry can serve as a unifying factor in 
interrelating the vast (and ever-increasing) amount of pharmacolog- 
ical knowledge. Victoria Roche has noted that, "Once the students 
are introduced to the idea of actually utilizing their chemical expcr- 
tise as a basis for solving therapeutic problems . . . they respond 
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with enthusiasm to the idea of actually utilizing medicinal chemis- 
try in their professional practice" (3). The effective use of general 
and organic chemistry as preparation for medicinal chemistry is vi- 
tal to this process. 

As exploratory research, this study suggests that the subject mer- 
its further investigation with increased controls. Potential studies 
might include a comparison of an experimental group of persons 
taking pharmaceutically-oriented organic chemistry courses with a 
control group taking the traditional organic chemistry curriculum 
and a regression of student characteristics across different schools 
to determine statistical significance of results. Whatever the results, 
it must be remembered that schools of pharmacy have little control 
over the content of general and organic chemistry courses. Political 
battles must also be fought to make prepharmacy course work more 
adequately prepare students for their professional curriculum. 
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APPENDIX A: SURVEY QUESTIONS 

S u b j e c t s  w e r e  asked t o  r a t e  t h e i r  agreement t o  Q u e s t i o n s  1-13 a c c o r d i n g  t o  

t h e  f i v e - p o i n t  L i k e r t - t y p e  s c a l e  i n d i c a t e d  i n  t h e  t e x t .  

The g e n e r a l  chemis t ry  cour ses  I have t aken  adequate ly  p repa red  m e  f o r  my 

o r g a n i c  c h e m i s t r y  c o u r s e s .  

S t r u c t u r a l  o r g a n i c  chemis t ry  ( e . g . ,  f u n c t i o n a l  groups ,  t h e  n a t u r e  of 

c o v a l e n t  and noncovalent  bonded i n t e r a c t i o n s  i n  o r g a n i c  molecu les )  shou ld  

be s t r e s s e d  more i n  o r g a n i c  chemis t ry  t o  b e t t e r  p r e p a r e  me f o r  m e d i c i n a l  

c h e m i s t r y  c o u r s e s .  

The t h e o r e t i c a l  b a s i s  of ac id -base  chemis t ry  (e .g . ,  why c e r t a i n  f u n c t i o n a l  

g roups  a r e  a c i d i c  or b a s i c )  should  be s t r e s s e d  more i n  o r g a n i c  c h e m i s t r y  

c o u r s e s  t o  b e t t e r  p r e p a r e  me f o r  medic ina l  chemis t ry  c o u r s e s .  

The a p p l i c a t i o n  of ac id-base  chemis t ry  [ e . g . ,  t h e  d e t e r m i n a t i o n  of t h e  

a c i d i c  and b a s i c  sites i n  o r g a n i c  molecules and the p r e d i c t i o n  o f  t h e  

predominant  i o n i c  f o r m ( s )  a t  pH's  t y p i c a l l y  encountered  i n  pharmacy 

p r a c t i c e ]  shou ld  be  s t r e s s e d  more i n  o rgan ic  chemis t ry  c o u r s e s  t o  b e t t e r  

p r e p a r e  me f o r  med ic ina l  chemis t ry  cour ses .  
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5. Organic stereochemistry (e.g., enantiomers, diastereomers, 

thermodynamically preferred conformations of organic molecules) should be 

stressed more in organic chemistry courses to better prepare me for 

medicinal chemistry courses. 

6. Synthetic organic reactions should be stressed more in organic chemistry 

courses to better prepare me for medicinal chemistry courses. 

7. The organic reactions relevant to the therapeutic action(s) and side 

effects of drugs should be stressed more in organic chemistry courses to 

better prepare me for medicinal chemistry courses 

8. The organic reactions relevant to the metabolism and decomposition (shelf- 

life) of drugs (e-g., oxidations, hydrolyses) should bestressed more in 

organic chemistry courses to better prepare me for medicinal chemistry 

courses, 

9. I developed a good understanding of the basic concepts of organic chemistry 

from my organic chemistry courses. 



10 .  O v e r a l l ,  t h e  o r g a n i c  c h e m i s t r y  c o u r s e s  I t o o k  a d e q u a t e l y  p r e p a r e d  me f o r  my 

m e d i c i n a l  c h e m i s t r y  c o u r s e s .  

11. O r g a n i c  c h e m i s t r y  c o u r s e s  which are more p h a r m a c e u t i c a l l y  o r i e n t e d  

would b e  o f  g r e a t e r  v a l u e  t o  pharmacy s t u d e n t s  t h a n  t h e  o r g a n i c  

c h e m i s t r y  c o u r s e s  c u r r e n t l y  t a u g h t .  

12 .  A n  u n d e r s t a n d i n g  o f  t h e  b a s i c  c o n c e p t s  o f  o r g a n i c  c h e m i s t r y  is 

r e l e v a n t  t o  my f u t u r e  p r a c t i c e  o f  pharmacy. 

1 3 .  T h e  m e d i c i n a l  c h e m i s t r y  c o u r s e s  I h a v e  t a k e n  c o n t r i b u t e d  t o  

my u n d e r a t a n d i n g  o f  t h e  m o l e c u l a r  b a s i s  o f  pharmacology .  

1 4 .  When s t u d y i n g  o r g a n i c  c h e m i s t r y ,  t o  what  e x t e n t  d i d  you memorize t h e  

o r g a n i c  r e a c t i o n s  w i t h o u t  u n d e r s t a n d i n g  t h e  r e a c t i o n  mechanism? 

a .  I memorized t h e  r e a c t i o n s  and a l w a y s  u n d e r s t o o d  t h e  r e a c t i o n  

mechanisms.  

b. I memorized t h e  r e a c t i o n s  and u n d e r s t o o d  t h e  r e a c t i o n  

mechanisms t h e  m a j o r i t y  o f  t h e  t i m e .  
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c. I memorized t h e  r e a c t i o n s  and  u n d e r s t o o d  t h e  r e a c t i o n  

mechanisms a  m i n o r i t y  o f  t h e  t i m e .  

d .  I memorized t h e  r e a c t i o n s  b u t  n e v e r  u n d e r s t o o d  t h e  r e a c t i o n  

mechanisms.  

e. I n e v e r  memorized t h e  r e a c t i o n s  n o r  u n d e r s t o o d  t h e  r e a c t i o n  
. . 

mechanisms.  

15. What is y o u r  o v e r a l l  GPA? 

1 6 .  What y e a r  and semester o f  pharmacy s c h o o l  a r e  you c u r r e n t l y  a t t e n d i n g ?  

S e m e s t e r  Year 

a. F i r s t  a .  F i r s t  pharmacy y e a r  

b. s e c o n d  b. Second pharmacy y e a r  

c. T h i r d  pharmacy y e a r  

1 7 .  What g r a d e  d i d  you e a r n  and a t  which  c o l l e g e  d i d  you t a k e  e a c h  g e n e r a l  a n d  . . 

o r g a n i c  c h e m i s t r y  c o u r s e ?  ( P l e a s e  i n c l u d e  g r a d e s  f o r  c o u r s e 8  r e p e a t e d  

a n d / o r  f a i l e d . )  






