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The ready availability of cyeclohexanol
suggested to us the following laboratory project in the
second term of the introductory organic course. The
required transformations were distributed to the stu-
dents in chart form (see Figure), with the direction
that they develop or choose and adapt from the litera-
ture the experimental procedures. The transforma-
tions were chosen such that the students develop a
sense of continuity in their work and become familiar
with a relatively wide variety of synthetic transforma-
tions. Principles of ring expansion and contraection,
oxidation, stereospecific hydroxylation, reduction, elim-
ination, and condensation are exemplified in this
project. Some of the reactions used are shown in the
Appendix. Although the physical-organic part of
the project, viz., the study of the rates of cis- and trans-
glycol fission, was not accomplished, the project proved
stimulating, challenging, and a good introduction to
“research-type’’ problems.

In the process of carrying out the project, the stu-
dents found it essential to search the literature, be-
come acquainted with the library facilities, and particu-
larly with reference works on synthesis. This was
done by the students with minimum direction.

The project required five 5-hr weekly laboratory ses-
sions. At the end of the fourth and the sixth weeks we
had informal gatherings to discuss the merit, the dif-
ficulties and the relative success of the different chosen
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Aims of the group project. Students were not required to follow the
indicated pathways, but were encouraged to attempt to complete the
synthesis of all compounds.



routes. Gas chromatography and infrared spectros-
copy were available for purity determination and
product identification.

We wish to draw attention particularly to two trans-
formations. In the formation of eyclopentanone from
adipic acid, better yields were obtained with the old
technique of pyrolyzing the barium salt than with the
newly suggested technique! of using KF; the latter
gave yields varying from 5 to 359,. In the transforma-
tion of cyclohexanol to methylene ecyclohexane the
longer route involving Grignard reagent gave a better
yield than the usually chosen Wittig route.

Appendix

OH

1) 25 gat 75°C, add excess HySOy, 20% SO,
= > (1)
2) Reflux, distill, dry over CaCl.
99%

OH

1) Add cyclohexanol to 80° conc. HNO, dropwise

-27) React ﬁt 80°for 2 hr 3) Filter, wash,
recrystallize crystals formed

CH,—CH,— COOH

(2
CH,—CH,— COOH
90%
0]
1) (6gacid + 1g BaOH) reflux for 2 hr
COOH(CH,),COOH (3)
at 200-250°C 2) Collect fraction, dry
over CaCl. 93%
OH 0]
1) 25gcyclohexanol + 38 ml H»O + 9 ml (conc) (4)
H,S04/cool 2) Add slowly 100 g (Na:Cr;07-2H,0 +
9 ml H,S0, in 38 ml H:0) in two portions of 10.0 g
apiece 3) Heat in water bath for 2 hr, cool, 92%
etherextract 4) Dry in K.COs, distill ether off
OH
1) 8.0g cyclohexene to 105 g 100% formic acid -'OH
(5)
+ 13 g of 30% H,0.; shake; heat in water bath for
2hr 2) Remove formic acid by distillation 3
3) Heat residue for 45 min with 50 cc 20% NaOH 63%
4) Cool, neutralize with HCI; flash evaporate trans
5) Distill solid at 128-132°C, recrystalize from acetone
OH
OH
1) 2.6 g cyclohexene to excess of (58.6 cc of 5.8% (6)
H:0: in ¢t-butyl alcohol); cool to 0°C; add 0.5 cc
of 0s0y (5%) in t-butyl alcohol 2) Collect solid
after distillation of liquids 3) Vacuum distill 49%
solid 4) Recryst. from ethyl acetate cis
0]
H. _OH
1) l/Is eqv. of LiAIH, to 20 g cyclopentanone; reflux é (7)
for2hr. 2) Add 10 ml cone. H.SO, 3) Distill
50%
+

H_ _OH

é Same as dehydration of cyclohexanol Q
> (8)

47%
OH
. _OH
Same as trans-glycol formation from cyclohexene -
= ®
55%
trans
OH
; . OH
Same as cis-glycol formation from cyc]u}\_exine
- — — (10)
0%
cis
0 N—oOH
hydroxylamine hydrochloride warm H.S0,
— —_—
0

(\/(N (11)
OH CH,
a) HBr
b) Grignard
_—
© ¢) Wittig é

OH Br MgBr

add to bromine-water Mg turnings/ether;

heat to 100°C reflux

“formalin”
passed through
3CaCl, tubes
into flask of
Grignard; heat
slowly

CH, CH,I CH,0H

-KOH in t-butyl HI (0°C),

-— —
alcohol slow heat cool to 0°C
(12a)

Overall % yield of Grignard =63%

1) Dissolve in ether

i CeH;),P
20g CH;l + equivalent (CH;), Tt S
3) Add 30 g of 50% hydratine

0 CH,
1) Reflux at 100° C for
100 ml + &,P=CH, ——————
24 hr 2) Distill
(12b)

Overall % yield of Wittig=50%
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