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Abstract:
The research program was initiated to learn whether diazomethane ring expansion might prove a
reasonable method of arriving at perhydroazulenes that are related to some sesquiterpenes. In the
course of the investigation, which involved 4-methyl-cis 3a,4,7,7a-tetrahydrophthalan as a model, it
was concluded that a methyl group can have powerful directive effects; possibly more electronic in
nature than steric. Also, the choice of an oxygen heterocyclic system as a model for the carbocyclic
systems resulted in an analysis of the long range directive effects of oxygen. Additional studies using a
sulfur hetero-atom confirmed the long range hetero-interactions. As part of the study using oxygenated
systems, the sex attractant of the bark beetle, Dendroctonus brevicomis, was prepared by an
unambiguous synthesis. The initial question of the program, that of investigating the use of
diazomethane ring expansion, was answered and evidence shows that the desired product is that
obtained in greater quantity. Overall yields, however, appear to be prohibitive in using this as a
synthetic route. The poor ring expansion may result from electronic and/or steric effects. 
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ABSTRACT

The re se a rc h  p rogram  was in itia ted  to  le a rn  w hether d iazomethane ring  
expansion m ight prove a reasonable  m ethod of arriv ing  at p e rh y d roazulenes that 
a re  re la ted  to  some sesqu iterpenes. In the course of the investigation, which 
involved 4 -m eth y l-c is  3 a ,4 ,7 ,7a-tetrahydrophthalan  as a m odel, it was con­
cluded that a m ethyl group can have powerful d irective effects; possibly m ore 
e lec tron ic  in nature than s te r ic . Also, the choice of an oxygen heterocyclic  
system  as a model fo r the carbocyclic system s resu lted  in an analysis of the 
long range d irective effects of oxygen. Additional studies using a sulfur h e te ro ­
atom confirm ed the long range h e te ro -in te rac tio n s. As p a rt of the study using 
oxygenated sy stem s, the sex  a t t r actant of the bark  beetle, Dendroctonus b re v i-  
com is, w as p rep a red  by an unambiguous syn thesis . The in itia l question of the 
p rog ram , that of investigating the use of di azomethane rin g  expansion, was 
answ ered and evidence shows that the d e sired  product is  that obtained in  g re a te r  
quantity. O verall y ie lds, however, appear to  be prohibitive in  using th is  as a 
synthetic route . The poor ring  expansion may re su lt from  e lec tron ic  and /o r 
s te r ic  effects.
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PART I

INTRODUCTION

Although te rp en es  have, in genera l, occupied a position of in te re st to 

organic chem ists  based alm ost en tire ly  on in te resting  skeleta l fea tu res, and 

ability to undergo complex skeleta l reorgan ization , in the past th e ir  pharm alo- 

g ical use has been of little  concern. The synthesis of perhydroazulenes has 

recen tly  become of considerable in te re s t, due to  th e ir  pharm alogical activity. 

M em bers of th is  unique c lass  of sesqu iterpenes b ear in common the c h a rac te r­

is tic  ring  system  com posed of mutually fused five and seven ring  (figure I).

The positioning of additional m oieties a re , as a ru le , p redictab le on simple 

biogenetic reasoning. However, non-isoprenoid s tru c tu re s  a re  known, and are  

p a rticu la rly  common in the perhydroazulene terpenes.

F ig u re  I :  E xam ples of perhydroazu lene com pounds.
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Exam ples of sev e ra l perhydroazulene sesqu iterpenes a re  shown in figure 

I . The extent of pharm acological and o ther physiological activ ities  are  well 

rep resen ted  in the sesquiterpene parthenin  (ii)1 in which both effects have been 

exhibited. Lactucin (iii)2 and helenalin  (iv)^ have also  been shown to be active 

pharm  ac ologic a lly .

The potential of these in te resting  compounds has not been reflected  in 

abundant syn thesis . R esearch  in th is  synthetic a re a  is  exem plified by the not­

able synthesis of Arom adendrene by Buchi^ (figure 3), and /3-vetivone by A. P. 

Krapcho and B. P. Mundy^ (figure 4) and also  the independent synthesis of /?- 

vetivone by J . A. M arshall6 (figure 5) w ith these exam ples, the com plexities of 

the synthesis can be noted. In the case of the Arom adendrene synthesis the 

assigned s tru c tu re  (vii) w as shown not to agree with the synthetic product (yi). 

The two independent syntheses of /3-vetivone gave products which w ere not con­

sis ten t with the iso lated  natu ra l product and led to eventual s tru c tu re  re a ss ig n ­

m ent. The c o rre c t s tru c tu re , as was finally determ ined by M arshall7, is 

shown in figure 2. Thus, in both cases it was only because of the attem pted 

syntheses that the assigned s tru c tu re s  w ere found to be in co rrec t.

F igure  2 : The c o rre c t s tru c tu re  fo r /3 -  vetivone.
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CH2=GH-CHO^

(pH

F ig u re  3: S ynthesis of A ro m ad en d ren e .
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In the syn thesis of "jS-vetivone" by Krapcho and Mundy, many of the 

reactions w ere te sted  on oxygenated model sy stem s. EliefS has used an oxygen 

containing system  as a model for the le ss  available carbocyclic  system . Oxy­

genated m odels have also  been used by RickbornO. The noted success with 

oxygenated m odels would indicate they can lend insight into problem s that might 

be encountered in the carbocyclic  analogs.

The objective of th is  re s e a rc h  was to design an efficient p reparation  of

(viii) and investigate the possible ring  expansion to the perhydroazulene model

(ix) . This model system  would be easily  p repared  and prob lem s worked out

with it would m ake the subsequent p reparation  of the carbon system  much e a s ­

ie r ,  and hopefully provide an e a s ie r  route  to some of the perhydroazulenes.

The logical way to approach the all carbon compound would be through a dicyan­

ide as is  shown in figure 6. However, it is  not possible to  obtain the dicyanide

(viii) (ix)

d irec tly  from  the ditosylate o r d im esylate (xiii).
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CH OTs

cyclization

F igure 6: Approach to all carbon system .

This can be explained on the basis of the s te rica lly  hindered ditosylate system  

(figure 7). A possib le route to the perhydroazulene skeleton from  the oxygen­

ated system  is  delineated in figure 8. Although there  a re  no d irec t lite ra tu re  

analogies, th e re  are  iso lated  exam ples to suggest that once th is  basic ring 

skeleton (ix) is  p repared  it would be feasible to convert it to some of the ana­

logous sesquiterpene like system s (figure 8).

F ig u re  7: A ttem pted  cyanide d isp lacem en t.
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(xxiii)

(XXLV)

F igure 8 : Proposed system  that m ight be of in te re s t .



PROPOSED RESEARCH

To estab lish  w hether d iazomethane ring  expansion of 4-m ethy l-6-oxo- 

c is-3 a , 4, 7, 7a-hexahydrophthalan to  4 -m ethyl~cis-2-oxa-7-ketodexahydroazu- 

Iene, the oxo-model of a perhydroazulene,. would be an efficient method of p re ­

paring  perhydroazulenes re la ted  to the sesqu iterpenes. The s te r ic  and elec tron ic  

effects of a suitable positioned m ethyl group in  d irecting  the course  of the re a c ­

tion would also be investigated .
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SYNTHESIS OF ALKENE SYSTEM

In o rd e r to synthesize the req u ired  ketone (9) it was f ir s t  necessary  to

p rep are  the alkene (3). The subsequent hydration and oxidation of 3 would then

12give the desired  ketone (9). Following procedures used previously by Mundy , 

the phthalan (3) was p rep ared  according to figure 9„

I

Figure 9: P repara tion  of phthalan (3).

P iperylene and m aleic  anhydride w ere refluxed in benzene which con­

tained a tra c e  of iodine13. The c rysta lline  anhydride 0  was then reduced to 

2 with lithium  aluminum hydride. T here w ere in teresting  by-products form ed 

in  th is  reduction that consisted  of one o r both of two iso m eric  lactones (G) and 

0 ,  as evidenced by in fra red  spectroscopy.
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The form ation of lactones during reduction of anhydrides with lithium  

aluminum hydride has been well estab lished14. It has been observed that when 

the anhydride 4 was reduced with lithium  aluminum hydride, the only product 

obtained was the lactone 5. It was also  noted that fu rther reduction of the

4 5

lactones (6) and (7) with lithium  aluminum hydride gave a quantitative yield of 

the diol (2). The m echanism  of th is  anomalous reaction  has recently  been r e ­

ported15.

2 6

The diol was then converted to the m onotosylate under conditions for 

which it is  known that system s of th is type read ily  undergo cyclization to the 

fu r an derivative (figure 10). The in fra red  and nuclear m agnetic spec tra
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(appendix, page 78) w ere consistent with the assigned s tru c tu re  for the phthalan.

F igure 10: M echanism of cyclization to the fu r an derivative.

Having successfu lly  p repared  3 in reasonable quantity, it was necessary  to find 

a good method fo r the p repara tion  of the ketone (9). There w ere severa l m ethods 

available for hydration, the re su lts  of which a re  described  below. The chem is­

try  of 3 had not been previously studied, thus it was unim portant where one 

s ta rted . The f i r s t  method tr ie d  was that of hydroboration. The lite ra tu re  has 

evidence of considerable w ork done in  th is  a re a  by H. C. Brown16 and D. J . 

P asto17. The re su lts  of som e of th is  w ork are shown in Table I .

P a s to 1 s w ork with 3-m ethylcyclohexene agreed very  well with that of 

Brown18. All of these  system s tr ied  w ere conform ationally inhomogeneous,
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w hereas the alkene (3) system  was of a rig id  nature. One of our in te re s ts  in 

th is  re s e a rc h  was to analyze the effects of the m ethyl group upon the develop­

m ent of a basic  perhydroazulene system . This method of hydration will then 

give insight into some of its  effects.

TABLE I

Diborane hydration of cyclic system s

The hydroboration was c a rrie d  out in a s im ila r m anner as that of Brown19. 

In fra red  analysis at th is  point indicated the products to be the expected alcohols. 

However, when oxidation was attem pted w ith sulfuric acid and potassium  dich­

rom ate all that was recovered  was a decom position product^. This type of 

oxidation was apparently too strong and a le ss  d ras tic  method was needed. A
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very  good method was found in the Jones o x id a tio n ^ . It is known that even such 

unstable compounds as 8̂  can be oxidized without destruction  of other skeletal 

fe a tu re s ^ This oxidation was c a rrie d  out at 25°C, was very  sim ple to run, 

and gave high yields; thus, making it a very acceptable method for oxidation. 

When it was c a rr ie d  out on the alcohols th e re  was an alm ost quantitative yield 

of ketone product. This was indicated in the strong absorbtion at 1720 cm - * in 

the in fra red  spectrum  and the alm ost com plete lo ss  of the -OH absorbtion.

H

8

The problem  of separa tion  and identification turned out to be somewhat 

m ore difficult. However, it was possible to separa te  the ketones by gas ch rom a­

tographic m ethods. A column 6 feet long and 4 mm inside d iam eter packed 

with 20% Carbowax on 40/60 fireb rick  provided good separa tion . The ra tio  of 

the ketones was 60/40. As can be seen in figure 12, one of the peaks has a 

ra th e r  large shoulder. T h is, it was fe lt, might be a ttributed  to  the possible 

ep im er that would re su lt in ketone (9). This ep im erization  would resu lt in a 

th ird  ketone which would explain the shoulder.
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3

BH

F igure 1 1 :  The hydration of S w ith d ib o ran e .

Column : 20% Carbowax on fireb rick  
Length : Six feet
T em peratu re  : 180 C

12,7 min.

10. 0 min.

F ig u re  12 : G as ch ro m a to g ram  of h yd robo ra tion  p ro d u c ts .



- 1 6 -

In o rd e r to positively  identify the two ketones and also  verify  th is  e p i-  

m eriza tion  of the hydrogen it was n ecessa ry  to obtain pure sam ples of each 

ketone. The logical approach would be w ith p reparative  gas chrom atography.

A g lass  colum n twelve feet long w ith an inside d iam eter of 4 m m  was made in 

our labora to ry . Separation and collection of a  sam ple of the two ketones was 

attem pted by th is  m ethod. Separation was achieved; however, since the r e ­

covery was low (50%) and the tim e req u ired  for obtaining m illig ram  sam ples 

was so long, th is  m ethod was felt to be im prac tica l. Also, since large amounts 

of ketone (10) w ere necessa ry  fo r the ring  expansion a m ore efficient separa tion  

p ro cess  was requ ired .

The o ther m ethod available w as tha t of column chrom atography, but it  

was f i r s t  n ecessa ry  to find a m eans fo r separa tion  with th in  lay er chrom ato­

graphy. The support se lec ted  was s ilic a  as opposed to  alum ina due to possib le 

reactio n s  and rea rran g em en ts  of the keto group. With som e experim entation 

the conditions and solvents fo r separa tion  w ere found.

The separa tion  on th in  lay er indicated tha t it  would be necessary  to in­

c rease  the length of the solid  phase to  achieve a clean separa tion . Since a com ­

m e rc ia l column was not available, with the help of M r. O tzenberger23 it was 

possib le to  fashion a suitable one out of g la ss . The column w as 60 cm long and 

had a 30 m m  inside d iam eter and was w ater jacketed. The high volatility of the
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elutant solvents used  made it  n ecessary  to  cool the column to  rem ove the heat 

generated  by absorption and deabsorption of the solvents on the solid phase.

With th is  column it was possible to separa te  one g ram  sam ples of the 

ketone m ix tu re . The gas chrom atogram  of the collected frac tions indicated 

each  ketone to  be uncontam inated w ith the o ther.

Each frac tion  gave a 2 ,4-dinitrohydrazone derivative and the m elting 

ranges w ere considerably  different (fraction 10: m .p . 164-5, and fraction  9: 

m . p. 176-7).

In fra red  analysis of frac tions 9 and 10 showed each to  contain a strong 

absorp tion  fo r a ketone w ith the carbonyl frequency fo r each ketone being the 

sam e (see appendix, page 79).

The nuclear m agnetic resonance spectrum  of each  ketone was co n sider­

ably d ifferent; how ever, conclusive assignm ent of s tru c tu re  could not be accom ­

plished  at th is  point (see appendix, pages 83 and 84).

It w as fe lt tha t if an ep im erization  was taking place and if one ketone did 

have the s tru c tu re  of ketone (9) then it  should be possib le to employ deuterium  

exchange as ah analytic method. This exchange would be evident in the nuclear 

m agnetic resonance as a lo ss  in the splitting of the m ethyl signal for the com ­

pound having the secondary m ethyl group a  to the carbonyl function.

E xperim ents on a model compound w ere f ir s t  attem pted in o rd e r to

A
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estab lish  the experim ental technique. A gas chrom atographically  pure sam ple 

of 2 -m ethylcyclohexanone was selected  as the model. The nuclear magnetic 

resonance spectrum  of the deutera ted  compound did show a loss of the splitting  

of the m ethyl group at 1.1 6 as was expected (figure 13).

The ketones (9) and (10) w ere then subjected to the sam e condition for 

deuterium  exchange and the nuclear m agnetic resonance spectrum  of each was 

taken (figure 14). As was expected there  was a lo ss  in the splitting  of the 

m ethyl group in one of the ketones (11). The doublet for the m ethyl group was 

re ta ined  in  the o ther ketone (12).

F ig u re  13: D eu terium  exchange of 2 -m ethycyclohexanone.
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F igu re  14 : N m r study of dueterated  system  9 and 10 .

0 . 0  6
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On the basis  of the inform ation and subsequent fu rth e r evaluation of the nuclear 

ipagqetic sp ec tra  the given s tru c tu re s  w ere assigned to ketones (10) and (9).

R eturning now tp the quantitative re su lts  obtained from  gas chrom ato­

graphy it  was possib le to  evaluate hydroboration as a m ethod fo r hydration.

Thq d esired  ketone (10) was not the m ajo r product and at th is  point it was not 

possib le to  fu rth e r consider hydroboration as a method of hydration.



-2 1 -

The use of a m ore hindered hydroborating group provided a second 

method fo r hydration. Tliis method of hydration using d is iam ylborane (b is-3 - 

mpthy 1-2-butylborane) has been rep o rted  in the lite ra tu re  by Brown2^. With a 

much la rg e r  group on the borane it was fe lt that th is would hinder attack at the 

C-5 carbon.

Inform ation provided in the lite ra tu re  shows that disiam ylborane d irec ts  

predom inantly to the le ss  hindered carbon atom. In two exam ples th is is  shown 

to be t ru e 25 (see figure 15). Some work on sim ple cyclic system s have given 

contradictory  re su lts  and w ill be fu rth er d iscussed  at a la te r  tim e.

ô * '  . 
W

H CH0

3 x CH

R B H

/t A
/  CH1

5% 95%

Figure 15: The Use of D isiam ylborane for Hydroboration.

The disiam ylborane was p repared  in the sam e way as by Brown . The 

alkene was then subjected to hydroboration with disiam ylborane under the sam e
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conditions as w ere used in  the l i te r ature^?.

Indeed, the re su lts  w ere in good agreem ent with those obtained by Brown 

and co -w orkers . The use of disiam ylborane did shift the ketone product ra tio  

tow ards the expected ketone (10). However, 10 was s till not the predom inate 

product as was desired . The m ethyl group did seem  to play som e ro le in the 

d irec tion  of attack but fu rth e r study was s til l  needed to determ ine how strong 

o r im portan t it was.

There is  ye t a th ird  method for hydration of the alkene (3), the pinacol 

rea rran g em en t. This m ethod was selected  la rge ly  because of a concurrent 

study being done on the pinacol rea rran g em en t in our labora to ry . The pinacol 

rea rran g em en t does, however, provide a potentially easy  and quick method fo r 

obtaining ketone products from  the system  being studied. The alkene (3) was 

read ily  converted to  the alcohols needed fo r the pinacol rea rran g em en t. Since 

it was easy  to p rep are  both the cis and tra n s  diols from  the alkene it was felt 

both system s should be attem pted in the rea rran g em en t. The c is  diol (13) was 

p rep a red  by potassium  perm anganate oxidation of 3̂  in  good y ie lds. P repara tion  

of the tra n s  diol (14) system  was achieved using the perfo rm ic  acid hydroylation 

p rocedure.

The conditions under which the pinacol rea rran g em en t should be c a rr ie d  

out w ere not well estab lished . Some recen t w ork in th is a re a  in  our laboratory
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indicated varia tions in  reaction  conditions would change the product ra tio s . 

Qualitative analysis of ketone form ation under various acid concentrations, 

using both the cis and tra n s  iso m ers  of cyclohexane diol, indicated that the 

optimum conditions involved acid concentrations of 80% or g re a te r . Table 2 

shows the re su lts  of the pinacol rea rran g em en t under various conditions.

TABLE 2

A nalysis of the pinacol rearrangem en t.

Room Tem p. ---------------- >
Con. H2SO4

None

O ver­
all

Yield

40%

None

Reflux

Con. H SO. 
2 4

None T race

15% 85% 59%
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It is  easily  seen  from  Table 2. that the re su lts  from  the pinacol r e a r ­

rangem ent w ere not very  desirab le . T here  w ere also many side products and 

in som e reactions the s ta rtin g  m a te ria ls  w ere so decom posed that th is  method 

w as discontinued.

The re su lts  up to th is  point w ere not very  encouraging and an evaluation 

of the data at th is  tim e helped to  decide the d irection  of ketone re se a rc h  p u r­

su its .

The effect of the m ethyl group upon the form ation of 3_ is  not a very 

strong one. In all th re e 29 of the hydrations tr ie d  th e re  w ere nearly  equal 

amounts of both ketones o r in the case of the pinacol a la rg e r  percentage of 9.

It would appear that the rig id ity  of the system  is  of little  im portance. The hy- 

d roboration  experim ents seem ed to agree very  w ell w ith what was rep o rted  in 

the li te ra tu re .

A nalysis of the pinacol rea rran g em en t re su lts ; even though, they w ere 

not sa tisfac to ry  as a synthetic m ethod w ere very  in te resting . Considering the 

m echanism  of the pinacol rea rran g em en t and the m ajo r product from  the re a c ­

tions of the diols (13) and (14), i t  is  possib le  to determ ine which carbonium  ion 

would be the m ore favorable. FigurelG  suggests the m echanism  to explain the 

predom inate form ation  of 10. This .m echanism  would indicate tha t the m ore 

stable of the two possib le carbonium  ions is  15. Experim ental re su lts  would
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Figure 16 : Proposed m echanism  fo r the pinacol rearrangem en t 

also indicate that a carbonium  ion at 0 6  is  m ore stable than at C-5 (figure 17).

F ig u re  17: C arbonium  ion stab ility .
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A plausible explanation of these re su lts  would be that the oxygen of the 

furan ring  is  partic ipating  to produce an e lec tron ic  effect that would stabilize 

th is carbonium  ion (figure 18). F u rth e r investigation of the system  was n eces­

sa ry  in o rd e r to determ ine the possib le effects of the oxygen, and other re s e a rc h

F igure 18: Model of 4 -M eth y l-c is-3 a ,4 , 7 , 7a-tetrahydrophthalan.

in our labora to ry  is  try ing  to  evaluate the effects of heteroatom s.

O xym ercuration provides another route for alkene hydration. This 

method has been shown to be an effective Markownikoff hydration technique. 

O xym ercuration is  also  a very desirab le  method of hydration because of the 

m ild experim ental conditions involved. It is  very selective in  its  reactiv ity  and 

will not in te rfe re  o r re a c t with any other functional groups^®.

The m echanism  fo r oxym ercuration has been under investigation fo r 

some tim e (figure 19). T here has been som e d iscussion  as to whether the m e r­

cu ric  acetate  com plexes with the pi system  of the double bond in the f ir s t  step
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o r if th e re  is  a displacem ent of an acetate ion by one of the carbon cen ters of 

the double bond. However, at th is point the m echanistic details of the oxym er- 

curation reaction  a re  not the focus of the re sea rc h .

+ Hg-OAc
1.  )1^ O-THF

2 .  ) KOH
"'Hg- OAc

KOHZNaBH4

F igure 19:

/ k r O H

The p ro cess  of oxym ercuration — dem ercuration .

If th e re  is  a s te r ic  effect to d isplacem ent taking place in oxym ercuration 

then th is  should be easily  seen in a model system . The model of choice was 3 - 

m ethylcyclohexene. Evidence from  disiam ylborane reactions would suggest that 

the cen te r of h igher e lec tron  density would be at C-2. T h e re fo re , it would be 

pred icted  that for oxym ercuration 3 -methylcyclohexanone would be the m ajor 

product.

The oxym ercuration of 3-m ethylcyclohexene was c a r r ie d  out and the p ro ­

ducts w ere analyzed by gas chrom atography. With both possib le ketones av a il­

able, determ ination  of the products was very easy . As expected, the m ajor
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product was 3-m ethylcyclohexanone (figure 20). This method of hydration was

F igure 20: O xym ercuration of 3-m ethylcyclohexene.

next applied to 3̂  If the idea is  c o rre c t that the bond is po larized  towards C-5, 

it  would be p red ic ted  that the m ajo r product of oxym ercuration would be ketone 

(10). When 3. was subjected to hydration by oxym ercuration the m ajo r product 

was the ketone (10) as p red ic ted  (figure 21). This method of hydration.

(3)

I . ) Hg(OAc)

2 .)  oxidation

(10) (9)

F ig u re  21: O xym ercu ra tion  of the alkene (3).
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oxym ercuration, then provides a reasonable m eans of obtaining large quantities 

of the needed ketone (10) and m akes its  purification  by column chrom atography 

re la tive ly  easy .

Before proceeding on to the question of ring  expansion th e re  was a d esire  

to look fu rth er into the chem istry  of the compound used as a model. This helped 

to c larify  some of the re su lts  obtained in the other methods used for hydration.

Investigation of the hydroboration of 3-m ethycyc lohexene has been m en­

tioned before as being studied by Brown, who found essen tia lly  equal addition of 

boron to C -I and C - 2 ^ .  Pasto  in  a m ore detailed analysis found that the addi­

tion tra n s  to  the methyl group was favored with the overall addition again being 

e q u a l^  (figure 22 ). When the compound was subjected to hydroboration with 

d isiam ylborane th e re  was no ex trem e difference between addition at C -I and C- 

2; a considerable departu re  from  exam ples in the acyclic sy stem s . However,

H

F ig u re  22: P a s to 's  w ork on H ydration of a lkenes .
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when Brown reac ted  3 ,3 -dim ethylcyclohexene th e re  was a s te r ic  in teraction

O A

noted in  the product ra tio  .

Since evidence gained from  th is model compound has a strong bearing on 

th is  re se a rc h , re -evaluation  of these reactions was undertaken. The pinacol 

rea rran g em en t was not used due to the la rg e  num ber of side products which 

m ade the analysis of the ketones difficult and unreliab le. R esults are shown in  

Table 3. Good agreem ent was found in experim ent I  with both Brown35 and 

P asto rs 35 re su lts . However, the re su lts  of experim ent 2 w ere not in ag ree­

m ent w ith those of Brown but can be well ra tionalized  by a m echanism  to be 

proposed la te r .

In all of the cases exam ined the m ethyl group has m aintained its  ability 

to  d irec t addition both in  the e lec tron ic  and s te r ic  cases . This is  particu la rly  

evident in  the case of oxym ercuration w here it is  evident tha t C-2 is  much m ore 

capable of displacing the acetate group from  m ercu ric  acetate  than C -l. This 

e lec tron ic  effect, in combination with a  seem ingly sm all s te r ic  effect, can be 

nationalized by the concept of ally lie  s tra in 3 in  which 3-m ethyl cyclohexene 

t alees the p re fe rre d  conform ation that has the methyl group in  the axial position. 

In th is  A ^ ’ 2) conform ation the m ethyl group allows for bottom -side attack 

while also  reducing s te r ic  in te raction  as is  possib le  in A (figure 23).
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TABLE 3

Hydration of 3-m ethycyclohexene.

METHODS OF HYDRATION PRODUCT RATIOS

I) B2H6 54 46

2) D isiam ylborane 67 33

3) O xym ercuration 12 88

4) Pinacol R earrangem ent No observed ketone
products
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Figure 23: Conform ational iso m ers  of 3-m ethylcyclohexene.

Still, the methyl group can partic ipa te  in its  inductive effect making C-2 

e lec tron ica lly  the m ore favorable of the two addition s ite s . This argum ent is 

consisten t with B row n's observation that 3 ,3 -dim ethylcyclohexene d irec ts  addi­

tion  in predom inantly one d irection , because in the A ^ ' conform ation, one 

m ethyl group s till  c rea te s  a s te r ic  in teraction  (figure 24).

F igure 24: Methyl group in teractions in 3 ,3-dim ethylcyclohexene.
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Re turning now to the alkene (3) system , fo r which the combined re su lts  

a re  lis ted  in  Table 4, it is  in te resting  to  note that in  two out of the th ree  cases 

the re su lts  w ere not in  agreem ent with those of the sim ple 3 -methylcyclohexene 

system . The model would suggest that the hydroboration reac tio n  2 should go 

predom inantely in the d irec tion  of C-5 because th e re  would s till  be the po ssib i­

lity  of attack  from  the bottom  side. In the case of oxym ercuration since the 

h igher e lec tron  cen te r should be at the C-6 cen te r because of the induction of 

e lec tro n s  from  the m ethyl group. However, re su lts  show that in neither case 

is  th is  tru e . Why then a re  the re su lts  in such d isagreem ent with the model 

system  ?

The only possib le elem ent that could influence th is reac tio n  would be an 

in te rac tion  caused by the oxygen atom. This effect has been re fe rre d  to as a 

"su p ra-an n u la r"  in te ra c t io n ^ , if one analyzes the space filling model a d ia­

g ram  may be draw n as shown in figure 25. This sup ra -an n u lar effect of the 

oxygen causes a sh ift in  the e lec tron  density about the pi bond. Therefore the 

higher concentration of e lec tro n  charge is  at C-5 and th is  would cause the d is ­

crepancy between the model and the alkene (3).

The 50 :50 m ixture resu lting  from  the reac tio n  of 3̂  w ith diborane can be 

ra tionalized  by a combination of: I ,  little  s te r ic  effect; 2, oxygen partic ipation  

which might com pensate fo r any sm all s te r ic  effect; and 3, the non-discrim ination



TABLE 4.

Hydration of 4 -M eth y I-c is-3 a , 4, 7a, 7, tetrahydrophthalan.

1 . ) Hydration
O ----------------------- =»

2 . ) Jones oxidation

METHODS OF HYDRATION PRODUCT RATIOS

I) Diborane 60 40

2) D isiam ylborane 38 62

3) O xym ercuration 18 82

4) Pinacol R earrangem ent 85 15
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Figure 25: Effect of oxygen atom on alkene (3) system .

of the s te rica lly  sm all diborane and its  re la tive ly  high reactiv ity . Considering 

only the s te r ic  effects, one would expect a slight favor of boron attack at C-6 

w ith disiam ylborane. However, the oxygen participation  complexed with a 

"tw ist conform ation" re su lts  in a slight p reference  of addition at C-5. In the 

reaction  of m ercu ric  acetate the m echanism  would suggest tha t the carbon with 

the highest e lec tro n  density would be the one that would displace the acetate ion. 

The sup ra -an n u lar in te raction  of the e th e r oxygen, as already indicated has
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shifted the e lec tron  density  tow ards C-5. Thus, d isplacem ent would be by C-5 

and the predom inate ketone would be at C-6, which was the case . F inally , it 

is  also  possib le to ra tiona lize  the re su lts  of the pinacol rea rran g em en t. This 

reaction  p roceeds v ia  a carbonium  ion m echanism  and the model would suggest 

tha t the C-6 carbon would be the m ore stable of the two possib le ions and the 

m ajo r product would then be the C-5 ketone (9).



PART in

RING EXPANSION OF ALKENE 

The next question involved in the p ro jec t was that encountered in ring 

expansion. The proposed method was that using diazom ethane to ring enlarge 

the ketone obtained from  hydration. A large  amount of the work in the l i te ra ­

tu re  has shown that ring  expansion re su lts  in severa l possible products depend­

ing on the conditions39 (figure 26). The diazom ethane reaction  with the ketone

F igure 26: Ring expansion of m ethyl-cyclohexanone.

(10) would then re su lt in two ketone products (figure 27). It was fe lt that if one 

of these ketones could be synthesized by an a lte rnate  method then the identifica­

tion of the products would be e a s ie r . Ketone (19) was chosen because it was 

fe lt to be the e a s ie r  of the two to synthesize. This feeling was in light of p re ­

vious synthetic work by Mundy, and mentioned in the introduction. The only 

difference is  in the two syntheses in the lack of one methyl group in the s tarting



—38 —

CH, CE, CE. CE,

O

O O2

10 17 18 19

F igure 27: Ring expansion of the ketone (10).

m a te ria ls . The approach to th is synthesis is  shown in figure 28, s tarting  with 

the already available alkene (3).

The alkene (3) was trea ted  with perfo rm ic  acid, followed by hydrolysis, 

to give the tra n s  diol (14) in reasonably  good yields. This diol was then cleaved

zed aldehyde (20) that was im m ediately reduced with lithium  aluminum hydride 

to the diol (21).

In frared  analysis of the crude aldehyde did indicate that the product was 

uncyclized, and fu rth er purification was not attem pted due to  the instability of 

th is type of system .

The diol (21) was then converted to the d itosylate derivative (22). P u r i­

fication of the uncyclized system  was done at th is point and the in frared  analysis

with sodium bism uthate, according to the method of Rigby40 , to give an uncycli-
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proved it to be the expected ditosylate. Cyanide displacem ent of the tosylate in 

anhydrous dim ethylsulfoxide resu lted  in  the d esired  dicyanide (23) which was 

hydrolyzed to the diacid (24).

The pyro lysis  of the diacid in the p resence  of barium  hydroxide and 

powdered iron  yielded the cycloheptanone ring  system  (25). In frared  analysis 

showed the lo ss  of the acid function with the re ten tion  of the strong carbonyl 

peak (appendix, page 81). Gas chrom atography showed the product to contain 

one m ajo r peak that had a re ten tion  tim e somewhat longer than the cyclohexan­

one system s. The m ass  spectrum  of th is  system  also showed it to have a m ass 

weight of 168. It also  form ed a 2,4-dinitrophenylhydrazone derivative. The 

s im ila rity  in the fragm entation p a tte rn  of th is  compound (25) and the cyclohex­

anones (9) and (10) would suggest that indeed 25 is  the cyclized compound.

Now having one of the ring  expansion products it was possib le to go 

ahead w ith the diazom ethane ring  expansion experim ents. Previous work r e ­

ported  in  the li te ra tu re  suggest that a cata ly st is  necessary  to reduce the amount 

of epoxide form ation and at the sam e tim e help in  the ring ex p an s io n ^ . Work 

was f i r s t  done on a model system  to insu re  that expansion w as taking place. 

R eaction with m ethyl cyclohexanone showed that when aluminum chloride was 

used  in  cataly tic  amounts and the d iazomethane was generated  in ex cess, ring  

expansion did take place (Table 5);
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Figure 28 : Unambiguous synthesis of the expansion product (25).



TA BLE 5.

Ring expansion of the model cyclohexanone.

Catalyst

Diazomethane
(m ole/m ole)

CHoN9./C«Hin

Type of
CHgN2
addition

(h r.)
Tim e
before

w ork-up Solvent
Expansion

Product

B F3 1 :1 in d irec t (a) none e ther none

B F3 1:10 in d irec t none e th er none

BFg 1 :3 0 in d irec t 18 e th er none

B F3 1 :3 0 d ire c t (b) 18 e th er none

B F3 1 :3 0 d ire c t 18 ethanol trace

AlCl3 (c) H CO O d irec t 18 ethanol 2 0 %

AlClg (d) 1 :3 0 d irec t 18 . ethanol none

AlClg (e) 1 :3 0 d ire c t 18 ethanol none

(a) Solution of d iazomethane p rep ared  and then a portion was added to  the ketone.

(b) Diazomethane generated  in  situ  w ith the ketone.

(c) Anhydrous AlClg left open to  the atm osphere fo r two days.

(d) Anhydrous AICI3 .

(e) Unactivated AlClg.
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Application of the ring expansion to Ij) did indicate that there  were in ­

deed two expansion products. This was indicated by gas chrom otographic analy­

s is , which indicated that the synthesized ketone (25) and one of the expansion 

products (14) had exactly the sam e reten tion  tim es. (Compounds 1_9 and 25_ 

have now been estab lished  as the s a m e .) The other peak was felt to be the other 

expansion product, and had a very s im ila r  re ten tion  tim e (figure 29). The m ass

18. 5 min.

1 5 .3  m in

Figure 29: Com parison of gas chrom atogram s of expansion products.

of the expansion products showed both peaks to have exactly the same m /e
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values; with the m ass spectrum  of the second peak having the sam e fragm enta­

tion p a tte rn  as that of the synthetic ketone (appendix, pages 90 and 91 ). Gas 

chrom atographic collection of these ring  expanded ketones and the subsequent 

in fra red  analysis showed both peaks to contain the strong carbonyl and reten tion  

of the te trahydrofuranyl ring  system . N uclear m agnetic resonance of the de­

s ire d  ketone showed the product to  contain the c o rre c t spectrum  for the assigned 

s tru c tu re  (appendix, page 85). It is  also in te resting  to note that th e re  was no 

epoxide form ed that corresponded to the m /e  of the proposed epoxide (17). The 

m ass spectrum  indicated a compound that had a m ass ion of 182, however, 

th e re  is  some indication that th is  may be an epoxide of the s tru c tu re  (26). This

O

idea is  a re su lt of the gas chrom atogram  which shows th is compound to have a 

m uch sh o rte r  re ten tion  tim e than the ketones (9) and (10) (figure 30). The p o s­

sib ility  of the compound being an eight m em bered ketone system  could be e li­

m inated on the basis  of a sh o rt re ten tion  tim e. A high m olecu lar weight ketone 

such as th is should be re ta ined  until a fte r ketones (18) and (19) have come off 

the column. The m ass spectrum  (appendix, pages 90 and 91 ) is  very  s im ila r 

to that of the expanded ketones. The in fra red  spectrum  shows no carbonyl
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absorption which helps to elim inate the idea of a ketone.

m /e  182

-e-ti min.

F igure 30: Gas chrom atogram  of product obtained

from  ring  expansion.

R esults would indicate that the possib le ring  expansion of ketone (10) 

would not provide a useful m eans for the preparation  of the desired  cyclo- 

heptanone system . The desired  expansion product was the m ajor iso m eric  

product, but the overall yield of th is ketone was not very  high (less than 

5%). Why doesn 't the ring  expansion w ork? One might suggest that it  is 

due to the s te r ic  lhnderance to attack at the carbonyl carbon, or to fu rth er 

sup ra -an n u lar in teraction . Also, it is  not unreasonable to suggest that a
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necessa ry  1 ,3 in teraction  (either C- • •« C, o r C- • - O) in the transition  sta te  

m ight inhibit the reactiv ity . However, at th is tim e there  is  not enough ev i­

dence to support e ith e r possib ility .



PART IV

The effects of the oxygen heteroatom  was of in te re s t because of its d ir ­

ective effects. Another heteroatom  that was of in te re s t was the sulfur atom. 

Since the synthesis of (28) was re la tive ly  easy , we looked into its effect on 

oxym ercuration. The hydration (figure 31) was ca rried  only as fa r as the a lco­

hols (29) because oxidation of the alcohols would have resu lted  in the destruction

28

Figure 31: Synthesis of su lfu r system  alcohols (29).

of the tetrahydrothiophene ring . T herefore the d irective effect was com pared 

by using the alcohols of the oxygen system  as standards. Gas chrom atographic 

re ten tion  tim es of the alcohols of the su lfu r system  w ere s im ila r  to those of
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the oxygen system . As it turned out the su lfu r system  alcohols w ere c ry s ta l so 

purification  and then gas chrom atographic analysis gave the unambigious in fo r­

m ation on the alcohol ra tio s  (figure 32).

Oxygen system

15 min.

13 m in.

S u lfu r system

27 min.

21 m in.

F igure  32: C om parison of alcohol re ten tion  tim es.

If one assum es that the iso m er re ten tion  tim e in the gas chrom ato­

graph of the oxygen system  can be com pared with the su lfu r compound, then the 

oxym ercuration  of the su lfu r compound would give approxim ately an equal m olar

ra tio  of the alcohols.
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The re su lts  of the su lfu r system  fit very  well with the o ther inform ation. 

If one extends the idea of the e lec tro n s  of the oxygen system  to  that of the su l­

fur it is  found that the d o rb ita ls  of the su lfu r atom Will be influencing the 

e lec tro n s  of the double bond, Since these oybitals a re  a little  la rg e r  and will 

encom pass a w ider u rea  the d irec tive  effect w ill bp deprpased. At the sam e 

tim e i t  would be expected that the reac tiv ity  of the Sulfur pompound would be 

slow er than any o thers . This was quulitatively observed in tha t the oxygen sy s­

tem  was com pleted in sev e ra l m inutes while the su lfur system  was com pleted 

in  two hours. O ther evidence supporting th is  idea was obtained through a nuc­

le a r  m agnetic study of m ethylcyclohexene (30), alkene (3), and the sulfur 

alkene (28). It was significantly noted that th e re  was a sh ift in  the alkene p ro ­

tons with the increasing  size  of the heteroatom s (figure 33). This would say 

that the heteroatom  is  shielding these protons and causing the shift upfield.

At th is  tim e we a re  not p rep a red  to fully d iscuss the m echanism  or the 

s tereochem ical consequences of the reactiqn . However, the known su lfu r- 

m ercu ry  affinity as evidenced by denaturation of S-containing pro te ins, coupled 

w ith the reasonable y ields of alcohol product obtained, leads to  the in te resting  

problem  of what is  the ro le  of the heteroatom  in influencing chem ical reac tiv ity .
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CH3

30

59.1

I » I

6 .0  5 .0  1 . 0

F ig u re  33 : N m r co m p ariso n  of com pounds in  cps.



PART V

SYNTHESIS OF THE SEX ATTRACTANT BREVICOMIN 

As p a rt of the p rogram  concerned with oxygenated sy stem s, work in our 

labora to ry  showed that in the absence of w ater an in ternal hydroxyl group could 

partic ipa te  in the oxym ercuration reaction  (figure 34).

F igure 34: In ternal cyclization with m ercu ric  acetate .

Since 32 b ea rs  a s im ila rity  to the insect sex  a t t r actan t, brevicom in (34), 

we undertook a sim ple synthesis of th is  im portant compound (figure 35).

F ig u re  35: The sex  a t tra c ta n t b rev ipom in .
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This sex a ttrac tan t, breyicom in, is  re lease^  by the bark  beetle, Den-  

droctonus b rev icom is. T here  a re  many reaso n s fp r th is In te re s t; the m ajor 

one being that th is  beetle alone is  responaible fo r the destruction  of the equiva­

len t of five billion board  feet of tim b er each y e a r ^ ,  This figure rep resen ts  

about six  tim es the amount caused by f ire . At the p re sen t tim e th e re  is  no 

effective control of these beetles.

The p ro cess  through which the destruction  takes place begins with the 

attack of a few bark  beetles upon the tre e s  which; is  then followed by a la rge  

secondary invasion which eventually k ills  the tre e . While the in itia l beetles are  

boring into the tre e  to  construct a nuptial cham ber, they excre te  f ra s s , a m ix­

tu re  of fecal pe lle ts  and wood fragm ents. Contained in the f r a s s  is  an a ttra c t­

ant which causes the secondary invasion. This a ttrac tan t is  produced by the 

fem ale and i t  a ttra c ts  the m ale.

A considerable amount of re s e a rc h  w as c a r r ie d  out to  try  and iso la te  the 

a ttrac tan t and ch arac te rize  its  s tru c tu re  in  hopes that if m ight be used in som e 

way to control these beetles .

The identification of the a ttrac tan t was accprnpfished by isolation of 2 mg 

of the . active compound from  1.5 Kg of f r a s s . It was identified by R. M.

AQ
S ilverste in  in 1968

B revicom in has recen tly  been synthesized by two independent m ethods.
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S ilyerste in4^ (figure 36) was the f ir s t  to  malce th is  compound and it  was la te r  

Synthesized by H. W0 W asserm an4^ (figure 37). In both cases  the syntheses 

S-re re la tiv e ly  long and involved with a few chem icals that cause the expense of 

these m ethods to  be ra th e r  high,

It was fe lt tha t w ith the s im ila r itie s  between the cyolized compound (32) 

and brevicom in (34) that we m ight be able to approach the synthesis of b re v i-  

comin in a le ss  expensive way with few er s tep s . The synthesis involved the 

Synthetic route shown in figure 38.

i



O 
Il

'C -C H 3 l.)H B r, H2O 
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---------- ------------------- a
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O O A

CH0 _ r c i C H 2)3- C — CHCH,CH2— 3

CIS

F ig u re  36: S ilv e rs te in 's  sy n th es is  of b rev ico m in .
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D ecarboxlyation

210° /  base washed 
sea le d  tube

F ig u re  37 : W a sse rm a n 's  sy n th es is  of b rev ico m in
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CH3x^ O

EtMgBr

36 34

F igure 38. Synthesis of brevicom in

The two s ta rtin g  m a te ria ls  acro lien  and m ethyl vinyl ketone, which 

a re  both re la tive ly  inexpensive, would through a D ie ls-A lder reaction  lead 

to  the pyran derivative (35). The conditions under which the D iels-A lder 

reaction  would re su lt  in  the d esired  product w ere estab lished  after som e 

experim entation (Table 6). System s very  s im ila r to these  have been made 

by Buchi46. A nalysis of the product from  th is reaction  by gas chrom atogra 

phy showed th ree  strong peaks. These peaks might be attribu ted  to the pos 

sib le  products shown in figure 39. This m ixture of aldehydes and ketones
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TABLE 6.

D iels-A Ider reaction  fo r form ation of 2-carboxaldehyde- 6-  

m ethyl- 3 ,4-dihydro-2H -pyran.

A crolein
(g)

Methyl Vinyl 
Ketone 

(S)

Benzene
Solvent

(ml)
Time 
(hr o)

Tem p.
(°C) R esults

5 10 I 180
Alcohol
p resen t

5 10 2 180

Low 
yield 
(0.5 g)

5 ' 10 25 2 180
yield

(2g)

10 15 25 2 180
yield

(6g)

30 5 80 1.5 180
yield

(8g)

30 15 80. 2 180
yield
(18 g)
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was c a r r ie d  on to the next step  without fu rth e r attem pt at separation .

CH3

F igure 39: Possib le products from  the D iels-A lder reaction.

The G rignard  addition to the carbonyls was c a rr ie d  out and the alcohol 

products w ere iso lated  without any com plications. Again, gas chrom atography 

of these alcohols showed there  to be th ree  components.

O xym ercuration in the absence of w ater nicely converted the alcohol 

product to  a cyclic system . Gas chrom atographic com parison of a known sam ­

ple of brevicom in (obtained from  Jim  Lotan, U. S. F o res t Service) showed the 

product to contain brevicom in. Separation of a sam ple and the instrum ental 

analysis of it showed brevicom in to be identical with the synthesized compound 

(in frared , nuclear m agnetic resonance, and m ass spectrography; appendix, 

pages 82, 86 , and, 92.

The overall y ields at the p re sen t tim e a re  not considered  to be at the 

optimum level but with a little  fu rth er w ork it is  felt it can be increased .



PART VII

EXPERIMENTAL SECTION

Th,e in fra red  sp ec tra  w ere reco rded  on a Beckman IR -S , using polysty­

rene as the standard . NMR sp ec tra  w ere reco rded  on a  V arian  A-60 using 

TMS as. an in te rn a l standard  and deuterochloroform  as the solvent. The m elting 

and boiling points a re  unco rrec ted  and a re  in  degrees centigrade. Gas chrom a­

tographic analysis w ere perfo rm ed  on an F & M Model 400 unit, using a hydro­

gen flamp de tec to r and Disc in te rg ra to r. A nalytical data followed by (*) w ere 

kindly obtained from  P ro fe sso r Krapcho, and have not been rep o rted  in the 

li te ra tu re .

C is-S -M ethyl-4-C yclohexane-C is, C is-1 ,2 -D icarboxylic  Acid Anhydride (I ) :

In 50 m l of benzene, (52 g, 0.76 m ole) of piperyline was dissolved. The 

mijxtpre was s t i r re d  and heated to a gentle reflux. A few c ry s ta ls  of iodine w ere 

added.until a slight re d  color rem ained. To the m ixture was added m aleic an­

hydride (52 g, 0.53 mole) dissolved in  200 m l of benzene, over a th ree  hour 

period . A fter the addition had been com pleted the solution w as allowed to reflux  

for an additional th ree  hours. The excess benzene was then rem oved by r e ­

duced p re s su re  d istilla tion . The concentrated  m ixture was allowed to rem ain  

a t room  tem p eratu re  overnight, a fte r which a solid had form ed. This crude 

m a te ria l was then filte red  and washed with cold ethanol, to rem ove the excess 

benzene and iodine. The resu lting  white c ry s ta ls  (51 g, 97%) had a m elting
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range of 61-62° (lit. ^7 , 61°).

C is-3-M ethy l-4-C yclohexene-C is, C is-1 ,2 -d im ethano l (2):

The anhydride (60.0 g, 0.36 mole) was dissolved! in 600 m l of anhydrous 

e th er. The solution was added during a five hour period to a refluxing solution 

p rep a red  from  lithium  aluminum hydride (15.2 g, 0.40 m ole) in  600 ml of anhy­

drous e th e r, When the addition was com pleted, the m ixture w as refluxed for 

an additional 24 hours. A fter th is  tim e , the reaction  m ixture was then cooled, 

and sufficient wet e th e r was added to hydrolyze the aluminum sa lts . A 100 m l 

sa tu ra ted  aqueous solution of Rochelle sa lts  was then added. The m ixture was 

s t i r re d  fo r an additional hour and the sa lts  w ere then filte red  from  the solution.

The e th e r fil tra te  was d ried  with m agnesium  sulfate and concentrated at 

reduced p re s su re  (0.5 m m  Hg), yield 33.0 g (59%).

In fra red  analysis showed a strong broad peak fo r the -OH and also tha t 

no qarbonyl rem ained  in  the product.

4 -M ethyl-c i s -3 a , 4 ,7 ,7 a-te trahydrophthalan  (3):

In 40 m l of dry pyridine was dissolved the diol (2), (21 g, 0.13 mole). 

This solution was heated to  reflux  while a solution of tosylqhloride (38 g, 0.2 

mole) In 40 m l of pyridine was slowly added. The reaction  m ixture was allowed 

to rem ain  at reflux  fo r about 12 hours, a fte r which tim e it w as cooled and 

poured over an ic e -su lfu ric  acid s lu rry . The product was ex trac ted  with
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pentane and was d is tilled  to y ield  14 g (73% yield) of a w a te r-c le a r  liquid having 

a boiling range of 44-48° at 0.2 m m  Hg. The in fra red  spectrum  (KBr plate) 

showed the c h a rac te ris tic  e th e r linkage of te trahydrofuran  derivatives at 9.2 ju 

(1087 cm -1 ).

A nakCtt) Calcd. fo r C9H14O: C, 78.21; H, 10.21

Found: " C, 78.00; H5 10.14

Hydration of (3) fry H ydroboration:

The alkane (3.49 g, 0.24 mole) was dissolved in 15 m l of dry te trah y d ro ­

furan  to which sodium borohydride (1.43 g,, 0.37 mole) was added. The reaction  

m ixture was placed under nitrogen atm osphere a fte r which borontrifluoride 

e th era te  (9.3 g, 0.065 mole) was slowly added. The reaction  was perform ed at 

0°. H ydrolysis of the boron complex was affected by adding 10 m l of w ater 

sa tu ra ted  e th er, followed by 5 m l of w ater. A solution of 4M NaOH (10 m l), 

followed by 10 m l of 30% hydrogen peroxide com pleted the hydro lysis. The 

reaction  m ixture was allowed to w arm  to room  tem peratu re  and s t i r  for 12 

hours. E xtraction  with e th e r yielded the crude alcohol m ix tu re . The alcohols 

w ere p laced in an E rlenm eyer flask  with 20 ml of analytical grade acetone.

This flask  was placed in  a w ater bath so as to m aintain the solution at 25°. To 

th is  was added dropw ise the Jones reagen t; made up to 50 m l with w ater, until 

an orange-brow n color rem ained . The m ixture was then ex trac ted  th ree  tim es
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with m ethylene chloride and back ex trac ted  twice with w ater. The methylene 

chloride was then d ried  with m agnesium  sulfate and reduced in  volume, yielding 

the ketones (9) and (10) in  alm ost quantitative yield.

The ketones could be separa ted  on a 6 foot x 6 mm g lass  column packed 

with 2OM carbowax on 30/60 m esh  fireb rick  o r by column chrom atography u ti­

lizing a 30 m m  x 60 cm  w ater cooled column packed with s ilic a  gel (14 g s ilic a  

gel G, 30 m l of HgO, activated  fo r 45 m inutes) and eluted w ith solvent (chloro­

form  : e th er : pentane : 55 :28 :17). The identity of £  was estab lished  by deu­

te riu m  exchange, resu ltin g  in  the lo ss  of the methyl doublet. No distinguishing 

fea tu res  could be noted in  the in fra red  spec trum s. The NMR sp ec tra  of the 

ketones w ere consisten t w ith the assigned s tru c tu re s .

The 2 ,4-dinitrophenylhydrazones of 0 an d IOwere p repared :

10 m l. 164-5 and 9 mp. 176-7

Anal: Calcd. fo r Ci rHir N^Oe;: c, 53.89; H, 5.43

Found: 10 c, 53.91; H, 5.31

9 c, 53.92; H, 5.55

D euteration of 2-m ethylcyclohexanone:

A gas chrom atographically  purified  sam ple of 2-m ethyl-cyclohexanone 

(0.25 g) was s t i r re d  with 2 m l of deuterium  oxide at room  tem p era tu re , to 

which had been added 500 mg of sodium. This reaction  m ixture was s tir re d  for
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24 hours.

The aqueous solution was ex trac ted  th ree  tim es with carbon te tra ch lo r­

ide and then dried  over sodium sulfate. The ex trac ts  w ere then  concentrated 

to the point at which resonance spectrum  could be taken.

The above procedure was also  used fo r deuterium  exchange of the ketones 

(9) and (10). The amount of sodium , how ever, was reduced to 250 mg. 

P rep ara tion  of B is-3 -m ethy l-2 -butylborane (disiam ylborane):

In a th ree  neck 500 m l flask  equipped with a condenser and dropping fun­

nel, was placed 80 ml of dry  monoglyme, 23.1 g (0.33 mole) of 2-m ethyl-2 -  

butene in  20 ml of dry monoglyme and 4.7 g (0.125 mole) of sodium borohydride. 

The flask  was placed in an ice-bath  and the system  purged and placed under 

nitrogen atm osphere. Then 23.5 g of boron-trifluoride  e thera te  was added d ro p - 

wise over a 30 m inute period.

The sem i-so lid  reaction  m ixture was perm itted  to rem ain  an additional 

15 hours at 0°.

The hydroboration with d isiam ylborane of the alkene was then c a rr ie d  

out in the usual m anner followed by Jones oxidation. The product was then sub­

jec ted  to gas chrom atographic analysis showing the products to  be 38% 9 and

62% 10 .
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4 -m e th y l-c is -5 , 6 -h y d ro x y -c is-3 a , 4 ,7a , -hexahydrophthalan (13):

The alkene (3) (4 g, 0.03 mole) in  42 m l of w ater was s t ir re d  vigorously 

and to th is  was added a solution of potassium  perm anganate (4.6 g in 100 m l of 

w ater) at a ra te  so as to m aintain the tem p era tu re  at 5°. A fter the addition was 

com pleted the jn ix ture was s t i r re d  for 15 m inutes and then left to stand at room  

tem p eratu re  overnight.

The w ater solution was ex trac ted  th ree  tim es with dichlorom ethane and 

the concentration of th is  solution yielded (2.5 g, 50%) of a crysta lline  compound 

with a m elting range of: 92-4°.

The crude product was re c ry s ta llized  from  chloroform  and skelly B. to 

give a  white c ry sta lline  product with a m elting range of 99-100°. The in fra red  

spectrum  (potassium  brom ide pellet) exhibited a broad, s trong  -OH region. 

A nal: Calcd. fo r C9H i6O3: C, 62.76; H, 9.37

Found: C, 63.17; H, 8.95

M ass spec, m /e : 172

4 -m ethy l- t r a n s - 5 , 6 -h y d ro x y -c is-3 a , 4, 7a , -hexahydrophthalan (14):

The alkene (3) (11.1 g, 0.08 mole) was added dropwise to a s tir re d  and 

cooled solution of perfo rm ic  acid (prepared from  13 g of 31% hydrogen peroxide 

and 55 m l of 90% form ic acid). The tem p era tu re  of the m ix ture  was m aintained 

at 40° during the addition. This m ixture was then s t ir re d  fo r an additional 20
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hours at room  tem p eratu re .

The excess solvent was rem oved by vacuum d istilla tion  (water a sp ira to r), 

with slight heating. A solution of sodium  hydroxide was added to the rem aining 

viscous solution until it  was basic . The basic  m ixture was s t i r re d  overnight.

The en tire  m ixture was continuously ex tracted  with methylene chloride 

overnight. The solid  was filte red  from  the solution and ro ta ry  evaporation of 

solution yielded som e additional product.

The pure  tran s-g ly co l (weight 8 g, 70% yield) m elted  at 125-7°.

The in fra red  spectrum  (potassium  brom ide pellet) showed a strong -OH 

s tre tch  at 2.92 /j, (3425 cm~^).

Anal = M Calcd0 for C9H16O3 : C, 62.73; H, 9.36

Found: C, 62.96; H, 9.58

P rocedure for P inacol Re arrangem ent

In a 250 m l flask  with a reflux  condenser was placed the glycol (13)

(4.2 g, 0.02 mole) in  30 m l of 20% sulfuric  acid. This m ixture was then s t ir re d  

at .reflux tem p era tu re  fo r two hours. The solution was cooled and diluted with 

20 m l of w ater. The aqueous solution was ex trac ted  th ree  tim es with d ich lo ro - 

m ethane and the combined ex trac ts  w ere d ried  over sodium carbonate. R otary 

evaporation of the solvent yielded a dark  brown oil.

The gas chrom atographic analysis of the product showed it to contain no
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significant amount of ketone products.

In a sm all flask  was placed the glycol (13) (0.2 g, 0.001 mole) and to  

th is  w as added I  m l of concentrated  su lfuric  acid. To the m ixture was then 

added 5 m l of w ater and then ex trac ted  th ree  tim es with dichlorom ethane. The 

e x tra c ts  w ere d ried  over sodium  sulfate and concentrated. The gas chrom ato­

graphic analysis of the product showed a 40% yield of ketones in an 98 :11 ra tio  

of £  to  10»

The glycol (14) (0.1 g, 50 m illim oles) was placed in a sm all flask and to 

it was added I  m l of 20% su lfu ric  acid. This m ixture was s t i r r e d  at an oil bath 

tem p era tu re  of 120°. The m ixture was worked up in  the sam e m anner as the 

previous reaction  of th is  type. The gas chrom atograph showed only a sm all 

amount of the ketone (9) and sev e ra l o ther unidentifiable compounds.

The glycol (14) was then subjected to the sam e procedure as that used 

fo r the glycol (13) in  the p resence  of concentrated  su lfu ric  acid at room tem p­

e ra tu re . Gas chrom atographic analysis of the product obtained from  (14) 

showed a yield of 59% in ,the ra tio  of 85 :15 fo r the ketones (9) and (10) re sp e c ti­

vely.

O xym ercuration

The alkene (3) (13.8 g, 0.1 m ole) was added to a s t i r r e d  m ixture of 31 g 

of m ercu ric  acetate  in 100 m l of w ater and 100 ml of te trahydrofuran . The
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reac tio n  m ixture was s t i r re d  until the yellow color had d isappeared  and then an 

additional five m inutes. The flask  was placed in  an ice bath and 100 ml of 3M 

potassium  hydroxide was added followed by a solution of 1.9 g of sodium b o ro - 

hydride in  100 pal of SM potassium  hydroxide. This m ixture was s tir re d  until 

a g rey -co lo red  solution was obtained and elem ental m ercu ry  was observed. At 

th is tim e 100 m l of a sa tu ra ted  solution of sodium chloride was added. The 

m ixture was ex trac ted  th ree  tim es with dichlorom ethane and the solution con­

cen tra ted  to yield the crude alcohols. Gas chrom atic analysis showed the ra tio s  

to be 18% (9) and 82% (10).

Hydration of. 3-m ethylcyclohexane

The hydroboration of 3-m ethylcyclohexene (30) (0.5 g, 52 m illim oles) 

was c a r r ie d  out in  the sam e m anner as that procedure fo r the hydroboration of 

the alkene (3). The gas chrom atographic analysis of the products showed the 

ketones (a) and (b) to be in  the ra tio  of 46 :54. '

The hydroboration, using disiam ylborane, of 3-m ethyl-cyclohexene (30) 

(0.5 g, 52 m illim oles) and using 60 m l of a 0.165 m olar solution of d isiam yl­

borane, was accom plished in  the sam e m anner as that p rocedure used on the 

alkene (3). The gas chrom atographic analysis of the ketone products showed 

a 33 : 67 ra tio  of a and b.

The oxym ercuration of 3 -m ethylcyclohexene was done in the sam e
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m anner as described  for the alkene (3}„ A nalysis by gas chrom atograph showed 

the ketone ra tio  to  be 88 :12 fo r a and b respectively . 

0!-M ethyl-4 -O xa-cyclopen tane-cis-1 , 2 -diacetaldehyde (20):

The glycol (2) (3 g, 0.0174 m ole) was m ixed with (6.3 g, 0.023 m ole) of 

sodium bism uthate, 8 m l of w a ter, 15 m l of 33% phosphoric acid and 25 m l of 

e th er. This reaction  was placed in a 100 m l one neck round bottom flask and 

s t ir re d  at room  tem p era tu re  fo r 16 hours. At th is tim e, the b ism uthate- 

phosphate sa lts  had tu rned  gray  in co lor. The reaction  m ix ture  was subjected 

to  vacuum filtra tio n  and rin sed  twice with dichlorom ethane. The combined 

dichiorom ethane lay e rs  w ere d ried  over anhydrous sodium sulfate. A sp ira to r 

evaporation of the solvent yielded 2.5 g ram s of product. No fu rth e r purification  

of the product was attem pted due to the known th e rm al instab ility  of th is  type of 

compound.

The in fra red  spectrum  (sodium chloride p la tes, neat) showed the c h a r­

a c te ris tic  C-H s tre tc h  of the aldehyde group at 3.64 (2740 cm - -*-) and the a lde­

hyde group at 5.78 (1725 cm - -*-), also a weak -OH s tre tch  was p resen t. 

Qi-M ethyl-Oxa-Cyclopentane-Cis-1, 2-diethanol (21):

The crude aldehyde (20) (2.5 g) in 25 ml of anhydrous e th e r was added to 

a refluxing solution of lithium  aluminum hydride (1.0 g) in 50 m l of anhydrous 

e th er. When the addition of the aldehyde had been com pleted, another 100 m l
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of e th er was slowly added to the m ix ture. The m ixture was then s tir re d  fo r  an 

additional 14 hou rs, at reflux  tem p era tu re .

The solution was then cooled and a  sm all amount of a  sa tu ra ted  Rochelle 

sa lt solution was added. A fter the solution was s tir re d  for an hour, the solution 

was filte red  and the sa lts  w ere washed with dichlorom ethane. The combined ■ 

ex trac ts  w ere reduced  in  volume to yield 1.0 g ram s of a viscous oil.

The in fra red  spectrum  of the crude product showed a strong -OH at 

2.98 /j, (3360 cm -1 ) also  two carbonyl absorptions w ere p re sen t 5.82 fi, 5.98 p 

(1710, 1670 cm -1 ).

0'-m ethy l-4 -o x a -cy c lo p en tan e -c is - l, 2-d ie th an o l-d i-p -to luene sulfonate (22):

The crude diol (8.64 g, 0.057 m ole), calculated on the basis  of pure diol, 

was d issolved in  40 m l of pyridine and was added dropwise to  a cooled, s tir re d  

solution of p-toluene sulfonylchloride (19.8 g, 0.104 mole) in  50 m l of pyrid ine. 

The addition was com pleted in  one-half hour and the reac tio n  m ixture was 

s t i r re d  fo r two additional hours. At th is  tim e a p rec ip ita te  had form ed in the 

pyridine solution. The pyridine solution was then kept at 0° overnight.

The cold solution w as then poured into ice-w ate r resu ltin g  in  a heavy oil. 

The w ater was decanted from  the oil and c ry sta lliza tion  was accom plished by 

dissolving the oil in  e th e r followed by a sm all amount of petro leum  ether. Upon 

addition of ethanol, c ry s ta ls  w ere produced. The product was then filte red  and
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washed with e th e r, yielding 6.1 g (70%) of white to sy I a te , w ith a m elting range

of 98-9°.

The in fra red  spectrum  (potassium  brom ide pellet) showed two strong 

peaks c h a rac te ris tic  of SOg s tre tch es  at 7.43 (1348 cm -1 ) and 8.55 (1170 cm""^) 

and that of the fur an ring  at 9.12 (1098 cm -1 ).

Anal. (*); Calcd. fo r CggHggOySg: S, 13.29

Found: S, 13.47

a;-M ethy l-4-oxa-cyclopen tane-cis-l, 2 -d ip rop ion itrile  (23):

The tosylate  (3.0 g, 0.06 mole) was s t i r re d  with potassium  cyanide (2.4 

g, 0.043 mole) in  35 ml of dimethysulfoxide at room  tem p era tu re  for 13 hours. 

The reac tio n  was then heated to 85° and was m aintained at th is  tem peratu re  fo r 

24 hours.

The dim ethylsulfoxide was then rem oved by reduced p re ssu re  d is tilla ­

tion. A fter rem oval of m ost of the solvent, the m ixture was poured into an ic e -  

w ater s lu rry . This w ater solution was then continuously ex trac ted  for 13 hours 

w ith dichlorom ethane, R otary evaporation of the solvent yielded a yellow col­

ored  solution.

The crude product was then d istilled  in a high tem p era tu re  high vacuum 

apparatus yielding 1.4 g (47%) product at 180-5° at 0.3 m m  Hg.

The in frared  spectrum  showed a strong absorption fo r C N at 4.48
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(2240 cm"""*") and that fo r the te trahydrpfuran  ring at 9.45 (1058 cm - "*").

Anal. (*): Calcd. fo r C n H 16N2O: C, 68.81; H, 8.40; N, 14.59 

Found: • C, 68.91; H, 8.59; N, 14.51

jS -M ethyl-4-oxa-cyclopentane-cis-l, 2-dipropionic Acid (24):

The d in itrile  (1.4 g,  0.0074 mole) was refluxed fo r 48 hours with 17.8 

ml of an aqueous solution of KOH (33% by weight). The evolution of ammonia 

was noted as an indication of the reaction  occurring.

The solution was then cooled to room  tem peratu re  and acidified with 

50% phosphoric acid. A fter 12 hours, at room  tem p era tu re , a white c ry sta l 

p rec ip ita ted  out and 12 hours la te r  a  dark  cream ed colored c ry s ta l prec ip ita ted .

R ecrysta lliza tion  from  hot w ater yielded white c ry s ta ls  0.55 g (39%) 

with a m elting range of 128-30°.

The in fra red  spectrum  (potassium  brom ide pellet) showed the ch a rac ­

te r is t ic  hydrogen-bonded -OH and a sp lit carbonyl with the two peaks at 5.72 

(1747 p m -1) and 5.91 (1698 cm -1 ).

Anal. (*); Calcd. fo r C11Hl 6Os: C, 57.37; H, 7.87 

Found: C, 57.18; H, 7.86

4-M ethyl-cis-2-oxa-6-ketodecahydroazulene (25):

An intim ate m ixture of the diacid (0.55 g, 0.0024 m ole), 0.55 g of iron  

powder and 0.18 g of B arium  hydroxide , w ere placed in a p iece of g lass tubing
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with a side arm  leading into a cooled collection tube. The m ix ture  .was then 

heated w ith a free  flam e in an a ir  bath. W ater d istilled  and then a dark  oil 

d is tilled  from  the m ix ture. The dark  oil was then red is tilled  at reduced p re s ­

su re  in  a  m icro  d istilla tion  apparatus to y ield  a yellow colored oil.

The in fra red  spectrum  of the product showed a strong carbonyl peak at 

5.88 (1700 cm - -*-) and the te trahydrofu ran  ring  at 9.40 (1062 cm - l) .  The m ass  

spectrum  of the product showed the m /e  to be 168 and many s im ila ritie s  w ere 

found between it and the six  m em ber system s (10) spectrum  (appendix, page 89 

Und 91 ).

G eneral procedure fo r ring  expansion

The generation  of d iazomethane was accom plished from  com m erically  

available N -M ethyl-N -nitroso-p-toluenesulfonam ide (Diazaid, Aldrich). The 

apparatus was se t up in a well ventilated hood and all g lass edges were th o r­

oughly fire-p o lish ed , due to  the explosive nature of diazom ethane. The system  

contained no ground g lass  jo in ts , cork  jo in ts w ere used exclusively.

Ip a round bottom  two neck d istilla tion  flask  was placed 8.7 m l of 95% 

ethanol and 1.5 g of potassium  hydroxide in  2 m l of w ater. This solution was 

heated to 70° with s tir r in g  and a solution of D iazald (5.3 g) in 40 ml of anhydrous 

e th e r was added dropw ise. The resu lting  yellow colored d is tilla te  was added 

d irec tly  into an E rlenm eyer flask  containing the reac tan ts . This was
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accom plighed by fitting the condenser with an extension so that the diazom ethane 

was introduced below the surface of the solution.

In the E rlenm eyer flask  was placed 0.3 g of cyclohexanone in 100 m l of 

anhydrous e th er to  which had been added a sm all amount of anhydrous aluminum 

chloride. The aluminum chloride had been left open to the a ir  approxim ately 

two days.

A fter the addition of the diazom ethane had been com pleted the solution 

was da rk  yellow in  co lo r, and was left at room  tem p eratu re  overnight. At the 

end of th is tim e the yellow color was no longer p resen t. The e th er solution 

was washed th ree  tim es with w ater and then d ried  over m agnesium  sulfate. 

Concentration of the e th er solution and gas chrom atographic analysis of the 

product indicated a 25% yield  of cycloheptanone.

This sam e p rocedu re , was then applied to the ketone (10), using twice 

the amount of diazom ethane. The gas chrom atogram  showed a 9 % yield of the 

d esired  ring  expansion product (18) along with a 5 % yield of the ketone (19). 

C is-3 -m eth y l-4 -cy c lo h ex en e-c is , c is -1 , 2 -dim ethanol-dim ethane-sulfonate (26) .

The diol (2) (10 g, 0.06 mole) in  40 m l of pyridine w as added dropwise 

to  a cooled and s t ir re d  solution of 29 g (0.25 mole) m ethanesulfonyI chloride in 

50 ml of pyridine. The addition was com pleted in one hour and the m ixture was 

allowed to  s t i r  an additional 12 hours. The solution was kept at O0 overnight.
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The cold pyridine solution was poured into ice w ater and an oil was ob­

tained. C rystalliza tion  of the oil from  m ethanol afforded a white crystalline 

product (16 g, 85%) with a m elting range of 59-60°.

The in fra red  spectram  (potassium  brom ide pellet) showed the c h a ra c te r­

is tic  -SOg s tre tch es  at 7.48 (1338 cm -1 ) and 8.57 (1170 cm -1 ).

Anal. (*); Calcd. fo r C n H 2OS2Oe: C, 42.31; H, 6.46 

Found: C, 42.50; H, 6.44

4 -M eth y l-c is-4 , 4a , 7, 7a-tetrahydro-2-benzothiophene (27)

In 200 m l of anhydrous ethanol was p laced 3 g of sodium . Hydrogen 

sulfide was then bubbled through th is  solution until a sa tu ra ted  solution was 

achieved. To the sa tu ra ted  solution was added 15 g (0.048 mole) of the m esy­

la te  (26) and the m ixture w as heated to reflux. In one half hour a heavy white 

p rec ip ita te  appeared in  the solution. Another 100 m l of ethanol was added at 

th is tim e and the solution was s t i r re d  fo r 24 hours.

The excess ethanol was d is tilled  and w ater was added to  the residue.

This aqueous solution w as ex trac ted  th ree  tim es with dichlorom ethane and the 

combined ex trac ts  d ried  with m agnesium  sulfate. R otary evaporation of the 

splvenl and d istilla tion  at reduced  p re s su re  yielded 7.3 g (96%) of product.

. M ass sp ec tra l analysis showed the m ass ion to be 154. In frared  analy­

s is  showed the c h a rac te ris tic  su lfu r-carbon  stre tch ing  frequencies to be
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p resen t (appendix, page 78)..

A nal: Calcd. fo r C9H14S: C, 70.11; H, 9.08; S, 20.81

Found: C, 70.09; H, 9.44; S, 20.91

(5 o r 6~hydroxy)-4-m ethy l-cis-4 , 4a , 7, 7a-tetrahydro-2-benzothiophene

The su lfur alkene (27) (0.22 g, 1.4 m oles) was subjected to oxym ercura- 

tion (same procedure as described  for the alkene (3), page 65) and the c ry s ta l­

line alcohol (yield 0.19 g, 90%) w ere com pared to those obtained from  alkene 

(3) when subjected to oxym ercuration. The gas chrom atogram  showed the a l­

cohols to be in a 55 :45 ra tio .

A nal: Calcd. fo r C9H16OS: C, 62.73; H, 9.38

Found: C, 62.96; H, 9.35

2- c arboxaldehyde- 6-m ethy l- 3 , 4-D ihydro-2H -pyran (35):

In a bomb w ere p laced 30 g (0.54 mole) of acro lien , 15 g (0.21 mole) of 

m ethyl vinyl ketone and 80 m l of benzene. The bomb was then  sealed  and heated 

to 180° and kept at th is  tem p era tu re  for two hours with occasional mixing. The 

bomb wgs then slowly cooled to room  tem p eratu re  and the reac tio n  m ixture r e ­

moved. The solution was concentrated by ro ta ry  evaporation and the product 

was d is tilled  at 35-40° (2 m m  Hg), y ield  18 g ram s. Gas chrom atographic analy­

s is  of the product showed it to be a m ix tu re . M ass spectrograph ic  analysis of 

each  peak p re sen t showed the m ixture to  contain a compound of the co rre c t m /e
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126 fo r the d esired  pyran  derivative. The in fra red  spectrum  showed a strong 

carbonyl absorbtion w ith the absence of -OH. No attem pt was made to iso late  

the d e sired  product at th is  point.

2-hydroxy p ro p y l-6 -m eth y l-3 , 4-D ihydro-2H -pyran (36)

The ethylm agnesium  brom ide was p rep ared  by the addition of (5.45 g, 

0.05 m ole) ethylbrom ide to a m ixture of (1.20 g, 0.05 mole) m agnesium  and 80 

m l of anhydrous e th e r (containing a sm all trace  of Iodine). The resu lting  m ix­

tu re  was s t i r r e d  until no tra c e  of m agnesium  could be detected . The aldehyde 

m ix ture  (3 g, 0.023 mole) was slowly added to  the p repared  ethylm agnesium  

brom ide (0.05 mole) and the solution w as then hydrolized with w ater. The sa lts  

w ere then dissolved by acidification of the solution with dilute hydrochloric 

acid. The acidic solution was ex trac ted  w ith dichlorom ethane. Concentration 

of the ex trac ts  and d istilla tion  of the crude product yielded 4.0 g ram s of a a l­

cohol m ix ture. The d esired  alcohol was not iso la ted  but c a r r ie d  on to the next 

step .

16, 8-D ioxabicyclo [ 3.2.1. ] o ct ane -7 -ethyl -  5 -m e thy I (34)

In 75 m l of dry te trahydrofuran  was placed (9.6 g, 0.03 mole) of m e rc u r­

ic  ace ta te . This m ixture was s tir re d  w ith the addition of the alcohols (4.0 g,

0.03 m ole) for th ree  hours at room  tem p era tu re . The addition of 30 ml of SM 

potassium  hydroxide im parted  a yellow color to the solution. A solution of
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30 m l of SM potassium  hydroxide containing sodium borohydride (0.76 g/40  m l 

of 3M KOH) was then added to the cooled yellow reaction  m ixture resu lting  in a 

g ray  solution. A sa tu ra ted  sodium chloride solution (30 ml) was then added 

and the m ixture was s t i r r e d  fo r 10 m inutes. The solution was filte red  and 

then ex trac ted  with dichlorom ethane. The ex trac ts  w ere concentrated  by 

ro ta ry  evaporation and the product was d istilled  at 63° (12 m m  Hg) yielding 

3.5 g ram s of a m ix ture. Gas chrom atic  analysis on a 20% carbowax 20M co l­

um n showed the y ield  of brevicom in to be 9%. Isolation of brevicom in was 

accom plished with the sam e type of column and was shown by in frared , nuclear 

m agnetic resonance, m ass  .spectrum  and gas chrom atographic reten tion  tim e 

to  be identical with b revicom in  (appendix, page 92) (brevicom in sam ple obtained

from  Jim  Lotan, U. S. F o re s t Service).
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