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ABSTRACT 

One new dianion was prepared and many alkylation and 

oxidation reactions of this new dianion and several known dianions 

were carried out. These reactions provide the best 'synthetic routes 

to most of the compounds prepared. 

More specifically, many oxidation products were obtained 

when 3-methyl-l, 4-pentadiene dianion was treated with alkyl bromides. 

A quantitative yield of substitution product was obtained by reacting 

this dianion with trimethylsilyl chloride. New compounds obtained by tr:J::" ~~hl0roethx arxh~" 
UI . 

below: 

The dianion shown below was prepared from 2, 5-d,methyl-1, 

5-hexadiene and Lochmann's base. Many different 2, 5-disubstituted 1, 

5-hexadienes and related compounds were made by treating this dianion 

with alkyl halides, sulfates and alkyl ~ ,~-dihalides. 

vi 



Attempts to make a cyclic hexapyridyl by treating 

2-methyteneallyl dianion with 6, 61-dicyano-2, 21-dipyridyl (see 

below) apparently failed. 

vi i 



CHAPTER 1 

INTRODUCTION 

Carbanions are among the most useful intermediates in 

organic synthesis, due to their ability to react in high yield with 

a variety of electrophiles in bond-forming reactions. We wished to 

extend their use both by finding new carbanions and by finding new 

synthetic routes from previously prepared carbanions to potentially 

useful substances. 

The synthetic utility of carbanions produced by abstraction 

of protons O<to a carbon-carbon double bond is well established. (1) 

These carbanions are stabilized by delocalization of electrons into 

1'f-systems. A few examples which have been synthesized are 1 - ~. 

\:J2- I 
\ . I 

\ , __ I 

____ ~ 2-

f\J1. ~ " 
I. ~ I. I. ~ ___ " 

The metalating system was improved several years ago(5,6) 

by replacing ~-butyllithium/TMEDA (tetramethylethylenediamine) with 

Lochmann1s base (~-butyllithium/potassium !-butox:de). This system 
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may work better because !-butoxide is kinetically a very strong base, 

and ~-butyl anion is thermodynamically strong. 

In the reaction of dianion ~ with the oxidizing reagents 

iodine, 1, 2-dibromoethane, and cyanogen bromide, the major product 

was methylenecyclopropane <~) (up to 70% yield); in many cases 1, 

4-bismethylenecyclohexane (1) was also formed, but always in less 

than 10% yield and usually in trace amounts. (7) We wished to find 

conditions for obtaining 1 in better yield. Possible mechanisms for 

the 

2 

formation of ~ and 1 from 

[ 0 ]) .,it.. . > .. ..I!"" 
~ ~, 

2 are shown in )11 
10 6 

> 

Scheme 1 

Scheme I. 

t 
=0= 

1 
The key step is the partitioning of anion-radical 8 

by dimerization into dianion ~ and by further oxidization into 

diradical 10. Factors which should favor ~ over 1Q are adding oxidiz-

ing agent slowly to dianion and working in concentrated solution. 

It was also considered that dianion ~ might be synthesized 

by metalating 2, 5-dimethyl-l, 5-hexadiene (11) with Lochmann's base. 
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However, there were several other dianions (~-12) which could be 

formed besides 2; the resonance energy per atom (REPA) (4) is given 

below each dianion structure. 

12 ..!l 14 

Dianion 12, with the highest REPA value, is the thermo-

dynamic product but it would be avoided by using a short reaction time 

because it is a secondary product. Dianion 12 has the same REPA value 

as the desired dianion~, but should be formed to a lesser extent 

since it has a secondary charge-bearing ntom whereas ~ has only 

primary charge-bearing atoms. Dianions 11 and li, because of their 

lower REPA values, should be formed in smaller amounts. 

Compound 12, with one carbon less than 11, has been 

found'to produce dianions 12 and~. As one might expect, 11 is 

obtained if the reaction is stirred overnight. (8) Dianion 21 was the 

only dianion obtained from reaction of 20, which has two carbons less 

than 11, with Lochmann1s base; its crystal structure has been studied 

by x-ray diffraction. (9) 

16 

~ 
- , 

I -
,".- :a-..... ".~-' 

0.055 
.!l 

+ 

1 
~

2- ~"--, 
\ , \ 
, __ I \ 

0.028 
18 



2- 4 

~ ) 85% 
20 

Note that dianion ~ is symmetrical and its reaction 

products with dihalides X(CH2) X are symmetrical 1, 5-dienes 22 which 
n -

should kee~ the same structure through Cope rearragements. However, 

dianion~, being unsymmetrical, could form unsymmetrical 1, 5-dienes 

23 upon reacting with dihalides, and these could isomerize through 

Cope rearrangements to give new products 24. 

) 'CY n 
22 

12 ) ) 

< 

Dianion i has been synthesized by reaction of 3-methyl-l, 

4-pentadiene (25) with Lochmann's base. Apparently 3-methylpentadieyl 

anion (26) was obtained, followed by further proton abstraction to form 

dianion i. The REPA value of dianion i is very low, 0.010, (7) which 

makes this dianion very basic and very susceptible to one-electron 

transfer. (10) Dianion 2 has also been produced by reaction of 3-

methyl-l, 3-pentadiene with Lochmann's base. (4) However, since~­

butyllithium has some tendency to add to 'the conjugated diene system, (10) 

the yield of dianion i was lower than that from unconjugated diene 22. 

The only reaction of dianion i which had been studied 

was its deuteration, which gave 60% 27, 0% 28, and 4% 29. (4) We 
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wished to study its other reactions, including especially alkylations 

with o(,~-dihalides and oxidizing agents. 
6: 2-

28 E 

The most reactive position of ~ is carbon 6 since an 

anion like 26 is obtained after reacting with an electrophile. 

Dianion 2 has been used to synthesize tripyridyl 

derivative 30 by reacting with 2-cyanopyridine (11). (11) However, 

! failed to yield cyclohexapyridyl derivative 1~, possibly due to the 

great electron-accepting abil ity of 2, 6-dicyanopyridine (n>. 

2 

2 

"' ___ N_C~_O __ ~C~~% ____ ~) 
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We wished to try 6, 61-dicyano-2, 21-dipyridyl (34) 

instead of 11 since the synthesis of cydohexapyridyl 12. would require 

the formation of only two instead three pyridine rings, and the yield 

might be appreciably higher as in the cases of 36 to 37 VS 38 to 37. (12) 

2 + NC~N 
34 

Br 

• Mg > 
11 % 

Br 

> 

< Mg 

22% 
Br 

If the bipyridyl ~ were twisted about the central 

Br 

bond for steric reasons,:itshould not be any better an electrqn··accep'" 

tor than 11 and should react mainly as an electrophile. Compound 34 

has been made by coupling of 2, 6-dibromopyridine(13) followed by 

cyanation with CuCN. (14) 

Compound 12. should be an interesting hexadentate ligand 

since it has six unshared electron pairs pointing toward the center 
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of the ring. The two methyl groups should be useful as handles for 

making various difunctional derivatives to increase solubility and to 

put the grouping in a polymer backbone. 



CHAPTER 2 

RESULTS AND OISSCUSION 

Many efforts to increase the yield of 1, 4-dimethylene­

cyclohexane (1) from dianion ! above 10% failed, so an approach from 

diene 11 was tried. Oiene 11 was made by coupling methallyl chloride 

with magnesium in 50% yield. Oianion 1, the desired product from 

metallation of 11, was obtained with Lochmann's base in 28% yield 

based on quenching with 020"which gave 28% 39 from 11~ Also found 

were 40 (4%), apparently from dianion l!, and iL (4%), apparently from 

Treatment of 1 with dimethyl sulfate gave a quantitative 

yield of 2, 5-diethyl-1, 5-hexadiene (42) from 1. 

-'--?>~ 
Reaction of 1 with 12 or 1, 2-dibromoethane to form 

compound 2 went in 60% yield based on dianion 1; this was better than 

direct oxidation of !, which produced only a 10% yield of 2. 
or BrCH2CH2B,r 

------~~--------~~ I 
12 

60% 

Reaction of dibromomethane with the anion mixture from 

11 gave the desired 1, 4-dimethylenecyC'loheptane (43) in 50% yield. 

8 



Also 1-methylene-:3-isopropenylcyclopentane (44) was obtained in 6% 

yield. This compound could result from dianion 12. Compound 1, the 

9 

oxidized product, was formed in 15% yield, showing that dibromomethane 

has some tendency to oxidize this dianion. Compound 45, the Cope 

rearrangement product from 44, was not found in the product mixture. 

11 

To make the corresponding 8-membered ring, product 46, 

1, 2-dichloroethane was used instead of 1, 2-dibromoethane since 1, 

2-dibromoethane is known to be an excellent oxidizing reagent. 1,4-

Dimethylenecyclooctane (46) was obtained in 50% yield, and compound 

47, from dianion.!!, was also obtained, in surprisingly large yield 

(16% based on diene 11). No Cope rearrangement product (48) was 

found. 

~ + 12 ) 

46 

1, 3-Dibromopropane was used to generate the 9-membered 

ring. 1, 4-Bismethylenecyclononane (49) was found in 40% yield. 

There were also two other compounds, 50 and .2!.,found in 4% and 2% 

yields respectively. These two products could result from reaction 

of dianion 12 at different carbon sites. 
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12 ) 
+ 

Dianion i had to be generated from 25 in refluxing hexane 

overnight, or only monoanion 26 was found. The probable reason is - . 

10 

that the REPA value of i is so low that the activation energy is too 

high to reach at ro~m temperature. 

Attempts were made to convert dianion i to ring compounds 

52 and 53 (n = 1,2, and 3) with dihaloalkanes. However, none of them 

gave ~ or 53. Instead, dimerized products and monoanion derivatives 

were obtained as will be described below. 

-=-v\CH2)n ~;{ 

In the reactions of methylene dibromide with dianion i, 

solvent polarity made the products different. In pentane, the products 

were 54 and 55. These two products were probably due to one~lectron 

transfer to form 56 followed by dimerizalion to 57 and proton abstrac­

tion. In 1:1 pentane/THF, four different compounds~' 58-£ (Fig. 1-4), 

were obtained. All of these products were approximately dimers of 

radical 62 formed by oxidation of'26 and combined in different ways. 

58 is the product of end-to-middle dimerizalion of 62. 59 has one 

,~" 
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Figure 1. 'HNMR Spectrum of 5,8. 



Figure 2. 'HNMR Spec trum of '59. 

N 
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Figure 3. 1 HNMR Spectrum of 60. 



Figure 4. 'HNMR Spectrum of 61. 
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methylene group from methylene bromide inserted between the halves 

of 58. Compound 60 was apparently formed by reaction of 58 with 

carbene, which could result from CH2Br2• The last compound, i1, was 

formed by end-to-end dimerization of 62. All conjugated dienes were 

(' > + 

~ 
56 57 

54 55 

~; 
~ 

.2. -7 26 ") + 

~\ '.,.. . ""':," 

62 
58 59 

+ 

60 

trans as shown. 1, 1,3, 3-Tetravinylcyclopentane (63) was obtained 

when the reaction was run in 1:2 pentane/THF. This product could 

result from oxidative dimerization of .2. to 57 followed by an SN2 

reaction with methylene bromide. Reaction of.2. with 1,.2-dibromoethane 

gave only 54, 22. and 01 igimers. 

> 



Reaction of Z with 1, 2-dichloroethane gave three new 

products, 64, 65 and 66 (Figs. 5 and 6). Products 64 and 65 were 

probably formed by proton abstraction from dichloroethane to 26 

followed by substitution. Compound 66 was obtained by oxidative 

dimerization to 57 followed by alkylation by dichloroethane at the 

middle of each pentadienyl anion. 

5~ 
-~ 

26 -~>~L+~~CL 
64 

) x X~ 
66 

Compounds 54 and 67 (Fig. 7) were found when dianion Z 
was treated with 1, 3-dibromopropane in pentane. Apparently Z acts 

16 

as an oxidizing agent to give 54 and as a base to give monoanion 26, 

which then undergoes alkylation to give 67. 

------7) 54 + ~Br 

Dianion Z treated with methyl iodide gave not only the 

expected product, 3-ethyl-l, 3-hexadiene (68), but also dimerized 

products 69 (20%) and 70 (9%). Compounds 69 and 70 were presumably 

formed by oxidative dimerization to 57 followed by alkylation of the 

pentadienyl anion. 



! 
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jt - ~ .... ___).. - -
I · ~· ~ .. • . _ ... ·~· •- - . ... __ . .._ ~ , __ ~_ ..• I_ - ..... .. • ~ • •. .. •.. . . •. - ~ .I . .• . .. . • - ·- • . • .&. . - J • --..&. •• _ ..... _ ...... . _ ..._ _ _ • • ._ __ ~- I .. .. - ~ -.&.. - . ... __ _. __ _ • • . ...... _ ... _ _ l . . __ . . ... __ .L.. •• • - · • - - - • · . • __ • __ I 

5 4 3 2 0 

Figure 5. 1 HNMR Spectrum of 64. 
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) + 

68 

All the reagents containing halogens (Cl, Br, i) oxidized 

dianion i to a great extent in these reactions. To avoid this, 

dimethyl sulfate was reacted with i. Compounds 1l and 72 were found 

to be the products in 90% and 60% yields, respectively. 

> Lo+ ~ R 

1l R 
72 

R R 
71a Me 72a Me 
71b Et 72b Et 

Ethylene glycol 1, 2-dibenzenesulfate was used in an 

attempt to get 52, n=2. Surprisingly, compounds 54 and 1l (Fig. 8) 

were formed instead. Compound 1l could r.esult from dimerization of 62. 

) + 3E 

Compound'74 as obtained in the reaction of i with 

1, 3-propanediol ditosylate (12). Dianion i caused)9-elimination of 
, 

12.... This time dianion i was not a re..ducing agent bllt a base. 
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TIS

) 

OTis 

26 + _ ...oTis I 
-~~~ 

In the reaction of dianion i with chlorotrimethyl-

22 

silane (76), compounds 77 and 78 were obtained in 90% and 91% yields, 

respectively. These products were exclusively trans and no oxidation 

products were found. 

+ 

I 
Si-

iI' I 
~ ~Si­

I 
77 

Reaction of i with dichlorodimethylsilane (79) gave 

cyclized product (80) in 50% yield. 

i + 

For the preparation of the cyclic hexapyridyl (35), 

34 was synthesized. 34 had been made by coupling of 1, 6~dlbromo­

pyridine to produce 6, 6- l dibromo-2, 2 I dipyrid"i"ne (~) followed by 

cyanation with CuCN. Attempted cyanation of ~ following the liter-

ature procedure failed if the solvent was biphenyl as described. 
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Use of pyridine instead of biphenyl gave a satisfactory yield (80%) 

of~. Reaction of dianion ~ and 34 apparently failed to give 12, 

possibly due either to polymerization or to the Chichib~bin reaction 

(82-83) or both. 

B)§\r > 34 

r 
81 

~CN >J$l -+ CN 

R Nu 

82 83 

In summary, new dianion ~ has been prepared and con-

verted into new acyclic and cyclic 2, 5-dialkyl-1, 5-hexadienes (I, 43, 

46 and 49). Dianion ~ behaves as expected for two isolated allyl anions 

and reacts well in most alkylations. On the other hand, dianion i is 

a very strong base and very good reducing agent, and with alkyl halides 

does not undergo simple alkylation but rather one-electron oxidation 

followed by dimerization followed by alkylation to products like 63, 66 

a.nd 69;. as such it serves as a good source of bispentadienyl anion 22. 

It reacts satisfactorily with alkyl sulfates, al'ldsilylates ~moQthlYwith 

chlorosilanes. Also, it was shown that in many cases alkyl chlorides 

give much better yields of alkylation products than alkyl bromides, due 

to the greater electron-accepting ability of the latter. 



CHAPTER 3 

EXPERIMENTAL 

Nuclear magnetic resonance (NMR) spectra were recorded 
1 

on a Varian EM-360 spectrometer. High field H NMR spectra were re-

corded on a Bruker WM-250 spectrometer. Chemical shifts are reported 

in parts per million downfield from tetramethylsilane (TMS). Elemental 

analyses of liquids were performed by Micanal Microanalysis, Tucson, 

Arizona or University Analytical Center, Tucson, Arizona. 

Volatile products were isolated and purified by gas 

chromatography with a Varian Aerograph Model 200, equipped with a 

6 ft. x 0.25 in column, packed with 10% SE-30 on Chromosorb P. 

Tetrahydrofuran (THF) was freshly distilled from sodium! 

benzophenone. Pentane and hexane were washed with sulfuric acid and 

stored over sodium hydroxide. ~-Butyllithium solution in hexane 

(1.55-2.4 M) was used as received from Alfa Division, Ventron Corp., 

and all other reagents were purified by standard methods. All glass-

ware used in anion preparation was dried for several hours at 140°C 

before use. Anion preparations and reactions were carried out under 

positive argon pressure. All transfers of carbanions were done via 

syringe. 

24 
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2, 5-0imethyl-l, 5-hexadiene (11) 

A 2-necked 500ml round-bottomed flask containing 5g 

(O.21mol) of oven-dried Mg was fitted with a condenser and a dropping, 

funnel, heated at 60°C for 1 hr., and cooled at 35°C. 2-Methylallyl 

chloride (40ml, O.4mol) in dry ether (100ml) was added slowly via 

dropping funnel with vigorous stirring. After 4 hrs., 150ml of 

pentane was added, the solution was filtered, washed with 3xlOOml 

water, dried over MgS04 , and distilled. The fraction boiling 120o C-

130°C was collected and found to be 11 (12g, 16ml, 55%), lH NMR 

(COC1 3): &"1.70 (s, 6H), 2!10 (s, 4H), 4.67 (s, 4H). 

Oianions 9, 12, 13 and 15 

Under argon, 11 (2.93ml, 0.02mol) was added slowly to 

a mixture of 100ml of dried pentane, 19.~ml of 2.4 M ~-BuLi (O.022mol), 

and 4.9g of potassium !-butoxide at 25°C. After stirring for 2 hrs., 

the red precipitate was washed 2xl00ml dried pentane. It was either 

dissolved in THF (100ml) at -78°C and used immediately in the following 

reaction or stored under argon. As deduced from the yields in the 

reactions described below, preparations of this type gave O.005mol of 

dianion 1, O.OOo4mol of dianion 21, O.0004mol of dianion 11 and 

0.0004mol of dianion 12. 

Reaction of 1 With 020 

To a solution of 1 (O.005mol) in 100ml of THF, prepared 

as above, lml of 020 in 50ml THF was added slowly. After stirring for 

2 hrs. at room temperature, 150ml of pentane and 150ml of water were 
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added. The organic layer was washed 3xl00ml of water, dried over 

CaC1 2, and the solvent evaporated. The products were found to be: 

39 (28%), lH NMR (CDC1
3

) f1.70 (s, 4H), 2.10 (s, 4H), 4.67 (s, 4H); 

43 (2%), lH NMR (CDC1
3

) 61.70 (bs, 7H), 2.70 (d, 2H, J=8Hz), 4.73 

(s, 2H), S.33 (t, lH, J=8Hz); ~ (2%), lH NMR (CDC1
3
) $' 1.74 (d, 10H, 

J=3Hz), S.98 (s, 2H). 

Reaction of ~ With '2 

Under argon, '2 (S.08g, 0.02mol) was dissolved in 100ml 

THF and added slowly to the mixture of ~ with 100ml pentane at O°C. 

After vigorous stirring for 4 hrs., the mixture was washed with 

2xl00ml saturated Na2S20
3

, then 3xl00ml water. The organic layer was 

dried, rotavaped and distilled. The product was purified by gas 

chromatography at SOoC and found to be I, 60% yield, lH NMR (CDC'3) 

&'4.70 (s, 4H), 2.28 (s, 8H). 

Reaction of 9 With Dimethyl Sulfate 

To a mixture of ~ (O.OOSmol) in 100ml of pentane, 

prepared as above, 3.82ml of dimethyl sulfate (O.04mol) jn 2Sml THF 

was added slowly. After stirring for 4 hrs., excess dimethyl sulfate 

was destroyed with saturated NaOH in MeOH. After refluxing for 2 hrs., 

the mixture was washed 3xl00ml water, the organic layer dried, and 

the solvent evaporated. I t was pur if i ed by gas chromatography. at 

70 Q C. The product was found to be 42, 28% yield, 'H NMR (CDC'3) 

6"4.68 (s, 4H), 2.13 (s, 4H), 2.02 (q, 4H, J=7Hz), 1.03 (t, 6H, J=7Hz). 
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Reaction of 9 With Dibromom~thane 

Under argon, 1.40ml (0.02m01) of dibromomethane was 

added slowly to the mixture of dianion ~ in THF at -78°c. After 

warming to 25°C, it was stirred for another 4 hrs., 150ml pentane was 

added and washed with 3xl00ml water, dried, distilled, and gas chroma-

tographed at 55°C. The products were found to be: I (15%); ~ (60%, 

Fig. 1 9), H NMR (CDCI 3) &' 4.71 (5, 4H), 2.30 (5, 4H), 2.28 (br, 4H), 

1. 71 (br, 2H); and 44 (2%, Fig. 10), lH NMR (CDCI
3
) i" 4.86 (s,lH), 

4.83 (5, lH), 4.71 (5, 2H)", 2.26 (br, 5H), 1.73 (5, 3H), 1.55 (br, 2H). 

Reaction of 9 With 1, 2-Dibromoethane 

Using the above procedure and gas chromatographing at 

50°C, Iwas found in 60% yield. 

Reaction of 9 With 1, 2-Dichloroethane 

Using the above procedure and gas chromatographing at 

75°C, the products were: 46 (50%, Fig. 11), lH NMR (CDCI
3
) &'4.80 

(5, 2H), 4.76 (5, 2H), 2.20 (br, 4H), 1.61 (p, 4H, J=2.5Hz) and 47 

(16%, Fig. 12), lH NMR (CDCI
3
) &' 4.70 (5, 2H), 4.63 (5, 2H), 2.10 

(br, 5H), 1.73 (5, 3H), 1.3 (br, 4H). 

Reaction of 9 With 1, 3-Dibromopropane 

Using the above procedure and gas chromatographing at 

100°C, the products were: . 49 (40%), lH NMR (CDC"3) r!' 4.90 (5, 2H), 

4.80 (5, 2H), 2.30 (5, 4H), 2.13 (br, 4H), 4.58 (br, 6H); 50 (2%, 

Fig. 13), lH NMR (CDCI
3
) C 5.38 (t, lH, J=8.1Hz), 4.82(5, lH), 
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4.78 (5, lH), 2.71 (d, 2H, J=8.1Hz) , 2.22 (br, 4H), 1.64 (5, 3H), 

1.56 (br, 2H), 1.45 (br, 2H), 1.32 (br, 2H); and.2! (2%, Fig. 14), 
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lH NMR (CDCI
3

) C 4.70 (5, 2H), 4.67 (s, lH), 4.61 (s, lH), 2.2 (m, 5H), 

1.75 (m, 3H), 1.3 (m, 3H). 

Reaction of 9 With Methyl Iodide 

Using the above procedure and gas chromatographing 

at 80°C gave 42 in 25% yield, lH NMR (CDCI
3

) 6' 4.68 (5, 4H), 2.13 

(s, 4H), 2.02 (q, 4H, J=7.5Hz), 1.03 (t, 6H). 

Reactions of 5 With Methylene Bromide 

(1) Dianion i in pentane was cooled to O°C and 1.4ml 

(0.02mol) of methylene bromide in pentane was added with vigorous 

stirring. After 24 hrs., the solution was washed 3x150ml water, the 

organic layer was dried and the solvent evaporated. The products 

were purified by gas chromatography at 105°C and found to be: 54 

(10%, Fig. 15), lH NMR (CDCI
3
) ~ 6.30 (dd, 2H, J=17, 9.8Hz) , 5.58 

(q, 2H, J=7.1Hz), 5.19 (d, 2H, J=17.7Hz), 4.95 (d, 2H, J=9.8Hz) , 

2.32 (s, 4H), 1.74 (d, 6H, J=7.06Hz); anal. calcd. for C12H18 : 

C, 88.81; H, 11.10, found: C, 88.53; H, 11.27; and 55 (1%, Fig. 16), 

1 H NMR (CDCI
3
) 6'6.27 (dd, lH, J=10.7, 17.2Hz), 6.25 (dd, lH, J=11.1, 

17.6Hz), 5.48 (t, lH, J=7.2Hz), 5.45 (t, 'IH, J=7.0Hz), 5.12 (d, 2H, 

J=17.7Hz), 4.94 (d, 2H, J=10.2 Hz), 2.25 (p, 2H, J=7.8Hz), 2.14 

(p, 2H, J=7.4Hz) , 1.003 (t, 6H, J=7.6Hz). 

(2) Dianion i in 100ml pentane was cooled to -78°C, 

1.4ml (0.02mol) of methylene bromide in 100ml of THF was ~dded and 









the solution was stirred for 4 hrs. The mixture was washed 3x150ml 

saturated NaCl, then 3xl00ml water. The organic layer was dried, 

evaporated, and the products were distilled and then gas chroma-

tographed at 105°C. The products were found to he 58 (4%, Fig. 1), 
1 H NMR (CDCI 3) C6.39 (dd, lH, J=10.7, 17.5Hz), 5.83 (dd, 2H, J=10.8, 
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17.4Hz), 5.50 (m, lH), 5.10 (m, 6H), 2.26 (d, 2H, J=7.5Hz) , 1.73 (5, 3H),· 

1.09 (s, 3H); 59 (4%, Fig. 2), lH NMR (CDCI
3
) C 6.35 (dd, lH, J=10.7, 

17.5Hz), 5.81 (dd, 2H, J=10.8, 17.4Hz), 5.44 (t, lH, J=7.6Hz) , 5.01 

(m, 6H), 2.06 (m, 2H), 1.70 (s, 3H), 1.45 (m, 2H), 1.11 (5, 3H); 60 

(4%, Fig. 3), lH NMR (CDCI 3) &' 5.82 (dd, 2H, J=10.8, 17.4Hz), 5.18 

(t, 1H, J=7.4Hz), 4.96 (dd, 2H, J=1.5, 17.5Hz), 4.95 (dd, 2H, J=1.5, 

10.8Hz), 2.11 (d, 2H, J=7.4Hz), 1.48 (5, 3H), 1.36 (m, 3H), 1.07 

(5, 3H), 0.54 (m, 2H), 0.4 (m, 2H); g (4%, Fig. 4), lH NMR (CDCI 3) 

J' 6.37 (dd, 2H, J=10.6, 17.3Hz), 5.49 (m, 2H), 5.09 (dd, 2H, J=1.6, 

17.3Hz), 4.93 (dd, 2H, J=10.7Hz) , 2.23 (m, 4H), 1.74 (s, 6H). 

(3) Dianion ~ was reacted with methylene bromide in 

1:2 pentane/THF. The only volatile product was found to be 63 (5%, 

Fig. 17), lH NMR (CDCI
3
) r 5.88 (m, 4H), 4.98 (dd, 4H, J=10.2, 1.2Hz), 

4.96 (dd, 4H, J=1.2, 17.6Hz), 1.92 (5, 2H), 1.77 (s, 4H). 

Reaction of 5 With 1, 2-Dichloroethane 

Using procedure (1) above, the products were gas chromato­

graphed at 105°C and found to be: 64 (35%, Fig. 5), lH NMR (CDCI 3) f 

5.78 (dd, 2H, J=10.7, 17.4Hz), 5.06 (d, 2H, J=10.4Hz) , 4.99 (d, 2H, 

J=17.2Hz), 3.45 (m, 2H), 1.93 (m, 2H, 1.12 (5, 3H); anal. calcd. for 
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CSH13Cl: C, 66.44; H, 9.07; Cl, 24.50, found: C, 67.1S; H, 9.57; 

Cl, 24.5S; 65 (15%, Fig. 18), lH NMR (CDCI
3

)S'6.36 (dd, lH, J=10.7, 

17.4Hz), 5.44 (t, lH, J=7.6Hz), 5.15 (d, lH, J=17.8Hz), 4.95 (d, lH, 

J=10.SHz), 3.54 (t, 2H, J=6.5Hz), 2.31 (q, 2H, J=7.6Hz), 1.86 (p, 2H, 

J=6.8Hz), 1.76 (s, 8H);anal. calcd. for C8H
13

Cl: C, 66.44; H, 9.07; 

Cl, 24.58, found: C, 66.73; H, 9.30; Cl, 24.23; and 66 (7%, Fig. 6), 

lH NMR (CDCI
3

) 5.68 (dd, 4H, J=10.8, 17.4Hz), 5.03 (dd, 4H, J=10.8, 

2Hz), 4.97 (dd, 4H, J=17.4, 2Hz),· 1.60 (s, 8H); anal. calcd. for 

C14H20 : C, 89.3; H, 10.7, found: C, 8S.67; H, 10.96. 

Reaction of 5 With 1, 3-Dibromopropane 

Using procedure (1) above, the products were found to be: 

54 (20%, Fig. 15), and 67 (4%, Fig. 7), lH NMR (CDCI
3

) S' 5.70 (dd, 2H, 

J=10.8, 17.4),5.02 (dd, 2H, J=10.8, 2Hz), 4.95 (dd, 2H., J=17.4, 2.0Hz), 

3.38 (t, 2H, J=8.7Hz), 1.81 (m, 2H), 1.52 (m, 2H), 1.10 (s, 3H). 

Reaction of 5 With Methyl Iodide 

Dianion i in pentane was cooled to -78QC. 2.49ml 

(0.04mol) of methyl iodide in 100ml THF was added with stirring. 

After reaction at 25°C for 4 hrs.~ the solution was washed 3xl00ml 

water, the organic layer was dried, and the solvent evaporated. The 

products were d i st ill ed and puri fi ed by gas chromatography atl 05°C, 

giving 68 (8%, Fig. 19), lH NMR (CDCI
3

) C' 6.24 {dd, HI, J;:10.5, 16.6), 

5.41 (t, lH, J=7.3) , 5.10 .(d, lH, J=16.6), 4.92(d, lH, J=10.5Hz) , 

2.24 (q, 2H, J=7.6HzL 2.13 .(p, 2H, J=7.5Hz), 1.0052(t, 3H, J=7.7Hz), 

1.0024 (t, 3H, J=7.7 Hz); 
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. 1 -
69 (20%, Fig. 20), H NMR (CDCI 3) b' 6.8 (dd,. 2H, J=10.9, 17.6Hz), 

5.46 (t, 2H, J=7.3Hz) , 5.18 (d, 2H, J=17.3Hz), 4.96 (d, 2H, J=10.7Hz), 

2.31 (5, 4H), 2.13 (q, 4H, J=7.4Hz) , 0.99 (t, 6H, J=7.5Hz); and 70 

(9%, Fig. 21), lH NMR (CDCI
3
) J' 6.37 (dd, lH, J=10.7, 17.2Hz), 6.25 

(dd, l1H, J=ll.l ~ 17.6Hz), 5.48 (t, lH, J=7.3Hz) , 5.45 (t, lH, J=7.0Hz), 

5.12 (d, 2H, J=17.7Hz), 4.94 (d, 2H, J=10.2Hz) , 2.25 (p, 2H, J=7.8Hz), 

2.14 (p, 2H, J=7.4Hz) , 1.003 (t, 6H, J=7.6Hz). 

Reaction of 5 With Ethylene 
Glycol 1, 2-Dibenzenesulfonate 

Dianion i in 50ml pentane was cooled to -78 DC and 

6.84g (0.02mol) of ethylene glycol 1, 2-dibenzenesulfonate in 100ml of 

THF was added with stirring. After reaction for 4 hrs. ~t room temp., 

the solution was washed 3x150ml water. The organic layer was dried 

and the solvent evaporated. The products were purified by gas chromato-

graphy at 105 DC and found to be 54 (20%, Fig. 15) and 73 (26%, Fig. 7), 

lH NMR (CDCi
3
) 85.72 (m, 4H), 5.05 (dd, 4H, J=10.4, 2.0Hz), 4.90 (dd, 

4H, J=18.5, 2.0Hz), 1.59 (5, 6H); anal. calcd. for C12H18 : C, 88.21; 

H, 11.19, found: C, 88.31; H, 11.39. 

Reaction of 5 With 1, 3-Propanediol Ditosylate 

Using the above procedure and purifying the product 

by gas chromatography at 80°C gave 74 (4%, Fig. 22), lH NMR (CDCI 3) 

~ 6.35 (dd, lH, J=10.7, 17.5Hz)', 4.60 (m, 2H), 4.97 (m, 6H), 2.13 

(br, 4H), 1.70 (5, 3H). 
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Reaction of 5 With Chlorotrimethylsilane 

The above procedure was used and the products were 

separated by distillation at 70°C (2mm). The distillate was 78 

(91%, Fig. 23), lH NMR (CDCI
3

) .r 6.46 (dd, lH, J=10.2, 18Hz), 5.6 

(t, lH, J=8.5Hz) , 5.01 (d, lH, J=18Hz), 4.88 (d, lH, J=10.2Hz), 1.71 

(s, 3H), 1.60 (d, 2H, J=8.5Hz) , 0.09 (s, 9H); and the compound which 

was not volatile was 11. (90%, Fig. 24), lH NMR (CDCI
3

) 0' 6.48 (dd, lH, 

J=10.7, 17.4Hz), 5.47 (t, lH, J=8.0Hz), 4.92 (d, lH, J=17.4Hz), 4.86 

(d, lH, J=10.7Hz), 1.69 (s, 2H), 1.52 (d, 2H, J=8.2Hz), 0.06 (s, 18H). 

Reaction of 5 With Dichlorodimethylsilane 

The above procedure was used and the product was purified 

1 by gas chromatography at BO°c and found to be Bo (50%, Fig. 25), H 

NMR (CDCI
3

) ~ 6.37 (dd, lH, J=10.8, 17.3Hz), 5.69 (br, lH), 4.B1 

(d, lH, J=10.4Hz), 3.B4 (br, 2H), 1.71 (br, 2H), 0.00 (s, 6H). 

Reactions of 5 with Dimethyl 
Sulfate and Diethyl ·Sulfate 

(1) With dimethyl sulfate, using the above procedure 

for methyl bromide in pentane, the product was 6B (90%, Fig. 19). 

(2) With diethyl sulfat~, the products were purified by 

gas chromatography at 85 QC and found to be 71b (60%, Fig. 26), 1H 

NMR (CDCI
3

) $' 6.27 (dd, 1H, J=10.B, 17.5Hz), 5.46 (t, 4H, J=7.4Hz} , 

5.09 (d, lH, J=17.5Hz), 4.91 (d, lH, J=10.7Hz), 2.14 (m, 4H), 1.42 

(m, 2H), 0.92 (t, 6H, J=7.7Hz); and 72b (60%, Fig. 27), lH NMR (CDCI
3

) 

$'5.72 (dd, 2H, J=10.9, 17.6Hz), 5.06 (dd, 2H, J=1.5, 10.9Hz) , 4.91 
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(d, 1H, J=10.7Hz) , 2.14 (m., 4H), 1.42 (m, 2H), 0.92 (t, 6H, J=7.7Hz) , 

anal. calcd. for C10H1S : C, 86.88; H, 13.12, found: C, 86.90; 

H, 13.40. 

Compound 6, 61-Dibromo-2,2 1,;.aipyridyl (81) 

The literature procedure was followed. 13 The product 

was 81 (SO%) , m.p. 21SoC (1 it. 218°C), 'HNMR (CDCI
3

) tS' 8.49 (dd, 2H, 

J=2.S, 8.4Hz) , 7.77 (t, 2H, J=8.4Hz) , 7.S7 (dd, 2H, J=2.S, 8.4Hz). 

Compound 6, 61-Dicyano-2, 21-aipyridyl (34) 

The procedure followed the literature14 except that the 

solvent used was pyridine. The product was recrystallized from benzene 

and found to be 34 (80%, Fig. 28), m.p. 251°C (lit. 255 QC), 1H NMR 

(CDCI
3
) d' 8.72 (dd, 2H, J=1.0, 8.1Hz)', 8.03 (t, 2H, J=7.8Hz), 7.78 

(dd, 2H, J=1.0, 7.8Hz). 
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