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ABSTRACT 

Treatment of trans-1, 2 , 3-triphenylcyclopropane with n-butyl-

lithium and N,N,N',N'-tetramethylethylenediamine (TMEDA) in hexane 

followed by termination of the reaction with deuterium oxide resulted 

in isolation of the ring-opened products, cis- and trans-3-deuterio-

1,2,3-triphenylpropene. The structures of these compounds were con

firmed by spectroscopy and independent synthesis and possible mechanisms 

proposed for their formation. 

The reactions of several cyclopropane derivatives were examined 

in a protic medium: potassium t-butoxide-d^-dimethylsulfoxide (DMSO). 

It was found that trans-1,2,3-triphenylcyclopropane exchanged!-'cyclo-

propyl hydrogens with no ring opening or trans-cis isomerization, whereas 

cis-1,2,3-triphenylcyclopropane completely isomerized to the trans iso

mer with incorporation of 2.33 deuterium atom per molecule. 

2 4^ 
Both 2.3.4-triphenyl-endo-tricyclo[3.2.1.0 ' J-6-octene and its 

saturated analog failed to react with potassium t-butoxide in d^-DMSO. 

Possible reasons for this lack of reactivity are discussed. 

2 4 
The reaction of 2,3,4-triphenyl-endoj-tricyclo[3.2.1.0 ' ]-6-

octene with ii-butyllithium in tetrahydrofuran-hexane resulted in cyclo

propane ring opening involving incorporation of a butyl group in the 

product. The structure of the ring-opened product was elucidated by a 

detailed analysis of the nmr spectrum. 
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It was also found that the saturated derivative of the afore

mentioned tricyclic compound failed to react with n-butyllithium in 

THF-hexane. Possible reasons for this lack of reactivity are discussed. 

Treatment of 1,2,3-triphenylcyclopropene with n-butyllithium-

TMEDA i-esulted in addition of the organolithium reagent to the double 

bond of the cyclopropene ring followed by ring opening. 

Reaction of t_-butyllithium with 1,2,3-triphenylcyclopropene 

gave results similar to those obtained with n-butyllithium. Triptycyl-

lithium failed to react with the cyclopropene derivative. 

A study of the nmr spectrum of 1,2,3-triphenylallyllithium was 

also carried out. 



INTRODUCTION 

Since the discovery that organolithium compounds will initiate 

stereospecific anionic polymerization, particularly the conversion of 

isoprene to natural rubber (Stavely et al. 1956, Hsieh and Tobolsky 

1957), the synthetic applications of these reagents to organic chemistry 

have been widely investigated (Gilman and Morton 1954, Mallan and Bebb 

1969). 

Polylithiated Compounds 

It has been shown (West, Carney, and Mineo 1965) that treatment 

of propyne with a sixfold excess of iv-butyllithium in hexane results in 

formation of a tetralithiated intermediate (C_Li. ) which reacts with 
3 4 

trimethylchlorosilane to give the allene OJ. 

[Me3Sj]2C=C = c[SilVle^]2 

X 

Eberly and Adams (1965) found that treatment of 1-butyne with 

3 equivalents of in-butyllithium produced only a butynyldilithium-

butyllithium adduct (2).  

CH,CHC=CLi-BuLi 
3| 

Li 

2 

1 



2 

Carbonation of ̂ 2 gave only the diacid (3). There was no evi

dence of a trimetalated compound. 

CH-CHCsCCOOII 
3| 
COOH 

3 

However, West and Jones (1969) found that when 1-butyne is treated with 

3 equivalents of t-butyllithium, 3 equivalents of isobutane are obtained, 

indicating that the trilithio derivative is formed. When the trilithi-

ated compound is derivatized with trimethylchlorosilane, the principal 

products are 4 and 5. 

Mulvaney, Folk, and Newton (1967) reported that treatment of 

1-phenylpropyne with a sixfold excess of n-butyllithium in hexane gives 

M e 3 S i ^ ^ S i M e 3  

CH3 NiMe3 

5 
4 

the trilithiated intermediate, PhC^Li^, which upon deuterolysis produces 

the isomerized alkyne (6). 

PhCDj—C=CD 

6 

In fact deuterium analysis indicated the presence of a small amount of a 

tetralithiated species. 



3 

In related work, West and Gornowicz (n.d.) found that treatment 

of 1-phenylpropyne with 50 equivalents of iv-butyllithium followed by 

derivatization of the reaction mixture with deuterium oxide gave a mix

ture of deuterated 3- and 1-phenylpropynes in 607« yield. Both isomers 

were present in approximately equal amounts. Analysis of these propynes 

by mass spectrometry indicated the major products to be CgD^H^ and 

C„D,-H- in addition to smaller amounts of C-.D.,H, CnD.H. , Cr.D0Hc, and a 
953 9 7 ' 944' 9 3 5' 

trace of the perdeuterated species, C„Dd. 
y o 

Kruger and Rochow (1963) reported that treatment of acetonitrile 

with 3 equivalents of N-sodiohexamethyldisilazane (7) gave trisodioace-

tonitrile (8) which, when derivatized with trimethylchlorosilane, af

forded tris(trimethylsilyl)ketenimine (9). 

CH3C=N + NaN(SiMe3)2 > [Na3C-C = w] 

1 JL 

Me.SiCI 
3 > (Me3Si)2C=C=N—SiMe3 

9, 

In related work, Kaiser and Hauser (1968) found that treatment 

of acetonitrile in tetrahydrofuran (THF) at -80° with 3 equivalents of 

n-butyllithium afforded trilithioacetonitrile (10), since addition of 

3 equivalents of benzyl chloride gave tribenzylacetonitrile (_11) in low 

yield. 
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CH3C=N JLM! > [Li3C-C==N] 

10 11 

Recently, Gornowicz and West (n.d.) reinvestigated the reaction 

of acetonitrile with n-butyllithium and N-sodiohexamethyldisilazane. 

They found, contrary to the work just cited, that treatment of acetoni

trile with the aforementioned bases does not give a trimetalated product 

but rather only inonometalated derivatives. 

methyldisilazane gave a white, ether-insoluble solid. Derivatization 

of this material with trimethylchlorosilane gave 9^ in low yield. How

ever, 9 was also obtained from the reaction of monolithioacetonitrile 

with trimethylchlorosilane, thus showing that the trimetalated deriva

tive need not be present in the reaction mixture to allow formation of 

9. 

lithiation with excess iv-butyllithium in the presence of N,N,N',N'-

tetramethylethylenediamine (TMEDA). Derivatization of the reaction 

mixture with trimethylchlorosilane yielded 12 as the major product 

along with mono- and bis(trimethylsilyl)toluenes. 

Treatment of acetonitrile with 3 equivalents of N-sodiohexa-

West and Jones (1968) reported that toluene undergoes poly-

+ n-BuLi-TMEDA > 



5 

CHlSiMe,), 

As a result of the discovery of these rather extraordinary poly-

lithiated species, we investigated the possibility of preparing the 

trilithiated triphenylcyclopropyl compound (1J3). 

If compound 13 ionized it would contain 6 electrons in a closed 

cyclic system. 



6 

Preparation of the monolithiated triphenylcyclopropenyl com

pound (14) was also attempted. 

14 

Ionization of 14 would give the triphenylcyclopropenyl anion 

(16^), an antiaromatic system [for a review of antiaromaticity of cyclo-

propenyl anions see Breslow (1968), and references cited therein] con

taining 4 electrons. Preparation of 16 was attempted by Breslow and 

Dowd (1963) without success. Treatment of 15 with potassium amide in 

liquid ammonia gave hexaphenylbenzene (17) rather than the desired 

All attempts to synthesize compounds 13 and 14 were unsuccess

ful. However, in the course of this work some rather unusual reactions 

were discovered. The study of these reactions is the subject of this 

dissertation. 
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Cyclopropylorganometallic Compounds 

It has been shorn (Walborsky, Youssef, and Motes 1962) that the 

cyclopropyl anion tends to preserve its configuration when it is an 

intermediate in hydrogen-deuterium exchange reactions. It was thought, 

as a result of this work, that cyclopropyllithium compounds would also 

preserve their configurations. Thus, Applequist and Peterson (1961) 

studied the behavior of cis-2-methylcyclopropyllithium (18) and trans-

2-methylcyclopropyllithium (1J5). The cyclopropyllithium compounds were 

carbonated and brominated to give the corresponding carboxylic acids 

and bromides. 

Upon carbonation it was found that the cis-bromide gave only 

cis-acid and the trans-bromide only trans-acid. These results indicate 

that both the carbonation and exchange reactions were highly stereo-

specific. The brominolysis reactions, however, were found not to occur 

with a high degree of stereospecificity, possibly due to intervening 

radical mechanisms. 

H3C^\B, 1-P,LI > «3c/\u ^ > H3c/\co2„ 

H H H H H H 
18 

predominant 
isomer 



H3C i-PrLi 
-> »3<? 

Br 

H 

H Li 

19 

i)CO, 

2)H,0 + 

Bf2 ^ 

Br 

predominant 
isomer 

"3C 

H3C 

CO,H 

Br 

An extensive study of the configurational stability of cyclo-

propylorganometallics has been made (Walborsky and Impastato 1959; 

Walborsky, Impastato, and Young 1964). Optically active 1-bromo-l-

methyl-2,2-diphenylcyclopropane (20) was prepared and its configura

tion was established. Treatment of 20 with in-butyllithium gave 1-

methyl-2,2-diphenylcyclopropyllithium (21) which on treatment with 

methanol, carbon dioxide, bromine, or iodine gave products in which 

the configuration as well as the optical activity has been completely 

retained. 

Ph Ph PH 
n-BuLi 

-> 

Br-

Ph 

CH3 
CH3OH 

Li 

Ph. Ph 

20 

n-BuLi 

Ph. Ph 

Ph. Ph 

C0,H 
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In related work Walborsky and Young (1964) studied the opti

cally active Grignard reagent (22) prepared from the optically active 

bromide (2j)). When 20 was treated with a powdered magnesium-magnesium 

bromide mixture in refluxing THF, followed by carbonation of the reac

tion mixture, there was obtained a mixture of hydrocarbon (23) and car-

boxylic acid (24). Each of the two overall reactions occurred with 

partial (56%) retention of configuration. 

Pk ^Ph Ph Ph Ph Ph Ph. J>b 

A* S+ > ACH3 + :Ha 

Br McjBr H C02H 

20 22 23 24 

The nonstereospecific component of the reaction was concluded 

to have occurred in formation of the Grignard reagent since treatment 

of the optically active lithium compound (21) with anhydrous magnesium 

bromide gave the Grignard reagent (22) which, when carbonated, produced 

acid (24) with complete overall retention of configuration. 

J) CO UMgBr. 

MgBr 
21 

In connection with their interest in cyclopropylorganometallics, 

Walborsky, Johnson, and Pierce (1968) studied the reduction of optically 

active l-halo-2,2-diphenylcyclopropane with sodium in liquid ammonia. 
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The results, in the case of the bromide (20), are shown in the follow

ing equation. 

Na/NH3 
Ph 

Ph CH, Ph 
\ / 3 \ 
CH--CH + CH 
/ \ / 

Ph CH3 Ph 

The l-methyl-2,2-diphenyl'cyclopropane (23) was formed with over

all retention of configuration and the optical purity of the cyclopropane 

derivative was found to be dependent on the nature of the starting halide, 

the concentration of the solution of sodium in liquid ammonia, and the 

heterogeneity of the medium. 

Because a phenyl group can accept electrons from sodium in liquid 

ammonia, Walborsky and Pierce (1968) proposed the following mechanism. 



11 

Since the pKa of ammonia is nearly the same a.s that of diphenyl-

methane, the diphenylcarbanions were not necessarily completely proton-

ated in liquid ammonia. Solutions of the carbanion were deep red. 

They did not give an ESR signal, however. It was thought that the 

anion radical was still present but opened rapidly to produce 25 which 

then quickly added another electron to form the dianion which was pro-

tonated by solvent. 

25 

In support of the proposed mechanism they found that at least 

one phenyl group was necessary on the cyclopropane ring to cause the 

ring to open in sodium-liquid ammonia solution. 

Walborslcy and Impastato (1962) investigated the Haller-Bauer 

cleavage of l-benzoyl-l-methyl-2,2-diphenylcyclopropane (26). 

NaNH. 

23 26 



The Haller-Bauer reaction has been postulated by Hamlin and 

Weston (1957) to proceed through a carbanion intermediate. Thus, the 

cleavage of the aforementioned optically active ketone should give in

formation concerning the optical and configurational stability of the 

cyclopropyl carbanion. 

Treatment of 26 under Haller-Bauer conditions with sodamide in 

refluxing toluene gave rise to the corresponding hydrocarbon (23). It 

was found that the reaction occurred with complete retention of config

uration and optical activity via a discrete carbanion intermediate. 

Some recent work by Dewar and Harris (1969) has confirmed the 

configurational stability of cyclopropyllithium derivatives. 

The two stereoisomeric bromides (27 and 28) were converted to 

the corresponding 2-cyclopropylethanols (31 and 32) via the lithio 

derivatives (29 and 30). When the lithium compounds were formed from 

the bromides by exchange with ri-butyllithium and reacted with ethylene 

oxide, the resulting alcohols (31 and 32) were formed with complete 

overall retention of configuration. 

H Br H Li H CH2CH20H 

28 30 32 



13 

However, when the bromides were converted to the lithio deriva

tives with metallic lithium, racemization took place with partial re

tention of configuration. The loss of configuration found in the 

reactions with lithium metal took place prior to the formation of the 

lithio derivatives since these were configurationally stable under the 

reaction conditions. It was proposed that the reactions occurred by 

two successive one-electron transfers via intermediate cyclopropyl 

radicals as indicated in the following equation. 

RBr + Li > R- + LiBr ^ > RLi 

That there was partial retention of configuration in the product 

derived from the cyclopropyl radical intermediate was attributed to a 

pyramidal cyclopropyl radical which underwent inversion slowly enough 

for the configuration to be partially retained. 

Ring Opening Reactions of 
Cyclopropyl Carbanlons 

In all of the aforementioned examples of cyclopropyllithium com

pounds and cyclopropylmagnesium compounds no ring opening was observed. 

In fact, there appears to be only one example in the literature of the 

ring opening of a cyclopropyl anion. Boche, Martens, and Danzer (1969) 

observed that the bicyclic ether (33) when treated with potassium metal 

in d -THF at -40° is converted to the cyclopropyl anion (34). The anion 
8 ' 

then undergoes a conrotatory ring opening, as predicted by the Woodward-

HoffmannRules (Hoffmann and Woodward 1968) to give the aromatic 10it 

electron trans,cis,cis,cis-cyclononatetraenyl anion (35). 
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OCH 

conrot. 

33 34 35 

The nmr (sharp signal at T2.87) indicates only a few percent of 

anion 36, the pi-oduct arising from disrotatory opening which, according 

to the Woodward-Hoffmann Rules, is not allowed for the opening of cyclo-

propyl anion in a thermal process. 

36 

As in the aromatic annulenes, the electron derealization in 35 

in an external magnetic field gives rise to a ring current which shifts 

the nmr signals of the protons outside the ring downfield 

(broadened doublet at 1^2.73, J = 15 Hz) and that of the inner proton 

(H^) upfield (triplet at<rl3.52, J = 15 Hz). The cyclopropyl anion 

(34) could not be detected by nmr. The conversion of 34 to 35 is fast 

even at -40°. 

An aziridine, isoelectronic with the cyclopropyl anion, has been 

studied by Huisgen, Scheer, and Huber (1967). Work with the aziridine 

system verified conrotatory opening for cyclopropyl anion to allyl anion 
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in a thermal process and disrotatory opening in a photochemical process. 

The results are shown in the following equations. 

H3CO2C CO2CH3 H3CO2C 
cis-37 trans-38 

>100 
conrot. 

CO2CH3 

>100 
conrot. 

H ^L\L C0,CH, 

H3CO2C 
trans-39 

H3CO2C CO2CH3 

cis-40 

H3C02C—C=SC—CO2CH3 

H3CO2C 

C02
CH3 

i*' 

H3CO2C CO2CH3 

V 

H3CO2C CO2CH3 

H3CO2C CO2CH3 

trans - 41 cis-42 



16 

Because 1,3-dipolar additions are known to proceed stereospecif-

ically cis, conrotatory ring opening of 37 to 39 must be responsible for 

the overall steric course of the reaction. 

The Reaction of Organolithium 
Reagents With Cyclopropenes 

There is very little literature concerning the reactions of 

cyclopropenes with organolithium reagents. 

In connection with their interest in cyclopropene synthesis, 

Closs and Closs (1963) studied the reaction of 1,2-dimethylpropenyl-

lithium (43) and 2-methylpropenyllithium with methylene chloride to 

give 1,3,3-trimethylcyclopropene and 3,3-dimethylcyclopropene, 

respectively. 

(CH3) C=CLiCH3 CH2CI2 -> 

43 

i) C02 

^ ™3 

"3̂  J*3 

44 

H20 CH3Li 

H3^ CH3 

CCH3] C=CHCH3 + 

H3C CH3 

LiCI 



A solution of the organolithium reagent in THF was prepared from 

the corresponding bromide and lithium metal at -30°. Addition of 

methylene chloride at -30° followed by hydrolysis yielded the cyclo

propene derivative (44) as the major product. 

When the procedure was changed by attempting to distil the 

product directly from solution without preceding hydrolysis, no cyclo

propene was obtained. However, hydrolysis of the distillation residue 

to give the cyclopropene derivative suggested that the cyclopropenyl-

lithium (45) could have been the ultimate product. That this was actu

ally found to be the case is indicated in the preceding equations. 

Magio and Welch (1968) have studied the stereochemistry of the 

addition of phenyllithium to cyclopropene. The product, which was ob

tained in only 2.5% yield, was cai-bonated followed by esterification to 

give methyl cis-2-phenylcyclopropanecarboxylate (46). Since as little 

as 0.57<> of the trans ester could have been detected, the reaction pro

ceeded with better than 99% cis addition. That the cyclopropyllithium 

compounds would retain their configuration was shown by treatment of 

cis-l-bromo-2-phenylcyclopropane (47) and trans-l-bromo-2-phenylcyclo-

propane (48) with n-butyllithium followed by carbonation and esterifi-

cation to give the corresponding ester of retained configuration. 

These results are outlined in the following equations. 

+ PhLi > 

46 

H H 
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H H H H 

47 

In their attempt to synthesize tetraphenyltriafulvene, (^9), 

Melloni and Ciabattoni (1968) treated 3,3-dichloro-l,2-diphenylcyclo-

propene (50) with diphenylmethyllithium. 

Ph Ph 

However, the reaction did not give the desired product but rather 

tetraphenylbutenyne (51). 

Ph 

> PhCeC—C 

\-Ph 
I 

5, Pb 

They proposed the following addition-elimination mechanism. 



RESULTS AND DISCUSSION 

The synthesis of trans-1,2,3-triphenylcyclopropane (53) was ac

complished using a modification of the procedure of Shabarov, Podtereb-

kov, and Levina (1966). Pyrolysis of 3,4,5-triphenyl-2-pyrazoline (52) 

with a catalytic amount of powdered potassium hydroxide afforded 53 in 

697o yield. 

H Ph H Ph 

The synthesis of cis-1,2,3-triphenylcyclopropane (54) was car

ried out by reduction of 1,2,3-triphenylcyclopropene (15) with diimide 

(Battiste 1964). 

Ph H 

HN=NH 

1 5  

•> Pf/»V 

H H 

5 4  

In an attempt to prepare the trilithiated triphenylcyclopropyl 

compound (13), (53) (1.0 mole) was treated with 11-butyllithium-TMEDA 

(3.0 mole) in hexane at room temperature. After 6 hours the purple 

19 



20 

solution was treated with excess deuterium oxide to give (glpc) 90% 

trans- (55) and 10% cis-3-deuterio-l.2,3-triphenylpropene (56). No 

starting material remained nor were other compounds detected by glpc. 

Ph 

H /  \ H  n-BuLi-TMEDA ^ P20 > 

Pli^ ^CHDPh Ph"' ^Ph 

0.87 D 0.80 D 

53 55 56 v»"» <•> 

The structure of the products was confirmed by spectroscopy 

and independent synthesis involving dehydration of phenyldibenzyl-

carbinol. 

OH 
l/Ph 

Ph-CH,— r> 55 + 56 
CH2Ph ^ ^ 

The cis-trans isomers from the dehydration reaction were separated by 

fractional recrystallization and shown to be identical (spectra, mixed 

melting point) with the products from the reaction of 53 with n-butyl-

lithium. Stereochemical assignments of 55 and 56 have previously been 

made on the basis of solubility and melting point (Evantova and Shap-

chenko 1962) as well as ultraviolet spectra (Griffin et al. 1965). Our 

nmr results in which the vinyl hydrogen of 55 is buried in the aromatic 

region, whereas the vinyl hydrogen of 56 appears at T 3.65, confirms 



these assignments (Carr 1966). The spectra clearly indicated the posi

tion of the deuterium atom in 55 and 56. 

It was of interest to determine if any deuterium had been in

corporated in the phenyl rings of the ring-opened products 5J5 and 56. 

For example, Russell (1959) has shown that treatment of cumyl potassium 

with a strong electrophile such as deuterium chloride (DCl) results in 

the incorporation of deuterium in the ortho and para positions of the 

ring. 

Compounds 55 and f>6 were oxidized to benzoic acid with perman

ganate but no deuterium was found in the benzoic acid. The charge 

density in the benzene rings, in this case, is not sufficiently great 

to cause reaction with the weak electrophile deuterium oxide. 

To ensure that ring opening of 53 with iv-butyllithium-TMEDA did 

not occur during workup, 53. was treated with lithium deuteroxide in deu

terium oxide-hexane. A quantitative recovery of 53 containing no 

deuterium was obtained. 

One may consider several mechanisms for the ring opening of 53 

in the presence of n-butyllithium-TMEDA. Two possibilities are illus

trated in the following equations. 
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53 
n-BuLi-TMEDA 

Ph H 

DjO 
2  > 5 5  +  5 6  

wo «—-> 

Ph H 

> 5 7 + 5 8  

In previous studies of cyclopropyllithium and cyclopropylmag-

nesium compounds configurational stability was maintained and no ring 

opening was observed (see Introduction). Other examples in which no 

ring opening was found include cyclopropyllithium (Seyferth and Cohen 

1963) and 1-lithiobicyclobutane (Cohen 1967). To our knowledge the one 

exception to these observations is the potassium derivative of 33 dis

cussed in the Introduction (p. 13). 

OCH, 

3 3  

Two attempts were made to trap a lithio derivative of 53. In 

the first experiment 1.0 mole of 53 was slowly added to 3.0 moles of 



iv-butyllithium in hexane containing 0.75 mole of TMEDA [a 4:1 n-butyl-

lithium-TMEDA ratio has been reported to be most effective in the metal-

ation of toluene (West and Jones 1968)]. The deep orange reaction 

mixture was worked up after a considerably shorter time (30 minutes) at 

room temperature to yield 83% of pure 53 containing no deuterium. 

Bey and Weyenberg (1965) have previously shown that t-butyl-

lithium and trimethylchlorosilane do not react. Accordingly, 53 (1.0 

mole) was treated with t-butyllithium (3.0 mole) in the presence of tri

methylchlorosilane (1.4 mole) in THF-hexane at -80°. The reaction could 

not be carried out in the presence of TMEDA because TMEDA reacts with 

the silane. After workup there was obtained a 70% yield of 53 contain

ing no deuterium. The glpc of the remaining oil combined with the nmr 

spectrum indicated the presence of 4.57- of 59 plus the cis isomer. Pure 

59 was isolated and its structure was confirmed by spectroscopy and in-

C=C^ 

Ph CHPh 
I 
SiMe3 

5 9  
w—i 

dependent synthesis involving treatment of 53 with ii-butyllithium in 

THF-hexane followed by addition of trimethylchlorosilane. Fractional 

recrystallization gave pure 59 identified by its nmr and ultraviolet 

spectra and elemental analysis. The trans stereochemistry was assigned 

in analogy to the previously discussed benzyl stilbenes. 
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Unfortunately, the failure to trap the cyclopropyllithium de

rivative in this experiment cannot, of course, be regarded as proof that 

it is not an intermediate. Depending on its state of aggregation and 

extent of ionization, the cyclopropyllithium compound may be less re

active toward trimethylchlorosilane than t_-buty llithium itself. 

In light of our inability to recover 53 containing deuterium, we 

cannot rule out the possibility of a concerted elimination (scheme 2). 

Hoffmann and Woodward (1968) predicted that the cyclopropyl 

anion should open in a conrotatory manner in a thermal process. There 

is only one example in the literature in which this has been verified 

(see Introduction). 

Our nmr studies (discussed later) have shown that anions 57 and 

58 appear to be involved in the reaction of 53 with iv-butyllithium-TMEDA. 

Unfortunately, the stereochemistry of the products presumably derived 

from 57 and 58 does not allow one to determine the stereochemistry of 

the ring opening. This is because there are two different kinds of 

cyclopropyl hydrogens in 53, and the products one obtains depends upon 

which proton is abstracted, as shown below. 

Li + 

5 8  

Li+ 

H 

Ph Li+ 
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60 

The allylic lithium compounds could then be protonated at either the 1 

or 3 position to give different stereoisomers. Therefore, determination 

of the products does not prove the mode of ring opening. 

When allylic cations (Young, Sharman, and Winstein 1960), radi

cals (Walling and Thaler 1961), or anions (Hunter and Cram 1964) are 

generated as short-lived intermediates, the configurational identify of 

the precursors is maintained because of a rotational barrier about the 

partial double bonds. 

Freedman, Sandel, and Thill (1967) studied the geometric sta

bility of the long-lived 1,3-diphenylallyllithium in an aprotic solvent. 

They found that treatment of trans- (61) or cis-1,3-diphenylpropene (62) 

with iv-butyllithium in THF gave rise to trans,trans-1,3-diphenylally1-

lithium (63) as the only species. 



26 

Because there is a high degree of electron delocalization in 63 

one would expect partial double bond character. Huckel molecular orbi

tal calculations indicate the bond order to be 0.66 and assuming a pro

portionality between bond order and bond strength a rotational barrier 

of 27 kcal/mole may be estimated. Obviously, the nearly instantaneous 

equilibration which occurs here has an energy barrier considerably less 

than 27 kcal/mole, and the calculation in this case requires consider

able refinement. 

When trans-1.2.3-triphenylcyclopropane (53) was treated with 

n-butyllithium-TMEDA in hexane, the nmr spectrum (room temperature) 

(Nmr 1 through Nmr 4; see Appendix for all nmr spectra) showed a sin

glet due to the cyclopropyl protons at T7.60 which became smaller with 

time. After approximately 5 minutes, a doublet centered at T5.30 ap

peared which was possibly due to cis,trans- (58) and cis,cis-1,2,3-

triphenylallyllithium (57). After approximately 25 minutes the two 

signals at T~5.30 coalesced into a singlet which was possibly due to 

57, the protons of which are equivalent, although one must consider 
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Li + 

the other anion in which the protons are equivalent, namely the 

trans,trans (60) isomer. 

Li + 

60 

Models show that the cis,cis (57) isomer is less sterically 

hindered than the trans.trans. However, the hydrolysis experiment, 

discussed below, indicated a mixture of both cis- and trans-1,2,3-tri-

phenylpropene. Since neither isomer 57 nor 60 could give rise to both 

of these products, there is, at this time, some doubt as to whether the 

apparent singlet at T5.30 is due to only one anion. Further work re

mains in order to clarify this point. 

The solution from the nmr experiment was cooled to -80° for 24 

hours after which time the reaction mixture was allowed to warm up and 

then was terminated by hydrolysis. The nmr spectrum indicated 55 (52%), 

56 (21%), and 53 (26%). 

In addition, cis-1,2,3-triphenylcyclopropane (54) in THF was 

treated with n-butyllithium in hexane and the nmr spectrum recorded at 

-30°. In addition to the phenyl resonances and peaks which were due 
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to solvent, there appeared a singlet at T 5.45. This signal was pos

sibly due to 57. No hydrolysis experiment was performed. 

It was of interest to examine the reaction of the cyclopropane 

derivatives in a protic medium: potassium _t-butoxide in d^-dimethyl-

sulfoxide (see Table l). 

Gassman and Zalar (1964) found that treatment of nortricyclanone 

(64) with potassium _t-butoxide in d^-dimethylsulfoxide gave [3.1.0]bi-

cyclohexane-3-carboxylic acid (65). 

6 4  

CD.SOCD, , 
3 _ 1 > 0 > 

t-BuO l<+ ^ 1 

one or two stages 

CD2 

C-0-S=CD2 H2° ^ 

The authors discuss a mechanism involving an intermediate cyclopropyl 

anion or one in which carbon bond cleavage takes place in the same 

transition state that involves carbon-deuterium bond formation. The 

deuteron donar is formed at the front side of the incipient carbanion 

by attack at the carbonyl function by the dimethylsulfoxide anion. 
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Table 1. Reaction of various cyclopropane derivatives with potassium 
t-butoxide-d^-dimethy1sulfoxide.a 

Reactant 
Product and % Yield 

(isolated) 
D/Molecule 
of Product 

53 53, 65% 2.30 

54 53, 91% 2.33 

68 No Reaction 

69 No Reaction 

a. All reactions run at room temperature for 18 hours. 

b. D/Molecule calculated from mass spectral data. 

As shown in Table 1, 53 yielded deuterated 53. The nmr spectrum 

indicated that the cyclopropyl hydrogens had been exchanged. There was 

no evidence for any ring-opened products or trans-cis isomerization (53 

to 54). 

On the other hand, cis-1,2,3-triphenylcyclopropane (54) was es

sentially completely isomerized to 53 containing 2.33 deuterium atom per 

molecule. Again, the nmr spectrum indicated the cyclopropyl hydrogens 

had been exchanged. 

The latter result is of interest inasmuch as Walborsky and Motes 

(1970) have shown that compound 66 exchanges in a variety of metal 

alkoxide-alcohol systems with k /k of 35-9060 (97% retention of 
3 e r 



66 w> 

configuration). In contrast, compound 67 reacts with sodium methoxide-

methanol with k^/k^ of only 1.37 (277» retention) according to some re

cent work by Motes and Walborsky (1970). The high degree of retention 

C—Ph 

6 7  
Ln 

in the case of the nitrile was ascribed to the high energy barrier to 

2 
formation of an sp carbon in a 3-membered ring. Although a similar 

energetics difficulty exists in the case of the ketone (67), the much 

more rapid loss of configuration was attributed to the greater dereal

ization energy of the carbonyl compound relative to the nitrile. In

asmuch as carbonyl or nitrile groups are better able to stabilize an 

adjacent negative charge than a phenyl group, it is, perhaps, somewhat 

surprising that cis-1,2,3-triphenylcyclopropane (54) completely isomer-

ized to the trans isomer. In the absence of more quantitative data, 

the most reasonable explanation is that steric compression in the cyclo' 

propyl anion derived from 54 is sufficiently great to cause either con

version to a planar intermediate or possibly more likely the trans form 

of the anion. 
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In any event, the exchange experiments show that a triphenyl-

cyclopropyl anion or ion pair is indeed capablc of existence as an 

intermediate. 

The lack of reactivity of both tricyclic compounds 68 and 69 

with potassium t-butoxide is most likely due to a steric effect (dis

cussed in more detail later). 

Treatment of a solution of 2,3,4-triphenyl-endo-tricyclo-

[3.2.1.0^'^]octane (68) (Battiste 1964) in THF with n-butyllithium in 
— 

hexane, followed by derivatization of the reaction mixture with deuter

ium oxide resulted in a 76% recovery of 68 containing no deuterium. 

2 4 
Treatment of 2,3,4-triphenyl-endo-tricyclo[3.2.1.0 ' ]-6-octene 

(69) (Battiste 1964) with n-butyllithium in THF-hexane followed by 

termination with deuterium oxide yielded (75%) a compound ^qH^D which 

spectroscopic and analytical data clearly revealed had incorporated an 
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n-butyl group. The nmr spectrum and a qualitative test (B^/CCl^) 

showed that an olefinic bond remained. The ultraviolet spectrum of the 

product eliminated the possibility of a phenyl conjugated double bond. 

Four of the most likely products, 70-73, and a mechanism for their for

mation, are shown in the following equations. 

n-BuLi 

THF 
•> 

Ph H 

C—CH-CH,CH,CH 

- Ph 

C—CH,CH,CH,CH. 

Ph 

7 0  

Li + 

CHDPh C-H 

7 1  

n-BuLi ^ 
69 —= > 

THF 

LiH Ja-

ax̂ -n 
Ph 

LiH 

THF -> 
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l) n-BuLi 

2)D20 

7 2  4-0 

n-Bu 
> n-BuLi 

THF 

7 3  

The nmr spectrum of the product obtained from the reaction of 69 

with r^-butyllithium showed, in addition to the resonances which were due 

to the phenyl protons, vinyl protons, and the protons of the butyl group, 

a multiplet extending from T 7.0-8.0. However, this multiplet was re

solved using an expanded scale (Nmr 5 and Nmr 6) which showed 2 overlap

ping triplets, in the ratio of 3:2, at Tf 7.2 (J = 8 Hz). These triplets 

were assigned to the benzylic protons of two of the possible stereo

isomers of 70. Compounds 71, 72, and 73 could be eliminated on the 

following basis. 

Structures 71 and 73 can be eliminated because the benzylic 

proton would appear as a singlet (neglecting the very small hydrogen-

deuterium coupling constant). 

In structure 72 the benzylic proton would be coupled with a 

bridgehead proton giving rise to a doublet, or two sets of doublets if 

both stereoisomers 74 and 75 were present. 



The benzylic proton and the bridgehead proton of 72 can be 

axial-equatorial (74) or equatorial-equatorial (75), but not axial-

axial . 

7 4  

Ir-H 

7 5  

In the first two cases the coupling constant would be 2-3 Hz (Silver-

stein and Bassler 1967, p. 132). Thus, 72 can be eliminated because 

the coupling constant of 8 Hz which is actually observed is not con

sistent with either 74 or 75. 

Finally, chemical evidence helped verify structure 70. In the 

proposed scheme for the formation of 72, the intermediate anion ab

stracts a proton from the solvent followed by addition of ii-butyl-

lithium to the double bond and quenching with deuterium oxide to give 

a product incorporating 1 deuterium atom per molecule. Thus, if the 

reaction were run in dg-THF one should obtain a product containing 2 

deuterium atom per molecule. However, treatment of 69 with iv-butyl-

lithium in d0-THF followed by quenching with deuterium oxide gave a 
o 

product containing only 1 deuterium atom per molecule, again ruling out 

structure 72. CO 

Finally, pyrolysis of 70 at 350° resulted in the recovery of 

an oil which nmr and ultraviolet spectra indicated was the stilbene 

76. The cyclopentadiene which evolved was passed into maleic anhydride 



and its presence was determined by observation of a peak at m/e 66 in 

the mass spectrum of the maleic anhydride. 

70 
350 . PhCD=CPhCHPh , > | + 

n-Bu 
76 

It should be noted that under the same conditions for the re

action of 69 with n-butyllithium, norbornene (77) did not react. 

n-BuLi 

THF 

D20 
No Reaction 

77 

The failure of 68 to react with iv-butyllithium under the same 

conditions in which 69 does react may be due to a steric hindrance by 

the endo hydrogens. 

H 68 

Furthermore, the anionic precursor to 70 would be expected to be sta

bilized by the inductive effect of the double bond (Streitwieser and 

Caldwell 1962). 
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It was hoped that by studying the reactions of 68 and 69 with 

n-butyllithium in THF-hexane some light would be shed on the stereo

chemistry of the cyclopropane ring opening. Removal of the cyclopropyl 

hydrogen in 68 would give rise to a 4 IT electron system (78). 

68 -> 

Li + Li + 

78 

The Woodward-Hoffmann Rules predict that such an opening should proceed 

conrotatory and in the present case give a trans double bond in a 7-

member ring, a sterically unfavorable situation. Thus, on this basis, 

failure of 68 to react with rv-butyllithium may be due to the forbidden 

character of the ring opening as predicted by the Woodward-Hoffmann 

Rules. 

On the other hand, 69 does react with tv-butyllithium but gives 

no products derived from the ring opening of a cyclopropyl anion. In 

the case of 69, abstraction of the cyclopropyl proton followed by ring 

opening would give a 6 IT electron system (79). 

n-BuLi 

; + 
Li" 
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In this case the Woodward-Hoffmann Rules predict that such a ring open

ing should be disrotatory and lead to a favorable cis double bond. 

Brown and Occolowitz (1965) have found that treatment of 80 with 

potassium t-butoxide in dimethylsulfoxide (DMSO) gave the 6 tr electron 

bishomoaromatic anion (81). 

t-BuO~K+ 

DMSO 
-> 

D20 

* L 

81 82 

Additional studies by Winstein et al. (1967) (for a review of 

homoaromaticity see Winstein 1969) have confirmed the aromatic nature 

of this anion. The anion was generated as indicated below. 

OMe 
Na-K 

THF 
-> 81 

All features of the nmr spectrum were found to be in accord with the 

bishomoaromatic species 81 possessing an appreciable ring current. 

Quenching the nmr solutions with methanol-o-d produced essentially 

quantitative y ields o f  diene $ 2 .  

In an attempt to prepare the monolithiated triphenylcyclopro-

penyl compound (.}£), 1,2,3-triphenylcyclopropene (15) (1.0 mole) and 

TMEDA (1.6 mole) were treated with iv-butyllithium (6.4 mole) in hexane 
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at room temperature. After 24 hours the deep red solution was ti-eated 

with excess deuterium oxide to give, after workup, a 587» yield of an 

oil which was shown by nmr (Nmr 7) to contain four products, two sets of 

stereoisomers, resulting from addition of iv-buty llithium to the double 

bond of the cyclopropene ring followed by ring opening. These results, 

including nmr assignments, are outlined in the following equations. 

Ph H r .T6.47 
Ph' Ph 

n-BuLi ^ D20 ^ ^ , aAn_f/CDPh 

> > ^c-c + 
Ph CDPh PI) Ph 

83 ^t6.10 §4 

in 
aromatic 

region 

n-Bu 
T3.42 

Ph" CDPh "1®kc_c"CDr'h 

n-Bu Ph" ">h 

85 86 

A portion of the oil crystallized to give 84, identified by its 

nmr and ultraviolet spectra and elemental analysis. Stereochemical as

signments for compounds 83-86 were made in analogy to the previously 

discussed benzyl stilbenes. 

The reaction of t-butyllithium-TMEDA with 15 gave results simi

lar to those obtained with iv-buty llithium as determined by spectroscopy. 



Because even a sterlcally hindered base such as t-butyllithium 

would add to 15 rather than abstract the cyclopropenyl hydrogen, it was 

necessary to use an even more hindered organolithium reagent. Such a 

base is triptycyllithium (87). 

JI 

Treatment of a solution of 15 in THF with 87 in benzene-ether «—••> c-o 

followed by deuterolysis of the reaction mixture gave only 15 contain

ing no deuterium and 9-deuteriotriptycene. 

In summary, 3 unique cyclopropane ring-opening reactions were 

discovered during the course of this work. 

Treatment of trans-1,2,3-triphenylcyclopropane with n-butyllith-

ium-IMEDA in hexane resulted in opening of the cyclopropane ring. 

Whether the ring opening involved a discrete cyclopropyllithium inter

mediate or was a concerted E-2 type elimination could not be ascertained 

although in related studies the existence of a discrete cyclopropyl car-

banion was demonstrated. 

2 4 
Treatment of 2.3.4-triphenyl-endo-tricyclo[3.2.1.0 ' ]-6-octene 

with n-butyllithium in THF-hexane resulted in products derived from a 

nucleophilic attack at the cyclopropane ring followed by ring opening. 
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In the case of n_-butyllithium-TMEDA and 1,2,3-triphenylcyclo-

propene, the organolithium compound added across the double bond of the 

cyclopropene ring followed by ring opening of the resultant cyclopropane 

derivative. 



EXPERIMENTAL 

Melting points were determined on a Fisher-Johns melting point 

apparatus and are uncorrected. Nuclear magnetic resonance (nmr) spec

tra were determined on either a Varian model A-60 spectrometer at 60 

MHz or a Var'ian model HA-100 spectrometer at 100 MHz using tetramethyl-

silane as an internal standard. Either a Perkin-Elmer Infracord or 

Perlcin-Elmer model 337 was used to determine infrared spectra. Ultra

violet spectra were obtained from a Coleman-Hitachi model 124 spectro

photometer. 

Microanalyses were performed by the Micro-Tech Laboratories, 

Skokie, Illinois. Deuterium analyses reported as "atom % excess deuter

ium" were performed by Josef Nemeth, Urbana, Illinois, using the falling 

drop method; those reported as "deuterium atom per molecule" were calcu

lated from mass spectra data. Deuterium analyses reported in this manner 

and all other molecular weight determinations were obtained from a 

Hitachi-Perkin Elmer RHU-6E mass spectrometer. Gas-liquid phase chroma

tography (glpc) was carried out using a Varian Aerograph or Varian model 

1700 chromatograph. The appropriate column is indicated in parentheses 

whenever glpc data are reported. For analytical glpc determinations, 

correction factors for mole ratio/area ratio data were determined with 

standards containing the same compounds as in the unknown mixture. 

Hexane was purified by stirring overnight with 957., sulfuric 

acid, washing with distilled water, drying over sodium sulfate, and re-

fluxing over sodium metal for 24 hr prior to final distillation. 

41 



Mallinckrodt anhydrous reagent grade ether was used without 

further purification. Reagent grade tetrahydrofuran (THF) was purified 

by distillation from lithium aluminum hydride. Reagent grade benzene 

was refluxed over sodium metal for 24 hr prior to final distillation. 

Eastman grade N,N,N',N'-tetramethylethylenediamine (TMEDA) was 

dried and distilled over calcium hydride. It was then stored over po

tassium hydroxide. 

Matheson, Coleman, and Bell practical grade potassium t>butoxide 

was used without further purification. 

Deuterium oxide (99.8 atom 7° deuterium), d^-dimethylsulfoxide 

(99.5 atom % deuterium), and dg-tetrahydrofuran (98.0 atom % deterium) 

were obtained from Stohler Isotope Chemicals. 

Lithium wire and t-butyllithium in pentane were obtained from 

the Lithium Corporation of America. n_-Butyllithium, 1.6 M in hexane, 

was obtained from Foote Mineral Company and the concentration verified 

by the double titration method (Gilman and Haubein 1944). All organo-

lithium reactions were run under a nitrogen atmosphere in flame-dried 

apparatus protected by calcium chloride drying tubes. 

cis- and trans-1,2,3-Triphenylpropene 

Phenyldibenzylcarbinol 

This compound was prepared in 42% yield according to the pro

cedure of Allen and Converse (1941) for the synthesis of methyldiphenyl-

carbinol. 



43 

Dehydration of Phenyldibenzylcarbinol 

This procedure was adopted from that of Evantova and Shapchenko 

(1962). A mixture of phenyldibenzylcarbinol (8.10 g, 0.085 mol) and an

hydrous cupric sulfate (1.35 g, 0.085 mol) was distilled through a short 

path column under reduced pressure. The main fraction afforded 5.09 g 

(687o) of a clear, colorless oil, bp 168-170° (0.30 mm), which crystal

lized on standing. The melting point of the crude olefin mixture was 

45-50° [lit (Evantova and Shapchenko 1962) mp 42-56°]. 

The olefin mixture was separated by fractional recrystalliza-

tion from 95% ethanol. The more insoluble component separated as white 

prisms which, after three recrystallizations from 95% ethanol, produced 

pure trans-1,2,3-triphenylpropene, mp 63-64° [lit (Evantova and Shap

chenko 1962) mp 62-63°]. The ultraviolet spectrum (95% ethanol) had 

X 275 nm (£13,300), 210 nm (£ 16,900). The nmr spectrum (CC1.) 
max ' ' ' v 4 

showed peaks centered at T2.95 (multiplet, 120 H) assigned to the aro

matic protons and the buried vinyl proton; x6.00 (singlet, 15 H) as

signed to the benzyl protons. 

The cis olefin was obtained from the filtrate of the trans 

isomer. Two recrystallizations from 95% ethanol gave long, white nee

dles, mp 64-65° [lit (Evantova and Shapchenko 1962) mp 63-64°]. The 

ultraviolet spectrum (95%. ethanol) had X 260 nm (£ 4800), 225 nm 
max ' 

(shoulder, £ 7100), 208 nm (£12,100). The nmr spectrum (CCl^) showed 

peaks centered at 1*3.00 (multiplet, 93 H) assigned to the aromatic pro

tons; T3.65 (singlet, 7 H) assigned to the vinyl proton; *r6.35 (sin

glet, 14 H) assigned to the benzyl protons. A mixed melting point of 

pure cis and pure trans olefins was 45-58°. 



trans-1.2,3-Triphenylcyclopropane 

QC-Phenylchalconc 

This compound was prepared in 61% yield according to the pro

cedure of Dornow and Boberg (1952). 

3,4,5-Triphenyl-2-pyrazoline 

This compound was synthesized in 457» yield according to the 

method of Parham and Hasek (1954). 

Thermal Decomposition of 3,4,5-
Triphenyl-2-pyrazoline 

The procedure was a modification of that of Shabarov et al. 

(1966). A mixture of 3,4,5-triphenyl-2-pyrazoline (27.0 g, 0.090 mol) 

and a catalytic amount of powdered potassium hydroxide were heated for 

2 hr at 220-250°. The reaction mixture was cooled, diluted with water, 

and extracted with ether. The ether layer was dried over sodium sul

fate. Removal of the solvent left an off-white solid which was shown 

by glpc (10 ft GE-SE-54; 250°) to contain only one component. Two re-

crystallizations from 95% ethanol gave 16,7 g (697») of trans-1,2,3-

triphenylcyclopropane as small, white needles, mp 67.0-67.5° [lit 

(Shabarov et al. 1966) mp 66.5-67.5°]. The nmr spectrum (CCl^) showed 

peaks centered at T3.00 (multiplet, 15 H) assigned to the aromatic 

protons; T7.25 (singlet, 3 H) assigned to the cyclopropyl protons. 

n.-Butyllithium, IMEDA, and trans-1.2.3-
Triphenylcyclopropane in Hexane 

In a typical experiment r^-butyllithium (0.150 mol) in 94 ml 

of hexane was slowly added to a stirred solution of 



trans-1,2,3-triphenylcyclopropane (13.5 g, 0,050 mol) and TMEDA (16.4 g, 

0.150 mol) in 250 ml of hexane. The solution was cooled in an ice bath 

during the n-butyllithium addition. After stirring for 6 hr at room 

temperature, the purple reaction mixture was cooled in an ice bath and 

quenched by rapid addition of excess deuterium oxide. The now clear, 

colorless solution was stirred for an additional 45 min and allowed to 

stand overnight. The reaction mixture was diluted with water and the 

layers separated. The aqueous layer was extracted with ether and the 

combined organic layers were dried over sodium sulfate. Removal of the 

solvent left 16.6 g of an opaque yellow oil which showed trans-1,2,3-

triphenylpropene (lQ)/cis-l,2,3-triphenylpropene (1) by glpc (10 ft 

GE-SE-54; 225°). The oil was seeded with authentic trans-1,2,3-tri-

phenylpropene and placed in the refrigerator. After two days the off-

white crystalline solid was filtered. The solid was washed with cold 

957o ethanol and dried in the air. There remained 6.30 g of a white 

crystalline solid, mp 45-60°. This material was recrystallized from 

957. ethanol to give 4.10 g of trans-3-deuterio-l,2,3-triphenylpropene 

as small white prisms, mp 63.0-63.5°. A mixed melting point with an 

authentic undeuterated sample gave no depression. 

From the filtrate precipitated 2.90 g of small white needles, 

mp 45-50°. This material was recrystallized from 957o ethanol to give 

1,20 g of cis-3-deuterio-l,2,3-triphenylpropene as long white needles, 

mp 64.5-65.0°. A mixed melting point with an authentic undeuterated 

sample gave no depression. 
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From the mother liquor was obtained an additional 1.10 g of pure 

trans compound and 0.55 g of pure cis isomer. 

The deuterium content of the benzyl stilbenes was determined by 

mass spectrometry using the procedure of Biemann (1962), The trans-3-

deuterio-1,2,3-triphenylpropene contained 0,87 deuterium atom per mole

cule. The cis-3-deuterio-l,2,3-triphenylpropene contained 0.80 deuter

ium atom per molecule. 

n-Butyllithium, IfrlEDA, and trans-1,2.3-

Triphenylcyclopropane in Hexane, 

Inverse Addition 

To an ice-cold solution of iv-butyllithium (0,075 mol) and TMEDA 

(2.05 g, 0.019 mol) in 97 ml of hexane was added trans-1,2,3-triphenyl-

cyclopropane (6.75 g, 0.025 mol) in 200 ml of hexane. The brilliant 

orange solution was stirred 30 min at room temperature, cooled in an ice 

bath and quenched with excess deuterium oxide. The reaction mixture was 

allowed to stir overnight, after which it was diluted with water. The 

layers were separated and the aqueous layer extracted with ether. The 

combined organic layers were dried over sodium sulfate. Removal of the 

solvent left 6.0 g of a white solid, mp 61-64°. This material was re-

crystallized from 95% ethanol to give 5.60 g (837o) of pure trans-1,2,3-

triphenylcyclopropane, mp 66,5-67.0°. A mixed melting point with 

authentic material was not depressed. A quantitative deuterium analysis 

of the recovered cyclopropane by mass spectrometry showed no deuterium 

incorporation. 



n-Butyllithium and trans-1, 2, 3-Triphenyl-

cyclopropanc in TIIK-hexane 

In a typical experiment n-butyllithium (0.024 mol) in 15 ml of 

hexane was added to an ice-cold solution of trans-1,2,3-triphcnylcyclo-

propane (2.0 g, 0.0074 mol) in 75 ml of THF. The purple reaction mix

ture was stirred for 3 hr at 0° and then terminated with excess deuterium 

oxide. After stirring overnight, the reaction mixture was diluted with 

water and extracted with ether. The combined organic layers were dried 

over sodium sulfate. Removal of the solvent left 1.65 g of a clear 

yellow oil. The nmr spectrum (CCl^) showed peaks centered at T 3.00 

(multiplet, 54 H) assigned to the aromatic protons and buried vinyl 

proton of trans-3-deuterio-l. 2.3-triphenylpropene; T3.75 (singlet, 1 H) 

assigned to the vinyl proton of cis-3-deuterio-l,2,3-triphenylpropene; 

T 6,15 (singlet, 3 II) assigned to the benzyl proton of trans-3-deuterio-

1,2,3-triphenylpropene; T6.50 (singlet, 1 H) assigned to the benzyl 

proton of cis-3-deuterio-l,2,3-triphenylpropene; T 7.45 .(singlet, 3 H) 

assigned to the cyclopropyl protons of trans-1,2,3-triphenylcyclopropane. 

Analysis by nmr indicated trans-3-deuterio-l.2.3-triphenylpropene 

(607<>), cis-3-deuterio-l, 2, 3-triphenylpropene (207=) and trans-1,2,3-tri-

phenylcyclopropane (207>). This material by glpc analysis (5 ft SE-30; 

205°) showed trans and starting material (3.6)/cis (l). 

Termination by Silylation 

To an ice-cold solution of trans-1,2,3-triphenylcyclopropane 

(3.37 g, 0.012 mol) in 200 ml of THF was added n-butyllithium (0.012 

mol) in 20 ml of hexane. The solution was stirred for 4 hr at 0°. Upon 



addition of trimethyIchlorosilane (6.0 ml, 0.054 mol), the purple solu

tion turned colorless. The reaction mixture was then diluted with water 

and extracted with ether. The combined organic layers were dried over 

sodium sulfate. After removal of the solvent there remained 3.65 g of 

a clear, colorless oil. The nmr (CCl^) showed peaks centered at T2.95 

(multiplet, 148 H) assigned to the aromatic protons and the buried vinyl 

proton of cis-3-trimethylsilyl-l, 2, 3-triphenylpropene; T3.35 (singlet, 

4 II) assigned to the vinyl proton of trans-3-trimethylsily1-1,2,3-tri

pheny lpropene; 1-6.75 (singlet, 4 H) assigned to the benzyl proton of 

trans-3-trimethylsilyl-l,2,3-triphenylpropene; T7.17 (singlet, 12 H) 

assigned to the benzyl proton of c_is_-3-trimethylsilyl-l, 2,3-triphenyl

propene; T9.83 (singlet, 65 H) assigned to the methyl protons of the 

trimethylsilyl group. 

Analysis of the oil by nmr indicated cis- (67%) and trans-3-

trimethylsily1-1,2,3-triphenylpropene (33%). 

The oil solidified on standing after approximately two weeks. 

Three recrystallizations from 95% ethanol gave 0.10 g of trans-3-tri-

methylsilyl-1,2,3-triphenylpropene as small, white prisms, mp 82-83°. 

The nmr spectrum (CCl^) showed peaks centered at <1-2.80 (multiplet, 

22 H) assigned to the aromatic protons; T 3.25 (singlet, 1.5 H) as

signed to the vinyl proton; <T"6.65 (singlet, 1.5 H) assigned to the 

benzyl proton; T9.75 (singlet, 17 H) assigned to the methyl protons 

of the trimethylsilyl group. The ultraviolet spectrum (95% ethanol) 

had X 265 nm (£ 15,000), 230 nm (shoulder, (r 25,000), 204 nm 
max ' ' 

(£ 70,000). 



Anal. Calcd. for C2^H2gSi: C, 84.20; II, 7.60; mol wt 342. 

Found: C, 84.02; H, 7.72; mol wt (mass spec) 342. 

t_-Butyllithium, Trimethylchlorosilane, and trans-

1, 2, 3-Tripheny lcyclopropane in THl'-pentane 

To a solution of tran_s-l, 2,3-triphenylcyclopropane (6.70 g, 

0.025 mol) and trimethylchlorosilane (14.7 g, 0.035 mol) in 400 ml of 

THE at -80° was added t-butyllithium (0.075 mol) in 42 ml of pentane. 

The lemon yellow reaction mixture was stirred for 2 hr at -80°. The 

solution was then allowed to reach room temperature, turning purple as 

it warmed up. Excess deuterium oxide was then added and the reaction 

mixture was stirred overnight. The reaction mixture was then diluted 

with water and extracted with ether. The combined organic layers were 

dried over sodium sulfate. Removal of the solvent and 2 recrystalliza-

tions from 95% ethanol afforded 4.65 g (70%) of pure trans-1,2,3-tri-

phenylcyclopropane, mp 66.0-67.0°. Mixed melting point with an authentic 

sample was not depressed. Deuterium analysis of the recovered cyclo

propane by mass spectrometry showed no deuterium incorporation. 

Workup also afforded 1,22 g of a yellow oil. Analysis of the 

oil by glpc (5 ft GE-SE-30; 200°) and nmr indicated trans-1,2,3-tri-

phenylcyclopropane (85%), trans-3-trimethylsilyl-l,2,3-triphenylpropene 

(4.5%), and cis-3-trimethylsilyl-l,2,3-triphenylpropene (10%). The 

mass spectrum of the oil indicated a molecular weight of 342, the cor

rect molecular weight for the silylated derivative. Seeding the oil 

with an authentic sample of trans-3 -trimethylsilyl-1,2,3-triphenyl

propene caused a portion of the oil to crystallize. About 40 mg of 



trans-3-triinethylsilyl-1,2,3-triphenylpropene was obtained as small, 

white needles, mp 63.0-65.5°. The ultraviolet spectrum (957» ethanol) of 

this compound had X- 265 nm (("2000) 224 ran (£ 23 000), 206 nm 
r max ' ' ' 

(6  28,000) .  

trans-1,2,3-Triphenylcyclopropane, Lithium 

Deuteroxlde-deuteriuin Oxide 

Deuterium oxide (2.45 g, 0.120 mol) was added slowly to a 

stirred suspension of small pieces of lithium wire (0.080 g, 0.012 mol) 

in 20 ml of hexane under nitrogen atmosphere. The reaction mixture was 

cooled to 5° during the addition and then allowed to warm to room tem

perature and stirred for 24 hr to assure complete formation of lithium 

deuteroxide. Then trans-1,2,3-triphenylcyclopropane (2.30 g, 0.0085 

mol) was added and the mixture was stirred for an additional 16 hr. 

Water was added and the reaction mixture was extracted with ether. The 

combined organic layers were dried over sodium sulfate. Removal of the 

solvent afforded a quantitative recovery of starting material. The 

white solid was recrystallized once from 95% ethanol to give small, 

white needles, mp 67.0-67.5°. A mixed melting point with authentic 

trans-1,2,3-triphenylcyclopropane was not depressed. Quantitative mass 

spectrometry showed no deuterium incorporation in the recovered cyclo

propane. 

Permanganate Oxidation of Deuterated cis-

and trans-1,2,3-Triphenylpropene 

The procedure was that of Shriner, Fuson, and Curtin (1962). 

The olefin mixture (1.0 g, 0.004 mol) was added to 80 ml of water 



containing 4.0 g of potassium permanganate. One ml of 107o sodium 

hydroxide solution was added and the mixture was refluxed for 3 hr. 

At the end of this time the reaction mixture was allowed to cool and 

then was acidified carefully with sulfuric acid. The mixture was 

again heated for 0.5 hr and cooled. Excess manganese dioxide was re

moved by addition of sodium bisulfite solution. The aqueous layer 

was then extracted with ether. The ether layer was dried over sodium 

sulfate. Removal of the solvent left a yellow-white solid which was 

sublimed to give 0.30 g of crude benzoic acid. The acid was recrystal-

lized once from 957° ethanol to give pure benzoic acid, mp 120-122°. A 

mixed melting point with an authentic sample was not depressed. A deu

terium analysis of the recovered benzoic acid by mass spectrometry 

showed no deuterium incorporation. 

1.2,3-Triphenylcyclopropene 

This compound was synthesized in 367» yield according to the 

procedure of Breslow and Dowd (1963) with the exception that elution 

chromatography of the crude 1,2,3-triphenylcyclopropene was usually not 

necessary. The product was identified by its nmr, mass spectrum, and 

melting point. 

t:-Butyllithium, IMEDA, and 1,2,3-Triphenyl-
cyclopropene in Hexane-pentane 

To an ice-cold solution of 1,2,3-triphenylcyclopropene (2C0 g, 

0.0074 mol) and TMEDA (0.42 g, 0.0037 mol) in 200 ml of hexane was added 

t_-butyllithium (0.015 mol) in 9.2 ml of pentane. After stirring for 20 

hr at room temperature excess deuterium oxide was added to the black 



reaction mixture. The colorless mixture was stirred overnight and then 

was diluted with water and extracted with ether. The combined organic 

layers were dried over sodium sulfate. Removal of the solvent afforded 

3.2 g of an amber colored oil which upon distillation through a short 

path column gave 0,60 g (247°) of a clear, viscous, light yellow oil, 

bp 120-130° (0.10 nm). The nmr spectrum (CCl^) showed peaks centered 

at ̂ "3.00 (multiplet, 22 H) assigned to the aromatic protons; q-3.42 

(unresolved doublet, 5 H) assigned to the vinyl protons of cis- and 

trans-3-deuterio-l,2,3-triphenyl-4,4-dimethylpentene; °T 6.00 (singlet, 

2 H) assigned to the benzyl proton of trans-l-deuterio-1,2,3-triphenyl-

4,4-dimethyl-2-pentene; 1*6.85 (singlet, 2 H) assigned to the benzyl 

proton of cis-l-deuterio-1,2,3-triphenyl-4,4-dimethyl-2-pentene; T 8.75 

(unresolved doublet, 43 li) assigned to the _t-butyl group protons; T9.15 

(singlet with some fine structure, 29 H) assigned to the t-butyl group 

protons. 

Anal. Calcd. for ^25^25^'' 91.74; H, 7.64; D, 3.84 atom % ex

cess deuterium; mol wt 327. Found: C, 90.41; H, 8.42; D, 2.88 

atom % excess deuterium; mol wt (mass spec) 327. 

n.-Butyllithium, TMEDA, and 1,2,3-

Triphenylcyclopropene 

To an ice-cold solution of 1,2,3-triphenylcyclopropene (2.0 g, 

0.0074 mol) and TMEDA (1.39 g, 0.012 mol) in 200 ml of hexane was added 

iv-butyllithium (0.048 mol) in 30 ml of hexane. The deep red reaction 

mixture was stirred for 24 hr at room temperature and then terminated 

with excess deuterium oxide. The reaction mixture was diluted with 



water and extracted with ether. The combined organic layers were dried 

over sodium sulfate. Removal of the solvent afforded 4.80 g of a 

slightly opaque, pale yellow oil. The oil was distilled through a short 

path column to give 1.40 g (58%) of a viscous, clear, light yellow oil, 

bp 150-155° (0.15 mm). The nmr spectrum (CCl^) showed peaks centered at 

T3.00 (multiplet, 142 H) assigned to the aromatic protons and the bur

ied vinyl proton of trans-3-deuterio-l,2,3-triphenyl-l-heptene; T 3.42 

(singlet, 1 H) assigned to the vinyl proton of cis-3-deuterio-l,2,3-

triphenyl-l-heptene; T"6.10 (singlet, 3 H) assigned to the benzyl proton 

of trans-l-deuterio-1,2,3-triphenyl-2-heptene; T6.47 (singlet, 3 H) as

signed to the benzyl proton of cls-l-deuterio-1,2,3-triphenyl-2-heptene; 

T8. 50-9.40 (multiplet, 80 II) assigned to the n-butyl group protons. 

Upon standing for several days the oil solidified and was re-

crystallized from aqueous 95% ethanol to give 0.22 g of cis-l-deuterio-

l,2,3-triphenyl-2-heptene as a white crystalline solid, mp 85-86°. The 

nmr spectrum (CCl^) showed peaks centered at T2.80 (multiplet, 165 H) 

assigned to the aromatic protons; 6.50 (singlet, 10 H) assigned to the 

benzyl proton; T 7.80 (multiplet, 20 H) assigned to the c£-methylene pro

tons on the n_-butyl group; T8.80 (multiplet, 70 H) assigned to the re

mainder of the n-butyl protons. The ultraviolet spectrum (957» ethanol) 

had A. 234 nm (shoulder, £ 7000), 206 nm (£"23,000). 
max ' 

Anal. Calcd. for C^H^D: C, 91.74; H, 7.65; D, 3.84 atom % 

excess deuterium; mol wt 327. Found: C, 91.75; H, 8.10; D, 

4.30 atom % excess deuterium; mol wt (mass spec) 327. 
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9-Bromotriptycene 

This compound was prepared in 237o yield according to the pro

cedure of Friedman and Logullo (1963). 

Triptycyllithium 

A solution of triptycyllithium in benzene (90 ml)-ether (200 

ml) was prepared according to the procedure of Dence and Roberts (1968). 

Triptycyllithium and 1,2,3-
Triphc.nylcyclopropene 

To a stirred solution of triptycyllithium at -80° was added 

1,2,3-triphenylcyclopropene (2.0 g, 0.0074 mol) in benzene (25 ml)-

ether (25 ml). Tetrahydrofuran (50 ml) was also added and the solution 

was stirred for 2 hr at -80°. No color change resulted when the cyclo-

propene was added. The solution was allowed to warm up and excess deu

terium oxide was added. The reaction mixture was stirred overnight, 

then diluted with water and extracted with ether. The combined organic 

layers were dried over sodium sulfate. Removal of the solvent left, in 

the first crop, 1.7 g of a white microcrystalline solid, mp 230-240°. 

This material was identified as 9-deuteriotriptycene (mol wt 255) by 

mass spectral analysis. 

The filtrate was evaporated to give 2.2 g of a white crystal

line solid, mp 105-106°. This material was recrystallized from 95% 

ethanol to give 1.3 g (657°) of 1,2,3-triphenylcyclopropene as shiny 

white plates, mp 110-112°. Admixture of this material with authentic 

1,2,3-triphenylcyclopropene gave no melting point depression. 
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Deuterium analysis of the recovered 1,2,3-triphenylcyclopropene by mass 

spectrometry showed no deuterium incorporation. 

This experiment was repeated using THF as the only solvent for 

both the triptycyllithium and 1,2,3-triphenylcyclopropene. The results 

obtained were essentially the same as in the previous experiment. 

2,3,4-Trlphenvl-endo-trlcyclo-
[3.2.l.Q2,V)-6-octene 

The procedure was adopted from a communication by Battiste 

(1964). A solution of 1,2,3-triphenylcyclopropene (1.0 g, 0.0037 mol) 

and cyclopentadiene (8.0 g, 0.12 mol) was stirred at room temperature 

under nitrogen for 16 hr. At the end of that time the excess diene had 

evaporated and the remaining white solid was recrystallized twice from 

95% ethanol to give 0.80 g (65%) of 2,3,4-triphenyl-endo-tricyclo-

2 4 o 
[3.2.1.0 ' ]-6-octene as small, white needles, mp 162-164 [lit (Bat

tiste 1964) mp 160-162°]. The nmr spectrum was in complete accord with 

the literature spectrum. 

Dipotassium Diazocarboxylate 

This compound was prepared in 81% yield according to the pro

cedure of Thiele (1892). 

2.3.4-Triphenyl-endo-tricvclo-

[3.2.1.O^i^loctane 

The procedure was adopted from a communication by Battiste 

0 / 
(1964). To a solution of 2,3,4-triphenyl-endo-tricyclo[3.2.1.0 ' ]-6-

octene (0.50 g, 0.0015 mol) in a mixed solvent of dimethoxyethane (15 ml) 



and methanol (10 ml) were added dipotassiuin diazocarboxylate (1.0 g, 

0.0050 mol) and several drops of glacial acetic acid. The solution was 

stirred at room temperature until all of the diazo compound had been 

consumed (3 hr). The reaction mixture was then diluted with water and 

extracted with ether. The combined organic layers were dried over so

dium sulfate. Removal of the solvent and recrystallization from 95% 

ethanol afforded 0.40 g (80%) of 2.3,4-triphenyl-endo-tricyclo-

[3.2.1.0^'^]octane as shiny white plates, mp 151-152° [lit (Battiste 

1964) mp 149.0-150.5°]. The nmr spectrum was in complete accord with 

the literature spectrum. 

2 4 
2.3.4-Triphenyl-endo-tricyclo[3.2.1.0 ' Joctane 

and n-Butyllithium in THF-hexane 

To the tricyclic compound (0.34 g, 0.0010 mol) in 40 ml of THF 

was added n_-butyllithium (0.0096 mol) in 6 ml of hexane. No color de

veloped upon addition of iv-butyllithium. The solution was stirred for 

2 hr at room temperature and then the reaction was terminated with ex

cess deuterium oxide. The reaction mixture was allowed to stir over

night and was then diluted with water and extracted with ether. The 

combined organic layers were dried over sodium sulfate. Removal of the 

solvent and recrystallization from 95% ethanol gave 0.25 g (76%) of 

2 4 o 
2,3,4-triphenyl-endo-tricyclo[3.2.1.0 ' ]octane, mp 150-151 . Mixed 

melting point with an authentic sample was not depressed. A deuterium 

analysis of the recovered starting material by mass spectrometry indi

cated no deuterium incorporation. 
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trans-lT2,3-Triphenvlcvcloprooane and Potassium 

t>-Butoxide in dg-Dimethylsulfoxide (DMSO) 

Potassium J>-butoxide (0.42 g, 0.0038 mol) was added to d^-DMSO 

(2 ml, 0.024 mol) with stirring under nitrogen. Then trans-112,3-tri-

phenylcyclopropane (0.37 g, 0.0014 mol) was added and the solution 

turned a clear violet color. The reaction mixture was stirred at room 

temperature for 18 hr after which time the clear orange solution was 

diluted with water and extracted with ether. The ether layer was dried 

over sodium sulfate. Removal of the solvent left a pale yellow solid 

which was recrystallized from 95% ethanol to give 0.24 g (657°) of trans-

1,2,3-tripheriylcyclopropane. Mixed melting point with an authentic 

sample was not depressed. 

A deuterium analysis by mass spectrometry of the recovered 

cyclopropane indicated 2.30 deuterium atom per molecule. The nmr spec

trum showed that the cyclopropyl hydrogens had been exchanged. 

cis-1,2,3-Triphenylcyclopropane 

This compound was synthesized in 80% yield according to the 

procedure of Battiste (1964). 

cis-1.2,3-Triphenylcyclopropane and 

Potassium _t-Butoxide in dg-DMSO 

Potassium _t-butoxide (0.69 g, 0.0062 mol) was added to d^-DMSO 

(3 ml, 0.036 mol) with stirring under nitrogen. Then cis-1,2.3-tri-

phenylcyclopropane (0.55 g, 0.0020 mol) was added. The resulting deep 

blue-green solution was stirred for 18 hr at room temperature. The 

reaction mixture was then diluted with water and extracted with ether. 



The ether layer was dried over sodium sulfate. Removal of the solvent 

left 0.50 g (917.) of a viscous clear yellow oil which was shown by glpc 

(5 ft SE-30; 220°) to contain only one component having the same reten

tion time as authentic trans-1,2,3-triphenylcyclopropane. It should be 

noted that it was possible to separate an authentic mixture of cis- and 

trans-1,2,3-triphenylcyclopropane on the glpc column used for the crude 

reaction product. 

A deuterium analysis by mass spectrometry of the recovered oil 

indicated 2.33 deuterium atom per molecule. The nmr spectrum showed 

that the cyclopropyl hydrogens had been exchanged. 

When the oil was seeded with authentic _trans-l,2,3-triphenyl

cyclopropane, it solidified after standing overnight. 

2 4 
2,3)4-Triphenyl-endo-tricyclo[3.2.1.0 ' ]-6-octene 

and Potassium t.-Butoxide in dg-DMSO 

Potassium t-butoxide (0.34 g, 0.0030 mol) was added to d^-DMSO 

(4 ml, 0.048 mol) with stirring under nitrogen. Then 2,3,4-triphenyl-

0 / 

endo-tricyclo[3.2.1.0 ' ]-6-octene (0.28 g, 0.00083 mol) was added. 

After 3 hr the reaction mixture was a deep pink color. The reaction 

mixture was stirred for 18 hr at room temperature, after which the so

lution was diluted with water and extracted with ether. The ether 

layer was dried over sodium sulfate. Removal of the solvent and re-

crystallization from 957° ethanol afforded 0.19 g (687..) of 2,3,4-tri-

2 4 
phenyl-endo-tricyclo[3.2.1.0 ' ]-6-octene. Mixed melting point with an 

authentic sample gave no depression. 



A deuterium analysis of the recovered starting material by mass 

spectrometry indicated no deuterium incorporation. 

0 / 
2, 3,4-Triphenyl-ondo-ti'icyclo[3.2.1. 0 ' ]octane 

and Potassium .t-Butioxide in dft-DMSO 

Potassium J>-butoxide (0.28 g, 0.0025 mol) was added to d^-DMSO 

(4 ml, 0.048 mol) with stirring under nitrogen. Then 2,3,4-triphenyl-

endo-tricyclo[3.2.1.0^'^]octane (0.22 g, 0.00065 mol) was added. There 

was no color change after addition of the tricyclic compound. The re

action mixture was stirred at room temperature for 18 hr, after which 

the solution was diluted with water and extracted with ether. The ether 

layer was dried over sodium sulfate. Removal of the solvent and re-

crystallization from 957» ethanol afforded 0.14 g (64%) of 2,3,4-tri-

2 4 
phenyl-endo-tricyclo[3.2.1.0 ' Doctane. Mixed melting point with an 

authentic sample gave no depression. 

A deuterium analysis by mass spectrometry of the recovered 

starting material indicated no deuterium incorporation. 

Norbornene and n.-Butyllithium in THF-hexane 

To an ice-cold solution of norbornene (5.0 g, 0.053 mol) in 100 

ml of THF was added iv-butyllithium (0.48 mol) in 300 ml of hexane. 

There was no color development upon addition of the n-butyllithium. 

The reaction was stirred for 2 hr at room temperature and then termin

ated by addition of excess deuterium oxide. The reaction mixture was 

stirred overnight, then diluted with water and extracted with ether. 

The combined organic layers were dried over sodium sulfate. The sol

vent was removed and the residual oil was distilled through a small 



60 

Vigreux column to give 2.9 g of a clear, colorless liquid, bp 75-92°. 

Analysis of this material by glpc (5 ft SE-30; 95°) showed 5 components. 

The major component (62%) had the same retention time as an authentic 

sample of norbornene. There were two small peaks with higher retention 

times than that of norbornene. However, the mass spectrum indicated no 

addition product. Deuterium analysis of the material by mass spectrom

etry indicated no deuterium incorporation. 

The mass spectrum of the pot residue (0.80 g) showed only a very 

small mass fragment for the addition product. 

2,3,4-Triphenyl-endo-tricyclo[3.2.1.0^'^]-6-
octene and n-Butylllthium in THF-hexane 

To the tricyclic compound (0.80 g, 0.0024 mol) in 7 ml of THF 

was added n_-butyllithium (0.022 mol) in 13.5 ml of hexane. The deep 

blue-green solution was stirred for 2 hr at room temperature and then 

the reaction was terminated with excess deuterium oxide. The reaction 

mixture was allowed to stir overnight and was then diluted with water 

and extracted with ether. The combined organic layers were dried over 

sodium sulfate. Removal of the solvent gave 1.20 g of an opaque yellow 

oil. Distillation of the oil through a short path column gave 0.72 g 

(75%) of a clear, pale blue-green oil, bp 185-190° (0.01 mm). The 

ultraviolet spectrum (95%. ethanol) had X 233 nm (6 600), 201 nm 
max ' 

(€ 2800). The nmr spectrum (CCl^) showed peaks centered at T3.00 

(multiplet, 104 H) assigned to the aromatic protons; T4.50 (singlet, 

with slight splitting, 3 H) and T4.65 (singlet, with slight splitting, 

7 H) assigned to the vinyl protons of two of the possible stereoisomers 
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of 2-deuterio-2,3-diphenyl-3-(l-phenylpentyl)bicyclo[2.2.l]-5-heptene; 

"T 6.65 (unresolved doublet, 6 H); T 7.00-7.80 (multiplet, 24 H) assigned 

to the benzyl protons of two of the possible stereoisomers of 2-deutcrio-

2,3-dipheny1-3-(l-phenylpentyl)bicyclo[2.2.l]-5-heptene, the bridgehead 

protons, and the methylene protons of the bicyclic olefin; T8.50-9.20 

(multiplet, 70 H) assigned to the butyl group protons. On an expanded 

scale the T 7. 00-8.00 multiplet was partially i-esolved. The resonance 

centered at T7.20 showed two overlapping triplets (ratio of the areas 

of the two triplets was 3:2, J = 8 Hz) assigned to the benzyl protons of 

two of the possible stereoisomers of 2-deuterio-2,3-diphenyl-3-(l-phenyl-

pentyl)bicyclo[2.2.l]-5-heptene. The remainder of the multiplet was as

signed to the bridgehead and methylene protons of the bicyclic olefin. 

The infrared spectrum (CCl^) indicated the absence of a cyclopropane 

ring. Unsaturation tests (bromine and permanganate) were positive. 

Anal. Calcd. for C25H25D: C, 91,60;.H, 7.89; D, 3.22 atom % 

excess deuterium; mol wt 393. Found: C, 91.57; H, 8.38; D, 3.23 

atom % excess deuterium; mol wt (mass spec) 393, 

2,3,4-Triphenvl-endo-tricyclo[3.2.1.0^'^]-6-
octene and ri-Butyllithium in dg-TlIF-hexane 

To the tricyclic compound (0.11 g, 0.0003 mol) in 1 ml of dg-THF 

was added n-butyllithium (0.003 mol) in 1.9 ml of hexane. The deep 

blue-green solution was stirred for 2 hr at room temperature and then 

the reaction was terminated with excess deuterium oxide. The reaction 

mixture was allowed to stir overnight and was then diluted with water 

and extracted with ether. The combined organic layers were dried over 
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sodium sulfate. Removal of the solvent gave 0.10 g of an opaque white 

oil. The mass spectrum of the oil (P = 393) indicated the incorporation 

of 1 deuterium atom per molecule. 

Pyrolysis of 2-Deuterio-2,3-Diphenyl-3-
(1-phenyIpenty1)bicyclo[2.2.1J-5-heptene 

The bicyclic olefin (0.183 g, 0.0005 mol) was heated at 350° for 

20 min. At the end of this time the oil had lost 277» of its weight. 

The nmr spectrum (CCl^) of the pyrolysis product showed peaks centered 

at T"3.00 (multiplet, 130 H) assigned to the aromatic protons; T8.50-

9.30 (multiplet, 83 H) assigned to the butyl group protons of 1-deuterio-

1,2,3-triphenyl-l-heptene (stereochemistry undetermined). The ultra

violet spectrum (957» ethanol) had X 255 nm (shoulder, (z 4800), 206 nm 
max 

( 4  1 2 , 2 0 0 ) .  

Anal. Calcd. for C^H^: C, 91.74; H, 7.64. Found: C, 89.87; 

II, 7.53. 

A cold trap (-80°) containing maleic anhydride was provided to 

trap any cyclopentadiene as the Diels-Alder adduct (Diels and Alder 

1928). Mass spectral analysis of the material recovered from the cold 

trap showed only a small fragment (m/e = 164) for the Diels-Alder adduct, 

but there were appreciable peaks for both maleic anhydride (m/e = 98) 

and cyclopentadiene (m/e = 66). It should be noted that the mass spec

trum of maleic anhydride showed no fragment at m/e = 66. 



The Nmr Spectrum of 1,2,3-
Tr j. ph eny 1 a 11 y 11 i th i urn 

n-Butyllithium (0.001 mol) in hexane was added to trans-1,2,3-

triphenylcyclopropane (0.28 g, 0.001 mol) and TMEDA (0.12 g, 0.001 mol) 

and the nmr spectrum recorded at room temperatures after various time 

intervals. Initially, aside from the resonances which were due to the 

phenyl groups, TMEDA, and the solvent, there was a singlet due to the 

cyclopropyl protons at ^7.60 which became smaller with time. There was 

an unresolved doublet at ^6.30. This signal was possibly due to 

cis,trans- and cis,cis-1,2,3-triphenylallyllithium. 

After approximately 25 min the two signals at T5.30 coalesced 

into a singlet. This signal was possibly due to cis,cis-1,2,3-tri-

phenylallyllithium, the protons of which are equivalent. 

The solution from the nmr experiment was cooled to -80° for 24 

hr after which time the reaction mixture was allowed to warm up and then 

was terminated by hydrolysis. The spectrum was again recorded and in

dicated trans-1,2,3-triphenylpropene (52%), cis-1,2,3-triphenylpropene 

(21%), and trans-1, 2,3-triphenylcyclopropane (26%,). 

A solution of cis-1,2,3-triphenylcyclopropane (0.28 g, 0.001 mol) 

in THF (0.61 g) was treated with n-butyllithium (0.001 mol) in hexane and 

the nmr spectrum was recorded at -30°. In addition to the phenyl reson

ances and peaks, which were due to solvent, there was a singlet at 

T5.45. This resonance was possibly due to cis,cis-1,2,3-triphenyl-

allyllithium, the protons of which are equivalent. No hydrolysis exper

iment was carried out. 
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Nmr 1 

1,2,3-Triphenylallyllithium 

A 15 min 

My! 

A to min 

5 3 6 8 4 7 9 12 10 11 

ppmcf) 

Nmr 2 

1,2,3-Triphenylallyllithium 

20 min 

3 6 5 4 7 8 9 10 11 12 

Ppm(T) 
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Nmr 3 

1,2,3-Triphenylallyllithium 

ppm (T) ' 

Nmr 4 

1,2,3-Triphenylallyllithium — Hydrolysis 

ppm<T) 
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Nmr 5 

Ph PI) 

fc*C-CH,CH,CH,CH. 

0 7 8 9 2 5 6 3 4 1 

ppm (T) 

Nmr 6 

Ph Ph 

C—CH,CH,CH,CH 

250 Hz Sweep Width 

ppm (T) 
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Nmr 7 

n-BuLi - TMEDA 

Ph Ph' 

2 3 6 4 5 7 8 9 10 

ppm(T) 
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