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ABSTRACT

Positional isomerization reactions of several pentadienyl-
;:1ithiums are shown to besoonsisten% wi£h Woodﬁard—Hoffmann selection
rules for_[l,6] sigmatropic hydfdgén shifts. It is demohstrated‘thét;

these transformations are intramolecular, that the thermal shifts pro¥ 

':Ceedﬂantarafacially,vand that the photochemical-éhifts, dbser?ed for'

fhe first time, proceed suprafacially.
It is demonstrated that thermal equilibrium is established in

‘two systems of péntadiehyllithiumsg




 INTRODUCTION -

The study‘of pentadienyl anionsvnas been actiye since they were
proposed as short lived 1ntermed1ates 1n base catalyzed 1somerlzat10ns ofA
1;1 )3~ and 1, 4—d1enes (Blrch 1950; Birch, Shoukry, and Stansfleld 1961
Krapcho and Bothner—By,l959),‘1n Birch reductlons of ‘aromatics, and in
"nuoleophilic'aromatic substitution by theiaddition-elrnination mechanism
: (BunnetAand'Zahlerll9515 Miller,l963),A Eeoent preparations ofdstableil
ZC% solutions‘of oyclic and acyclic pentadienyllithiums (Bates, Gosse—‘
‘11nk and Kaczynskl 1967a, Bates et al. 1969) have made this class of
compounds avallable for 1nten51ve study. It was the purpose of the work
.presented here to study proposed [l 6] 81gmatrop10 hydrogen shifts in
several pentadienyllithiums. In this introduction-a brief discussion of -
related stndies'of pentadienyliithiums will first be presented, foliowed‘
»by:a_sumnary'of.reporteddpositional isomeriéations in pentadienyilithiums.'x
‘finally,’a summary of Woodward—Ho ffmann selection rules‘(Woodward and
T»Hoffmann 1965, 1970), as applled to proposed [l 6] s1gmatrop10 hydrogen

Afshlfts in pentadlenylllthlums, w1ll be presented.

Pentadienyl Anions

Bates, Gosselink, and Kaozynskl (l967a b) reported the prepara—k
»Atlon and. nuclear magnetlc resonance (NMR) study of pentadlenylllthlumn ;
A,Studles by Gossellnk (1966) of anions (1), (2), and (3) made avallable_

'.data on the NMR‘speotra'of pentadienyl‘anions of restricted shape.thf,<



©)

the three possible planar shapes of pentadienyllithium (U, sickle, and
W), it was found that the W-shape was preferred at room temperature and
that the U-shape was not detected. This was also found to be the gen-
eral case for a series of acyclic pentadienyllithiums studied by Potter
(1969). Gosselink (1966) and Potter (1969) also showed that rotation
about the C and CL , bonds of acyclic pentadienyllithiums is suffi-
ciently facile to permit at least transitory formation of U-shaped
anions, provided steric hindrance is not too great.

The studies by Bates and McCombs (1969) of cyclooctadienyl-
lithium (4) have shown additionally that pentadienyl anions can exist
in a distorted U-shape. In this case, unlike anion (3)1 five adjacent
sp2 hybridized carbons of the pentadienyl anion system cannot possibly
be coplanar with their p-orbitals perpendicular to this plane for maxi-

mum overlap and stability.

©)



McCombs (1969) has recently reported the preparation of con-
centrated solutions of cyclic pentadienyllithiums. Heptatrienyllithium
(5) was observed to electrocyclize quantitatively to cycloheptadienyl-
lithium (6) at -30°, and several substituted cycloheptadienyllithiums
were also prepared in this manner. It is again significant to note
that these cyclic pentadienyllithiums are stable but are constrained to
a bent U-shape. Again, the five adjacent sp2 hybridized carbons cannot
attain coplanarity, and less than maximum overlap of the p-orbitals re-

sults.

®) ®)
Positional Isomerizations
of Pentadienyl Anions
Recently Potter (1969) reported a new positional isomerization
reaction occurring in three acyclic pentadienyllithiums [ (> (9, and
(ID3 , and it was proposed that these transformations involved [I,6]
sigmatropic hydrogen shifts. |If these reactions are examples of sigma-
tropic shifts, it must be demonstrated that
a) the isomerizations are intramolecular and
b) the stereochemistry is consistent with Woodward-Hoffmann
selection rules for such transformations.
It also remains to be demonstrated whether proposed equilibration of the

anions is actually established in each instance.
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Klein,’Glily, and Kost (1970) observed an apparent positional
- isomerization reactiontWhile'etudying_metalations of linoleyl alcohol

v and linoleyl methyl ethern The suhstituted»pentadienyllithiums formed

o by treatment of the alcohol and the ether with butylllthlum in dlethylj

d:?ether were carbonated and the resultlng oarboxyllc acids were esterl-

fled with diazomethane. The p051tlons of the»ester groups along the -
molecularfchains indicated that the anions had isomerized;.and the in-
svestigatorsiproposed that the transformationsninvolted [},6]'sigmatropio
hydrogen shifts. Again, it must be established'whether the proposed;

. hydrogen shifts are,intramoleoular>and stereoohemically consistent with
'.fdwoodwardeHoffnannlseleotion'ruiesathhe investigators also concludedn
that the:pentadienyl‘anion systen.in;the alcohol and ether studied ”ie,

-‘protected from the‘eolrent during.the isomerization by ooiling the chain.:
“around it" and that "the fact that ‘this isomerization stopped ab the
positions‘o and 15 at one and. the other end of the moleoule, respeof
'ttively, reqnires a minimnm-number'of 1h carbons in the chain to make -
: .' ‘thistprooees‘ obeervahle” (Klein et al. i9’7o,_1;§. 1283).

. WOodWard~Hoffmann.Seleotion-Rules»”
for Sigmatropic Hydrogen Shifts

”Slgmatroplc” reactlons were deflned hy Woodward and Hoffmann
'(1965, P 2511) in the follow1ng way: A sigmatropic change of orderlfn
i'nt[l,i] is the mlgratlon of a @'bond flanked by one or more 17electronrvﬁf"
fisystems, to- a new p051t10n whosettermlnl are 1—lvand J= 1 atoms removed‘
from the_orlglnal bonded loci, in an:uncatalyzed~1ntramolecular .

process;“j Orbital symmetry relationehips must play a‘part in'the‘



course of these transformations (Hoffmann and Woodward 1968, Woodward
and Hoffmann 1970).

In the sigmatropic migration of a hydrogen from to C_ within
the all-cis-diene framework of 14, for example, there are two distinct

ways of effecting the change. In a suprafacial process, the migrating

R2C=CH-CH=CH-CHR" R2CH-CH=CH-CH=CR"

a4

hydrogen atom is associated at all times with the same face of the 7Tsys-
tem, and in an antarafacial process, the hydrogen atom is passed from

the top of one carbon terminus to the bottom of the other. The transi-
tion state in the example (14) is envisioned as being the combination of
the orbital of a hydrogen atom with those of a radical containing five

TT electrons. The highest occupied orbital of the framework system pos-

sesses the symmetry shown in 15. In order to maintain positive overlap

s
between the framework orbital and the migrating hydrogen orbital, the
thermal (L,5 sigmatropic hydrogen shift could take place in a symmetry-
allowed suprafacial manner. Many examples of thermal [1,53 shifts have
been observed (Glass, Boikess, and Winstein 1966).
Similar reasoning leads to the conclusion that the photochemical

[1,5] transformation, proceeding through the first excited state with



the symmetry shown in 16 could take place in an antarafacial manner.

16)

The proposed thermal sigmatropic hydrogen shift in
acyclic pentadienyllithiums would necessarily proceed antarafacially,
due to the symmetry of the highest occupied orbital (17). For this

transformation to occur, the anion must exist for a short time in a

an
helical all-cis form. Some distortion of the 7Tsystem of the anion
would result, but it has been shown (Bates and McCombs 1969? McCombs
1969) that pentadienyl anions can exist in a distorted U-shape.

The highest occupied orbital of cycloheptadienyl anion posses-
ses the same symmetry as the acyclic system (17)» so a thermal antara-
facial [1,6] hydrogen shift is predicted. However, the rigid geometry
of the ring prohibits antarafacial rearrangement. In considering the

orbital symmetry of the first excited state (I8), a suprafacial [I,6J

a8)



shift,could be photochemically indaced. The same argumenf applies,to 
Lphotochemlcal sigmatropic rearrangements 1nvolv1ng El ?] hydrogen .
iShlftS in cycloheptatrlenes, and several such rearrangements have been'
reported (ter Borg and Kloosterziel 1965, Murray and Kaplan 1966, Jones

'and Jones 1967, 1968)



EXPERIMENTAL ~ ~

The procedures usedtfor'the preparations of cyclic and. acyciic'
pentadlenylllthlums in thls study are essentlally those of prev1ous f‘:
authors (Gossellnk 1966 Bates et al 1967a, Potter 1969, McCombs l969)v
Perdeuterotetrahydrofuran (THF— 8) (Stohler.Isotope Chemlcals).and n-
Vbutyllithium (Foote Mineral Company, l°6 M in hexane) were used in all
nuclear magnetlc resonance (NMR) tube scale anion preparatlons;":

The NMR spectra were recorded at 6O MHz on a Varlan A-60 spec~
trometer and at 100 MHz on a Varlan HAnlOO spectrometer.- The Varlan"dr
'pvarlable temperature control unit, used when spectra were recorded on -
the HA-100 spectrometer at temperatures other than the normal probe tem—:
perature of 33 y was callbrated u51ng ethylene glycol for high tempera~_ :
tures and methanol for low temperatures,f A11 chemlcal shlfts are
reported in z‘unlts and coupllng constants”in Hertz.' Internal standards
dused for anion spectra were cyclohexane (2'8 57) and the «-protons in
: THF (2?6 Ly, The NMR spectra of the pentadlenylllthlums are not de—:
_pscribed in the Experlmental sectron,'but»reproductlonskof(them can be -
found inAthe Discussion'section;:4" o -

ALl vapor phase chromatography (VPC) was done on a Varlan Aero-r

graph Model 90~ P A All mass spectral data ‘were obtalned on a Hltachl- L

g Perkln—Elmer RMU~6E Double Focu51ng Mass Spectrometer. All 1nfrared

(IR) spectra were recorded on a Perkln—Elmer Model 337 Gratlng Infrared

Spectrophotometerp'
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S P Dlmethylpentadlenyll1th1um (9)

The anion (9) was prepared as descrlbed by Potter (1969) by .

mining 5—methyl—l 4—hexad1ene (Chemical-Samples Company, 0.100 g, 1. ol
'1~mmol) THF-d 8 (0. 2O ml, 2.4 mmol) and nmbutylllthlum solutlon (O 80 ml o

l,B mmol) in an NMR~tube at —78of" The sample was placed in the NMR

. probe at 40°, and quantitativehanlon formation: and separatlon of layers
.were complete after'45 min,- The yellow upper<layer Contained hexane and
Z,THF;ds and was removed. The‘red;lower layeruwaslfound by,NMR'to contain
hexane, THF-dg, and a mixture of anion (9) (48%) and l,4-dlmethylpenta— :
- dienyllithium (10) (52%)° The_sahple was warmed:to 6bo_in the probe»for
30 min and then cooled to‘QOo. llhelNMR-spectrum again’showed 9 and ld

-in the above ratio.

2~ Methyl 1, 4 hexadiene

3—Acetoxy~5—methyl 5—hexene,' Acetic anhydride (8.7 g, 0. 085A;

mol), pyrldlne (7. l g, 0.09 mol) and 5~methyl 5~hexen—3—ol (Chemlcal

Samples Company, 8 O g, 0.07 mol) were mlxed at room temperature ina
t.50—ml.flask fitted w1th a magnetlo;stlrrer,treflux condenser, and drylng
‘ tube.v The reaction wixture'was’stirred andirefluxed overniéht. Ether

© (50 ml) was added, and the solutlon was washed twice wlth'water, four

: : times w1th cold lO/ hydrochlorlc aold and tw1ce ‘more with water. The

ethereal solutlon was drled over anhydrous magne81um sulfate and the

*'.p ether was~removed° The resultlng colorless llquld (10 3 g, 94 3/

'Ayleld) was 1dent1f1ed as the deslred acetate by its NMR spectrum in :*

ether solutlon Wthh contalned a trlplet at 2’9 1h (3 H, C. hydrogens)

1
a multlplet at 278 52 (2 H C hydrogons), a, s1nglet at T8. BO (3 H



11
 vinyl methyl), a Singlet at 7?8 12 (3 H, acetoxy methyl), a multiplet
'.at T7.82 (2 H, Cq hydrogens), an absorption at T5.32 (2 H, C6 Vinyl;.ﬂ'

hydrogens), and a multiplet at T5.08 (1 H, C, hydrogen). The IR spec~

3

trum showed no residual alcohol.

Pyrolysis of B—Acetoxy*5~methyl-5~hexeneo A solution of 3-,

| acetoxy S5-methyl- 5 hexene (lO 3 g, 0.066 mol) in anhydrous ether (75

ml) was passed through a Pyrex pyrolysis column packed with glass beads
atﬂl_+80—4854o under‘a nitrogen atmosphere. The resulting yellow ether so-
lution wasbwaehedefive tiﬁes with cold saturated sodium bicarbonate
solution and three times with water. The ethereal solution was dried
over anhydrous magneSium sulfate, and the solvent was partially evapor-
atedg Five components were Collected by VPC (20% of a 20% solution of
silver nitrate in polypropylene glycol onv60/80 Chromosorb W) at 70,°v
‘The desired products, tran§¢2;methyl—l,4—hexadiene (15%) and £i§72—_n
,methyl~l,4;heradiene'(6%)‘were the first and second components collected,
Arespeotively; and were identified by their mass spectra (parent m/e val4
ues'of 96) and NMR spectrum (Figure l;‘see‘Discussion of Results for all
Afigures). The.third component was trans-2-methyl-1l,3-hexadiene (56%)-as
1 identified by its NMR Speotrum in oarbon.tetrachloride.Which contained a
triplet at 9.0 (3 H, G hydrogens), a singlet at T 8.22 (3 H, vinyl

methyl) a multiplet at zj7.9o=(é H, C, hydrogens), a sharp absorption

5

' at T5.2h (2 H O Vinyl hydrogens) a multiplet at‘t 4 42 (11, Ch

1

Vinyl hydrogen) and a doublet at T 3.94 (l H, C Vinyl hydrogen).

3

fourth and fifth components were, respectively, trans—z-methyl 2 4— 'd

hexadiene (l6£> and Cis-2-methyl 2, b hexadiene (8%), as identified by

e
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-  their NMRgspectra, AThe_product'fatios were determined by integration

o _of the VPC trace. - No unreacted acetate was detected. .

‘i,4~Dimethylpentadienyllithium'(lO)

‘In an NMR tube at ~78°;-$HF—d8 (0.30 ml, 3.4 mmol), 2-methyl-

" 1,4-hexadiene (71% trans) (0.154 g, 1.6 mmol), and n-butyllithium (1.05

'i,mi,'l°7 mmol) were thdfoﬁghly miiéd and stored for 39 days.at that temf
’ ;peraturéo The sample was then’placéd ih'fhe~probe.at 200,'and speotféf
were>recorded every 10'mip for 2 hrs. Lajer'separation occurred after
1 hr at 20°. The NMR spectra show that anion (10) is formed initially,:
'(Figuré;2); but it éqpilibratés with anion (9) after 90 min,: |
The ?atio of 9 to iO at 40° was L48:52 (Figure 3). The sample -
was thénlwafmed to 60?,fqr 20 min. A final spectrum was recérded at 40°

" and showed the same équi1ibrium mixture of'9rahd 10.

" 6-Methyl-1,l-heptadiene

'.Methyl—6~methy1-5—0Xohepténoate, The general procedure of

" Nazarov (1956) was followed for the preparation of 2,2~dimethyl-1,34¢,,,.
cyclohexanedione. Anhydrous potassium carbonate (124 g, 0.90 mol), 1;3?

cyclohexaﬁedione (Aldrich Chemical Company, 100 g, 0.89 mol), methyl

’if;?“iodiae KBSB g, 2.7»moi),Jacetone (750 ml), éﬁd water (375 ml) were mixed

at room'femperature.in‘a 2-liter flask fitted with an ice-water condensér
o ahd‘a magnetic.stirfer, The réaction'mixturé:was stirred and refluxed. .
for 18 hff',After‘éooiing,Athé white solid was filtered off, and the

AAacetone was distilled'from'the red filtrate.;AThe remaining aquéous‘So—>

e -lution was extracted three times with.ether,‘aﬁd:the ether layers were':
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'driedroven dnhydrous'magnesiumisultate and fiitered° The etner was're?‘
- moved, leaving a fedfliquid (74, 1vg,'557 yield) consisting of three |
components. The first component was the des1red ester (45/), and 1t
was 1dent1f1ed by 1ts NMR spectrum which contalned a doublet at T 8. 97 -
(6 H, §em7dimethyl), a singlet at T6.42 (3 H, methyl ester), a five

line multiplet at 7?8,22 (2 H, c hydrogens), and unresolved multiplets

3

from T’? 5 to T7.9 (5 H C 4, and C hydrogens). As‘discnssed by

5
Stetter (1955), this product probably arises from basio-cleavage of the
ﬁ—diketone; 2,2—dimethyl—l,3—cyclohexanedione, followed by methylation
of the-carboxylate gronp° The second component was 2 2—d1methyl -1 3-
cyclohexanedlone (BO/) and it was. 1dent1f1ed by its NMR spectrum whlch
contained a singlet at T8.80 (6 H, §L_fd1methyl) and.- multlplets from
T7.b to‘t 7. 8 (6 H; Cq, 59 andVC6 hydrogens}° _The third component was_

'apparently 2-methy1-l,B-CYClohexanedione (25%), and it was 1dentified by
its NMR_spectrum'which contained a doublet at T8.92 and a singlettetj;
Tf7°§ﬁp(3vH, methyl hydrogens of keto and enoljforms) and,multipletsvpf“
from ﬁt7.4 to 7:7,8 (the remaining hydrogens), The hydroxy hydrogen Was ,
not detected | | | o

Reductlon of Methyl 6-methyl- 5—oxoheptanoate. Anhydronsiether‘

(1000 1) and Tithium aluminum bydride (25.0 g, 0.66 mol) were mixed at -
Ootin a»B—liter flask fitted with an air-stirrer, an ice-water con-
denser,-and a drylng tube.> To this ‘was added dropwise with‘Stirningtthe -
crude mlxture of methyl 6—methyl 5~oxoheptanoate, 2, 2—d1methyl—l 5~ :

cyclohexanedlone, and 2—methyl—l,3—cyclohexanedlone (74,1 g, 0.50 total

moles) in anhydrous ether (500 ml):oner L5 min, - ThepreaCtion_mixture';“
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j was stirred overnight at room temperature,"Then, in the following.
order; water (25.ml), aqueoue sodium hydroxide (25 ml, 15%), and watef:'
(9Q ml) were added dropwise to-the reaction mixture with etirring at 0%,
The feSulting white'suspension'was extracfed_with five BOOle portione
of ether, and the combined etﬁer:extraots wefe aried over anhydrous ﬁag~
nesiumAsulfatea The solvent was removed, leav1ng a coiorless viscous
liquid (62.0 g, 90/ yield). ‘The-IE»spectrum of the crude product mix—.
ture-shoﬁed no residual carbonyl absorption, A'carbonfoarben double'bond
absorption appeared at 1660 Cﬁ—l, and this was possibly due to 2-methyl-
2~cyclohexenol. Ihis produof coald ha&e arieeﬁ from an eliminatien re—
action.auring the reduction of 2—methyl~l;Baojclohexane&ione (Rieher and
' Clarke 1964). .

6-Methyl- 1.5 diacetoxyheptane. The above crude mixture of alco-

hols (62 0 g, approximately O. 45 mol of alcohols and 0.8 mol of hydroxyl)
acetlc anhydride (llO.g, l 06 mol) and pyridine (89 L g, 1.1% mol) were
refluxed overnlght with stlrrlng in a 500~m1 flask fitted w1th a reflux
condenser and drylng tubeo The reactlon mlxture was worked up as de-
sorlbed for 3~acetoxy—5—methyl 5—hexenea The ether was removed to yield
the mlxture of acetates (74 2 g, 787 yleld) The IR speeﬁrum of the efudei

vproduct showed no hydroxyl absorbtlon.

Pyroly51s of 6—Methyl-l,5—d1acetoxyheptane“ The above crude mix-

- ture ef acetaﬂes (74.2 g) in anhydrous ether (150:ml)rwas pyrolyzed. at -

485—495 The resulting yellow solution Wae“worked up ae described fof.
B—acetoxy 5-methyl S-hexene, and the ether was removed to yleld the

.crude product (28 2 g) Three components were collected by VPC



- (Carbowak 20M on 50/60 firebrick) at 95°. The first COmponent collected
was the desired product, trans—6-methyl l 4—heptad1ene (41/ of the prod—
_uct mlxture as determlned by 1ntegratlon of the VPC trace) and was -
1dent1f1ed by its NMR spectrum (Flgure 5) and mass speotrum (parent m/e -
- 110). The second component collected 6, 6 dlmethyl 1 Mncyclohexadlene-
(32% of the product mixture), was 1dent1f1ed by comparlson of its NMR |
spectrum w1th'that of an authent;c.sample. ,The third component was
toluene»(27% of the'product mixture) and was identified by its NMR specé

trum and by coinjection with toluene.

1~ Isopropylpentadlenylllthlum (11)

' The anion (11) was prepared as descrlbed by Potter (1969) by

' miXngATﬂr—d8 (0.20 wl, 2.4 mmol ), E£§E§f6—methyl—l,4eheptad1ene (o,;3o g,{
1.17 mmol), and n-butyllithium (0.80 ml, 1.3 mmol) in an NMR tube at_;789,
The‘sample was warmed’to room temperature, layer separation‘occurred;;
:afterAZO min, andithe upper layer was removed.u The NMR spectrum of the
1ower:layervat 40° (Potter 1969) showed thet there had-been quantitative -
anion formation. In addition to 11, a detectsble amount of l-ethyl—#e
methylpentadienyllithium (13) was also present. The probe temperature .
.Was_then.raised from 40° to 9dofin'lQO interVals, and a spectrum mas;reé
_'corded_at esch temperature after warming for_15 min at tnat‘temperature;

A final spectrum recorded at 40° (Potter 1969) showed a mixture of 11

. (10%) and 13 (90%).  No 1,1,5-trimethylpentadienyllithium (12) was de- -

tected.
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2-Methyl-2,S5~heptadiene

'f6_Methyl~5~hepten-é~olf'*Ahhydrouskether (EOObml)'and lithium.p

: aluminum hydride (3.50 g, 6,092 mol)-were mixed under a nitrogen atmos-
phere at'QO in a one—literlflask?fltted wlth a nitrogen inlet tube, an:

ice—water:condenser, en'air stirrer, and:e dropping funnel; To this

mixture 6—methyl—5—hepten—2-one (Givaudan Corp., 31.55 g,'0,25 mol)‘ln.

anhydrous ether (50 ml) was added dropwlse w1th stlrrlng at 0° The re-~

actlon mlxture was stlrred overnlght at room temperature and then worhed,

up as descrlbed for 6 methyl 1 5~heptanedlol, The ether was removed,

and the IR spectrum of the colorless viscous llquld (30.0 g, 93.5%

yleld) showed no res1dual carbonyl absorptlon.v

2—Acetoxv—6—methyl-—5—heptene° Pyridine (33.4 g, 0.42 mol),

acetic anhydride (40 6 g, O Lo mol), and 6 methyl S5-hepten-2-0l (30. O g,:»
0. 23 mol) were refluxed overnlght in a 250~ml flask fltted w1th adreflux
condenser and drying. tube,_ The reactlon mixture was then cooled and
worked up as descrlbed for B—acetoxy 5—methyl 5—hexene. The ether was,
removed to yield the des1red product (38 3 g, 96 3% yleld) -The.IR:.>
-spectrum of the product showed no hydroxyl absorptlon°

Pyrolvs1s of 2 Acetoxy—6 methyl 5~heptene. A solutlon of 2—

7acetoxy—6 -methyl-5-heptene (38 3 g, O 225 mol) in anhydrous ether (75

ml) was pyrolyzed at 485~495 . The reactlon mixture was worked up as B

: descrlbed for Z-methyl l 4—hexad1ene, and the solvent was removed to-

yleld the Crude product (20 8 g, 85 9A yleld) Two'components werercol;_
|

Tected by VPC (Carbowax 2OM) at 88 The first. component collected was

:a:6—methyl—l;5—heptadiene (61% of the diene miXture as determined by



, i?
integration of the VPC trace) The dlene‘was 1dent1f1ed by 1ts mass -'hi
spectrum (parent m/e 110) and by its NMR spectrum which contalned
broadened.s1nglets<3f equal areas at 7T8,33 and T8.42 (6 H, Vinyl meth-
yls), a multiplet at 777095‘(4 H, CB~:A

- T5.05 (1 H, C, cis-hydrogen); a miltiplet at T 5.1% (1 H, C, trans-

'and»Cq hjdrogens)g a multiplet‘atfu;

hydrogen), a broadened triplet at T 4.90 (1 H, C. vinyl hydrogen), and

; -
a multiplet at Z 4.25 (1 H, Cé vinyl hydrogen); The second component
: collected, cis— and trans—2—methyl—2,5—heptadiene‘(39% of the diene

mixture), was identified by its mass spectrum (parent m/e 110) and its

NMR spectrum (Figure 6),>vNo unreacted acetate was detected.

1,1 S—Trlmethylpentadlenylllthlum (12)

In an NMR tube THF—d8 (0. 36 ml 4 1 mmol) 2—methyl 2 S—hepta-i”ja
dlene (O 22 g, 2.0 mmol),'and n~butylllth1um (1.35 m1, 2.16 mmol) were
thoroughly mixed at —78 j The sample was then placed in the NMR probe '_
at 35 , and spectra were recorded at 15—m1n 1ntervals for 4 hr.. Durlng:
this tlme.lt was observed that 12 formed (Flgure 7) and then rearranged

to 13, Layer separation oCCurred after 2.4 hr,; The upper layer was re—':
moved after 4 hr, and the tube was sealed° The sample was then warmed_‘f
in the probe from 40 to 90° in lO 1ncrements;v A Spectrum~was re-
corded at each temperature after warmlng for 15 m1n at that temperature;:,
A final spectrum»at 40 (Flgure 8) showed an equlllbrlum mlxture of ll: -

(10%) and 13 (90%).
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2-Methyl-5,7,7,7-tetra~
- deutero~2,5~heptadiene-

6—Methyl—l,l,l,3,5~pentadeutero45Qhepten—2—one‘(Methylhepten—

2£9:§5)° Dry THF (5.5 ml), —methyl -5-hepten-2-one (methylheptenone)
'fA(Givaudan Corp., 9.5g, 0;075 mol), deuterium oxide (10,2‘g, 0.56 mol),/
and sodium hydroxide (Of2.g) were etirred vigorouslyvih a 200-mL flesk'

' for 24 hr at room temperature,“ The lower, agueous layer was'remoued,:'
end the procedure was repeated three morevtimee, -Ether (40 ml) was
edded and the oréanic layer was removed{'gThe equeous”layer waélexe
tracted twice with ether, and the combihed ether layers were dried over
-anhydrous sodium carbonatea The‘solvent wae removed yielding methyl—j
.heptenone—d (8;4 é, 85,5'%‘yj..eld)° The product was identified by ltS<_{.-
mass spectrum (parent m/e 131) and by 1ts NMR spectrum which conta1ned>
- Strong absorption at T38.4 6 H, v1nyl methyls) a broadened doublet.
at 7 7.84 (2 H, C#dhydrogehs) and a complex trlplet at ?f4 97 (l H

705 vinyl hydrogen) Re51dual e hydrogens were not - detected in the NMR

. spectrum.

6-Methyl- 5—hepten—2—ol d5 The procedure for the preparatrondof
1'6—methyl 5~hepten~2—ol was followed employlng anhydrous ether (180 ml) 7
llthlum aluminum hydride - (1 95 g, 0. 051 mol), and methylheptenone—d5h
(16.8 g 00128-mol)° Workup and removal of solvent'ylelded the desired
ftproduct (15 8 g, 92.4% yleld) The IR spectrum showed no re51dual car_—h

bonyl abqorptlon°

2-Acetoxy-6—methyl—5—heptene—d5.'hThe procedure‘for the prepara—df

f‘tloh of 2—acetoxy-6—methyl 5-heptene was followed employlng pyrldlne

'f(15 o &, O. 190 mol), acetic anhydrlde (18 5 &5 O 181 mol)



6~mé£hy1—5-he§ten;2;ol-di7fi5;8 g, 01119 @¢1>, “Workﬁp and rembvaldoff"d
dsolvent yielded the desired product (20 5 g, 98. 3/ yleld) The IR -
- spectrum showed no res1dual hydroxyl absorptlon° »

Pyrolysls of 2~ Acetoxy—6~methyl 5 heptene d5 The Pfocedure'.fu

for‘the pyrolysis of 2—acetoxy~6—methyl—5—heptene at 485—4950 was fol-

. lowed employlng ether (60 ml) and 2~acetoxy—6—methyl Bmheptene~ (11, -7 &5
0.067 mol). Follow1ng workup and removal of solvent the crude product o
was analyzed by VEC (Carbowax 2OM) at 88 The first component 6—
methyl-1,1,3,3- tetradeutero 1, 5—heptad1ene (42% of the crude product as_
determlned by integration of the VPC trace) was 1dent1f1ed by its mass
spectrum (parent m/e 114) and by its NMR spectrum whlch contalned broad— ‘
ened s1nglets of equal areas at T’8 33 and 8. 42 (6 H, v1nyl methyls)

| a broad doublet at’t‘? 95 (2 H, 04 hydrogens), a complex trlplet at

',1E4-88 (l H, C Vlnyl hydrogen) and a broad singlet at 7f4°25 (l H, c.

5 2
,v1nyl hydrogen) | The second component was the desired dlene, a mlxture,c“
of cis~ and trans—2—methyl =5,7,7, 7—tetradeutero—2,)—heptadlene (29% of
the crude product) as 1dent1f1ed by 1ts NMR spectrum (Flgure 14) and

'mass spectrum (parent m/e 114) The thlrd component was unreacted ace—l:
tate (28% of the crude product) Notunreacted acetate was observed.ln A
the undeuterated case; the dlfference-may be due to a deuterlum 1sotope_Af¥‘
effect in the pyrolys1s°“t73t7 | - | | |

- 1,1-Dimethyl-5-trideuteromethyl-b=" "
deuteropentadienyllithium (19) . - -

The prooedure for the preparation of l,l,S—trimethylpentadienyl;1

lithium was‘followed‘employing.THFedg_(O.BO ml, 3.4 mmol),



:2—methyl 5,747 7 tetradeutero 2,5- heptadlene (0.190 81 1. 66 mmol), and.
'l;n—butylllthlum (1.10 m1, l 76 mmol) TheVsample was thoroughly;mlxed{ln
an NMR tube at -78° andAthen placed in the probe at BBOQI»Speétra wéfé_
”recorded every 20 min for 8 hr, andvlayer sepafation occﬁ;red afterl2,5 -
~hr. As in the'undeuteré£éd,case; the initially‘formed anion (19) re- ;‘ 
arranged to a second anion, l;ethyl—44methylpéntadienyllithium—d4 (20);

The'upper layer was then removed and the tube waé sealed. The sample
~was warmed §utside tﬁé.probe from.450 to 900 in'lS 1ntervals, The same
.'plé was Qérmed for 30 min at eaohvtemperature; and a spectrum was re-

" corded at 23° after each temperaturéw The final spectrum (Figure 16)1?5
%hoﬁs'a ratio of 9:l1 of anion (26)5to l—isoprqpylpentadienﬁilithiumgd4>
Ceu. o | |
Proténatioﬁ of 1Jl—Diméfhyl—5~

- trideuteromethyl-4-deuteropenta~
“dienyllithium After Heating

The above anion solution‘waé.poured intb cold, satﬁrated aéueous
:émmonium,chlqride solﬁtion (8 ml), and ﬁhe organic layer-was.washed 57>
'_fimes with Wafer andldfied, The‘mASS speotrum‘offthe organié layer:
showed & parent m/e Valuerf 11k énd no enrichment of the P-1 and P+i>'_'
.l;peaks as.compared with the mass épectrum of the startlng dlene._ NQ
"'1ntermolecular scrambllng of deuterlum labels was detected.'
Preparétion of‘a 1:1 Mixture of 1, i 5—Trimeth71—

pentadienyllithium and 1,1~ Dlmethyl 5—tr1deutero— :
'methyl L deuteropentad1enylllthlum ' '

The procedure for the prepafation of 12 wasbfollowéd-employing'a

) THF-dg (O°38 le 4.3 mmgl),_E—méthyl—2,5—heptadiene (O.llQ g, l.O.mméi),~



2;methyl—5,7,7,7~tetradeuterce2;B—heptadlene (0.114 g, 1.0 mmol),.and‘
'>f n—butyllithium (1.35 ml, 2¢l‘mmol). The-sample was thoroughly miXed in
van'NMR;tube at‘~786‘and then warmed to-rccm temperature; Layer separa-
'tionAoccurred after'B hr, and the upper lajerAwas removed‘after L nr.
" Protonation of a 1:l Mixture of 1,1, 5-.Trimethy1;

pentadienyllithium and 1,1~ Dlmethyl 5~tr1deutero~
methyl—4—deuteropentad1enylllthlum

One-~half (0.2 ml) of the above anion solution was'poured into
cold saturated aqueous.ammonium chloride sclution'(Sﬂml) and the crganic'
lajerwwas washed five times michWater and'dried}"The'mass spectrumgof‘
Vthe‘eréanic layer.shomed parent m/e peaks of equal.height at lthand 114,
The relatlve peak helghts of m/e values from lO9 to ll5 matcned those of
_the mass spectrum of a 1:1 mlxture of the two startlng dlenes° No rnterf
molecular scrambllng of deuter1um labels was detected. - -

' The second half of the above anion solution was warmed at 90°
foriéo_min and then protonated; washed, and dried as descrihed above;
.The:mass spectrum of the organic layer showed parent‘m/e peaks of equal‘
height at‘llO’and 114, and the relative peak heights of'm/e values from ‘
. 109 to 115 matched those of the mass spectrum of a 1: l mlxture of the
two startlng dlenes° No 1ntermolecular scrambllng of deuterium labels -

was‘detected.

B—Methyl 1 4-cycloheptad1ene

Cycloheptadlenylllthlum (6) was prepared by the general proce-
Ardure of McCombs (1969) 1nvolv1ng the rearrangement of the acycllc anlon

‘,from 1 13 6 heptatrlene° Slcwly3;n~butylllth1um (13.5aml, 21.6 mmcl)



was added with stirring to a solutlon of 1 3 6- heptatrlene (Chemlcal |
Samples Company, 1.88 g, 20.0 mmol) in dry THF (3 50 ml, 43.5 mmol)
contalred in a 25_ml flask at 78 The mlxture was warmed to room~
temperature, layer separatlon occurred after 10 min, and the upper _775
layer was remevedn Dry THF (3 5 ml) was added to the lower layer.. The
Vmixture was cooled to ~78° and methyl 1od1de was added dropw1se w1th
stirring until the dark red anion color dlsappeared. ‘Pentane (8 ml)
was added at room temperature, ahd the organic layer was washed teu
times with water. The organic layer was dried over anhydrous magneeium'
sulfate, filtered, aud the solvent was remo‘ved° Two components were
collected by VPC (Carbowax éOM) at.110°. The first component was the
expected diene (76% of the diene mixture as determined‘by-integratieu

of the VPC trace)‘Aﬁa was identified by its MR spectrum,(Figure'él)t -
and mass spectrum (parent m/e 108) ‘The seeohd component was 5—meth§l—
1 3-cycioheptad1ene (24/ of the diene mlxture) and was identified by its
‘mass ‘spectrum (parent. m/e 108) and by 1ts NMR spectrum which Contalned

a doublet at T 8.94 (3 H, methyl hydrogens), a multlplet at 778 22 (2 H,

.C6 hydrogens), a multlplet at. 7f7 75 (2 H, C hydrogens) a multlplet

7

at T7.60 (1 H, 05 hydxogen), and two multlplets centered st T k. 35 (4 H

vinyl hydrogens).

% Methyloycloheptadlenvlllthlum (22)

The prooedure for the preparatlon of 1 1 5~tr1methylpentad1eny1~
lithium was followed employlng THF~d8 (o L m1, 5.0 mmol), 3-methy1~,~
1, 4—cycloheptad1ene (O 26 g, 2. L mmol), and n—butylllthlum (1. 55 ml

2.5 mmol), The sample was thoroughly mlxed in an NMR tube at -78° and 7



’then warmed to room temperaturea vLayer separation.occurred after 15
min, the upper layervwas removed from the dark green anion layer, and
the tube was sealed. The NMR spectrum (Figure 22) of the sample showed‘

"7'complete convers1on of the startlng diene ‘to B—methylcycloheptadlenyl—_

o llthlum (22)

o 6~ Methylcycloheptadlenylllthlum (23)

| The general procedure of McCombs (1969) for the preparatlon of-
the anion (23) was followed employlng THF-d (0.36 ml, 4.1 mmol), 1,3,6—
octatrlene [@hemlcal Samples Company, 0.216 g, 2.0 mmol, purified by E '
. | preparative VBC ‘(Carhowax 20M) a:t-'lloo:l , and ‘n—-butyllithium '<1,_3c3 ml',-
2.1 mmol). The sample was thoroughly mixed ln‘an NMR tube at ~780 aud

then warmed to room temperature. Layer separatlon occurred after 5 mln,

2;:*the upper layer was removed from the dark green anion layer, and the

tube was sealed, The NMR spectrum (Figure 24) of the sample showed
complete conversion of the startlng trlene to 6—methylcycloheptad1enyl—

fllthlum (25)

vl 39, 5—Tr1methylcycloheptad1enylllthlum

_ The general procedure of McCombs (1969) for the preparatlon of .

ﬁi?”the anion was followed employlng THF—d8 (0.36 ml L.l mmol), 2 Ly 6- o
'trlmethyl 1 3 6 ~heptatriene (Aldrlch Chemi cal Company, O 26 g, 1.9

T-d mmol) and n~butylllth1um (1. 25 ml, 2.0 mmol) Layer separatlon was’;_:

complete after 18 hr, the upper layer was removed from the dark red o

- anion layer,‘and the tube was sealed The NMR spectrum (McCombs 1969) N
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showed greater than 50% conver81on of the startlng trlene to 1, 33, 5-

trlmethylcycloheptadlenylllthlum°

Heating of Anion (22), Anion (23), and
- 1,3,5~Trimethylcycloheptadienyllithium

The three anions in sealed NMthuhes»were heated simultaneously
in an oil bath from 35° to 175° at 10° intervals. The NMR spectrum of
each sample was_recorded at Bﬁo-after each temperature, and the samples
were Warmed at each temperature.for 30 min. ThevaniOn spectre remained |
virtually unchanged up through warming at 145 » Above this tempereture
vthe spectral resolutlon was dlmlnlshed, apparently due to sample decom—
p051tlon,

Irradietion of %~ Methylcycloheptaf'

dienyllithium (22) and 6- Methyl-
cycloheptadlenylllthlum (23) -

The anions (22) and (23) were prepared as described above in
quartz NMR tubes (Wllmad Glass Company). The upper layer was removed ;
from each sample and the tubes’ue’re-sealed° The NMR spectra of the sam-
ples showed complete conversion of the starting diene and triene to-
their respective anions (22)Vand (235; The samples were'then'irradié
ated s1multaneously at 0° w1th a hlah—pressure mercury lamp (Phlllps ,f
HPK 125 W Type 57203B) for 580 hr.f The UV.lamp wes-placed in an 1nner

quartz Jacket 1ce~water;was 01rculated between. the inner and an outeru

quartz Jacket _and the samples were adJacent to the outer Jacket and ,tf”'\°"'

-flmmersed in 1ce-—water° The dlstance from the lamp to the samples was
1 cm. At 1ntervals NMR spectra of the samples were recordeda Anion

(23) remalned v1rtually unchanged durlng the perlod of 1rrad1at10n, asz
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is evidehced by its NMR sbectrg.and additional evidence which foiioWs.
Anion (22):underweh£ nearly quantitative change to 2-methyiéyclohepta:
kdienyllithium‘(24),vas is evidenced by its NMR spectrum.(Figuré 27) and
additionél'évidencerwhich follows. | |
Protonation of 2—Methylcyclohepté~

dienyllithium (24) and VPC Analysis
of Protonation Products ’

The irradiated 3-methylcycloheptadienyllithium (24) was poured
into cold saturated aqueous ammonium ohloride solution (8 ml), and the
Abrganio layer Was washed five_times with watér and dried. . Analysis by
VPC (Carbowax 20M) at 920 showedrthree cémponents to'berpresent other}r
than hexane and THF—d8, The second componeht was ldentified as 2- '
methylel{3-cycloheptadiene by comparison of VPC data with an authentip
sample;on'ﬁwé columns (Carbowax»éOM and Siiioéne Rubber GE SE_BO) at l,-“
960 ihéiiu@ flow rate, 60 ml/min). Retention times for 2-methyl-1,3-
Cyoloheﬁtadiehe wére 8.4 min on Carbowax 20M and 6.2 min on GB SE—BOQ
The other tWo expeéted pfotoﬁation products of 24 were l—mefhyl-l,}—'
cycloheptadiéne and:2—me£hyl»—l,4¥Cycloheptadieneo Althoﬁgh the firsti:
and third_oomponents were not idéntified, they were shown by compérison
of VPC data withran authentic.§ample not to be,3~methyl—l,4;Cycldhepté¥
diene. Protonatioﬁ.of B—methylcycloheptadienyllithium*(22) under.théf
same ooﬁditions desc?ibed abo&g reproducibly gave‘2mmethyl~l,3-cycléﬁ '.
| heptadieﬁevand B—methyifl,4—cycloheptadiehe in a 2:l‘réﬁio.' Therefer, L
the aﬁsgﬁce‘of B—methyl-l,h;cyclbheﬁtadiene;és a broténgtidn prodﬁc{‘éf.
2k furthér‘argues éhat 2—methylél,3;cycloheptadiene ié'indeed a produqf‘i'

of protonation of 2—methylcjcioheptadienyllithium (24)0_3:_
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Protonation of Irradiated 6~Methyl-
- cycloheptadienyllithium (2%) and VPC
 Analysis of Protonation Products-

The irradiated anion (23) was protonated worked up, and dried
using the same procedure as described above for 24. Analysls by VPC
(Carbowax 2OM) at 122° showedfthree componentswto be present other than :
he’xaneu The first component was identified as 6- metnyl 1 4~cycloheptar .
»diene by comparison of its NMR spectrum w1th that of an authentic sample
and by comparlson of VPC data with an authentlc sample on two columns .
(Carbowax 20M, 123 , ‘and Silicone Rubber GE SE-30, 73 ) (hellum flow
rate, 60 ml/mln), The second component, 6-methyl—l,3—cycloheptad1ene,
ana the third component, 5—methyl—l,5—cycloheptadiene,pwere also identif'
- fied by comparison of-their:NMR~spectra wtth those of authentic samples
and'by comparison of VPCldata mith authentic samples using the.same col—_
umns and condltlons as descrlbed above. Retention times‘for components
‘1 2 -and 3, respectlvely, were 6.1, 6. 7, and 7.0 min on Carbowax 20M
and l0.0, 1006? and 10.9 m;n on GE SE-30. -The ratio of components 1 to
.2 to fvwas 122:2; the.same ratio obtained when an unirraaiated sample :

of 2% is protonated. -




DISCUSSION OF RESULTS

In this study-positional/iscmerisation reactions cf'severai‘
pentadienyllithiums are;inrestigated.le newipositionalrisomerizationr'
of a cyclic pentadienyllithium is’reported,land equilibria are estab;fz
1ished in two systems_of acyclic pentadienjllithiumso Evidence is pre~ -
bsentedvthat these positional isdmeriZaticns are intramolecular reac- ;
tions, stereochemically consistent with Woodward~Hoffmann'selecticn't
rules for [i,é] sigmatropic hydrogenjshifts'(Weodward and Hoffmann

1965, 1970).

NMR Spectra of Pentadienyllithiums

- The NMR spectra of a nu@ber of.starting dienes and‘trienes,and'f“
new cyclic and acjciic'pentadien&llithiums are presented in this,dis;:
cussion° Chemical shifts in T units and coupiing constants in Hertz.gi
(Hz) are also presented fcr several new anions. Tetramethylsiiane"J

-(TMS T 10. O) is the internal standard used in all spectra of starting
dienes and trienes, and cyclonexane (TTS 57) is the standard used in ;f
the 60 MHz)spectra_of.anions° Hexane absorptions are utilized as lock ‘
signals for 100 Miz spectra cf'anionss Therefore these spectra are off—

- set toward higher field and these‘offsets are indicated in Hz. In the‘

anion spectra small absorptions at 7:6 40 and TTS 25 are due to the re~.:
~s1dualoc and f~ hydrogens of THF—dg, respectively, The NMR spectra of ’

several cyclic and acyclic pentadienyllithiums discussed here have been
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ﬂ.féportgd previoﬁslyvby Potter (1969) and McCoﬁbs (1969), and will not
'_bé presented in this diécﬁséion. | | | . | -
The chemical shifts of hydrogensraﬁtached to the sp2 carbonéiof
Tpentaciienyllithiums.have been reported by Bates et al,ktl967b) and
| 7?M§Combs (1969); and thej can bevrelated’to the‘chéfge éeﬁsity'on ﬁheSe
carbons. Obéervations shoﬁ‘fhat the hydrogens on carbons 2 and 4 of
pentadienyllithium absorb in the normal range of olefinic hydrogens '
1 (Th.45) and‘thét'the hydrogens on carbons'l,.B, and 5 absorb much,:'
higher.(end T7.1; cenfral 7?5,9)* Theoretical calculatiqns (Briék—
stock and Pople 1954) predicf higher electroh density on carbons 1,73,V
and 5 in-this anion, and these results are consistent with the general%
ity that higher field absor?tion indicateé'higher eleqt?on dénsity,
‘ This genérality has been well substantiated by NMR studies of allyl
'anibns (West, Purmorﬁ, and McKinley 1968); acyclic pentadienyllithiums,
(Potter 1969), and cyclic pentadienyllithiums>(McCombs i969)»v Tn addi-
‘tion, in a given acyclic pentadienyl anioﬁ system, primary hydrogens on
:_carbons 1 an&/of 5 tend to»aﬁsorb‘at higher_field thanvsecondary hydro-
:;gens at oérbgﬁs % and/or 5;» This is reasonable becéuse primary cafban%_
ions are geﬁeréliy more stéﬁle than°sécbndary ¢arbanions, and one might
._.predict that there would.be more négative>pharge at the primafy carbons
- “in- such hybrid Qarbanioﬁsﬁ Finaily, McCombs (1969) has:also observed
:ttﬁaf the hﬁdfdgéng on cérbbﬁs 2 and h’bf_Q&oloheptadienyliithiuﬁiabsdfb
'§gt 1bwef fiela‘(7:4.4).thaﬁ'thé hydroéens on carbons»l and 5 (df6.2)

.Eff'éna qérbon_}:(i’7,6);-
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" Bquilibrium Mixtures of Acyclic -
Pentadienyllithiums

In reporting the‘positionai isomerizations of anions (7),'(95;
Vand (11), Potter (1969) proposed that equilibrinm had been estabiished
" in each instance. In the present study, the latter two systems werelx

pstudled and the proposed equlllbrla were approached from anions (lO)

and (12), respectlvely, |

Anion (10), 1 4—d1methylpentadlenylllthlum, was prepared in an -
, NMR tube by:reacting 2—methyl—l,4~hexad1ene (Flgure 1) in THF-dg with |
nebutyllithium in the NMR probe at'ZQ:O° A spectrumbrecorded after 20
min (Figure- 2, 90 Hz offset) shows that anion (10) is formed initially, -
and the Eggrisoner (102) and transfisomer (10b) are presentdin the ratio
of L0:60, respectively; as determined by integration of their respective

Cl hydrogen absorptlons at 777 5O and 7?7 26, It is also evident'from

Flgure 2 that anion (10) has started to rearrange to anion (9) (doublet""

at T 7.78, Cl'hydrogensd; The diene had completely reacted after 90 -
min, and the sample was thenAwarmed to GO . A spectrum recorded at’
_Vthis temperature (Fignre 3, 8L Hé offset)pshows a mixture of L7% aniont
(é)rand 53% anion (lO)nszotter (1965) reported that warming anion‘(9)'A
,VtQ hoo produced a miiture»of 48% anion (9) and 52% anion (10), sopit is
concluded that eduilibriumjhas'been'estabiishediin this System‘(Figure
K. e

The equlllbrlum Concentratlons of anlons (9) and (lO) at 40
,1nd1cate that anion (10) is only about 0. 1 kcal/mol more stable than
“anion (9). This is somewhat surpr1s1ng, in that carbons l 3, and 5 of“.

;aniOn (iO)'are 1° . 20, and 2 , respectlvely, and carbons l 3, and 5 ofJ o



Figure 1.

Figure 2.

100 MHz NMR spectrum of 2-methyl-1,4-hexadiene.

100 MHz NMR spectrum of 2-methyl-1,4-hexadiene and
anion (10).
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Figure 3-

100 MHz NMR spectrum of anions (9) and

(10).
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(100) 32#

Figure 4. Equilibrium mixture of anions (9), (10a), and (10b).
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anion_(9) are.lo, 20,-aud 30; respectivelya Theunegative charge is
'—.couceutrated on carponsel,:éy‘and 5.iu-each auiou; so it is‘eXpected
' thatthe tertiary carbon 5 in anion (9) would bedestabili’zing, Thus,
’Vother factors must be consldered° ‘ p

" Potter (1969) oonoluded that a methyl group attached to Carbon
2 in acyollc pentadlenylllthlums‘tends to 1ncrease the double bond
: oharacter of the Cl 5 boud,anThisfwouldnoccur if'the methyl group
twists the anion such that the sp2 carbons 1l and 2 no.longer lie in the>
_ plane.of the origiual 5 Sp?lcarbons of the pentadienyl system,‘and
pAshould‘result iﬁ‘iéss negative'charge;on carbonpi oanniou (10) as com;A
pared to anion (9) Indeed this appears to be the case, because the
C hydrogens of anlon (10) absorb at lower fleld than the C

1
of anion (9)0 ThlS tw1st1ng should destablllze the pentadlenyl system,

l hydrogens

A second con51derat10n is solvatlon of the anion. Berh et al. (1961)

.';  have . postulated that alkyl substltutlon of pentadlenyl anions destabll- “

'1zes_due to steric hlndrance to solvatlon° Thus, the methyl group on _f
carbon 2 of anion (10) could‘hinder_solvation at.both carbons 1 and 30,’
"The»apoﬁescousidefatdonsAproride someArationalization for the<preSenoett
of-anion (9) as 47% of the equiiibrium’mixture.

Potter (1969) proposed a seoond‘equlllbrlum 1nvolv1ng anlons
'(li) (12) and (13). Thls system was‘entered by reactlng 6~ methyl-
1 4—heptad1ene (Flgure 5) in THF—d8 with n-butylllthlum at room temper—
.’ature and 1n1t1ally formlng 1—1sopropylpentadlenylllthlum (11) Upon
warmlng the sample to 90 . 1t was observed that a mlxture of lO° anion’

(11)‘(01s—1somer C., 1

< hydrogeus at 7:7,60,_doublet;‘trans~lsomer C




Figure 5-

Figure 6.

100 MHz NMR spectrum of 6-methyl-1,4-heptadiene.

60 MHz NMR spectrum of 2-methyl-2,3-heptadiene.
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N hydrogens at T° 7.42, doublet) and 90% anion (13) (cis-isomer Cl hydro-

gens. at TT?;Mlg.trans—isomef,C' hydrogens'at T7.22) resulted.:'Anion'f{'

1
| (12) wes not detected in the mixture. In the present stﬁdy, 1,5,5~
trimethylpentadienyllithium (12) was preﬁared in_en NMR tube by reacfw':
" ing 2~methyl—2,5~heptadiene.(Figure 6>'in.THF—d8'Qi£hAnfbuﬁjilithium in
the NMR probe at 350, A spectrum recorded after 20 min (Figure 7, 86

- Hz, offSet) shows’that aniOH;(lé) is formed initially, and the gigfiSomer
(12a) ana the §£§§§fisomer (lzbj are pfesent in the ratio of 2:5, re-
spectively. The NMR parameters for 12a end 12b are presented in Fig—vv
ures]é and lO,ireepeetively,’_Thevdiene'wés oompletely'reaoted'after

2.4 hr. During fhis time it was observed that anion (12).rearranged
rapidiy to anion (l}), and after H hr only anionA(lg) was detecfea.
Thevsaﬁple wae then warmed tov9-Oo in the probe, ahd the NMR epectrum f!“
recorded at this‘temperature (Figure 8; 95 Hz offset) shows a mixtureei7
V' of anions (1l)band»(13) in a 1:9 ratiofv Anion (12) Was notydetected]in:
the'equilibrium‘mixture. It is concluded that equilibrium hes beenveee
tablished in this system (Figure 11). |

| A potentiel‘energy curve for the ébeve eQuilibrium is presented'»
in Flgure 12 and is based on NMR studies made during the formation and
equlllbratlon of the anions. The equilibriem concentretions of anions
(11)7 (12), and'(13> at 90 1ndlcate that AG is about 1. 6 kcal/mol
“Anion (12) is present as much less than 5% of this equlllbrlum mlxture
Wthh 1nd1cates that Z&G is at least 0. 5 kcal/mol.- Therefore,vZS(}i“
"1s at least 2.1 keal/mol. It 15 observed for the first order: transfor—t

mation of anion (11) to amion (13) that the half—life (t%)vis greater .



Figure 7.

8551

Figure 8.

100 MHz NMR spectrum of 2-methyl-2,5-heptadiene and
anions (12) and (13).

100 MHz NMR spectrum of anions (11) and (13).



ChemicalShifts () Coupling Constants (Hz)

Ha 4.35 He ~8.4 Jab 11.0
Hb 6.52 Hf ~8.4 Jbc 14.0
He 4.16 Hg -8.5 Jed 10.0
Hd ~6.9

Figure 9* NMR parameters for anion (12a).

CH f
Chemical Shifts ®9) Coupling Constants (Hz)
Ha 4.37 He ~ 8.4 Jab 12.0
Hb 6.70 Hf -8.4 Jbc 14.0
He 4.07 Hg -8.5 Jed 13-0

Hd 6.6

Figure 10. NMR parameters for anion (12b).



Figure 11.

\K

1) 1o#

Equilibrium mixture of anions (Il),

@2)

90

(13) 90#

(12), and (13).
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‘than 12 hr at 40° and less than 5 min at 90 Utilizing expressions

(26) and (27) (Jensen et al. 1962), it is caloulated that AG t is be~
ko= O.693{t%. G*r:r-RT ln(klh/hT)

(26) . @

tneen 25 and 28'kcal/mol,. Analysis of the NMR spectra recorded durlng
" the generation~of anion (12) showed that the first order rate constant
(k ) for the rearrangement of 12 to 13 at 55 was about 2 x lO _1,
; and ZS(E - was calculated to be about 20 kcal/mol : Furthermore, bee
cause less than 5% of anion (12) rearranged to anion (11) under these
condltlons, the flrst order:rate constant (k ) for the reaction of 12
‘ to:ll is;less than 10—4 : f;; Thus [3(} # is calculated to be greater;
than 23 kecal/mol Correlatlon of these limiting values of AG and
ZS.G* results in a Zl(} of 21-23% kecal/mol . Although Figure<l2 is an
approx1matlon of the energy curve, it does conclude that A G2f is in-
‘deed larger thanv [&G3$. |

This is not particularly surprising if a representation of thef

hellcal all—01s transltlon state for the proposed thermal antarafacial

' [l 6] sngmatroplc hydrogen shlft is examlned (Flgure l}) ‘In the tran-

sition state between anions (12) and (l}) Ri or R

5 will be a*methyl,:

'group and the otner R groups w1ll be hydrogens. The steric hindrance.
w1ll not be excess1ve because the methyl group can assume the pos1t10n '

 of R.. Im contrast both Rl and R w1ll be methyl groups in the tran~

2 2

.51tlon state between anions (ll) and (12), and thls will Certalnly

vsterlcally hlnder'the formatlon of this entlty, resultlng'ln a hlgher,r



Figure 12.

REACTION COORDINATE

Potential energy curve for anions (11),

12,

and

40

(13).



Figure 13.
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Helical all-cis transition state for thermal antarafacial
[1.6] sigmatropic hydrogen shifts in pentadienyl anions.
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energy transition state. iThis’eeme_line‘efAreasoning pfobabiy‘aocounts‘.
for the high femperatufe,neeeed>£o:equilib?ate anions (7) and (8) and
the'relativelj low temperafure needed te equilibrate enions (9) end
(10). . | ' | |

‘ The negative charge of‘eech anion of this eguilibrium system.
will be concentrated on carbons 1 .5, and”5 whidh will be lo, 20, and
29;in anion (11), 20, 20, and 3 ‘in anion (12> and l | 29, and.2o in
anion (13). On this‘besis, one expects anion (12) to be the ieast
favbredAanion in the equilibrium_mixture;fbuﬁ it is ﬁot $0- obvious Why'f
anion (13%) Sheuld be se favored over anion (11). .The-factors mentionea
in connectlonbw1th anlons (9) and (10) w1ll 1nfluence the relatlve sta—l5
bllltles of anions (ll) and (13) but the overrldlng factor 1svprobablj 
the'decrease in the angle between the gem-methyl groups from about 120°
Ato about lO9OAin going frem anion (13) (or»la) to anioﬁ (ll),v N

Intramolecularity of'the'Positional
Isomerizations of Pentadienyllithiums

The positionai isomerization'feactions discussed above must be :
'1ntramolecular as a prerequlslte to thelr belng [l 6] 51gmatroplc hy~
drogen shlftsa To test thls 1ntramolecular1ty, 2- methyl 5, 7 7 7 tetra—f g

deutero~2 5—heptad1ene (Flgure 14) was prebared and then rescted in -

THF~d8 with n—butylllth;um 1n,an5NMR tube at 35~.',An NMR spectrum_re— &":.

corded after 20 min (Figure 15) Shows fhat 1 l—dimethylnSLtrideutero—

.methyl 4 deuteropentadlenylllthlum (19) is - initially formed and exists -

as a mlxture of MOA 015-1somer (lga) and 6OA trans- ~igomer (l9b) Anlonf; '

(19) was observed to rearrange rapldly to 1-ethyl 4—methylpentad1enyl—‘i .

11th1um‘d4 (20) (Flgure.15)_Wthh ex1sts as a m;xture of about-35A



Figure 14.

Figure 15.

60 MHz NMR spectrum of 2-methyl-3,7,7,7-tetradeutero-
2 ,5-heptadiene.

~NFiT) *40

60 MHz NMR spectrum of 2-methyl-5,7,7,7-tetradeutero-
2,5-heptadiene and anions (19) and (20).
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cis-isomer (20a) and 65%‘t£§n§}iSOmer (20h>°‘ The NMR‘parameters for
anions‘(l9a) (l9b) (20a), and . (20b) are presented in Flgures 17- 20.,
4 The sample was then warmed at 90 for 30 mln and a NMR spectrum (Flgure
16, 82 Hz'offset) was recorded which showed the presence of anion
(20) and l—1sopropylpentadlenylllthlum~d4 (21) (C hydrogen at T 3. 88)
'hln the ratio of about 9:1. It.waS‘concludedAthat:equlllbrrum had been
reached, The anion mixture was then protonated, and a mass spectrum was
taken of theporéanic‘layer. The ratios of peak heights-from m/e llé to p
i16:matched those of the mass,spectrum offthe startinghdiene. Itiwas
Aconcluded, therefore,.that no.detectable intermolecular'scrambling oftp
- deuterium label had occurred because such.scrambling would have sta— o
'tlstlcally enrlched m/e values above and below 114 the parent peak of
'the dq—dlenes in the protonatlon mlxtureolri ' | |

A second test for 1ntramolecular1ty was conducted by preparlng
al: l mixture of anions (12) and (19) warming the mlxture ‘at 90° for:
20 mln, protonatlng the mlxture of anlons, and recordlng the mass spec;
trum_of the organic layer,A The ratlos of peak heights from m/e 109 to
’llﬁvmatched those:of thejmass;spectrum of-a:l:l mlxture_of the start;ng
dienes° Again itvwas conCluded‘that‘noAdetectable intermolecular ;frk
' scramhling of deuterium label"had occurredclAThereforeghthe intraf
'molecularitylof the;thermal positional isomerizations:of'pentadienﬁl-;g :
lithlums has heengdemonstrated;i'ji | e e

Stereochemical Studies of-the Positional
Isomerizations of Pentadienyllithiums

The Woodward—Hoffmann selectlon rules (Woodward and Hoffman ‘ff»

1965, 1970) for [l 6] s1gmatroplc hydrogen shlfts predlct that the



Figure 16.

100 MHz NMR spectrum of anions (20) and

Q).
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CH d
3
s-"Hc
CH e/ n
5 Ha D
Chemical Shifts () Coupling Constants (Hz)
Ha 4.3 He -8.5 Jab 11.0
Hb 6.46
He ~6.y
Hd -8.4
Figure 17. NMR parameters for anion (19a)
CH d
3 Hb
CH en n
Ha D

Chemical Shifts ) Coupling Constants (Hz)
Ha — 4.3 8.5 Jab 11.0
Hb 6.74
He —6.6
Hd -8.4

Figure 18.

NMR parameters for anion (19b).
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CH,e

Chemical Shifts ) Coupling Constants (Hz)
Ha 7-52 He 8.32 Jbc 10.0

Hb 6.51

He 4.03

Hd 8.01

Figure 19= NIfR parameters for anion (20a).

CH e

Hd

Hd CD3
Chemical Shifts @f) Coupling Constants (Hz)
Ha 7.22 He 8.30 Jbc 10.0
Hb 6.62
He 4.05
Hd 8.01

Figure 20. NMR parameters for anion (20b).
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thermal:reaction'in pentadienyilithiumsjmill proceed antarafacially,

y necessitating.a helical~all—gi§ transitiou state for the transformation
}(Figure 13)o This will cause some straru in'theiacyclic pentadienyi ; :_ N
" anion system. The sp2 carbons,will deviate from coplanarity; resulting
in less than maximum'overlap,ofvtheir p—orbitaisa However, it has beeu'
‘Ademonstrated that a distorted pentadieuyi anion‘system can-exist in
y‘cyclooctadienyllithium (Batesvand,McCombs 1969) and cycloheptadienyl-
Lithiums (Bates et al. 1969). T was decided to utilize sévefal cyolom
heptadienyllithiums in determining whether the observed isomerizations'
in acyclic pentadieuyllithiums were Stereochemicallypconsistent witht’
the Woodward-Hoffmann rules. | |

The highest occupied molecular orbltal (17) of cycloheptadlenyl

lithiums possesses the same symmetry as the acyclic counterparts, s0 a’

thermal antarafacial shift 1s*predlcted; However,.the rigid geometry .

of the seven-membered ring should prohibit antarafacial rearrangemente"
“?'For this reason, three cycloheptadienyllithiums'wereAprepared and sub-
jected to high temperatures.

In THP-dS, B—metnyl ~1 4~cycloheptad1ene (Flgure 21) was reacted ;

’:,w1th n—butylllthlum to give the flrst anlon, p—methylcycloheptadlenyl—

_ llthlum (22), in quantltatlve yleld The NMR spectrum of 22 is pre-
 sented in Flgure 22 and the NMR parameters of the anion appear in Flg—‘”
. ure 25. The second anion, 6~ methylcycloheptad:enylllthlum (23) was -
. .prepared quantitatively by»reactlng purlfred l,356=octatr1ene (Flgure v
::123)’in THF-dg with_n;putyiiithium,i The partial NMR spectrumiaﬁd.ap—z;p

‘proximate NMR parameters for this anion have been reported‘by»McCombs"



Figure 21.

Ss8§28

Figure 22.

100 MHz NMR spectrum of 3-methyl-1,4-cycloheptadiene.

60 MHz NMR spectrum of anion (22).



Figure 25.

Figure 24.

60 MHz NMR spectrum of 1,3,6-octatriene.

PPMIT)

60 MHz NMR spectrum of anion (23).
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- .
(1969).. In the present discussion the-éompiete NMR spectrum of anioﬁ |
(23) is shown in Figure 24 and a oorrecﬁed éﬂd more complete list 6f,"
NMR parameters appeaf in Figuré 26; The third anién, 173,5—trimethylf
cycioheptadienyllithium; wasiprépared in,gfeater‘than 50% yield acéqrd~
ing to thelgeneral procedure of McCombs (1969) by reacting 2,b4,6— 7
trimethyl—l,B,B—heptatriene in~THF—d8 wiﬁh n-butyllithium. The NMR' :
spéétra of the starting triene and the anion and the‘NMR,pérémefers ofl
the anion have been reported by the above invéstigatorn |
The three Cycloheptadienyllithiums were w?rmed together in

'véealéd'NMR‘tubés af lOo intervals from 350 to 145° for BOrmin at each‘ :
tempefature, The NMR spectra of each samplé were recorded at 330 after
heatiné at a given femperature, and the anions remained virtually un~-
éhanged. ‘TheSe fesﬁlts prévide‘further Supporting evidence that the V
thermal positionalbisomerizations of pentadieﬁyllithiumé are consistent
with the Wbodward—Hoffmann rules since no féarrangements were observed°
This experiment is.particularly_significant in that l,ﬁ,B—trimethyl_
'cjcldheptédienyiliﬁhium ié a>305>30, 30 anion and Qould be expected to
rearrange preferentially to thekmore stable‘Bo, 20, EOranion, 2,h,6-
trimethyicycloheptadienylliﬁhium}if°such,a,transformatién were<éllowed.‘
Finéllj; it was obgérvgd'that'warming the three cyclohéptadienyilith—v
iﬁms to.l75o resulted invapparené'sample.decomposition in all three
C».ase,sgi . | |

>The orbifai sj}fﬁfnetry of the first e“xcited state (18) 1eadls.to>
 1the:pr¢diction tﬁéﬁ a suErafacial El,él Sigmatroﬁio hydrogen shift

could be‘photochemically induced in pentadienyl anion sYstems; and suoh



Chemical

Ha
Hb
He
Hd

CH c

Shifts (D Coupling Constants (Hz)
6.15 Jab 10.0

4.27 Jad 5*5

8.28

7.47

Figure 25. NHR parameters for anion (22).

Chemical

Ha 6.78
Hb 4.43
Hb® 4.50
He 6.23
He" 6.12

Figure 26.

Hg Hd

Shifts (1)

Hd -7.4 Jab 7.5
He 9.09 Jab 1 7-5
HF ~7.7 Jac 1.5
Hg -7.7 Jac1l 1.5

NMR parameters for anion (23)-

Jbc

Jb"c*

Jed
Jde

10.
10.
5.
7.

Coupling Constants (Hz)

ool ou
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1a3transformation is geometricaliy allowable in cycloheptadienyllithiums?i»
“Anions (225‘and (23), preparedvin'quartz NMR tupes, Were used'in the
subsequent irradiation study. Attemptseto obtain the UV spectra of
tﬁese anioﬂs were unsuccessful,.because-the.solvehtisystem absorbed
off-scale up to about 300 nm. It'has been reported (Brenneril970,
Brenner aﬁd Klein 1969) that 1;5~diphenylpehtadienyllithium absorbs at
50% nm, and it is-expected that the aromatic substitution in.this sys—:o
tem produces a 1arge:bathochromic shift in the Amax of the pentadienyl;
aniongv Thus,iit was concluded that the‘cycloheptadienyllithiuﬁ absorp— '
tions'were at lower X éx values and were hidden by solveht absorptioﬁs;
For this reason, a high-pressure mercury lamp was used in the 1rrad1a—:
tion study,’so as to prov1de a broad spectrum of inoident light°
-After 580 hr of irradiation at 0°, anion (25).showed no.changea

ekcept some 1ine'broadenihé in the NMR spectrum° ‘Ahion (22), however,
rearranged nearly quantitatirely'to a new»anion, 2-methylcyclohepta-
»dienyliithium (2h), after 280 hrpof irradiation. Tpe NMR spectrum of"
anion (24) after 160 hr is presehted in Figure 27; some line broadening
isletident,vandAanion'(22) is still present in the mixture.. The NMR
parameters for anionit24) are:presehted inAFigure.ZS;

- The two irradiated anions were protonated ard analyzed oy VPCo'
Anion (23) gave. the three expected protonation products, 1dentified by o
Mtheir NMR spectra and oy comparison of VPC data with authentic samples.
to be 6—methyl l 4—cycloheptad1ene, 6~ methyl ~1,3- cycloheptadiene, and
5—methyl—l 3—cycloheptadiene, Anion (2h) also gave three protonation z

products. The first and third VPC components were not 1dentified butjr



Figure 27. 60 MHz NMR spectrum of anions (22) and (24).



Chemical Shifts (M) Coupling Constants (Hz)

Ha 6.22 He 8.35 Jab 10.0 Jdg 6
Hbo 4.32 Hf ~7.7 Jbc 7.5
He 6.90 Hg -7.7 Jce <1.0
Hd 6.15 Jde <1.0

Figure 28. NMR parameters for anion (24).



comparison of VPC data with an authentic sample demonstrated that
neither was 3-mcthyl-1,4-cycloheptadiene. The second VPC component was
identified as 2-methyl-1,3-cycloheptadiene by comparison of VPC reten-
tion times with an authentic sample. This diene is an expected pro-
tonation product of both anions (22) and (24). However, it was demon-
strated that protonation of anion (22) reproducibly gives 2-methyl-1,3-
cycloheptadiene and 3-methyl-1,4-cycloheptadiene in a 2:1 ratio; the
observed absence of 2-methyl-1,3-cycloheptadiene in the mixture of pro-
tonation products of anion (24) is strong supporting evidence that anion
(24) is indeed the rearrangement product, 2-methylcycloheptadienyllith-
ium. This rearrangement provides supporting evidence that the observed
positional isomerizations of pentadienyllithiums result from [1,6] sig-
matropic hydrogen shifts.

Anions (22) and (23) were used in the irradiation study because
of the possibility that both might rearrange to give the same equilib-

rium mixture of anions (22)-(25)- Instead, anion (23) did not detectably

22) @4 5) 23)

react and anion (24), once formed, reacted no further. One possible
conclusion is that anions (23) and (24) do not absorb enough at any of
the incident wavelengths. A second possibility is that the activation

energies for reaction of excited anions (23) and (24) are greater than



4
those for reéofion of excited anioﬁs (22) and (25), Assuminé-anions :
(225—(25) have about the Same‘AmaX andVassuming the energieé_of all'the;
transition states. involved in the proposed equilibrium ére comparable;[{
one might conclude that the appareﬁt differences in activatibn eﬁergieé:”
are due to differences in the relative stabilities of the anionsn.
Thus, the more.étable anions would require more activation ene:éy to
undergo.reactionz and this reasoning predicfs tﬁat anions (23) and (éQ)
are more stable than anions (22) and (25). This conclusion can be sup-
portéd by noting that anions (23) aﬁd (24) are 2°, 2°, 2°, whereas

anion (22) is 2°, 3?, 2° and anion (25) is 2°, 2°

o
y 5 .

Conclusions

-Equilibfium has been demonstrated in two écyclic pentadienyl~
lithium systems. Evidence has been presented which demonstrates théﬁ
positioﬁal isomerizations of several péntédiehyllithiums involve El,é];”
sigmatfopio hydfbéen shifts. Consistent with Woodward¥Hoffmanp seléc;v’
tion rules for such tfansformatibns, these hydrogen shifts ha&e been’

shown to be intrémdlecular, to proceed thermally in an antarafacial

manner, and, observed_for'the first time, to proceed phétoohemically in
a suprafacial manner.’ Coﬁtrary to the statement by Klein et éle (1970);~
it has Been demonstrated that a miniﬁum numberiof'lh carboﬁs in the k
pentadienyl énion chain“is not necéssary to observe these transforma- -

tions.
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