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. ABSTRACT

e i .
oy . ek e

The deuterium lahelled pyrazolines, (E)f and (2)-

”4 ethylldene 1 -pyrazolines- 3 3- d (1) and }II), have been |
ynthesmzed and characterlzed The thermoly51s of I at .

160‘ gave, in addltlon to deuterated ethylldene oyclopropane
_(III), 76% of 2-methylmethylenecycloprooane 3 3 d2 (IV) and f‘ .,ﬁ
24% of 2—methyl l (dldeuterlometnylene)cycloprOpane (V) -~ o
\The thermoly51s of 1T at 160° gave 10% of III, and 90% of a

l 2

. mlxture con51st1ng of 19% of IV and 81% of V. From the

.

product ratlos, it appears that. the mechanlsm does not 1nvolve ‘_~['
',an orthogonal trlmethylenemethane 1ntermed1ate.~ It 1s.cf

'suggested that the reactlon goes through a tran51t10n state o
e \

whexeln the carbon nltrogen bond szn to the methyl group is

| broken to a lesser extent than the other one, - and from whlch

' the major product is formed vla a concerted pathway

-

5
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pyr02011ne have also glven rise to trlmethylenemethane as

"{othe-

HISTORICAL~ ., -:' S
- . ’ ‘ —"

MECHANISMS FOR THE THERMOLYSIS OF

4 ALKYLIDENE l RYRAZOLIVES '

-”//, ._.7/.
Introduction N
Trlmethylenemethane (TMM), a diradical o§ »

comp051t10n C(CH2)3, has proved to be of coh81derable :
theoretlcal and mechanlstlo 1nterest The calculat{ons of

‘Dewar and Wasson (1) have shown that both trlplet and srnglet—

—

tates are poss1ble for TMM and that the trlplet ‘TMM w1th a

<@

planar geometry is the most stable structure. ‘However, 1n a

rofh

here one(termlnal is orthogonal to the plane of the

two, the open shell 51nglet, whlch has two unoalred
lectrons of opp051te spin, is not mucn less stable. It‘has

been reported thatvorthogonal TMM 1ntermed1ates are 1nvolved
?

in the thermolytlc rearrangement of varlous methylenecyclo~

t

propanes (2 3) Photo]ysrs and thermolysrs of 4—methylene l-

s
&

f

. — _
reported 94’6€;d (4), Crawford (5) and Gajewskl (6) S

‘1‘

]

A. 'THERMOLYSISFO7 4 METHYLENE 1 PYRAZOLINE
SR C

° } Crawford and Cameron (5) studied the thermoly51s

.of 4~methy1ene l pyrazollne and suggested that a 51nglet

' trimethylenemethane (TMM) was produCed

. ;- Further 1nvest1gatlon of the mechanlsm was achleved

when Q—methylene l—pyrazollne -3, 3 d2 ( ), 3 3, 6 6- g4 (g)aandw

L -



} 3,3,5,5)6,6-g6 (3) wete‘prepared and.thermolyzed. The
. Ssecondary. deuterium kinetic isotope effects (k /kD) corresponded
to that expected for bAth carbon~nitrogen bonds undergoing |
51mu1taneous cleavage to form an 1ntermed1ate Pyrazoline

1 gave products 4 and 5, andag gave products 6 andAZ as in

Table'l. | % o :

) [5
A s )_E ZE
T 3 » D2‘+.
e 5 |
\1 .
.
*
Dz , D2 . .. ‘
) : . S »
A b q -
D2 - _DZ +ADZ D2
o 6 7 X
2 - \ ~




Table I

.

Thermolysis of deuteratedv4¥methylene—l—pyramolines (1,2)

~ L~

Starting Material ‘ o Relative Yields, %
B 3
- }? 59.3 40.7
i 6 7
2’ - 73.8 - 26.2
B Ao ; . - e
¢
If kl -and K'ﬁ aré now deflned as the rate_
CLam
constants for formlng tﬂ%jgggfmethvlene group, the ratlo .
‘ 0) .
/K" in the\product determining stepﬁls 0.75 for' the

prodqcts'of_lland 0.74 for the pfoddCté-gkgg‘f7);> These
lresultsfsUggestIthat‘there'is an . isotdpe“effect ih the product.'

determlnlng step and that the. three methylene groups had elther;‘
become equ1valent 1n a planar TMM intermediate 8 or. had become..-l

.

randomized 1n_a.set of orthogonal‘TMM’lntermedlates'9.

‘I.



R,
H
H
8 9
1 R =Di K, =H | o )
2 Ry ERy <D,

Tr{plet piaharAtrimethY1enemethane'is known-to-é_
ldlmerlze to produce 1, 4—d1methylenecyclohexane (8) Thus
1ntermed1ate 8 was ruled out sxnce no- dlmer was observed in
| any of .the redctlons, nor was there observed any addltlon
bproduct when it was attempted»to té}p ‘the dlradlcal w;th
van olefin‘f‘ - | | s

In a set oﬁfﬁntermedlates such as’ 9, the 1sotope
:effect was flrst thought to be a "ponderal effect"‘ -the'
deuterlum, being of-greaternass is slower to-move out'of~the>
plane -than is'protium "By usihg'Carbon?iB,‘any ponderal
jeffect can be removed ‘since the lncrease in mass 1s prec1sely
- on the axls of rotatlon B Tokunaga (7) obtalned the follow1ng

; results upon studymng ‘the label ed pyrazollne tp.



- ..v*
Co—s AZ&
. * o+
11 . 12

o~ ~

63.6% . 36.4%

In thls caqe, there cannot be, a "ponderal effect"
but s+ill, the value found for the ratlo 11 to- 12 was 1. 75,-

319n1f1cantly dlfferent from the statlstlcal value of 2 00.’

The results for 1, 2 and lo‘showed that the final.

A

posatJon of a methylene group in methylenecycloprooane 1s
depvndent upon its orlglnal position in the pyrazollne.
dThese results could not be accounted for with a mechanlsm
prodnc1ng 1ntermed1ates11ke 9 alone..

VB, PHERMOLYSIS OF 3,3-DIMETHYL- 4-METHYLENE l PYRAZOLINE
AND 4- ISOPROPYLIDEVL -1- PYRAZOLIVE '

Tokunaga (7) prepared the two ;somerlc dlmethx}

substltuted 4-methylene -1- (?razollnes 13 and 14 and studleq-

) thelr thermolysls

)



v
A4)

‘The product distribution obtained is indicated in Table Ii.

~—

,L;, o - ) . Table .

-

Thermolysis of dimethyl substituted g-methyleéne-1-

‘ py:azdlingé:lj and‘lé-

'Stérting Materi;l-vgff

v .

«

:_. Relative‘YieLdéi% 5

-~

,‘\\\“. T

82

.’”;l3” w2i -

IR X T




. 7 v‘
From these results, a planar trlmethylenemethane
'.Jntermedlate, common.. to 13 and,l4 could be ruled out, 1nstead,'

~ the 51nglet orthogonal 1ntermed1ates 17 and 18 must be -

considered.

: .

Crawford and Tokunaga (7) suggested, on the bas1s
of the least mot10n‘pr1n01ple, that thermolvs1s of 14
- produces only 17 whereas thermoly51s of 13 glves rlse to -

*.18 as well as 17.d The product proportlons could be then ;f

'“ratlonallzed vassumlng that the rotatlon of the 1soprooy11denet‘"‘

v
'group of 17 is favored 63 37 over that of the methylene group X

l’scheme I summarlzes these results. ;’_5“

- Scheme T



C. THERMOLYSIS OF 3,3, 5 S-TETRAMETHYL 4-METHYLENE
-l -PYRAZOLINE - -

n
'Tokunaga 19) investigated the éas’phase thermolysis
‘of-3,3,5,5~ tetramethyl 4-methylene 1- pyrazollne (19) which
.presented the advantage that the taptomerlsm whlch affected
'the study of the prev1ous 4—methylene l—pyrazollnes, was'no.
longer p0551ble Tnermolys1s of 19 gave rlse to products
20 and'21 but 2 2,3,3- tetramethylmethylenecyclopropane (20)
.'was not observed because of its. rapld and nearly complete ‘i

'1somerlzat10n to grve 2 2- dlmethyllsoprOpyl1denecyclopropane

'(21) under the reactlon condltlons

k

»320,21

? A klnetlc study was carrled out 1n order to*:f”T

!

'”"ﬁijdeterﬁine all the rate constants and the 1n1t1al ratlo of

';}';ggzﬁé'rijyrn],;vj"ﬁfu i.egl ff'ﬂ,\;~ﬁr*”'

"20, 21 21 20 f



g
k)

'”tcompounds

'p'la | _h-_lr, ‘ §

Comparlson of the thermoly81s rate of 19 w1th\ |

the. thermoly51s rates of ~some 4- alkylldene l-pyrazollnes,_
as ltsted 1n.Table III proved to be 1nterest1ng It was

foung that 1he replacement of hydrogen by methyl slowed down

-.the rate in contrast to what is normalIy expected Also

the rate of 19 was found to be one thlrd the rate of 3, 3,3.5*

v

tetramethyl l—pyrazollne (24) as if" there was no acceleratlon |

: from the allyllc nature of  the correspondlng radlcal

Crawford: and Tokunaga(9)proposed that the bulky

"methy' qroups had prevented any manlfestatlon of the allyllc -

resonance and suggested that the cleavage of the carbbn—_"

"'nltroqcn rond(s) in 19 was occurrlng 1n the plane of the rlng

- Furtht~mo e, results communlcated by Professor Paul Engel |
‘bhowed that the thermolysls of 3 3 5 5- tetramethyl 4-

rbzlsoprovylldene l pyrazollne (23) was 32 tlmes slower than

‘the thermolysls of 19. ThlS was an 1ndlcatlon that even

Al

.-methyl groups placed on the exo—methylene group can, by thelrb.;

sterJC uffect, 1nfluence the rate of the thermoly51s of

:j 4—alkvleene 1 pyrazollnes However, the actlvatlon parameters_3
- for 18 and 23 were suff1c1ent1y dlfferent from fhose observed

”ffor )2 to forbld any mechanlstlc comparlson between these

Calculatlons gave 52 48 for the ratlo of 20 21,

'-'from 19, a result dlfferent from the ratlo of 15 16 (63 37)

- from 14 ThlS dlfference could be ratlonallzed by com51der1ng-;7

'i%he ly]lc dlazenyl spec1es 25 as a p0551ble 1ntermed1ate



10"
‘ TZble III
The relatlve rates at 160 2° of some 4-a1ky11dene l—
| Z pyrazollnes w1th respect to. 3 3 5,5- tetramethyl
\

-4 methylene l—pyrazollne S

‘Compound. o Relative Rate Co 'Referéﬁce

o 62.8 . - -
22 | | |

~

B N

S s e ay

e L



Dlsplacement of nltrogen by elther of the allyllc
termrnl would then glve rise to the products and thls process
may be controlled by the rotatlonal c0nformat10ns of 25 |
&ﬂwhlch dlffer when going from R =H to R = Me. :’l:_f%

Crawford and Tokunaga also proposed 26 as a

fp0551ble 1ntermed1ate ‘in the thermolysls of 19.

f
.
3 J i IR
< oo : - -
¥ - 26 o
IR S
T O O
RV RN
T T
) q Q ! 'l~. ¢.'
¢ N ‘:.
s

'f_fFrom thls<3he51ck (2) type of 1ntermed1atep 51mllar in"

'”=5_structure to 17, an explanatlon had to be found for thelfactf'.fffﬁ

,'_:qthat the rotatlonal propen51ty of the lSOpIODYlldEDG group

s I.. t



N
‘12

with respect to the methylene.group was greater (63:37) in
17 than it was in 26 (52 48) Crawford and Tokunaga
:suggested that, when 901ng from intermediates 17 and 26 to '
products 15 and: 20 respectlvely, the reactlon had to go

‘through a tran51t10n state TS, as shown in Scheme II

‘Me

b R =

. _Scheme 11

Ai'q
e

The lower rotatlonal propen51ty of ‘the 1so--ﬂ»

propylldene .group 1n 26 relatlve ‘to that 1n 17 could then be

twratlonallzed 1n terms of sterlc factors more 1mportant in ;'."

-_:st than in TSa. X,f

' -
L

"“5]7D;’ THERMOLYSIS OF 3-METHYL- 4~METHYLENE 1 PYRAZOBINE AND PR

4 ETHYLIDENE~1 PYRAZOLINE

gﬂuljver' (12) StUdled the thermoly51s of the '

i fhflsomerlc 3-methyl 4—methy1eqe-l pyrazollne (27) and

'»}ﬁfu4-ethy11dene—l pyrazollne (28), two systems whlch were j-;h":‘



R S
{

¥

A

"13

suppqsed to exhibit different steric and electronic effects

than the previouslyFStudied'4—methylehé—l-pyrazolines.

L]

{
i

s R
“

" The product dist}ibutiqn is given in Table IV1 

5Tab1é-IV h

'l5fPeruct distributi6n of 29 apd 30 prdaucedvfrom 27 and 28

‘starting Material .

. Relative

ﬁ ;ggj;.~v f

'vields s -
30 ..

80

a0

90




From the results, a'SIngle planar TMM 1ntermed1ate
was ruled out since it would have given the same ratio of .
<2?.39Aregardless of the reactant used. |
If a set of Che51ck type 1ntermed1a s 31 and.lg
were to be proposed 28 producing only 31 and 27 producinq
both 31 and 32 (Scheme III), then the relative amou?is of
f x

-
and (l-x) represent the mole . fractlons of‘27 901ng thrd%ah

v27 proceedlng through 31 and 32 can be calculated

31 and 32 resoectlvely, then we can write the follow1ng

e

. equatlon by c0n51der1ng the ratio 30 29 from 27.

29 7 80~ 0.9 x + 1%

ror 0.40 x = 0.9 x + lrx
which'giVeS'x =2

- Such a'ridiculousiresult at least suggeSted that,

1f the mechanlsm 1llustrated dn Scheme III could account for =

t.v".

-'the product dlstrlbutlon from 27 (a. 51m11ar dlstrlbutlon wash

~obta1ned from 13), 1t could. not account for the product

"dlstrlbutlon from 28. ;"".?\ ;.’, : ,,-J_{f, s



5

of a cyclopropyl radlcal (Scheme IV)

Scheme IIT -

=

L

s
s

Schrljver (12) used a ‘mechanism orlglnally proposed

J

by Cameron (l?) and 1nvolv1ng the breakage of only onev

carbon*nltrogen bond 1n the 1n1t1al step and the formatlon

[y



16

’

Scheme v
-

Wlthiﬂus mecpanlsm, the“fact tha!‘fhe‘methYIallyl" ! -

rad1ca1 33 is ea51er to form than the allyl radlcal 34 could

’zaocount for the excess of 29 with respect.to 30 produced "

. s

P R .
frOm 27. But thls mechanlsm, although 1t closely fltS “the

product prﬁportlons, does not ratlonallze the 10% of 30

v,produced from 28.



OBJECTIVE

Orthogonal trimethylénemethane intermediates
(7,&,12)'best interpret the.pfoduct di%tributions'obtained
in, the thermolysis'of‘3,3-dimethyl—4emethyt?ne—l-byfazoline

'(13); 4—isopropylidene—i—pyrazoline.114), 3,3,5, 5-tetfamethY1~
-—methylene -1- pyrazollne (19) and 3-methyl 4-methylene l—
‘pryazollne (27)

However this kind of intermediete aione cannot account -
for the product dlstrlbutlons from 4—methylene -1- pryazollne
(22) and its labellet derlvatlves 1 and lO (7).

‘The case of 4-ethylldenefl—pyrazollne‘(2?) is)aleo.
peculiar (lzj'and the mech?;}sm of the thermolyeiE'of.this.

. system needs to be etudied*further. |
‘This can be done by speC1f1c labelllng of 28 _

therefore we selected the pa1r of dldeuterlo 4- ethylidene-l-
¢

° : o

pyrazolines 35 ‘and }ﬁ,_and-examlnlng the‘relatlve.

- N=N
35

.vp051t10ns of the methylene ‘groups 1n the 2~methylmethylene- o

g cyclopropanes produced 37a and 37b
| D

R "37b
17 ~e,
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ﬂ&SULTS

1ntroduct10n

Tokunaga (14) observed that’the cycloaddltlon of
dJazomethane to 3—methyl¢l 2-butad1ene produced

3-isopro lldene l—pyrazollne, whereas allene and methy-

“ailene give .

o o o |  N=N

',A—methylene414pyrazdlihes._ Sucg a change in the diréCtion.

of addition may be rationalized

2"

°, in Lerms of the methyl groups sterxca;ly blocklng the

nucleophlllc attack of the dlazomethane on the allenlc ;.

1]



\c:
R, /

carbon-when~-Rl = Rz_é CH3. |

If this is correct then by using dlazomethane—dz, we

may expect to produce (E)-4- ethylldene—l pyrazollne 3 3 -d.

=2°
/ .

i

(z)

4

This would allow a three p01nt labelllng of the grouos and
consequently glve more 1nformatlon about the mechanlsm of the

thermoly51s of:. 4—alky11dene~ —pyrazollnes.\:“

(A) anthe51s h. ,,‘.‘

(E) 4- Ethylldene -1~ pyrazollne -3, 3-d (35) ‘was, prepared

'gfby the addltlon of dldeuterlodlazomethane (38) to methylallene.'e'

’:_The . m. r._spectrum is shown in Flgure l
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\ sznz +~CijCH = C = CH2- ; >

38

Lad e . 4

Methylallene was prepared from crotyl bromlde,'u51ng'
'the procedure descrlbed by Hurd and Melnert (15). Crotyl

\§£_< bromlde, obtalned from the’ reactlon of crotyl alcohol w11h

.
. (ff,

R

';fhyorobromlc ac1d (16), was. allowed toreact w1th bromlne at -
~ =5°C to give 1, 2 3- trlbromobutane. Thls trlbromlde was
‘vdehydrobromlnated w1th NaOH to glve a mlxture of 1, 2-'
dlbromo 2- butene and 2, 3 dlbromo—l butene . Treatment of :
- thlS meture of dlbromobutenes w1th zlnc 1n refluxlng
ﬁethanol afforded methylallene.: j;ﬂ' |
Dldeuterlodlazomethane (38) was generated from

——

' N-nltrosomethylurea by the actlon of pota551um deuterox1de (17)

NOV D o

CH "—N-—C—-—NH ' + KCNO

3 2. N2
A Il

. _(,3~8)-;,

o+ xon,_._, CD

| fN-nltrosomethylurea was added cautlously to a solutlon of
'911 2 dlmethoxyethane and KOD - D20 at 0°C.‘ After stirrlnd‘

'7the aqueous layer was frozen and the dlazomethane solutlonf s



Schuetz (l 8)
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' - was- decanted and dried over potassium hydroxide,

_ Reaction of dlazomethane—d2 with methylallene in a
pressure bottle at room temperature gave (E) 4 ethylldene~ :
1~pyrazollne-3 3- d2 (35) : ThlS pyrazollne was not completely
deuterated the percentage of deuterlum was found to be 74%
on the ba51s of the 1ntegrat10n of several n. .M. r..spectra
Proof of the stereospec1f1c1ty of thls reaction w1ll be
glven in the next sectlon deallng w1th the n.m.r. of the _
compounds . | | . |

(Z) 4-Ethyl1dene—l—pyrazollne 3,3- d2 (36) was prepared

from the addltlon of dlazomethane to l 2- butadlene l 1- d2 (39),‘

The n. m_r spectrum 1s shown in Flgure 2,

CH.N, + CH.CH=C =CD.

A B G G A )

- The deuterated methylallene 39 was obtalned through a%

Af»osequence of synthetlc steps, 1dentlcal to that descrlbed

for the synthesis of unlabelled methylallene (15)

trans 2 Buten-lwol 1 l d2 (40) (crotyl alcohol) was

. prepared by the llthlum alumlnum deuterlde reductlon of trans—'{'

L crotonyl chlorlde accordlng to the procedure descrlbed by

oA
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The alcohol was converted into the correspondlng -
- bromide 41 with phosphorus trlbromlde (19). Addltlon of

bromlne to 41 gave l 2 , 3~ trlbromobutane l 1- d2 (42)

h:“Dc13urobrom1natlon of - 42 w1th sodlum hydroxxde gave a mlxture
"of 1,2- dlbromo 2- butene 1,1- d, (43) and 2 3- dlbromo l— ‘

Tv-butene-l l—d2 (44) where 43 predomlnated. Treatment of thlS
n~m1>ture wlth zrnc powder in reflux1ng ethanol afforded

.L ? butadlene l l d {:._' t~' " 5::" "var f.~?f : ;faéii
_ The deuterlum content of (z) 4 ethylldene l-pyrazollne-;"'
'3 i—dz (36) could not be‘determlned accurately The n.m, r.

:”spectrum 1nd1cated that there was at least 98% deuterlum N

1ncorporatlon Slnce the llthlum alumlnum deuterlde used

"'5’1n the synthe51s had a 99% 1sot001c purlty and that nO

".EiJS and 36 v1a a cycloaddltlon reactlon was made pOSSlble bY

":fdeuterlum scrambllng was observed throughout the synthe51s,
’ we assumed that the deuterlum content was between 98 and 99%

» ff The spec1f1c synthe51s of the two 1somer1c pyrazollnes‘5

a Very 1ntLrest1ng synthetlc feature the reglospec1f1c1ty of
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'the-additioh of diazomethane to methylallene Diaiomethane
only adds to methylallene on the side Opp051te to the methyl

”group, as shown in Scheme J.

Scheme V.. o )

(B) Proof of Structures ‘szaji" o0

' Proof of structures 35 and 36\came from protohrlfi"

-‘*maqnetlc resonance and carbon-13 magnetlc resonance.

Proton magnetlc resonance data for 35 and 36 are glven

. /' T
/

fln Tables V and VI



. TableV

ProtOn}magnetic,fésonance data for '35

 Proton .. Chemical Shift’7.7 iTYpe.bf - Ccoupling
' -+ . (center) § ppm ~ Signal : . Constants

a7 . 491 '~ doublet x Jab= 2.8cps
o .. . . quartet- SR

b o~ 5.52  multiplet - Jbc= 6.85cps

fcf  o ,“ 1.63 - muitiplé#abViwgJaéF11}9Sc§$7 7

=
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Table VI

Proton Magnetic Resonance Data for 36

‘Proton Chemical Shift 'Type“of o Codpling
: " (center) § ppm -8ignal . = = Constants
a | - 4.95 quintet Jab = Jac’
b . | .5.55, quartet x = 2.25 cps
’ ' trlplet | ‘
c - 1.62 doublet x . Jbc= 6.85cps”

~triplet

) Comparzson of the . expanded 51gnals of the methylene protons‘
pof'bot pyr ollnes shows that ‘the most 1ntense llne in the X
Ché 51gna1 of 35, at GH 4, 91 ppm is absent in the spectrmnof

36 anirecumxrajly, the most 1ntense lxne 1n the CH2 31gnal

'f945 ppm is absent in the spectrum’ of 35
Estant Jab 1s Smaller 1n 36 than 1n 35, and}
the7é;, Qnstant Jac is smaller in 35 than in. 36. lhis_ ’j‘t
‘is.a;pfz ;ﬁstructures 35 and 36 51nce Cls coupllng

. Rt V;und a double bond are known to be smaller than -

trans cod 3ng constants

v

':ﬁ; spectra of these compounds (Flgures 3 and 4)

= fThe chemlcal shlftS of the dlfferent carbon atoms and the ,;f_;.

;?her ev1dence for structures 35 and 36 came fromljailfe.‘

frelatlve 1nten51t1es of the 51gnals are glven 1n Table VII,_t_fff"‘
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In Table VII, the first column represents the
chemlcal Shlfts of the dlfferent carbon atoms in ppm w1th _7
respect to- TMS “The second column represents the relatlve‘
1nten51t1es of the . peaks, C6 was taken as a reference for
,Jnten51t1es 1nce 1t ques a strong 51gna1 the 1ntensity of

N
whlch is not affected by. deuterlum substitution.

The ass1gnment was made by comparlng the 13C n.m.r.

13c-1abelled 4—methylene 1- pyrazollne (10) and

pspectra\of the
A4 ethylldene 1- pyra7ollne (28), and .by ‘using other chemlcal
Shlft data (20) ‘ f S ',7 ' .A ' /'A
Before the. data of Table VII can be 1nterpreted It

mhst he‘pointed out that deuterlum substltutlon on a carbon
atom.t | . | L

| ?t spllts the 51%na1 of that carbon atom 1nto o
.ZI+I llnes, with I % 1 for one deuterlumﬂand I = 2 for two
fdeuterlum atoms | | -

| L increases.thé relaxation‘time'Ti-of the céfbon"
-nucleus 36 tlmes, therefore strongly decre551ng the lnten51ty

of the SLgnal (20)
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In the caSe of\compound 35, the signal of‘C3 is
con51derably weakened ‘as compared to the signal of the same °
carbon in 28 On an_expan51on of the spectrum,,;t appears
- as'a_set of four,lines. The strongest line,at 79.08 ppm is
duevto“the,do.species, whereas,thetother’three, forming a .
triplet, the center of'Which’is.shifted-a littlehbitiupfieid'
"~ at 78”76fppm, belong to the‘dl speéies ~ The signaleor theg
.dj spec1es whlch would appear as a qulntet is not v151ble.j;
On the other hand, for the same compound 35, the signal of C5.
‘has undergone very llttle change with respect to the same ;
.s:gnal 1n 28 | | |

In the case. of compound 36, the sxgnal of CS cannot
be seen, due to a percentage of deuterlum substltutlon close;
: ;to 993, However, the s1gna1 of C3 has undergone very llttle:
change with respect to the same srgnal in 28 e

Thus, all these data agree w1th our a551gnment for

structures 35 and 36‘ﬁ :

(C) - Thermolysls and Analy51s of Products ‘ o
- Thermolyses of the pyrazollnes 35 and 36 were carrled
r.out in breakseals at a. pressure'of approx1mately one atmosphere,}
.'at 160°' for one hour.~ The temperature of the 011bath was t..

controlledqto;w;th;n t 0 02°



‘4 37a + 3

Under these condrtlons, it is known that the. 1nter—.‘,v~'
1hconver31on between 2-methylmethylenecyclopropane and | |
fethylldenecycloprOpane 1s negllglble (2 12) L Therefore,e
7’.from each pyrazollne, the ratlo of deuterated ethylldene-;'u

cyclopropane and deuterated 2-methylmethylenecyclopropanesf{.ﬂd

'was determlned by lntegratlon of the n m r. spectra of

"the reactlon products ?he n m. r.‘spectra of the hydrocarbon-f}_f_

'?reactlon products fron 35 and 36 are shown 1n Flgures 5 and 6..

c
I

o The 1ntegratlons from these spectra w1ll be used Ain a later}

d'_

'cvsectlon to. a581gn the proportlons of ethylldenecycloprOpanev¢hf5’

- and 2-methy1methylenecyclopropane.; In order to do thls,_we;~A’)}~:‘

'~must flrst know the correct 5551gnment of the protons 1n the

RS B
S
[
i
s\

DY
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. C a0 . " .
: 36
2—methylmé£hylenecyclOpﬁopane and the prdpqrtioﬁs‘of 3]a and

37b. -

:fTaBle~VIII_gives'thé aésignpmehtéifor.thefnam,r. 'l

: spectra- obtained frqm q]a‘And 3Zb3(sée Figures 7;éhd 8) whic

' had been separated‘frOm'ethylidenecyclopropéné’by pfeparative
o S S : N . .
gas chromatography.

@ m . (”H:)f(é)_“

e
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| Table VIII
| Nuclear*ﬁagnetic resonance data for 37a and 37b

! :

\g

Proton. . . Chemlcal Shlft | Type of Signal .  .Coupling
I -8 ppm e ~© Constants -

Jl.al T aes i o .; . guartet . dap=
. X4 . S e “:’_ o 2.3 cps.

a, 1.1 -1.55 . multiplet’ 'Jala2;= -
o o L “.4_cps""

B . 1.1 -1:55. - multiplet - i )
o - v T oo o - Jbe= 2.6 .
e a1 ..o doublet .- - Cps

te}l o 536 - .. doublet

I

' In order to make the correct as51gnment, the p031t10n;‘."

-1of the proton appearlng at very hlgh fleld (6 0 65) on the: ]
V_spectrum was checked" In a decoupllng experlment, the
) K

"_saturatlon of that proton left the methyl 51gnal unchanged '

¢whlch proved that the hlgh fleld proton was not Hb

'"”f,rproposed by Che51ck (2) HoweVer, saturatlon in; the s ='1 455]_34

t reglon caused the decoupllng of the methy1 signal : edrfefdii o

'ﬂf,flnal ch01ce between H and H for that hlgh fleld proton
2 ai | 2

'33:;;was made w1th the aid of the chenlcal shlft values reported

-

dfrby Ga]ewskl (3) for c1s —'(46a) and trans—z 3—d1methylmethy— 1?i*f:

'ﬂ;,\ IEnecyclopropane (46b)



4d6a

In the case. of 46a, the rlng protons appear as- aht
-multiplet at & = 1. 45 ppm, whereas for 46b,_they appear as
a multlplet at § = l 0 ppm.. In other words, the protons
.icls Lo the methyl groups are shlf%ed upfleld thh respect
to the protons trans to the methyl groups.~ Also by 1ook1ng ‘

“at the coupllng constants affectlng the signal of the hlgh t

| '-fleld protOn, 1t appears that the largest coupllng constant,

. thh a value b@ 4cps, 1s a gemlnal coupllng constant and
";that the second one, w1th a value of 2 3 cps ‘is of the ordernh
" of magnltude of a- trans- rather than a cls-'coupllng

"hﬁconstant in cyclopropanes (21) };ﬁsftfff"‘_[*fp"'

Therefore, the protOn at 6 = 0 55 ppm can only be T.f“*t

'7fHa whereas H and Hb glve 51gnals whlch stretch between'
v 1 .

."',~

el

_”'51gnal
The nuclear magnetlc resonance data fOr the (E)- 7

and (z)-— ethylldenecflopropanes 2 2 -d (45a) and (45b)

‘{8 J 1 and 6 1. 55 ppm and partly overlap w1th the methyl dslifx

'-f_are glven 1n Tables IXa and be and thelr spectra are shown jnVa"

'vv'n‘f’ln flgures 9 and lO
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Table IXa

Nuclear magnetic resonance data for 45a ' ’

s}

(b)

Chemical Shiff""-Type of Coupling
S ppm - - Signal - Constants

a 102 multiplet

b . » 5,77 multiplet - . S

c . . 1.78 - .doublet

Table IXb

_ o L .
Nuclear magnetic resonance data for 45b -

o S

(b)

S . Chemical Shift . = 'Type of ' .,° Coupling

SR = | o B T
b 'f‘-'l(l___f‘5577“j  © -qudrtet-x

e

t;gw;cf "'if{’  :,_v] f1:79ﬂr_i~ - doublgﬁ'x;ﬂta :.‘5 *; o
s triplét . Rabo6.dcps

R ‘.\.

a-. ... '1.00- . multiplet ' Jab=l.9cps - °

' ﬁtfipl??‘.-3-JaCél;Scés;k;j*
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| Only one coupling constant could be determined from
the spsctrum of 4§a'and this made_it difflcult to prove
structures.45a and 45b by n;m.r.'exclusively On the
expanded spectra, the signals for the methyl and the rlng
methyfene protons are dlfferent for 45a and 45b. For exanple,
in the 51gnal of the ring methylene protons, the dlstanceb‘“

.between the two llnes next to the central line is 317 cps in

the case of 45a and 2.1 cps 1n the case of 45b It is also
tnterestlng to compare these data w1th those reported by .-

'Ga]ewskl (3) for- antl— and 'v n- —methylethylldenecyclOpropane

In -the case of the anti- compOund Gajewskl descrlbes the

s1gna1 of the methyl group on the double bond as a doublet

r

’w1th fine structure which is what is also Obs}

nm'ed in 4§a.

- In the case of the syn- compound he descrf‘ ﬁf-he'same'
151gna1 as a doublet of quartets w1th coupllng constants of
ilG 5 cps and 2 cps: respectlvely whlch are very srmllar to ch
and Jac observed in 45b. Thus, all these data support our .
| a551gnment of structures 45a and 45b Nevertheless we cannot
~ exclude the p0551b111ty of up to 20% of 45a in 45b and vrce-Fv”

tversa.' - AR BT : ' N

| The prOportlons of 37a and 37b from the thermolysrs‘
of 35 and 36 were determlned from the 1ntegratron of the
proton magnetlc resonance spectra (Floures J and 8) and are S

glven in Table Xa. In the case of the pyrazollne 35, the o

calculatlons were carrled out on the ba51s of 74% deuterlum

‘06 .
b._ N

"'1ncorporatlon, -as: determ1ned°by n. m. r.;f
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‘/ ' - Table Xa

i

Proportions of Q]a'and 37b from the thermolysis of.

i5 andbdﬁ as determined by 1H.m.r.

Starting Material . S | . Relative Yields §&
| ” 37a. -~ 37
35 o masl T g6
36 22%7] T o781

The proportlons of 37a and 37b from '35 and 36 wereA
_determlned u51ng the signal of the v1nyl protons and the
.91gnal of the proton at hlghest fleld on the spectrum, whlch
was Ldentlfled as the proton cis to the methyl group on the
cycloprOpane rlng In the case of the products from the '
‘incompletely: deuterated pryazollne 35, we found 1t convenlent

.

 for the calculatlons, to con51der a spec1es 37a w1th 1. 48

deuterlum and 0. 52 protlum in the r1ng methylene and a spec1es ~

37b Yy/h the same: proportlons of deuterlum and protlum 1n the
o n

_exo-methylene group. | If n 1s the mole fractlon of 37a
i“'present, and R represents the 1ntegrat10n ratlo of hlghest

fleld versus v1nyl protons, we' can wrlte the follow1ng equatlon

Actually in thlS case, flve.compounds are’ present.

the d spec1es, 37a—dl and d and’ 37b dl and d2’ ‘but the‘

'problem is 51mp11f1ed by con31der1ng only two specles.
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_ 0.26 (1-n) +n -_ 0.26 + 0.74n
2(I-n) + 0.52n -~ ~ 2 - 1.48n

2R - 0.26 .
1.48 R +0.74 -

;From'the spectrum, we find that R-= 0.28
“Thus  n; = 6.26 : | - |
R;is'thé ratio df_qu quantities measuréd on the -
n,m;r.*spgctrum.:‘By éaking t"O;S‘ﬁﬁlas thé erforkoh-' 
}tﬁé'measureﬁents, Qe'obtain_for the-erfbf)éSSR}'éhéIValue‘
.AR # 0.01. | | | - |
R = 0.28 ¢ 0.01

ana&n ?;biéﬁ ;.0.01  -
In.the.cégé_qf thé prdd?ct§3ffoﬁ'%§é Ehe f6ll§wing.equatioﬂ':: j
. may bé-aetivéa:-; :' L R S

R
R.% 3@y o 'B=,

_This time, R' = 1.79 and. n = 0.78
‘“ »Tﬁé same érrof calculation gives AR = 0.07 -
: S B R T AR L
" “Thus R ‘=7'1}79f:.0;07:_'f

and n = 0.78 £ 0.01
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The knowledge of&the_p:oportibns of-}]a}and Q]b'from'
tLe thermolysis of 35 and 36 now'aiiows us‘to_detefmine'thaumble
'Pnii#tdistributibh from these thermolyses by inﬁegratioh of |
:thv'ﬁ;m.r{ séectra of the reaction prbduets.(see Figures.S.

and" 6). 'The'reSults are givenein Table_Xb.

' Table Xb

Prodﬁct:distributien ffom7the.thérmolysi§>of 35 and 36

Starting Material" , o ' I Relati&e‘Yields;%

454 37a+37b
30 11s1 - 89x1l
o gsp

3.0 .. 10+1 0 90#1

In order to. determlne the ratlo of (E)— ethylldene—'
rvﬁlopropane 2 2~ d2 (45a) versus the mlxture of 37a and 37b
»-from pyrazollne 35, the follow1ng calculatlon was carrled

_Qut:ﬂ
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For 45a, the ring metnylene protons were chosen and

~

for 37a ‘and 37b, the hlgh fleld proton, cis to the methyl

group was chosen
If R represents the ratlo of the 1ntenslt1es of these

protons; we can wr1te the follow1ng equatlons
'R- - 2.52. X o ~ ="2,Sérx |
‘ 0. 26x0.74 (l-x) + 0. 26 (l-x) - 0.45 (1-x)

T ':_'. 0.45 R

O X T §us R+ 752

'The‘nqmlr;_séectrum3gives R 7‘0'7Q‘

Thus  x “;f_oyll

R is the ratlo of . two quantltles measured on the

ném spectrum By taklng 1 mm as the error on the ' -

measurements we' obtaln for the error on R,the value AR 0’1'4 o
‘ R ];'-0.7'5' 01 o L

. and'x = -Oall‘i 0.01

- In’ the case of the products from pyrazollne 36, the ratlo
'of (Z) —ethyl1denecyclopr0pane—2,zz-ud2 (45b) versus the mlxture o

'of 37a and 37b was determlned in a 51m11ar manner.

A Cx L 0.220x) - 0.78(1ex)




’ffspectra are shown in Flgures 11 and 12.5

._49.
ThlS tlme, for 45b, the methyl protons were chosen.}
and for 37a + 37b{ the hlgh fleld proton, ClS ‘to the methyl
group was chosen. N |
If R represents the ratlo of the 1ntensot1es of these -

protons. we have

3x . 0.18R

:0.78'(1-x.)_'j°r X % 058 Rz
QThe-h.m r. spectrum gives: R fé 0}44-' |
- Thus % 0. 10 ': o B B

g ==L

| The sameherror calculatlon as for‘the producé@ of
35 glves MR= 0. 06 _" o |
- Thus‘t; = 0.44 6 Oﬁyip" |
and x ;‘~o;;¢f; o,OLf"pp_" fi;.h«.é'
:yAlthouoh a. gas chromatographlc anaiysrs would have glven
':more accurate.results, the ratlo of ethylldenecyclopropane
gand 2—methylmethylenecyclopropane as determlned by n m r. 1s
__1n eXcellent agreement w1th that reported by Schrljver (12)
. In order to get more rellable quantltatlve resurts for
the ratlo 37a‘: 37b from each pyrazollne, the samples of the
wtmlxtures of 37a and 37b were subjected to a deuterlum nuclear s

e'magnetlc resonance ( H n m.r. ) analy51s at 13 815 MhZ- fTh?Qt']h'p 2

- R S L Uy
4 il

The advantages of thlS technlque are that the spectrum -}L;'

L only shows three very dlstlnCt 51gnais. one for the exo-””::f;fi”"”‘”

’}a'methylene deuterlum and one for each of the rlng methylene f]_'
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'deuterium atoms,tand that“no Cbrrection“isvrequired for the"7
'percentage of deuterlum 1ncorporat10n 51hce it is a dlrect
determlnatlon unllke ‘the 1nd1rect proton reson?nce method |

iFrom the technlcal pOlnt of view, when the Fourler transform

. n.m, r. experlment was carrlediout, pulses of relatlvely small

‘7_fllp angles were. applled : ThlS ‘was done 1n order to let the

ldeuterlum nucle1 relax completely between two pulses: Pulses .
w1th fllp angles of about 45° and then about lO° were

"fapplled and 1t was founn ﬁh t the angle d1d not ag%ect the

R 1nten51ty of the 51gnals and that reproduceable values for the

) 1nten51t1es 'were obtalned w1th1n l%. Computer programmed
~1ntegratlon gave the exact values of the ratlo 37a 37b from .

‘ "35 and 36. The results are glven 1n Table XI

o *Table ;X‘l

Proportlons of 37a and 37b from the thermoly51s ,
I / J
' of 35 and 36, ‘as determlned by

'=.zﬂ'n.msr;~~ﬁn““"f,f‘f-.ij‘ o

*-:gfarfihg;matérialﬁf~ff§7ffﬂfﬁlhf5”~h ; Relatlve Ylelds %
T R S S 37a J*[f 37b

.;3@5;;;;53;155;~3¢_5;{;;:;;,1_igi'lhiﬁ;;élifixyf;rax+




rﬁlt'and 2-methyl l—(dldeuterlomethylene)cycloprOpane (37b)

”1‘conver10n of 47a and 47b (AP

53

(D) Control Experlments

Gllbert (22) observed that 2, 2—d1phenyl “1- (dldeuten%o—~ o
.methylene)cyclopropane (47a) 1somerlzes at 80° to- g1ve

2,2~ dlphenylmethylenecyc10propane~3 3-d2 (47b) Therefore,
we found 1t necessary to- examlne the poss1b111ty of 1nter-'

convers1on between 2-methylmethylenecyclopropane -3, 3§5 (37a) Co

.{2~'

. \.' S

’Hsample of the reactlon mlxture from the thermoly51s of 36

in chloroformr was carefully degassed and heated at 160 2°

‘:5An/n m.r. spectrum was taken before the test, after one hou‘y'
':and after four hours The results are glven 1n Table XII.

| | The ratlo 37b 37a remalns constant w1t in experlmental_f:nu
error i This result could have been expected éz;ce the phenyI\ s

substltutlon makes the actlvatlon parameters for the 1nter- |
’ .

. o ."\
%.— 22 l kcal/mol) qu1te dlfferent

“--_from those ca]culated from Che51ck's data (2) on the . gf'h

Table XII
Influence of tlme on the product dlstrlbutlon cfhtheffhgv
’“1 thermoly81s of 36, at 160 2° ‘t”'"'L’ '

A

Time e ‘_ ‘7a' 37p. 374 + §7b , 4 5b S
o e ; 4 L ‘ R T v - " . Lo o~ (RS ~. " - .:‘ SRR i
\

9'.




. f]AH=_}- 38 3 kcal/mole for the process 37a<——-37b The/

. \
\ Y
}equ:llbratlon of 2—methylm@thylenecycloﬁropane and K

AV
ethylldenecycloprOpane (AH o 39 8 kcal/mole)

v

An upper estlmate for the degenerate rearrangementﬁ :

_?la,~—-37b can be- obtained from the work of Ga]ewskl (3),
. 2 :
from the conver51on of trans—2 3- dlmethylmethylenecyclopropape

af

‘ (46b) to - 2-methylethylldenecyc1opropane (46c)

 46c

Thelﬁctivati¢ngpar§métersrfor-this~pr0ceeslare‘eStimated*by
Gajewski to be at 152° AH E o363 kcal/mole and ot4-26

'fthe preexponentlal term. Slnce the addltlon of a methyl

f}r‘i

'group generally lowers the actlvatlon energy of the carbon- ;d

"Ticarbon bond flSSlOn by apprOX1mately 2kcal/mole, we can use
, 3 ,

""calculated rate constant for thls process at 152° 1s then‘f '

'&fLafter one hour 1s 1. 3%.~,f5-’“ '

3 69 x 10 6:5'1 and the calculated amount of cther51on'f'ﬂf"

‘.

On thlS ba51s, we can conclude that the observed

<

'product proportlons for 37a and 37b has not 51gn1f1cantly been;@f_ﬂlﬁ:

;; affected by thelr 1nterconver51on. ;;,;,.q._
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o

DISCUSSION - o *

It has not been- possible, becausebof tautomerism;

g

" 36. ThlS 1s unfortunate

~

~§to~run kinetic studies on 35'an

.i for such studies would 1nd1cate hether the methylene groups.
f*Q ’are kept dlfferent because the bo ds are not breaklng in a
»f'vp truly concerted fashlon (1 e.’whe eln the bond order for

!' 1 bonds o and B are reduced to the Y e fractlonal order ln
.fiaﬁi the rate determlnlng trans;tlon state),or whether there is

v i 0

'f,f con31derable asymmetry in the bond breaklng process (1 e. o

ﬁ‘ . . " . . .
o of lower order than B). . T

AL e R

g S S r - {
Cl R
I - ’ ) .
»',,‘I.-.‘ ‘ . i . ‘ . ) B o : » e i B . .
R — —— . products = -
S R e ;
WA e
e W K

¢ T B :

L // . L

2‘Q-5The results clearly 1nd1cate that the s n- and antl- methylena@
. _,

7
~d*cannot become equlvalent. The dlscusslon that/follows 15'.

“ifmechanlstlc speculatlon that relies upon the transfer of

f:generally accepted pr1nc1ples SUCh as the "1east1not10n

- t

=7pr1nc1p1e and the laws of molecular dynamlcs._ In testlng

..:.constralnts from analogous 4~alky11dene l-pyrazolxnes, and 1_-'

“f;these mechanlstlc hypotheses,We shall use the results of the s



y : | sé,
_prev1ous sectlon to reduce the number of probable schemes, |
- but merely note the unusual preference, prev1ously cited. (12).
v'that the klnetlcally controlled products are 90% methylmethylene-
cyclopropane ano 10% of the thermodynamlcally more stablei
Tethylldenecyclopropane.
If we assume that bonds oand B are not breaklng to
.eXactly the same extent at the rate determlnlng tran31t10n
'_:state, then it is reasonable to assume ‘that a 1s of lower bond
'iorder than 8 51nce 3,3,5,5= tetramethyl 4-1sopropy11dene l~ ‘
'pyrazollne (23) undergoes thermoly51s at 1/32 the rate of
- 3,3,s5, 5 tetramethyl 4—methylene—l pyrazollne (19) ‘d’
Thls belng the case, we would expect that allyllc
'resonance would be most effectlve in brlnglng about suoh a
.cleavage and, as a result, the CD2 of 35 w1ll have rotated

. flnto the'plane to glve the spe01es 48

3"\‘/H
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The major product observed for thlS reactlon is 37a.
This redquires the rotation of the two allyllc termlnl, thebh
completlon of the B8 C- N bond rupture and the formatlon of :
the exo-methylene double bond. ‘This c¢ould be achleved by
the electrocycllc rlng closure of the allylic radlcal to the
cyclopropyl rad1cal Such a step would be expected to be .
endothermlc by approx1mateiy 40 kcal/mole ' thus 1t-seems
.-hlghly improbable that the dlazenyl—cyclopropyl d1rad1cal
‘.'would be on the reactlon path
It is p0551ble that the breaklng of the B -C-N bond* B
rs‘concerted\w1th the rlng closure and thus, the pr1nc1ple
lproduct 37a is' formed dlrectly from 48
g If we assume that the mlnor product 37b arlses from- :
}those occa51ons when the slower bond B is broken, then the *

‘!'ratlo of products 37a/37b 1é the ratio k /k ~ The free energy

h'7lloss of allYllc resonance energy is 13 kcal/m°1¢“-i‘”

dlfference (s. AG ) for the. formatlon of these products is |

_ oo v SRR
" given by the expre551on o ;o L

BT In (ky/kg) = 8 G

CIf such a. mechanlsm is valld then we wouldsexpect
B deuterrum substltutlon to 1ncrease the free energy bf actlvatlon- 3

: at the b&nd belng broken by approx1mately 80'cal(mole per R

==

"deuterlum (23) ThlS free energy change (A Gd ) for 35 and 36
. R . 2 .

_0'

L‘1s glven by Equatlons l and 2.;_

The cyclopropane r1ng straln is 27, kcal/mole and the h '



i : 3 . . s \
‘ RT 1n J(km/}cﬁ){&~ § AG A GdZ} . 1
\ RT 1n (k /k,) = ¢ p gt a gt 2

. e B 3§ .dz : ‘

. This could be the_ source.of the dlfferent product
proportlons arising from 35 and 36 (see Tables Xa and XI)

The vAlue for A G: may be estlmated by subtractlng Equatlon
2

z flom Equatlon 1 to glve

jad

REAn e Kg)gg (Kglky g = 206

051nq the medn . value for*the product proportlons in

Tables Xa and XI, we' flnd that

1987 x 433 1n (1) (&) = -2 Gdz
P | T |
Thus A Gz'f = -¥24\cal/mole‘

2

"By taklng 12% as the error on the mean value for the product

" proport1ons, the error on -A Gi is ¢ 100 cal/mole.
_ S 2 .
. - . % ‘ - . . o )
4o 863 = 124 £:100 cal/mole

x

Because of the magnltude of thls error, the result (62 50

cal/mole per deuterlum) may be con51dered to be fortultously

close and 1n the correct dlrectlon

b
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A second mechanlstlc alternatlve is that whereln one .

A of the methylene groups is planar and one is othogonal as in

\

4~9a and 4~9b.

gao I

on the'basis of'geﬁeraliy observedesteric factbré, We,wouldb

expect'{?a;ﬁo be more stable'than-qpb,.and thus,fffom '

: deuterium labedliﬁg; we_WQﬁld exéect‘thegratio of-qya': 37b
frqﬁ‘35 and 36 to bedthe'inverse ef tﬁat'obtaihed h

| ’ Recently, H. Tokunaga (24) has prepare? the 4-'

alkylldene-l- pyrazollne 50 and has observed that

4.8% 9528

PP
+
. . /r’ . - o "
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95. 2% of the methylenecyclopropane produced has the tert butyl

group on the ring. This observatlon is con51stent w1th the

mechanlstlt proposal that sterlc factors in the rupture of

e

the .C-N bonds a and B are 1mportant in detgrmlnlng the product

prOportlons
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E.XPERIMENTAL
o Allrboillng points are'uncorrected.

Gas chromatographlc separatlon of the products was
carrled out on an Aerograph Autopreo Model A 700 gc connected.
“to a Leeds and Northrup Model Speedomax H chart recorder. -Af
10 ft. column W1th 0.25 1nch inner dlameter, wall coated w1th

2

'?0% SF 96 on chromosorb W was used.
Nuclear magnetlc resonance spectra were obtalned u51n§
a Varian A—60 spectrometer and a Varlan Model HA 100 spectro—';
metez. Carbon 13 and deuterlum nuclear magnetlc resonance

“analyses ‘were: carrled out on a. Brucker HFX 90 spectrometer

1sted by a 20K Nlcolet 1085 computer.-.‘.

_Oil Bath.' The temperature of the 011 bath in which'the
_?product studies were carrled out, was controlled by a Melabs
1:proportlonal temperature controller Model CnglA, and was;

measured by a Hewlett Packard Model 2801A quartz thermometer

'L’The _probe . (Serlal No. H/P 28500 1239 02) .was callbratéd by

- the Nat10nal Bureau of Standards At 160°, the value of 0 015'5"f

.was added to the readlngs as this was the llnearlty correctlon.
.dt Lhat temperature Durlng the flrst run, the temperature
d,could be held constant Wlthln : 0. 02° and durlng the second '

””run, the temperature varled w1th1n :vQ.032;j ,
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\

Thermolyses For every run six- breakseals of ca 80 ml volume -

were fllled with 150 ul of neat pyrazollne by vapor transfer
The pressure 1n51de the breakseals at the‘temperature of the‘
runs was calculated to be between 1 and l;Svatmosphereﬂ

After.heating; the breakseals were quickly quenchednin_ice-
< ‘ E : 4

water, o ) ! )
dThe'contents‘Of one b;eakseal were vapor transferred
into a‘receiyer{%CDCl3 was added and an n.m.r,‘spectrum was’

. taken. - The contents ofbthe other five breakseals were‘tranSF}
,.ferred‘lnto ‘another recelver,‘chloroform was added to 1ncrease :
h'the ease of handllng,.and the products were separated by

preparatlve ‘'gc.

;Product Separatlon ' Gas chromatoqraphlc separatlons of the
. D . F

) products were performed by’ 1nject1ng up to 250 ul of sample

The column was kept at 35°C, the 1nject10n port at 125° C,

-1the detector at/d60°C and the collector at room temperature SR

The retentlon tlmes were. 10 min. for the mlxture of
'deute?ated 2= methylmethylenecyclopropanes and 16 mln. for

'the deuterated ethylldenecyclopropane.

iPreparations“

sZCrotyl Bromlde - was prepared accordlng to the method of

" Claisen . (16) Crotyl alchohol (soo 9. 6. 34 moles) and

‘3hydrobrom1c ac1d (2 3 L, 48%) were mlxed and stlrred one

: _day at room temperature.. Then 22 of cold water was' added,

4gthe reaction mlxture was stlrred for 30 mln and transferred R

Y I .
. e



| -‘at about 5° ~ After the addltlon was’ OVer,-the solutlon,
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to a separatory’funnelr The lower layer was separated and
drled over . anhydrous sodlum sulfate. After two dlstlllatlons,a '

'the yleld was 705 g (75%) bp 98 104° (1it. value 103 106°
(16)): =

L

1,2, 3 Trlbromobutane The procedure was essentlally that of

: Johnson and McEwan (25). Crotyl bromlde (505 g, 3 74 moles)
- and dry carbon tetrachlorlde (750 ml) were placed ina 2 &

: three—necked flask equlpoed w1th a stlrrlng bar, a dropplng
funnel and a thermodeter The flask was chllled 1n an - 1ce~.n
salt mlxture, and when the temperature reached -5°;\brom1ne
s2(200 ce, 3. 92 moles,-drled w1th-concd sulfurlc acid) was’ _'?;N
‘;added drOpW1se at such a- rate that the temperature remalned

~orange—red 1n color, was allowed to warm up to room temperaturep

'] w1fh contlnuous stlrrlng overnlght The excess(bromlne and

'l,;the carbon tetrachlorlde were dlstllled at atmospherlc pressure nftf

'ﬁln a. 1 ) tlask in Wthh the soJutaon was dropped from a

| ifunnel so that the flask was never more than two thlrds full

- The trlbromobutane was tw1ce dlStllled at 14 Jom . The yleld B

‘».'was 1015 g (92%) bp 103- 105°/l4 15 torr (11t. value 100 lOl°/

’-Jf14 torr(lS)) SR ’ﬂ.h_ 'f”“:'f'f l{jgﬂg_ftg.qu' dfdf!r-y_tf";

:\\\ R
.

fl z—leromo 2 butene l 2 3 Trlbromobutane Was dehydro-;15,:.,_:

l.bromlnated accordlng to the procedure of Hurd and Melnert

' '1-2(15)»f In a l z flask arranged for dlstlllatlon was placed

/

”f 480 g (1 63 mole) of l 2 3 trlbromobutane,-23 ml of water and

.»“4
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.115 g/é;/sodlum hydrox1de. The flask was heated w1th an
oil b%thtand the contents were efflclently 51trred w1th a b‘l
mechanlcal stlrrer.‘ Around 120°C the reactlon mlxture o
'.became an emu151on and . the product started to dlstlll over.
The 01l bath temperature was ralsed up “to Q30°Aso that most
of the product could dlStlll at atmospherlc pressure The
-pressure was then lowered to 40 mm 1n order to transfer any
'remalnlng product. ‘lhe bromlde 1n the recelvlng flask was
washed with’ water and the bromlde layer separated., After
~ two dlstlllatltns, the yleld was’ 302 g (86%) bp 83- 85°/
~_3 85 torr (llt value 85 90°/50 torr) The n. m r. spectrum C e
5 TMS (CDcl ) showed sxgnals for 80% 1, 2—d1bromo—2 butene ‘h _
8 23 ‘(quartef) 1H), 4.28 (51nglet, 2H), 1. ss 1. 95 (multlplet,j;:'
3H) and*ZO%\E\Q;dlbromo—l butene-’G 0 (doublet lH), 5 57
‘f.(doublet, lH), 4 78 (quartet,vld) and l 65 1 95 (multlplet,_h}' B
3H) ",'1 & : : A :

‘/

'Methylallene The procedure was that of Hurd and Melnert e

((15) . Absolute ethanol (620 ml) and zxnc dust (344 g, 5 zsf];'

7"at q) were placed 1n a42 2 three-necked flask fltted w1th aff~'

| *mechanlcal stlrrer, -a dropplng funnel, a nltrogen 1nlet and'

'f;‘a condenserq The condenser was connected to a distllllng

'Qvflask wh1ch served as a trap Thls flask was 1n turn connected f;

'wl_fto a recelver and both flasks were kept at dry 1ce temperature. ,7£ffi

A

"7ﬂ}The ethanol was heated under reflux and l 2—dibromo—2-butene

'E(269 g, l 26 mole), under nltrogen atmosphere, was added

N\,

‘lfdropw1se The methylallene was trapped along w1th a small
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‘amohnt of.alcohol After all the dlbromlde had been added,-
'the alcohol 1n the flask was b01led for several minutes. Then
the dlstllllng flask was allowed to warm up ' to room temperature
and heated to 35° 1n order to dlstlll all of the methylallene
The yleld was 48 5 g (72%) ' The n. m. r. spectrum 6 TMS (CDCl )
'?,06~(quartet, lH), 4. 63 (multlplety 2H) and l 64 (qulntet,?‘

3m).

I I 0 : : :
'Diazomethané-dz 138)" The procedure was essentlally that of
,Hecht ‘and Kozarlch (17) _ Flrst pota551um t—butox1de was made

;by addlng 60 g of freshly cut pot5551um to 750 ml of dry '

N butyl alcohol The t~butyl alcohol was dlstllled off and

" the pota551um t~butox1de was drled under vacuum.A It was then S

‘t'hydrolysed w1th 125 ml of-D20 to produce t-butyl alcohol-d

'_* and pota551um deuterox1de.. The t butyl alcohol was dlstllled j'v

'f,off and 50 ml of DZO was. added to the dry potass1um deuterox1de

'rtto make a 50% solutlon - Dry 1, 2 dlmethoxyethane _(260 ml) was

"added and the mlxture was cooled at —15° N-nltrosomethylurea

"TI(GI 8 g, 0 6 mole) was then added slowly, the temperature

'f;:belng kept under -10° ' After the addltlon was over, the fu

;ffmlxture was allowed to warm up to 0° and was stlrred at that

"”'temperature for 2 hours.( The reactlon flask was then lmmersed

“'1;1n a dry-lce-acetone bath to freeze the water la*ﬁt and the ‘n‘f;hf;”

'7solutlon of dlazomethane d2 1n l 2-d1methoxyethane was

'ftfdecanted and drled over KOH pellets.3 The yleld (as determlned
rzﬁas tltratlon Wlth ben201c ac1d) was 0 26 mole (43%) '

HE VR

. ":Q-
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‘(E)‘-4-EthYlidene-lprraZQline-3,3~d (35). The solution Of'

—2

‘ 'diaaomethane-dz in 1, 2- dlmethoxyethane (180 ml, 0. 25 mole)

| was lelded 1nto two pressure bottles at dry 1ce temperature,
Methylallene (ca 35 g) was added to each The bottl were ,..
allowed to warm up slowly to room temperature and we:f§T:??*? T“
undlsturbed for ll days until complete decolorlzatlon.' The,ld
contents of the bottles were thentpoured 1nto a dlStllllng
flask and ether and . excess methylallene were dlstllled off at
atmospherlc pressure -1, 2-D1methoxyethane was evaporated
from the resultlng solutlon u31ng a rotary evaporator B 1"1nally,.i
the 01ly ?2s1due.was dlStllled at reduced pressure bp 51 52°/ -

10 torr. “eld 5. 1 g (21%) The n. m r. spectrum is shown L
1n Pigure l | o | ‘ S |

4 (40)- The procedure of Schuetz and

Mlllard (18) for the preparatlon of 2-propéh l-ol l l—d was

trans 2-Buten—l ol l l -d.

"‘adapted A slurry of llthlum alumlnum deuterlde (14 891 g,

0 354 mole) 1n 600 ml of dry ether was prepared under a.

', nltrogen atmosphere and then chllled 1n an 1ce salt bath

A solutlon of crotonyl chlorlde (64 g. 0 612 mole) 1n 200 mltgi”'
of ether was added to the stlrred,deuterlde slurry at such a -

rate that the reactlon temperature could be kept between ~15:5

and 10°i After the ac1d chlorlde addltlon, the mlxture wasQljﬁj'}j}

fh"stlrred at room temperature for l day and chllled agaln 1n an v

«‘”;{ rce—s&lt bath The reductlon comolex was;then hydrolyzed by

addlng zo ml of water, 20 ml of 15% sodlum hydrox1de, _agd}a»;‘,»;;,
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20 ml of water, dropw1se and in that order The prec1p1tate

' that formed was removed by flltratlon and washed well w1th
: dry ether -The resultlng ether solutlon was' drled with sodlum

;sulfate and concentrated by dlstlllatlon through a Vlgreux

column. The concentrated solutlon was drled agaln over 4 A

Vmolecular 51eve and the rest of the ether was evaporated

._under reduced pressure., The product was then transferred

under 0. 5 torr 1nto recelvers cooled 1n dry—lce acetone " The

w'yleld was 32 l g (71%) . | The n.m. r spectrum é TMS (CDCl )

‘,5 64 (multlplet, 2H), 2 93 (31nglet, lH), and l 69 (doublet,

_33);,

:_trans 1- “Bromo-2- butene ~1,1- d2 (). ,Theubromide was prepared o
t_ from the correspondlng alcohol by the method of Kjaer et al

'(19) . A mlxture of 34 6 g (0 468 mole) of trans 2-buten—1—

ol 1, ld2 and 4.9 of pyr;dlne was cautlously added dropw1se

"Lo 43 l g (0 16 mole) of phosphorus trlbromlde under nltrogen.pf'
QThe reactlon flask was kept at room temperature w1th a water el
("gbath After the addltloh was completed, the mlxture was heated:_hh;f:
':fat 70° for 15 mlnutes Dlstlllatlon under reduced pressure -

‘.m~gaVe 53 9 g (85%) of the bromlde, bp 40 44%/84 torr. Actually,

Unfdescrlbed by Young and W1nste1n (26) was obtalned.j The n m r.;fp':

fjfspectrum 6 TMS (CDCl ) 5. 76 (multlplet, 2H) and l 78 (multlplet,f;f;;p
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1,2,3+Tribromobuténe-1 /1-d, (42). Brominé (21.3 ml, o 415

mole was added dropW1se to a solutlon of trans- l bromo 2-
butene%.l-d2(53 9 g, 0. 393 mj 1n ‘carbon’ tetrachloride (85 ml)
.The temperature in the flask’ was kept between ~5 and -lO°
After the addltlon of bromlne was complete, the reaction
mlxture was stlrred at room temperature for one hour. The
excess bromlne and carbon tetrachlorlde were dlstllled from
the reactlon flasx at atmospherlc pressure . The trlbromlde ,h}
was then vacumm dlstllled " vield 98. 4 g (85%), bp. 102~ 104°/

- 14 torr.- The n.m.r. spectrum 8 TMS (CDCl ) 4 39 (multlplet,'

2H) and 1.83 (doublet, 3H). 5

Y

rl“2Jbibrbho~2—buteﬁe41-1-d2 (43) In a: 250 ml three necked

flask fltted for dlstlllatlon was placed l 2 3 trlbromobutane l,'-

1- -d, (98 4 g, 0. 331 mole), sodlum hydrox1de (23 3 g, 0. 58 mole)

o ,and water(4 7 ml) The reagents were'sjlrred w1th a.
N -

mechanlcal stlrrer and the flask was heated w1th an 011 bath

t:At l40°' the mlxture became an emu151on and the product started :'“1

51,to dlstlll The temperature of the orl bath was ralsed to -

| l70° so° that the bulk of the product could dlstlll at

'””vatmospherlc pressure.- Vacuum was then gradually applled 1n

-73,';’order to transfer the remalnder of the product. The bromlde

”f;mwas separated from the water layer and drled over magne51um

**3fsu1fate., It was not. further ;mmlfled Yleld 50 g (70%) ‘ e;g;’]

v~fn m'r spectrum 6 TMS (CDC1 ) showed 51gnals for 83% l 2- .

ffdlbromo -2- butene 1, 1—d2 621 (quartet, 1n),A1 78 (multlplet, j9ff5**

lﬂiiBH) and 17% 2 3 dlbromo-l butene-l l--d2 4 76 (quartet, 1H)

’ N
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- and 1.78'{mu1tip1et, 3H).
B l 2- Butadlene 1 1-4, (39). The"apparatus used was the same

as that described for .the synthe51s of methylallene It was
: evacuated three t:;es and placed under a nltrogen atmosphere.
Absolute ethanol (110 ml) and zlnc dust (60 5gqg, O 93 at. g )
were placed in the 500 ml reactlon,flask The reactlon flask
was heated with an 011 bath and after the ethanol had started

to reflux 1 2 dibromo-2- butene l 1- d2 (50 g, O 231 mole) was

... added dropW1se ’ After the addltlon of bromlde was complét d,"

.the mlxture was stlrred and refluxed: for another half hour. 5;,
' The trapped crude product was dlstllled in order to separate
;the butadlene from ethanol Yleld lO 8 g (83%) The n.m r.
“:spectrum 5. TMS (c001 ) 5 07 (quartet, lH) and 1. 65 (doubletf

.(z) 4 Ethylldene l—pyrazollne-3 3 d (36) Diazomethaneewas )

’aprepared from bls-(N—methyl—N-nltrosoXterephthalan1de (54 g,pd
| 70 15 molet 70% in mlneral 011) accordlng to the procedure of:
'Moore and Reed (27) 5‘The resultlng solutlon of dlazomethane,l
'1n ether (ca 100 ml) was plaCed in a pressureﬁﬂ?tdﬁe at dryea;_ub
1ce témperature._ l 2- Butadlene l l d (lO 8 g,-o 193 mole)
(yas added The bottle was allowed to warm up to room ppp

N

".temperatureéfpnd was left undlsturbed untll complete 1oss of

1 ;;the yellow color whlch took 10 days. The excess butadlene and T

: ether were dlstllled at atmospherlc pressure through a Vlgreux

‘n17,fpcolumn. The res1due was then dlStllled at reduced pressure.:ff”r"




70
bp. 50-51°/10 torr. Yield 5.3 g (36%). The n.m.r. speétrum

is shown in Figure 2.
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