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.}.,zollne (r), I 6 6--d2 and I 3 3 5 5 d4, have beep 4d .,fapgﬁ

Jlf~poratlon in the approprlate pos1tlons.{

[ - ABSTRACT , |
! . . , . | ) . T o . ~!‘. ’«.\‘\\: ' .‘?.:"4
The gas phase thermoly51s of seven dlfferent

4= alkylldene 1-pyrazdllnes was found to proceed at a.' - 'e‘ffz,

Ihconvenlent rate between 160 and 185° with 70 92% conver—;"'“f

-

.j,Slon lnto alkylldenecyclopropanes.; The reactlon was f/j \
always accompanled by tautomerlsérof the pyrazollnes..fﬁ_‘ ';};if
Reproduc1ble flrst-qfder klnetlcs were observed after

: repeated thermoly51s of the pyrazollnes ln a stalnless f-wi.f'f$~:b

ﬂfsteel reactlon vessel The actlvatlon parameters were L

‘fthen determlned. 1fﬂ '13f7' IV:XT ..lqlafd 'flbiff‘hl‘b;fl.ﬁﬁkb.
The deuterated derlvatlves of 4—methylene 1-pyra_u‘j

‘syntheslzed and characterlzed The kgmr, 2Hmr, 1nfrared

”'dand mass spectra all 1nd1cated better than§95% D 1ncor—?lf;ﬁfnr,.p]

| The secondary deuterlum klnetlc 1sotope effect hasvf; -

tcbeen studled 1n the thermolys1s of I and ;ts deuteratedtl”

“.tderlvatlves at 170 0°’r Ihe observed values of GAG* per“ﬂdu
1hdeuter1um vta a concerted two carbon-nltrogen bond

1‘cleavage process (62 7l cal mol ) and vza a stepw1se

one C N bond cleavage pathway (142 cal mol 17 k /k

‘-l”gl 38) are not wlthln the frequently observed value of

90 120 cal mol 1, However, the calculated values from

1

':1r frequencles (112 cal mol k /k s 1. 29) are best

'ﬂlnterpreted 1n terms of the one—bond cleavage mechanlsm j‘l.:'



N

\

1n the rate determlnlng process." |
| The product dlstrlbutlons 1n*the thermoly51s of I,
sFI -6, 6 d2, I- 3 3- d2, 1-3, 3 5 5 d4 and I- -3, 3 6, 6 d4 were

determlned by 1

Hmr ‘and. 2Hmr spectroscopy The product o
”ldata was then analyzed 1n terms of both trlmethylene—
,,methane (TMM) and dlazenyl radlcal 1ntermed1ates _,Investia?‘ .

gatlon of all the possrble thermoly51s mechanlsms ’

"fjidemonstrates that by ch0051ng the product dlstrlbutlon ,Q]Va o

f@for 4‘methY1ene—l-pyrazollne 3-l c (II) as a model f°r-1?g,]tj
vpedall of the product data lncludlng the klnetlc data canl::f{j,g_
t,only be ratlonallzed on the bas1s of a dlazenyl 1nter_;¥}a;réz:
f;tmedlate, III' whererp the rlnb CIOSure modes x, y andqa.' »

R are 1nvolved 1n the product formlng process and vary 1n

== products .o

j3the1r role dependlng upon the posltlon of deuterlum fgft'
. substltutlon.~ The best flt of the data was found when

:.x-closure was as fast as z-closure.A The y-closure is. an- ; o

electrocycllc processo;;fﬁceﬁ ;1 ,

| The deuterated derlvatlves of 4 ethylrdene.l-tftf«Liﬁa
tt Pyraz°llne (IV), - Iv—3 3—d2, 2z- IV 3 3-d2 and 1v-3 3}5 5~ d4

h(lsOtoplc PUrltles 96% at D) were thermolyzed at 173 2° |
and the 1ntermolecular secondary deuterlum klnetlc 1sotope o

effects were calculat‘d as 1. 19 l 07 and 1 29 respectlvely ;




d»(éAG* per deuterlum .,113 cal mol ;)., Thls clearly f? .

1e1nd1cates that the C- N bond 8yn to the methyl group of'zr_dw

A';'the eXOcycllc double bond 1n IV 1s lagglng 1n the bond-;ﬁ";;

,;_breaklng process.' Such results can be best lnterpretedﬁ3°

"»iﬂln terms of competltlve one—bond cleavages._ff:”

b

. \“.4. R

)

The products for 1v, E' Lv-3 3-d2 and z IV-3 3- d2

L '_.were determlned by 400 MHz ], Hmr and 54 4 MHz 2Hmr spectroscopy

:"ﬂTThese products together w1th the prev1ously reported ;:*d{gxﬁ-

‘tg‘;products for some 4-a1ky11dene-l-pyrazol1nes, could be '

‘.,. »p

5iqua11tat1vely accounted for 1n terms of the ‘one- bond

‘. : -

f'cleavage process by assumlng that 1n the dlazenyl spe01es,;-~'

l

.‘»i;back-s1de attack of the allyllc termlnl (x- or z—closure)

‘was much favored over front—31de dlsplacement, and also

tthat the strong sterlc effects due to the alkyl group(s)

'ffhwere 1nvolved in- the rate;determlnlng as well as 1n the

fleproduct—formlng proceSS. ‘ff”*f“
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. HISTORICAL - -~

‘};A. Thermoly81s ovazo Compounds j"'h.f’ﬁ'édﬂy "vﬁﬁ
w Although acycllc and cycllc azo compounds have been
'studled over forty years,‘both in. solutlon and in. the gas
”phase,‘the mechanlsm of thelr thérmoly31s 1s Stlll a g
f.matter of 1nvest1gatlon (l) Some authors favor concertedi;"
j?two-bond cleavage (eq l) whereln both carbon-n1trogen,-~'
_*bonds are completely broken in a 51ngle un1t process dn.

s h1ch the start%ng mater1a1 and the dlradlcal are separat-ﬁf

-:h. .

'rﬁned by a- 51ngle maxlmum in free energy 1n a schematlc ;«

- nergy reactlon coordlnate, and others favor stepwlse

:‘fj)one-bond cleavage (eq. 2) which 1nvolves nonconcerted and

h'iff'ﬂhlﬁfﬁf; N - R' s R-‘ N2 k 7}fé5rrﬁ;jf[f{: (eq 1)"57
Fy ;% N - R'"+ R - N N--R' > R- N2 ﬁ (eq'-2Xf3'
fif{g_elese breaklng of a carbon-nltrogen bond to glve a" ‘

4‘7-5 hort 11ved 1ntermed1ate‘ﬂ1azenyl rad1ca1

Several methods,llncludlng stereochemlcal studles, Jr[fff

. _'.ntv»i. - » s

:blsotOPlC Studleﬁ »solvent v1scosxty effects, pressure v“;;*’,

; v:feffects, cxnnp studles, trapplng of dlazenyl and dlYl

f]radlcals as well as a kinetlc approach have been used tq‘f;'j;
“fstudy the mechanlsms (2 5) |

In the thermoly51s\of unsymmetrlcal acycllc azoalkanes, ;

-hR-N—N R', when R 1s phenyl the ev1dence 1s overwhelmlngly

)

”rfln favor of stepw1se one-bgnd sc1851on (2 3), and ev1dence'ﬁ,5



LA_?N

has also been prov1ded for one bond cleavage in hlghly

- unsymmetrlcal acycllc azo compounds (2, 3 5)... The thermol-:i

]3y51s of symmetrlcal acycllc azo compounds 1n solutlon are

(belleved to proceed vza two-bond clea_ige (l)

Most cycllc azo compounds are thou t to undergo

éthermoly51s vza concerted two—bond cleavage._ However,wv.f-f

:"there has been some argument (8 9) about the therqo1y51s

’<of 1—pyrazollnes, 51nce they are belleved to generate

"-lndependently the Very 1mportant Spec1es trlmethylene (7)1 }f~"

v;:Trlmethylenemethane is also an 1mportant Spec1es that may,;?i

'a;be generated from 4—methylene-l-pyrazollne (10 11) or‘_[.“f\“

:hiVl‘methylene-z 3*dlazanorbornene (12) via two-bond cleavage.; L

’ (\i_ .
RRREN

H_;B Thermoly51s of 1- Pyrazollnes‘7fffri”'m

A trlmethylene dlradlcal spe01es has been suggested
jf;as an 1ntermed1ate 1n the 1somerlzatlon of cyclopropane

Q;_to propylene (13) and varlous l—pyrazollnes have been

'f,vlnvest;gated as an alternatlve source of the same 1nter-i S

20

‘-bfmedlate. Methylated 1—pyrazollnes undergo thermolY51s in ffirﬁaf

1fthe temperature range of 185 280°C, to produce cyclo—f3*°

A:':
TR

ifdpropanes and oleflns, anf}ﬁhe klnetlc parameters are shgynjff‘ff”

frfln Table l (7)

| Methyl substltutlon on carbon 3 or 5 of l-pyrazof\ne

‘throduces a decrease of l 2‘_ 0 2 kcal per methyl group 1n f,”

”i7the actlvatlon energy Slnce the actlvatlon energles for Bt

V,

:ffthe thermoly81s of compounds 6 and 7 were about equal tof'u“’




Table 1

Klnetlc parameters for the thermoly91s Of l-pyrazollne

_ and methyl substltuted l-pyrazollnes (7)

.a.fjééﬁpéﬁhdﬂ;;fﬁ.;Ea(kcal)kfi,l‘_g(iong*. AS;SO (e u. )

Y
VTR B

42.4 + 0.3 15.93 £ 0.13  11.2 £#°0.6

o

© 410 £0.3  15.70 £ 0.15  10.1 4 0.7 -

© 42.2'% 0,2 15.85'+70.05 1078 0.3

S R
H S

S a0 £0.07 209

r-9
Ny
+ )
Q

1

N

W T
H-‘.;‘.'.; S f.‘

1+
e T e T

| 40.0 0.2 15.85:0.30  10.8°

L R

PR LR ]

40,2+ 0.3 15.67 % 0.11  10.0

;(%#éne)ﬂfa

I SR LD W

0.21 8.9

kT
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4.

i‘that of 5, 1t was suggested that both carbon-nltrogen bonds'

d'were breaklng 51multaneousi3/ln the rate—determlnlng step o
| Crawford et aZ (lOb, 28) compared the klnetlc data

;1n the thermolysxs of 3-v1nyl i-pyrazol;pe (10), ciag- and -

,vtran8-3 5 d1v1nyl l pyrazollne (ll and 12) Qlth {:hose of

‘ bl-pyrazollne (1) and 5 ethyl 3—viny1 1 pyrazollne (13) andff

“concluded that both carbon—nltrogen bonds are broken in “UV7‘37}f .

""»: he rate determlnlng step The actlvatlon energles are 1"

: '--g_'ii__:[42 4, 32 2,\ 22 8 25 7 and 30 7 kcal mol L. for l 10 ll

ninfgl2'and 13, respectlvely, and a comparlson of these valuesrﬁ;fg?}fff

"chould 1nd1cate allyllc resonance stablllzatlon of the

"5ff§rate-determ1n1ng tran51tlon state 1n addltlon

"sterlcjb3ffigjfffﬂ

tteffects on the thermoly31s rate by alkyl substltutlons on ?f_fj‘f¥7

»,:..

"’if;the a-carbon.;}ffff:“lifﬁf7dffg??1 ﬂ?xjgf'f}f,;&?fﬁffbﬁ f@f"ffff[fi

In the case of the l-pyrazollne substltuted at carbons

rff3 and 5 hy alkyl groups, the major product 1§*a cyclo-if:

f“'propane w1th an apparent 51ngle 1nver31on of stereochem~7«"

ST

v*’wffistry._ crawford and hls co-workers (7b, 14) have

P _5::,7

- if“elnvestlgated the thermoly51s of 6 and 7, and they attrlbuted-iﬁl‘;ﬁ

BTN



I

O A

66.0 3'7' 33 2 o -;1,0;7-

_;; A A + \/\/+\_/‘

7 (trans) :7;;31 25.2 o 72.6 ;f7 1.1 0.9

5] the 51ngle 1nver81on process to the 31multaneous breaklng

of both carbon-nltrogen bonds 1n whlch the extru51on of the

"3Ln1trogen caused a dlsrotatlon of the rlng bonds, leadlng

"’]ﬂpto a’ planar trlmethylene dlradlcal 14Awh1ch was . then

”55frequ1red to undergo conrobatory closure to cyCIOPrOPane'M -

"f{jThls conrotatory closure postulaterecelvedalmostlmmedlate

‘:‘f}theoretlcal support from some early extended Huckel

““fgmolecular orbltai‘(MO) calculatlons on~14.carr1ed out by

.ﬁnnoffmann (15) 1n whlch he has suggested that‘16vls mOrev];:”

Yy “a . - . R



stable than lS(.[In“thisfmechanism, the“%}no: product would:

arlse from the dlsrotatory closure of the dlradlcal 14}‘3,‘ ”tyg'

. e and would lead elther to double retentlon or double'lnuer% t T

510n of stereochemlstry Slnce the dlradlcal‘14 ;s planar, g fs~

,.__\

one expébts to qenerate racemlc products However, the

analy31s of the optlcal purlty of trans l 2-d1methyl_;n“_e&“>__

h cyclopropanes produced by the thermolYSlS Of (S S) trans-' |

Gt 3 S-dlmethyl 1—pyrazollne (7) 1ndlcates an excess of

double 1nver51on as shown(ln Table 2 (7e) a Thls Observa—fo;fz"

tlon can be ratlonallzed by assumlng that 6% of the thfihf; N

v

PrOdUCt arlses from}a pyramldal" dlradlcal 19 Whlch _:'”

has a}readj been suggested by Allred and Smlth (4b) to o{u_gjk'ﬂ]
/”’~ﬁexp1a1n the double 1nver51on observed durlng the decompo—”l7'"?”"

‘ceh51tlon of blcycllc azo compounds 18 by postulatlng that

’h'*fhithe a-carbon atomssun.IB are forced to "rec011" 1nto 'j}fﬂT”



'_ Table 2.

Stereochemlcal analy51s of the cyclopropane products

g ——

“in the thermoly31s of 3 5 dlmethyl l—pyrazollnes (7e)

- 9 .
~ product;’s

Startlng 'H

| materlal Me“

s ) s B ..:_u&a : )
‘¥‘17é;';'fﬁ" "3'5)3%2*'7 , (R R) = l7t ._.:

o
o

O

1nverted conflguratlon (19) by the departlng nltrogen atomsfff?fty

et o

In order to test Crawford s mechanlsm, Condlt and

Bergman (16) studled the decom9051tlon of blcyclo azo

compounds‘20t and 20c.t In these molecules, a three—carbon ‘ffﬁfju

g




h”fwiiysuggested the slow step to be the breaklng of only one

'.brldge connects carbons 3 and 4, and should prevent the
irformatlon of a planar dlradlcal One mlght expect the
‘ﬂ(glmple extruSLOn of nltrogen, leadlng to the "face to

3 face dlradlcal 21 by a\dasrotatlon of the rlng bonds, to

o be the ea81est path for the decomp051t10n. Slnce the o

%

E dlradlcal 21 can close aga1n w1thout actlvatlon energy (17),
‘»’j-the major product should exhlblt a double retentlon of
conflguratlon.- However,_a predomlnant 51ngle 1nVers;on ,;'z

'.3v of conflguratlon was Stlll obseryed ThlS result led
-a, : s Q’-*.w- 2 : .
Condlt anijergmanuto propose ‘a new mechanlsm/whlch is an

o

'5fj;exten51on of that suggested by Roth and Martln (4a)?3 They

:i~ficarbon-n1trogen bond, 1ead1ng to the dlradlcal 22 followed oo




an 1nverted stereochemlstry as the major.product.“ In the
case of l~pyrazollnes, this mechanism can also explain a |
predomlnant single 1nver510n of conflguratlon (see Table 2).
Later; other experiméntal data supéorted {his two step
mechanism. (18). _’ | |
uRébentlyﬁ‘Clarke,"Wehdling‘and Bergman (é) analjzéd
the yleld of each cyclopropane enantlomer formed from cis-
and trans- 3—ethyl—5-methy1 l—pyrazollne (23 and 24) and

the‘resulgs of thhs study are summarlzed in Table.3. The .

"f j Table 3

,Yleld of each cyclqgropane enantlomer in the thermoly51s of

(+) - (3R SS)- and (+) (3R 5R) 3—ethyl 5—methy1 l—pyrazollne-

at 292°C (8)

yo R
AR

. '.Produqﬁ,%

[

Starting

J Me E Me\
material
L H Me

( ) 25t ‘ (+) 25t (-)-g§c_; '(+)—g§c

PR

oM 28 - 38 uﬁfﬁ? 0. o 42

NSNS
ComeT ) TEE methyl o ethyl double ‘double
R | rotatlon . rotation invefsion tétention'
Me H .10 . 17 35 - .3
H I TEt T o : . L
- N=N double double ~ ethyl. methyl
Coa - retention - inversion rotation rotation

T e




10.

v

trdns-py;éiblihe‘leads to'truns-oycloprOpane‘with an exoess
of double'intersion, and‘to nearly‘racemio cis;qulopro?
_pane’as a major produot;7 on-the other hand;_the’cis_
'pyrazoline.leads_to cisaoyclopropane with an excess of

double retention; and to trang-cyclopropane as a major -

'product w1th a predomlnant "ethyl rotatlon . These startl- .

\

_1ng results led the authors to conclude that the product

dlstrlbutlon cannot be understood on the basis of only

’

one oﬁ the prev1ously mentloned mechanlsms In agreement,.'

with a suggestlon of.Fukul (lQ),\they proposed a new
‘mechanismxin which the azo'compound travels along~a‘reac-}

-,tlonﬂcoordlnate whlch “feels llke“ a [o s+0! a] pathway in

the 1n1t1a1 phases of thermoly51s._ A "nonllnear" extrus;on ;

of nitrogen causes a conrotatlon of the r1ng bonds In_vf

the thermolys1s of the trans pyrazollne‘24 "clockw1se“

-conrotatlon 1s preﬁerable to “counterclockw1se rotatlondue‘

to steric effects. This.leads to tran51ent‘26A hav1ng

‘1nstantaneously pyramldal radlcal centers, followed by

"vplanarlzatlon to 27A exclu31vely by motlon of the hydrogen'

Matoms attached to the radical carbons on the bas1s of mass
effects,i ‘The least motlon prlnc1ple can then serve to
account for the'relatlve am%unts of products. Pathways‘

"a" and "b" lead ‘to czs-product and are- chemlcally of .

comparable energy, thuspaqcountlng for}theﬂformatlon of

.

Y

nearly racemic 25c. Paths "c" and "d" lead to trans product
o~ v . T o Rt



M;><:;S><H _— :

24 L 26

(+)-25¢ ST S,

(=)=25¢ = . =
(+)-256

O

| but "c" 1s clearly more favorable than "d"; and thus 25t

= ﬂls formed w1th double 1nver§1on of - conflguratlon. f 

In the case of the eig= pyrazollne 23‘ the two p0381b1e >
nonllnear N2 extru51ons are energetlcally 51m11ar and jfr_f

 _should be competltlve as. shown in the follow1ng schéme.

e Me | '.Et

—d to-25e

L




E Each is also sterlcally more compressed than 1n the

“clockwxse" trans case, since 1nvboth»1nstances one of

h:the alkyl groups tends to be forced 1n¢o a pseudo ax1al

. _pos;tlon. This compress;on-may letlless rotatlon take .

'place on ‘the side of the moleCule’which'experiéncesgthe

maxlal 1nteractlon. Thls leads in one 1nstance to a:

) tran51ent structure 26B, and 1n the other lnstance to a.

structure 26C, In 26B, planarlzatlon agaln occurs by

hydrogen motlon to generate 27B, and "closest approach"

.“pirlng closure pathways a" and "b"‘glve doubly retalned {

'czs-product and a 51ngly 1nverted,_ethyl—rotated trans—

'product, respectlvely Rehybrldlzatlon 1n 26C 1eads to}j'

’ 27C whlch may close by path "c“ to glve once agaln a

,p—orbltal lobe 1n 27B and 27C,_wh1ch 1s less 11kely f The_

product dlstrlbutlon can be ratlonallzed 1f one makes the

‘_doubly retalned czs product, or by path “d" to produce a .
” fmethyl—rotated trans product The doubly lnverted czs-ﬂfdi'
"‘Q:product (= ) 25c observed 1n smallest amount, can only belvd,_

| lformed bY path "e" through utlllzatlon of the most "remote"h: o

,reasonable assumptlon that the methyl compre551on rotatlon,‘:,

-

al pathway 1ead1ng to 263 is somewhat favored over the

o ethyl compre351on pathway leadlng to 26C.-V

Hlberty and Jean (9) recently carrled out ab znztto li'

'fSCF calculatlons followed by a 3x3 conflguratlon 1nter-

- actlon (CI) usrng the GauSSLan 70 series of programs, 1n

1

-
T

'~wh;ch the_geometr;es of.the varlous conformatlons‘have‘beeni~



ioptlmrzed w1th a mlnlmal basrs set (STO 3G), and the
’. reactlon paths recomputed w1th an extended ba51s set
b"1(4-31 G). Thelr calculatlons 1nd1cated that the most
f;favorable pathway 1s the one 1nvolv1ng a nltrogen contaln-
=1ng dlradlcaL 22 in a trana conflguratlon w1th an act1Va—‘ﬂf
;tlon energy of 39 3 kcal/mol followedrby a. pathway R
f-1nvolv1ng a nltrogen contalnlng d1rad1cal}28 1n a gauche‘
'lconformatlon w1th an actlvatlon energy of 42‘0 kacl/mol
”hThe concerted pathways 1nvolv;ng a planar trlmethylene
:’dlradlcal 14 and a. “face to face" dlradlca;'Zl were

'defound to glve actlvatlon energles of 44 b and 47 8 kcal/mol

vl

8 frespectlvely, whlle the pathway 1nvolv1ng 24 by "nonllnear"‘jh:j

'fgjextrus1on of nitrogen proved to be much more energetlc.piffx;f:7

[ I
'b

S (9 =180°,6 = 0°, ¥ = 00) (4= 61.2¢ ) = 220°% ¥ = 80.1°)

: "'.v,e

‘-iThe conformatlon of the dlradlcals, 22.and 28 1nvthe
”Vi:thermoly51s of l-pyr ollne was obtalned from the two
V:,hdlmen51onal (9 ¢) potentlal surface, ln Whlch conformatlonal

r“energy of the nltrogen-contalnlng dlradlcal was plotted B

»agalnst the rotatlonal angles 9 and ¢ w1th the optlmlzatlon,n-

13,



~ at each point_by.the'rotational gnglé:wf‘ The_rotational

: {";\\2'1‘ Moy T

B

. anélesfare defined astShoWn 6, rotatlonal angle of Nl-N2
Jﬁo around the CS-Nl bond ¢, dlhedral angle between the
Ll?;ic3C4C5 and the C4C5cl planes,'and W rotatlonal angle of

jfthe methyleﬁg'group C3HH around the C3 C4 bond The

'fff.potentlal surface showed several mlnlma 1n each curve...f?»vfﬁ,:ua

Q-Among these, only two are absolute secondary mlnlma on

'-#,the potentlal surface.f the flrst one 1s the trans dlradlcal

5322 thh the values ¢ 1ao°,'e = 0°, and ¥ = 0°- the
"ffsecond one. 1s the cts dlradlcal 28 w1th the values 9 =

_361 2° e 220°; and w 80 L

On the bas1s of these results, the product dlstrlbutlon ;ﬁf

”7?,for the thermoly51s of cts— and trans 3-ethyl S-methyl l-

LBy

'f.ﬁﬁpyrazollnes (23vand 24) were explalned qualltatlvely lﬁ

~wi_agreement w1th the experlmental results 1n Table 3.,_'?5'l

In order to explaln the relatlve amounts of double -

. -

'ndlnver51on to double retentlon 1n the mlnor product the
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most favorable pathway 1nvolv1ng the dlradlcalv22,was
iifcon31dered. The trane— or the cts pyrazollne (23 or 24) S
tshould glve_22 in whlch the two alkyl groups are czs or

vptrans relatlve to the CCC plane. 0w1ng to sterlc hlndrance,“
~the- amount of the mlnor product Wlth double 1nver51on

“arlslng from thlS pathway should be more 1mportant for

lfdthe trans- than the czs pyrazollne, whlch 1s 1n agreement
'Vw1th the data 1n Table 3. The relatlve amounts.of double
o,

5firetentlon ln the mlnor-product can be explalned by con-;;\

"£51der1ng the pathway 1nvolv1ng the d1rad1ca1 28 1n whlch

“ffthe substltuents are 1n sterlcally favorable pseudoequa-“;ftfu-w'”

*ﬁ-.”torlal p051t10ns startlng from the czs—pyrazollne, whereas ;fi,f}f°

.fone of the substltuents 1s 1n a. pseudoax1al pos1tlon ln 31*31*: S

TR

:Hgdthe case of the trans-pyrazollne Thus, thlS reactlon path t{fftt

:fvcan be expected to be more favorable for the czs~ rather

4

T;3pthan the trans-pyrazollne'i Consequently, the amount of

:rjffdouble retentlon 1n the mlnor product should be larger 1n

(

':f}the case of the czs-pyrazollne, whlch 1s 1n agreement

'tyw1th the data 1n Table 3.t_h"
A p0381b1e explanatlon of the relatlve amounts of

‘7ufethyl and methyl rotatlons in: the major product may be':”fk‘ff“ L

"based upon the 1nteractlon between the azo group and an f}t';”‘
‘?3a1kyl substltuent duvlng the flrst step of both pathways -
'-hsu51ng dlradlcals, 22 and 28 For the czs-pyrazollne, the

,'outward rotatlon 15 the ea31est one, 51nce 1t prevents

»:any sterlc repu151on between the substltuents.' In,th;s



fl_-motlon, the reactlon 1n whlch the out901ng nltrogen atom N2

' ‘ﬂattached to C3 encounters thetmethyl substltuent on C5

"_.ishould be easxgr than that 1n Mhlch the out901ng N2 con~ .

=

‘J_hnected to. C5‘encounters the ethyl group on C3, Therefore,‘

the . ethyl rotatlon at C3 is. expected to be easmer than»the ‘ 2
n,methyl rotatlon at 05 In the case of the trans pyrazollne,“~

"the ethyl (methyl) rotatlon at. C3 (C ) can oEcur so that ,J'

- _fthe nltrogen atom N2 attached to C3 (C ) may avold any

Hxlnteractlon w1th the methyl (ethyl) group on C (C )

W'gTherefore, both ethyl and methyl rotatlons are ergected totf

'7fdbe equally favorable, and these are 1n good agreement w1th¥hj‘jh

hf;;fthe data in. Table 3 'fifgéji*rltkgff-:?ff*’

Thermolys1s Of 4-Alky11dene -1- Pyrazollnes ;,f;hﬁi'

S ;ff(l) Trlmethylenemethane'fj?~iffv..f'h:li‘* e

Trlmethylenemethane (TMM),,a dlradlcal of comp051t10nf;f:dfjf

hmth(CH2)3, has proved to be of con51derable thedretlcal and

-;mechanlstlc 1nterest 0ver the past decade, Dowd and hlS ;;f

SR

5’collaborators (20) have demonstrated that planar TMM has afaf?‘hv;

"ftrlplet ground state_(33), and can be generated by the

"f;gphotoly51s of elther 3—methylenecyclobutanone (29) or

fwh:74-methylene—l pyrazollne (30) : Gajewskl (21) observed that '




17..
_Wonly methylenecyclopropane (31) was produced when 30 was
‘photolyzed dlrectly Howevery l 4 dlmethylenecyclohexane

*,(32) was also produced when 30 was photosens1tlzed

’ 30 """"‘Jk‘

S hv o

;.ff’by benzene.; The author proposes a 51nglet TMM 1ntermed1ate ;a_p*

'“c_f;for the dlrect photoly51s,'and 51nglet and trlplet TMM s

'ﬁﬂ?for the photosen51tlzed photoly51s, w1th p0551b1y 51ng1et

df:;30A1ntersystem crossxng to tr1plety30 | fﬁ775'"""”'"”"

" Dewar, and Wasson (22) have shown that both tnlplet

”’-and 31nglek states are pOSSlble for TMM,'and that the:””"

L Planar Trlplet'iu‘ Orthogonal ;~;Planar Slnglet
TMM (DBh) | Slnglet TMM (sz)te_ TMM (C )

0 W
PR R



?”}ffas 7 1sopropy11dene—2 3 dlazanorborneses (36), have been
*:fh@studled by Berson and collaborators (6b, 12) and have been

*1?fdemonstrated to produce both srnglet and trlplet l 3 dlyls

'”triplet TMM 33 w1th a planar geometry 15 the most stable

v‘structure. However, 1n a form where one termlnal is.

°

'fi,51nglet 34 whlch has two unpalred electrons of opp031te

‘Spln, is not much less stabfe than the planar trlplet TMM f

533. Theoret1cal studles have suggested that the orthogonal

jr81nglet TMM_34>18 more stable than the planar 51nglet TMM f'”'”w'

-l¢354(23) It has been reported by Che51ck (24) and Gajewsz

:i(25) that the orthoqonal 31nglet TMM spec1es are 1nvolved

bv;;iln the thermal rearrangement of varlous methylenecyclo—r‘;]if

R
Cpropanes. i

;“'f?’ StructuralIy modlfled 4—methylene~1-pyraZOIlnesrVSUCh

S

(37 and 383, by photolysxs and thermoly51s, as ev1denced by

18.

';fi'orthogonal to the plane of the othef two, the open shell B

‘o
-



-0

-,

”"trapplng experlments and by dlmer formatlon. They observed

lthat the dlmers formed in the solutlon—phase thermolysrs

19,

'A:E;eem to be products 1arge1y of a (trlplet + trlplet) reac- |

Aion, and that the compos1tlon of cycloaddltlon products

3 (39 and 40) of the IJ3 dlyls w1th trapplng olefln chapges qbiéﬁ

“as the 1n1t1al concentratlon of the olefln changes as

:_tjlndlcated in’ Table 4 The ratlo for 39/40 was also found"‘

v s ~~'

'"dﬁto be 30 75 when the azo compound 36 decomposes thermally”f':

L)

1  Table 4 :q;‘§ d;i” ' :iih,51& {phhd#

:ofthatlo for 39/40 w1th olefln 1n the thermolysls or photol-f

;~~ ~

'52;y51s of 7 1sopropylldene %, —dlazanorbornene (120)

‘39/40

R z

Photoly31s

:ﬁlhq Ll

T Olefln . .come, M . sis . Dlrect

Xanthone—
’ ].. T

"x;l _;_1;,‘v _ sen51tlzed; R

_;p;ﬁAcrylo-zkﬁéfgf,?hLLBP;: : 4 8‘pp::-g;éiZ:iiﬂi,alkts;séiq::wph&

17 7.8 o120 i35t

6. 93 17 383 9

hln the presence of hlgh olefln concentratlons or molecular'

/

“a:pﬁoxygen (l2d) Thls hlgh ratlo 1s charscterlstlc of the xg“'“

‘“.5151ng1et d1yl 37 and prov1des a sen31t1ve indlcator of even ['}J“



% . . L s

a ‘small amount of s1nglet contrlbutlon to the product

.smlxture, 51nce the trlplet 39/40 ratlo of 0 7 3 1s much

~a e

smaller. As 1nd1cated in Table 4 the xanthone photo-l7'

isen51tlzed decOmp051tlon of 36 1eads dlrectly to the
. v;>
‘ trlplet ground state (12c) It has also been observed

that the 51nglet products are formed not only w1th hlgh

‘4

reglospe01f1c1ty for the fused structure 39 but also w1th.-

'hlgh stereospec1f1c1ty for eis. addltlon when the trlplet

20,

"-dlyl 38 is scavenged by oxygen (12a, 12d) These resultsfj o

'nf:can be con51dered as ev1dence for the TMM type 1nter—?

“;medlates 37 and“38 ‘in the decomp031tlon of 36 However,-l

“5fa fused 1somer 41 has been observed 1n the thermolysls

'lof 36, but not 1n the photoly51s of 36 (6a) They

"U'suggbsted that a concerted reactlon may be allowed in the e

*YY-iethylene 1-pyrazollne (56), they later found that the

"*l-product dlstrlbutlon of the thermoly31s of eleven other'gffd*"



e Y
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4 alkylldene l—pyrazollnes cannot be ratlonallzed in terms:
:l of the planar or the orthogonal 51nglet type of 1ntermed—l"
| *-1ate (ll) A detalled rev1ew of the thermoly51s of thesehvnh
bn-/gfél;ylldene -1- pyrazollnes 1s glven in the follow1ng o

' /' sectlon

(ll) Thermoly31s of 4-Methylene l pyrazollne (30) and e

/ P
Deuterated 4~Methylene-l pyrazollnes (42, 43, and 44)

o~

Crawford et aZ (lOa) studled the thermoly51s of
‘.4-methylene l—pyrazollne (30) and obtalned an actlvatlon E

energy of 32 6 ’ 0 3 kcal mol -1

” which may be compared :T l{friijl
w1th those of l pyrazollne (1), 42 4 i 0 3 kcal mol (7d) o
and 3-v1nyl l—pyrazollne (10), 32 2 FO 3 kcal mol (lpb)
prev1ously mentloned éhe last—mentloned represents the ’iibﬁhh
'“fgfstablllzatlon of the v1nylmethylene 1ntermed1ate by . i
allyllc resonance energy.: The thermoly51s of 30, whlch

reacts at a rate 140 tlmes greater than that of l—pyra-'?hef,1s7f*

ZOIlne Cl) can\be exPlalned to be accelerated by a ;dﬂlwﬁ

.5'

\

of 4—methy1ene 1—pyrazollne 3, 3-—d2 (42>. -methylene 1‘-"

PYrazollne 3 3 6 6 d (43), and 4-methylene l-pyrazollhe-ahv

3 3 5 S 6 6-d6 (44) The secondary klnetnc 1sotope effecﬁs‘ﬁ L

for the thermoly51s of these deuterated 4-methylene li

pyrazollnes are glven 1n Table 5 (lOa)., Seltzer et aZ

(lb, 26, 27) have demonstrated that the substltutlon of a




tigtﬁact1Vatlon GAG* of 90 120 cal mol 1

'?ftand 1f”43zrepresents the effect of the two a-—deuterlumsg

”’1*an 1ncrease of 27 cal mol

22,

N :7”*"”’72"“ Table 5

n( ¢

Secondary deuterlum klnetls 1sotope effects for the . et,k“'ﬁ§i’

thermoly51s of deuterated 4—methylene l-pyrazollnes (10a)

| compohd Tmp<c> R 7

'4ff81nce the GAG

169 0 ‘..?: 31.30 .‘t. :

]

th"l7219,:fﬁff:f1;5°-i.if;fif -

;ffCrawford and collaborators observed that the effect of the RO

:?_four a-deuterlums 1n,44'was 97 3 cal mol 1 per deugerlum.[ﬁ'rir

o

¢t PEr a deuterlum 1s-101 6 cal mol -1 for.42{ftf9;s

e

*“;plus two y—deuterlums, then the two y-deuterlums contrlbute»;k;£<

' . P 2 Q ! i

l These results are 1n accord ff;ﬁ




with a transition state wherein both carbon-nitrogen;bonds
" have undergone considerable bgond breaking (28). A control
ruﬁBOf'a.sample.of 43 carried out to 50%ﬂcompletion then

re-isolated indicated that there was no observablenincrease

- of protons at the V1ny11c posrtlon via formatlon of

4—methylene 1- pyrazollne -3,3 5, —d4 (46) as determlned by

'1Hmr spectroscopy They estlmated that 2% rearrangement

3

A

' could have been detected and thus they were abLe to rule
out the formatlon of any pre- trans1tlon state 1ntermed1ate

such as ‘the dlazenyl.radlcal 1ntermed1ate 45. The

thermoly81s of pyrazollne 42 gave the products: methylene-

2, 2-d1deuter10cyclopropane (47) and dldeuterlomethylene—
»cyclopropane (48) The pyrazgline 43 gave the products
dldeuterlomethylene-z 2-d1deuterlocyclopropane (49) and
methylene-2, 2 3 3~ tetradeuterlocyc1opropane’EEO) as 1n co
Table 6. If from 42 a dlradlcal intermediate of comp051—
tlog equlvalent to (CH )2CCD2 is produced then there are
two p0351b1e modes by which 47 can be produced - The rate
‘constant’for both of these modes is 2k! where k'~represents

H

. the- rate constant for the conver51oﬁ~of the protlomethylene
f‘i

group. to Ehe exo—methylene as in 47 ' There is also one

23.

mode by which gg can be produced having ra‘ehconstant k!, -



24,

Table 6 .
. Product dlstrlbutlon 1n the thermoly51s of” deuterated

4—methylene l—pyrazollne& at 165°C (10a)

,wéstértingﬁ”fu:a. o Relative yields, % »
:'materia.l e ‘ L “._. | . o o _
[[ ' : | 02 -
| 47° o4
42 60+1 401 "
T N
D - .
N=N . 02‘ 02 \D2
B 149 50 -
43 o T 13s2 - 272

“‘where k' is deflned .as the rate constant for the formatlon
AN

of the exo—methylene group by the deuterlomethylene as 1n .
48, 1he ratio kj /k' 1n the product determlnlng step then

is 0.75 + 0. 03 for the products of 42 and by analogy, 0. 74

t 0 07 for the products of 43 The 81m11ar1ty of these

) vresults, be51des the pos51b111ty of thelr belng fortultous, e

4‘enabled Crawford et al to ‘suggest that there is an 1sotope
_effect in the product determlnlng step and that the three

;methylene groups ‘have elther become equlvalent as in the

e
PO



- 25.
,planar triplet TMM Sl, or have become randOmized in a set-5
of 1ntermed1ates equlvalent to the orthogonal 51nglet TMM

52. Trlplet planar TMM 33 1s known to dlmerlze to produce -

,l 4—d1methylenecyclohexane (32) (20b, 21) , Thus, the

1ntermed1ate 51 can be ruled out 51nce no dlmer was

f’from 42

~

From'43~7“

observed 1n any of the reactlons, ‘nor was there observed
N

‘:any addltlon product when it was attempted to trap the'

_cdlradlcal w1th an olefln.

In a set of 1ntermed1ates.\9eh as 52 the 1sotope

k,effect was flrSt thought to be a ponderal effect" (29 30)

'vthe deuterlum, belng of greater mass, 1s slower to move

out of the plane than 1s protlum Thus, can bef

"vratlonallzed a preference on the part of the protlum for.-

‘the rlng methylene p051t10n of methylenecyclopropane._ By | ;g

-

| ,u51ng carbon-13, any ponderal entropy effect can be removed

since the 1ncrease in mass 1s precxsely on the axls of

\ .
SN
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rotation; The follow1ng result was obtalned upon studylng g

’ ,'the labelled pyrazollne 53 (lOa) In.thls case, there

s | A A

N=N

53 ;"j s :54‘_\ 55

~ a0

| 64.0%0.58. 36.0:0.5% .

"'cannot be a'"ponderal effect", but Stlll, the value found

E for the ratlo 54 to 55 was 1 75: Slgnlflcantly dlfferent s:;ff'll

h’ffrom the statlstlcal value of 2 00

An alternatlve explanatlonrwas that 42 and 43 can glve |

.ﬂfgrlse to 47 and 49 in a concerted process and that in the ‘ft_”'H

\_ "1‘

'1lgas phase, the methylenecyclopropanes produced are nhotnf_)],“f

.’~and undergo subsequent 1somerlzat10ns, such a p0351b111ty

Za is dlmlnlshed by the observatlon that the same product

1

}'ratlos were obtalned 1n solutlon as 1n the gas phase. Thls » '

'u“hot spec1es"dwas then ruled out 51nce 1t had been observed .h"

'“that a sample of. 47 prepared 1ndependently was unchanged S

l

f,iafter 3 hr at 180°, and upon heatlng at 250° . the. Aoz

N . ' )
‘fspectrumelndlcated an equlllbrlum mlxture of 67 6 t l 1%

_Aof 47_and 32 4 i 1 l% of 48 (lOa)

These results showed that the flnal pos1t10n of the:

‘"methylene group in methylenecyclopropane is dependent upon Q:QI‘Z

its orlglnal p051tlon_;nAthe_pyrazollne,vand'cannot*be fw}"

,



“f accounted for by a mechanlsm produ01ng 1ntermed1ates llke,
_52 alone._

. \ i B

.__ (111) Thermoly51s of 3 3 Dlmethyl 4—methylene—l—px;azollne

(56) and 4 Isopropylldene l—pyrazollne (57) e

o crawford and collaborators (10a) prepared two 1somer1c

. f;fdlmethyl Substltuted 4-methylene l-pyrazollnes (56 and 57)

.;ﬁeand studled thelr thermoly51s. The product dlstrlbutlon 1s»{  }

'f-lndlcated 1n Table 7 From these results,'a planar TMM

’f;}lntermedlate, common to 56 and 57, could be ruled out 51nce ;e'””
Table 7

}Q;Product dlstrlbutlon ‘in the thermoly51s of dlmetgyl sub—»< e

\

>; stltuted\4—methy1ene lfpyrazollnes at 165°C*110a)

Relatlve ylelds, %fiff

T

material

' 59

+ B

18 + .

+ : : . .

'f82f1

371




o280

It} ~ ~
¢ .

-'the same ratlo of 58 59 would have been expectea from both ﬁ'
Cssanasy.. o |
k .. Instead. the orthogonal singlet 1ntermed1ates 60_and
,61 nust .be: con31dered They suggested, on the bas1s of the-
:;Aleast motlon prlnclple (31); that the thermoly51s ofu57_~tzh
“prodUCes only 60_whereas thermoly51s of 56 glves rlse to ?~

61 as well as 60 » The product proportlons for both 56 and

‘,nW57 could be then ratlonallzed assumlng that the rota_f_}ee,%,
;tlon of the lsopropylldene group of 60 is favored by
ﬂ'ﬁ63 37 over that of the methylene group, d;:?f

Cass
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"[’(1v) Thermoly51s of 3 3 5 5 Tetramethyl 4-methy1ene 1—'

pyrazollne (62)

| Tokunaga and Crawford (32) 1nvest1gated the gas phase

thermoly51s of 3 3 5 5 tetramethyl 4-methylene l-pyrazollne._jftf

ded(62) whlch presented the advantage that the tautomerlsm

.-f_:whlch affected the study of the prev1ous 4—methylene 1_;fﬁTf

’thpyrazollnes, was no longer p0351b1e.. Thermolys1s of_621-“7-'

':f,dmethylmethylenecyclopropane (64) was not observed because

.,_1gave rlse to the products 63 and 64'_but 2 2 3 3 tetra—d},hddﬁi"'

.:tfof 1ts rapld and nearly complete 1somerlzatlon to 2 2_5f‘x 75'

2’dlmethyllsopropylldenecyc1opropane (63) under the reactlon |

};]“condltlons. [

A k1net1c study was carrled out in order to determlne‘:f”f 3

M e

Ve

k63 64 | k64 63

b'_k

e

e

‘::d}all the rate constants and the 1n1t1a1 ratlo of 63 64. :.,55‘“

‘64, 63>>k63 64
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Comparlson of the thermolys1s rate ofh62 w1th the thermol-
}_hy51s rates of some 4—alky11dene l-pyrazollnes, as llsted 1nv
Table 8 proved to be 1nterest1ng It was found that the :

3 replacement of hydrogen by methyl slowed the rate from

“j'what 1s normally expected.‘ Also the rate of 62 was

o "proposed that the bulky methyl groups had prevented any

found to be one thlrd the rate of 3 3 5 5 tetramethyl—
dl—pyrazollne (9) as 1f there was no acceleratlon from the‘*

'fﬁallyllc nature of the corresPondlng radlcal - The authors ;i°[7

’"fmanlfestatlon of the allyllc resonance and suggested

‘"‘Q;that the cleavage of the carbon~n1trogen bond(s) 1n 62

"-Tfawas occurrlng 1n the plane of the rlng Furthermore,

”'~ffthe results of Engel (33) showed that the thermoly51s ffﬁfﬁfc

”5ryof 3 3 5 5 tetramethyl 4 1sopropylldene l—pyrazollne

'ff(GS) was one thlrty second of the rate of thermoly51s

vof‘62. ThlS was an 1nd1catlon that even methyl groups:fﬁ*

A"57placed on the exo-methylene group lnfluence, by thelr

";&;dene-l—pyrazollnes._,‘p*}uﬁ:fg;V

hjsterlc effect, the rate of the thermoly51s of 4—alky11— ff ';}ts
‘ Calculatlons gave 52 48 for the ratlo of 64 63 from
'f62, a result dlfferent from 63 37 for the ratlo of o
'T'jsef 9 from 57 ; Thls dlfference could be ratlonallzed y:;‘f;ﬂp

':by'con51der1ng the allyllc dlazenyl spec1es 66 as a ;fjgf;j,‘;v“

”“'p0531ble 1ntermed1ate. Dlsplacement of nltrogen by

"*hrelther of the allyllc term1n1 would then glve rlse to

'tf:the products and thls process may be controlled by the };aflﬂi

e



'fﬂggxrazollnes and for 3 3 5 5 tetram\ﬁhyl 1~pyrazollne

- Table 8

ﬂThe relatlve rates, at 160 2°C, and actlvatlon Parameters'"; J%,fu

"for the gas phase thermoly51s of some 4—alky11dene 1—:

"E“,‘.l‘>'f‘f AS* Relatlve Reference
a. L 200

o pompound (kcal mol ) lOg A (e u ) -_- rate NOo | ..

X Keiss06 13,0 w07 003 33

CONER T e e U L B B

P N
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66

‘*ff R H/to R Me.ojf,ff;ﬁ]ﬁsu.,;-:"
. The authors also proposed theuorthogonal Slnglet

dlradlcal 67 as a p0551b1e 1ntermed1ate 1n the thermoly315

of 62 From thls type of 1ntermed1ate 67, 51m11ar 1n |
structure to 60 an explanatlon had toﬂbe found for the

fact that the rotatlonal propen51ty of the 1sopropy11dene

v32.

e

:°“ﬁ group w1th respect to the methylene group was greaterjffifsivﬁfij-a

(63 37) in. 60 tha“ it vas. 1“-57 (52 48) ‘The ?uthorsfffffxf

also suggested that, when 901ng from 1ntermed1atesv6015;fifijf¥;;;;

and“67 to products 58 and 64 respectl;ely, the reactlon

s@?:i



bfg:@systems whlch have dlfferent sterlc and electronlc

b, 64 < S b, 5_722

~

o LR R

: f’bftR_ 'Me]fffkuh“:'

'ijftlonal propens1ty of the 1ﬁopropy11dene group in. 67

ﬂff‘relatlve to that 1n 60 would then be ratlonallzed 1n

33.

a, 60

A%Tffhad to go through a tran51tlon state TS,' The lower rota--frjf“

'*7fjterms of sterlc factors more 1mportant 1nHTS than in. TSa.m.7ﬁl~

P

LA

”°’7l.(v) Thermoly815 of 3—Methyl 4—methylene—l—pyrazollne (68)3 'ffdf

-Esiylldene-l-pyrazollne (69). Dldeuterated 4- Ethyl—”ﬂj”;7*

1dene l-pyrazollnes (76 and 77),; -Neopentylldene-l—r_-l

,~pyrazollne (83), and Dldeuterated 4-Neopenty11dene-rrfh

1—pyrazollne (84)

o jthermoly51s of the 1somer1c 3-methy1 4—methylene—l-

Cran°rd and c°1lab°rators (11 34) then studled the fﬁff'ﬁﬂ

"r:pyrazollne (68} and 4—ethylldene-l-pyrazollne (69), twoL{%";of;f

¥

dfeffects than the prev1ously studled 4-methylene-l—pyra-t-;fﬂ»’3‘

dﬁffqzollnes._ The product dlstrlbutlon 1s glven 1n Table 9.ff2fﬁ{lfft

'M“'From the results. a planar 51nglet TMM 1ntermed1ate washfddhfyﬁnf



‘:‘ Table 9.

34,

Product dlstrlbutlon ‘in the thermoly51s of methyl substl-"

tuted 4-methylene 1—pyrazollnes at 175°C (11)

,fRelativg yields, ¢

~
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.itﬁ;72 would need to be 200% 1n order to account for/f/e

i

-~

3ruled out 51nce it. would have glven the same ratlo of

e

'70:71 regardless of the reactant used._}'

~a~ oA

*gk 1 The authors proposed that the 1ntermed1ates 72 and

RS

;:‘;73 analogous to 60 and 61 could be usefully employed in a*:fj*
;t'ratlonalizang the proportlons of_70_and 71 . The pro- . ‘
hfduct pn“ ortlons from 68 and 69 gannot be ratlonallzed v
W:jfln a manner’analogous to the scheme previously shown for

e ef:':ffﬁ:,nmf”ﬂf‘jf | {f ;fﬁ-;;_ﬁf' f;VEQQ?F,fVV‘

10% Cip e

“’ﬂ56 and 57, 81nce the % mole fractlons of 68 gOlng through

fkformatlon of 20% of 71 as 1n the scheme above.;:t57“;"fdi'“n'

‘!" "_‘

Schrljver (34) used a meqhanlsm orlglnale proposed hdygff

"7{55by Cameron (35) and 1nvolv1ng the breakage of only one

";7carbon—n1trogen bond 1n the 1nit1al step and the forma— hﬁ{f?;;;,

\

bf;tlon of a cyclopropyl radlcal bound d1rad1ca1 W1th

this mechanlsm, ﬁhe fact that the methylallyl radlcal

"“ifof the dlazenyl radlcal 74:15 é?Sler to form than the }dffiQZZf'.
dfallyl radlcal of the dlradlcal 75 could account for the‘eﬁih:fﬁ
,l.' . N t

"fifdexcess o£ 70 thh respect to 71 produced from_68._ But

it:?fnduced from’69,_¢ji;fﬁdh':":ﬁﬁ

'fffthls mechanlsm does not ratlonallze the 10% of 71 Pro-‘ﬁt‘&;”f




o . . - S v 36.:
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ST ..The authors (11) suggested that 73 may be thehlhff:»gh:
”ﬁrfilntermedlate flrst produced from 69 tO glve th? hlgh
xﬂﬁfportlon of 70 and that_72 1s that Whlch is. flrst derlveqp
’lﬁfffrom 68." Howeverr such a sequence wouldvnot account for
;4f;ithe forﬁatlon of 10% of 71 from_69 unless there 15 some b
.‘ilflnterconvers1on 0f_72,3nd 73.‘ It would also appear to 5
.'dﬁ;v1oléte the least motlon Prlnélple bUt R°th and Wegner
‘hff(36) have observed the racemlzatlon of 3~methYl G‘ethYl’ fllrllfr

SR B
- '_-1deneblcyclo[3 l O]hexane at rates competltlve w1th

ffczs trans 1somerlzatlon supposedly by thé”lnvolvement

":iof the rotation of the exocyCIlc ethYllde"e dﬂ?ups at

7kff?the same tlme as the cleavage of the clécs bond ThlS Fa




¢

novel obserVation was considered to imply~that the least
motion prlnciple cannotvalﬁays be used in such processes,
and to suggest,that 23 may pe'on the reaction‘nath if
extended to the thermolysis of 69. - \

In order to tes;’this’possibility; the"deuterium

e

labelled pyrazollnes, E -3,3-dideuterio-4- ethylidene -1-
pyrazollne (76) and Z-;)3-d1deuterlo—4—ethylldene-l-
pyrazollne (77), were - thermolyzed.o The relative pro-
-portlons of 70 and 7l were unchanged on deuteratlon."
The product dlstrlbutlon‘of the deuterated 2—methyl—'
methylenecyclopropanes (78 and 79) separated by the
preparatlve gc is glven 1n‘Tab1e 10. it was found that
the degenerate rearrangement 78 79 does not prGEeed
‘under the_normal reactlon condition as 1nd1cated by the

_last two entries in Table 10. They con51dered the -

:p0551b111ty that 76 produces specifically‘?B (77 pro--a

duces 79) and that the excess v1brat10nal energy produced:

in such unlmolecular decomposftlon is not,quenchedb_
sufficiently rapidly'to prevent the formation of either
79 or didéhterated 71 from 73:(78 or dideuteratedy7l‘

'from 77)‘ Nevertheless, the results allowed them to

conclude that the orthogonal 51ng1et dlradlcal 80 cannot

“ t’b

37.
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Table 10 | \

_Deuterlum dlstrlbutlon in the deuterated 2-methylmethylene-

. _yclopropanes produced from the thermoly51s of 76 and 77 at

“ , : v,
160°c (11) . R |
. . L . , N : e "l i o .
‘ S - ' R o \leStrlbutlon,'%
_ ‘ . Method _ Time S | . P
Reactant . . analysis .- (h). - o~ -/ §(,fi
e | B | 181y
lome 1 78 £ 1 26 + 1 //
Zhimy 1 76 £ 1 24 ¢ 1
Limr | - 22 + 1 78 + 1
Zhme 1 19 ¢ 1 81 ¢ 1
s ‘ - &n;k
o] " '.>
C78:79 - lmme 0 0 74r1 0 261
78:79 lmmr 1 713r1 o 27%1
* 78:79 °  lgmr 4 .. 13r1l . 27+1

~r iy A e

be the pr1nc1pal 1ntermed1ate qp the product determlnlng
pathway.‘ It should be noted that thelr ana1y51s, by
Hmr, of the small amount of dldeuterated 1somers of

vethylldenecyclopropane 71 lead them to suggest that the

-,



o

ﬂfrom the fact that thermoly515 of 3 3,5, S-tetramethyl—‘

1

Jpr1n01pal isomer produced from 76 may. be E-2 2-d1-fh
_”deuterloethyl1denecyclopropane (81) and that from 77

' may be z-2 2—ddeuterloethylldenecyclopropane (82) -

e S s2 v

They were also concerned w1th the 1mp11ed sterlc ‘.‘

. speculate that the carhon—nltrogen bond 3yn to a methyl

"5group of an exocycllc double bond may be lagglng in the

'_1bond breaklng process.' The support for thls came from
' the comparlson of the thermolys1s rates of 4-methylene-_5
l-pyrazollne (30) and 4—1sopropy11dene l—pyfazollne (57),,

o the latter belng a thlrd the rate of the former and ‘
'4-methy1ene-l-pyrazollne (62) is 32 times faster than
"(65); as’ 1ndlcated 1n Table 8. A normal mode of the

reactlon coordlnate would be expected to con51st of the‘-

aC-N stretchlng and consequently the p0551b111ty of sterlc

~

h?compress;on belng an 1mportant factor led them t0'

&

39,

'ffactor 1n the thermoly51s of 76 and 77 and were led to S

“that of 4 1sopropy11dene—3 3 5 5 tetramethyl l-pyrazollne [”




\
A
. Y

-

- . \

dlnvestlgate the thermoly51s of the 4—neopenty11dene l— .
’1;pyrazollne (83) and the E 3 3 d1deuter10-4—neopentyl—-
‘lldene l-pyrazollne (84) ‘ The results of the thermolys1s ',"

(of 83vand 84 are glven 1n Table ll These data were .

Table ll

i Product dlstrlbutlon 1n the thermoly91s of 4—neopentyl—,

“fhldene l-pyrazollne and E 4—neopenty11dene l-pyrazollne-h-ﬁ

| 3 3 d, at 189. 4°c (11)

Startlng o . gt

:materlal 3ij;t;i'll}hh”jf:hff t,htRelatiuefyieids,[%ﬁhf'

&Y

.83 ‘ L ;'>’ »;‘;L';h .Bsb-ﬂb,: rj:: “ueéf‘s‘,vg o

- *Deuterlum dlstrlbutlon 1n the deuterated 2—neopenty11dene—"‘i

l-pyrazollne was measured only."‘

"40;ﬂw



'41.

""con51dered to be an 1nd1catlon that the syn antz rela-"

‘E.tlonshlp between the alkyl group and the methylene group

| of the rlng 1s 1mportant and that there 1s a preference =
o SURERRNE T S
. for the carbon antz to the alkyl group to become

- flncorporated 1n the cyclopropane rlng along w1th the

7exocyc11c methylene of the product.; It should also be

'\Qnoted that the thermoly51s products of 84Xare analogous
‘*qto those of the E 3 3-d1deuterlo 4-ethy11dene l—pyra-"“

‘*p7zollne (76), the ratlo of 87 88‘be1ng 70 gO (the ratlo ‘

A,_i.of 78 79 was 74 26) lfﬁﬁ“rgipﬂl{;r%b_i,,

R e

:Aﬁd R

(v1) Thermoly51s of E- and Z~Ethy11dene—3-methyl l--, g

‘.methzl l-pyrazollne (95) E 4-Ethy11dene -3, 3—a1-'

°"f; methyl l-pYrazollne (98) and czs—-and tran3-4- :

:'3Ethy11dene—3 5—d1methyl lfpyrazollne (103 and 104);df['“'

e e

'vaCrawford and collaborators (ll) 1nvestlgated the

fthermolysls of the pyrazollnes 89 90,395 98. 103, and:'

B e

'1104 1n order to further test the crlterla that the

**carbon-nltrogen bond syn to an’ alkyl group of an exo-»‘ﬁ"" -

| :}cyclfz double bond lags 1n the bond breaklng process

'fffand that there is a preference for the methylene carbonff?“a-ﬂ'”J

'I;'of the pyrazollne rlng antz to the alkyl group of the

‘;;exocycllc double. bond to be incorporated in the cyclo-.;ﬁﬁff‘

”yffpropane rlng of the product.;"g Qh

Eyrazollne (89 and 90)' E 4‘EthY11dene 3 trldeuterlo-pL:th,i}



The thermoly51s of E— and Z~4—ethy11dene 3—methyl- R

”l-pyrazollnes (89 and 90) gave the same four products

R

',h91 92 93 and 94 but in’ very dlfferent proportlons.‘i

‘_;Some of these products were found to 1sdmerlze slowly

l,7under the thermoly51s condltlons and therefore the zero

- ﬂgftlme Values were obtalned by the graphlcal extrapolatlon

‘%i”of the values at varlous thermoly51s tlmes. QThese zero Lﬂ‘fnff”V”

”'ftlme Values are glven 1n Table 12. The authors were‘*t

”'3f5able to 1dent1fy the p01nt of orlgln of the exo ethylldene

“*Jln the thermolyS1s of 89 by analy51s of the deuterated

o E—Z-methylethyl1denecyclopropanes (96 and‘97)_from E 4-“

1:7;ethy11dene 3—tr1deuterlomethyl l—pyrazolxne (95) The i

V'fresults 1n Table 12 1ndlcate clearly that the C carbon

3.
‘tfof>89 becomes a cyclopropane rlng carbon 1n at 1east

'”“584% of the products (23.1 + 54, 4+ 2o 0 x 0. 35) , The

ﬁ*nexocycllc carbon CG of 89“becomes a cyclopropyl carbon

"aixn 90% of the products (23 1 +54.5 + 20 0 x 0. 65) and

wf,the CS methylene of 89 1s less than 23% of the products._b_sx T

Qh;The 1ncorporat10n of the C5 methylene of 90 1nto the-*7¥;e

v-cyclopropane r1ng of the products was found to be 67% (ﬁ\\v
| - As 1n Table 13, -4-ethy11dene-3 3—dimethy1 l-»-v

lhf;_pyrazolxne (98) was thermolyzed to glve 1n excess of“" ;f~'f;'

A,

'ff:70% of the thermodYnamlcally least stable Product_99 :c5'5"‘

_wfagaln with over 848 (71 5+ 12 5) of c3 of the reactantq.‘ﬁ

511 98‘becom1ng a cyclopropane carbon 1n the products.; Thehh-frfﬁ

'inexocycllc ethylldene C6 becomes 1ncorporated 1nto a:



Table 12

ffPercentage of 1somer1c products from the thermoly51s of - ?

"”fi ‘E-»and z 4-ethy11dene 3—methyl l—pyrazollne, amd E 4- ffjf

w?fethylldene 3 trldeuterlomethyl 1-pyrazollne at 170 0°c (ll)

~ 195 135 3Ls 355

| *Deuterlum dlstrlbutlon was measured only in the deuterated

'4]_j E-2-methylethyl1denecyclopropane._;q?"°if;ff,ﬂ‘\



44,

.T_a_b_l.e_lz

T Percentage* of 1somer1c prodUCts from the tﬁermoly31s of 1f5;“zlf
- .-' ;

| '"'r‘E 4-ethy11dene 3, 3—d1methyl 1~pyrazollne at. 170 C (ll)

. material i -

'!Vrﬂthe products.;” 3”57*'

Y vield,'s

"'?”100’7f“fff*,101g}f:'er<gff"'{““'

;.~~~ Ve ~~~ O

vﬁfiie7i;5',;}Jrerﬁgofa-"q?jiz;sﬁ;j;J.;roé¢alibfr;:.f’*?

- By-graphical extrapolation to. zero. time values. =~ = -

'gijrcyclopropyl carbon 1n greater than 87% (71 5 + 16 0) oqc

'rf;- czs- and trans 4-Ethy11dene 3 5-d1methy1 l-pyrazollnes 7 e

7(103 and 104) were synthe31zed ln almost equal amounts by

e~ it




1the addltlon of dlazoethane to 2 3—pentad1ene. One of

fthe 1somers -was found to undergo thermoly51s at a- rate R
\ x . .

‘uslgnlflcantly faster than the other thuﬁ allowlng the o
"~f 1solatlon of the less reactlve one.i The slower 1somer 'ff,f;,:
tjhad been as51gned the ﬁzs conflguratlon.(lo3)‘on the

'lfﬂffba51s of ler and 13Cmr spectra.< The products of the

;T5fjfthermoly515 of 103 and lb4 do not appear to glve any

tfffMlxture of '.fgq;;;*f”"

94 6% 103 and , L
LR T 44 7% 553% SR

flmbortant 1nformat10n aththls}stage.. . ‘

,. | The authors were also concerned w1th two‘p0551b111t1esrx7hh”h'
"ﬁiplrstly, the pyrazollnes 69, 76 and 77 the pyrazollne : |

hc“fdiQB or the pyrazollnes 89 90 and 95 mlght produce onezf}fﬁ;v

'g;lffproduct stereospec1f1cally, foﬁlowed by a degenerate :

'fthermal rearrangement to glve other products due to

Ev“fjgchemlcal actlvatlon.; Secondly, the pyrazollnes 75 and

‘"377 or the pyrazollnes 89 and 90 mlght interconvert by
7;ffthermal 1somerlzat10n.v However, SQme Of the problemS

o %rifof such hot molecule chemlstry can be dlscounted“by the f»vffg75*55

;fobservatlons that the pr1ncipal lsomer Produced‘\rom 76 SRR
/”gfls 81 (82 from 77), that there 1s so llttle of 94 present Tf-iﬁ,;f
P ffiln the thermoly51s of 89, that the control experlments B

M'7ffw1th 89A 90 and 95 d1d not glve any lsomerlzed pyrazollnes ;{,ftff




1n the recovered samples, and that no 102 was found in.

e ay

: the thermoly31s of 98,uhv~vf ‘1?fdgﬂ.ﬁiofjf5f;/?ff%fww
| As mentloned prev1ously, Berson and collaborators
(6a) have observed an allyllc rearrangement of the |

blcycllc pyrazollne 36 suggestlve of a one—bond azo

cleavage mechanlsm. Crawford and collaborators (10a 11)

have carrled out the control experlments On the prevxouslyn
studled pyrazollnes 30, 57' saa 69”u83, 90, 95 and}98,b,',7%1777*"
andfin no case have they been able to observe the analo-?ﬁﬁgﬁw*t"
gous rearrangement 51nce each sample was recovered o
.Jf.essentlally unchanged even though tautomer;sm of’57
:'69, 83_and.98‘prevented a deflnltlve statement., The t
Jauthors suggested the p0531b111ty that the cleavage of

f/"

- 0 -ﬁ 3
the second carbon-nltrogen bond 1s ea51er than rotatlon ﬁ_,“

;ﬂ*r)_ng.N--rotatlon k‘?]ff:_u~
=R e R :

-:g_,. ‘and - '
-.QQV,rebondlng




~%7fd1azenyl nltrogen because of fOldlng-t~

L . ' : g . B ) ) B X . . ?\’\ N ’
7 : : ) \

]_?and rebondlng to the exocycllc alkylldené in the more f;:ﬂ”

47.

'-‘Planar monocYcllc Pyrazollne, but that the recomb1nat10n:55av 3

+ °g41 ean be fac111tated 1n the blCYCllc SYStem,36 Slnce:?b7’

N

.'dthe exocycllc 1sopropy11dene group is mUCh closer t° theélb

¥

V?QW;Although the authors attempted w1th llmlted successb,724qff”x

?1jrad1cals 1n the thermoly51s of 4—a1ky11dene 1-pyrazollnes,

;'ﬂi?fallure to develop S con51stent pattern led them to

““fof the formatlon of the products.-a:

Lo - "_ By

thttfto use both the Planar and orthogonal slnglet TMM dl";ﬁ;fff”'h‘p'z

'~ff;,ésuggest that nltrogen 1s 1mp11cated 1n the stereochemlstry .';ﬂff'




Assunlng.concerted two-bond‘cleavage for the thermoly—.‘
u31s of the varlous 4-alkyl1dene-l-pyrazollnes (lOa ll 32),v':
’Vlthe product dlstrlbutlons cannot be ratlonallzed 1n terms ‘
f'?.fi_of a planar 51nglet trlmethylenemethane (TMM) 1ntermed1ate,}ﬁ
:7;nor, wlth a few exceptlons, can they be reconc1led 1n terms;
ll:?«ﬁof an- orthogonal srnglet TMM 1ntermed1ate The product
:53<dlstr1butlons whlch can be 1nterpreted as arlslng from an'tﬁdiy%gf
- ‘.fﬂ;orthogonal TMM 1ntermed1ate are those from the thermolysrsv;ffpjl
;‘”'ih:frof 3, 3—d1methyl 4-methylene l-pyrazollne (56), 4 ISOPropyl-lliifl'k

"s'Fldene-l-pyrazollne (57) and 3 3 5 5 tetramethyl 4-methylene-ffl. o

T

3l-pyrazollne_(62)

= hch[ In the cases of 4—methy1ene 1-pyrazollne (30), ;a)fl[ﬂlyV sl
”'i'fi-methylene l—pyrazollne 3 3—d2 (42) and 4-methylene—1-faffﬁ:;7§if
:'vayrazollne 3 3 6 6-d4 (43), the klnetlc data and the

{product dlstrlbutlons (see Table 5 and 6) can be ratlonal-‘?fjf?}
vv”fdhilzed 1n terms of a planar TMM 1ntermed1ate (lOa) Assumlng.
Aﬁufa'two secondary deuterlum'klnetlc 1sot0pe effects, one 1n tfl;tﬁtffhﬂ
'7ffﬁfthe rate determlnlng step (1 e., the step 1nvolv1ng 5 p@>q,¢‘f5,9;
e T U
“Efﬂicleavage of the two C-N bonds) and the other 1n the éro%nct e
H?hiformlng step, the values of the former 1sotope effect can‘hf?*f?‘ 4
VT”ﬁﬁbe obtalned from the klnetlc data, and those of the latter hf;ilfn
f?#;?hglsotope effect from the product dlstrlbutxon data._m?icfi.hv
o On the baSIS[Of the‘magnltude of the 1sotope effectsvv :

9

‘ffrom the klnetlc data and the observed GAG* per a-deuterlum




",

U

’tT‘of 101 6 cal mol l, belng w1th1n the frequently observed

"value of 90 120 cal mol (26 27), both C-N bonds appear ,”:

‘trpto break 1n the rate determunlng step (lOa) - However, a. e

v".funless ‘the value of GAG

=551becomes much larger than 120 cal mol h'4-Methy1epe-l-'

‘“3553 3, 5, 5-d4 (46) should thus be. prepared The values of

i'.}GAG* per a-deuterlum vza both two—bond and one-bond

.

:'?lﬁ_klnetlc data of the thermolySls °f.3° -42’.43‘ 46— 107

, g 'f:'w:;;‘:‘_‘ated and deuterated l-pyrazollnes . -,' | ; o ‘ LY

;3;5 stelese one bond cleavage pathway cannot be ruled out

G per a-deuterlum vta thls pathway

A ,~~~

LA e A

Ei;and 4—methylene-l—pyrazollne~3 3 5 5 6 6 d6 (44) u51ng

fa

::~;ffbc1eavage pathways could then be estlmated from the complete

;‘ﬁ;ihthe method descr1bed 1n the llterature (7f) for nondeuter;,suavf-“

In the product formlng step. the values of the lsotope ”tfti

Wffeffect for the rotatlon of the deuterlomethylene group

'~hq_of the planar TMM to the rlng methylene were obtalned as'fffq*'ﬁt

"k_;fiproduct dlstrlbu"}on data L
'fkff:are, surpr151ngly, comparableﬁto the theoretlcal value,'tef
':”?.{ H/k = 1. 414 derlved from classlcal inert1a1 argument

”ththat, for a glven lnput °f thermal energy’ the ratlo Of
‘””f:}the rotatlon of a CHZ groupS to the rotatlon of a C02

”fp-group w1ll be ih 1nverse proportlon to the square r°°t

rh“fiCon81derable lnterest to examlne the prOduCt dlStrlbuthnS ﬂf!f‘

mﬁh,frl 33 0 06 for 42_and 1 35 0 07 for 43 u51ng the‘?éﬁthV

Table 6 (10a) These values o

v" - i

J

”i:vﬂ3;°f thelr moments of 1nert1a (25b) It woﬂld thus be of




50%

1n the thermolysxs of 46 and 107 31nce the product ratlosxv;‘

oy - .

O i

Lo from 42 and 107 would be expected to be the same and so i

(

‘ff_would those from 43vand‘46.n

A 81m11ar treatment to the above falled when applledag}_ﬂ‘% .

to the product dlstrlbutlons from the thermoly51s of E— -f;f

and Z 4 ethylldene- —pyrazollne 3 3~d (76 and 77) (seei:g;% :

Table 10) (ll) i The 1mp11ed sterlc effect by a’ methyl O

group of an exocycllc double bond may have 31gn1f1cant1y ;ji:e‘fﬂi

¥

altered the mechanlsm,fe g., the carbon nltrogen bond

PIOCGSS-J An answer to thls speculatlon would be prov1dedfﬂf

e

by 1nvestlgat1ng klnetlcs for the thermolys1s of 4-?;f¥

ethylldene—l-pyrazollne (69) and 1ts dldeuterlo derlva—“

tlves, 76_and 77_

"CRQ; syn tofa methyl group may be lagglng in- the bond breaklnggi'r~:ﬁffﬁ
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RESULTS

A;.Szntheses | 1
B D'yakonov'(§7) prepared ;—methyiene-i-pyrazoline'
‘(30) for the first time by the additlon of dlazomethane ';
to allene. It was obtalned in low yield due to forma— o
tlon of tautomers (4-methylene 2—pyrazollne and 4—methyl-
pyrazole) and unldentlfled hlgh b0111ng compounds. ‘A;
superlor yleld (65%) was obtained by * u51ng a- large‘
HESC=CHy +  CHNy -———» &
S N=N
o ‘._-1* . | ',ptd o R 0
excess of allene in accord with Cameron s procedure (35)
The ler spectrum of 30 (Flcure 1) was taken in
bensene-ds, s1nce 1t was found that most of 4-a1kyl-
1dene—l-pyrazollnes 1somerlze slowly at room temperature
-in- chloroform but are stable in benzene for a day or so.
The ‘Fourier trgnsform 1nfrared spectrum (FTIR) of
gaseous 30 (Flgure 28) has no absorptlon above 3100 cm -1
1nd1cat1ng the- absence of any nltrogen-hydrogen bonds |
| of tautomers. The bands at 1552 and 1685 cm -1 are con-
| . sistent w1th the stretchlng modes of nltrogen-nltrogen
‘ and carbon-carbon double. bonds.
Pure 30 could be stored at ;40°C under argon;f

fatmosphere for a month w1thout any notlceable formatlon

uof tautomers. . ,'

51



- |
° t

Preparatlon of 4-methy1ene l—pyrazollne -3,3- d2 (42)‘

.Qo

''''''

allene as descrlbed by Cameron (35) ‘The FTIR~spectrum’

3

. . L ) ‘ lﬂ:N
T o B 42‘

o

Jof gaseous 42 (Flgure 30)° shows the bands at 1051 2142

“vand 2218 cm 1 whrch are not present 1n\the Spectrum of -

.30 (Figure‘28) These bands are con51st nt with the

'_bendlng and stretchlng modes . of an a-carbon-deuterlum B

!

bond..m

The deuterlum content<was estlmated to be 97 l%”

1

by 100 MHz Hmr spectroscopy (Frgure 2) We were able |

to determlne the more rellable 1sotop1c purlty of 42

be the comparlson of the mass spectra, at low 1on1zat10n'

potentlal of methylenecyclopropane (31) and the mlxture

of non- and deuterated methylenecyclopropanes produced

SRR o
a oy
' e — . v»' ’ ¥
N=N T 0 /=
30 ‘ S

e
*?1_".
DL

So

‘was accompllshed by the addltlon of dlazomethane—d2 to‘-e

52.



- 53..
'{}‘from the thermoly51s of 30 and 42" The mass spectrum "
"hof 31 has a very small M—l peak only 1 18% of the j
' _molecular 1on peak (M), and an M+k‘peak 4 39% of the
M peak comparable to the carbon—l3 natural abundance ; -

(1 08% x4 = 4 32%) as . 1nd1cated 1n Table 14 However,

31t should be noted that the 1SOtOplC purlty of 42 could
"Table 14'1

_'Fragmentatlon data from low 1onlzatlon potentlal massk. ST

"spectra of the methylenecyclopropane and the mlxture of

o .nondeuterated and deuterated methylenecycl;propanes

A

Y . ?
g-n

-Intensitv,‘% h -

.“m/e“~« *\%: ‘.‘.‘ "‘:ZZE;\ Zgggd5 Zui?h /)k\/:.u

-~

Z
e

53 .0 ):7i8¢1M~l3
54 »‘.p**'f>1oo (M)

5. *.4 39 m+1)§ 7

-

not'he“determined directiy“fromﬂtheimaeS”speetra ofj30'v
~and 42 due to the very large,M—l peak 1ndlcat1ng extreme

" ease of fragmentatlon even at low ionization potentlal.,
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The fragmentatlon data on 31 1n Table 14 was used

"-l as a standard 1n the calculatlon of the 1sotop1c purlty

: of 42 1nstead of the carbon—13 natural abundance.

s Assumlng the same fragmentatlon pattern 1n the mlxture df

'~n31n 31, and deflnlng thelr relatlve mole ratlo as Rd

»_'f97 02% for 42

‘fof non-}‘mono- and dldeurated methylenecyc10propanes as-""’

. _ _ “o |
R d . and Rd i the data ‘in Table 14 would glve ;;'VL,:T
1 2. - : _ C R

"eﬁ;o;72_ fga:;+.o:olls~ndgant);j, T (eqa3y
SRR % G e R T

‘0,0439;26‘-+'”f;r17'nd- + 0.0118 R, -,-rlﬁgqia4jfgf;}§

6.17 Fa,
TR fﬁ,vojﬂ.f: L Sl a2

" and 100 ‘= 0.0013 R, +.o,o439'R-é;+ R, . - (eg.5) -
8 9 .00 do_ 90 ,_dl, o Ry )

‘vThe 51multaneous solutlon of these three llnear equatlons
”;fglves Rd ‘=0, 66,_36 = 4. 96, and Ra -99 83 whlch were ph‘
| 0 1 |

.a:then converted 1nto percentage ratlos to glve D0 = 0 63%,‘

'l,l = 4 70%, and D2 94 67% w1th an 1sotop1c purlty of
» . ‘ RETe B o x
The same calculatlons on the data from three 3

‘1ndependent samples were carrled out to glve the average -
'.values.-f d’= 0.6 ¢ 0. 1% ‘b, = 4. 8 ' 0., 1%, and D, = |
| :94 6 t 0 1% with an 1sotop1c purlty of 97 0 t‘O.l%:forﬂ.d.}
}':} 4—Methy1ene— -pyrazollne 3 3 6 G-zd4 (43) was prepared '
by the addltlon of dlazomethane to allene-d4 accordlng to g

:Cameron s. procedure (35) Slmllarly; the addltlon of '

mvdlazomethane-—d2 ;o allene-d4 gave 4—methylene—1~pyrazollne-

‘.»[3 3 5,5,6, 6-d (44) ~ The FTIR spectrum of gaseous 43__'iiw

.

2. S T
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(Flgure 31) shows bands at 709, 2230 and 2331 cm -1
are not present ln the spectrum of 42 (Flgure 30) These
bands are cons1stent w1th the bendlng and stretchlng

| modes of a Y—carbon—deuterlum bond : The FTIR spectrum

s*’of gaseous 44 (Flgure‘33) shows the abSence of the bande S

g Which“*.~u'ﬁ

at 1420 2858 and 2940 cm 1 present in the spectrum of ﬂf;'

15:3,43 (Flgure 31) and 1nd1cat1ng the bendlng and stretchlngj_-

modes of an a-carbon-hydrogen bond

The deuterlum content on 43 was estlmated to be e

1

G 97 1% bY 100 MBz Hmr spectrosc0py (Flgure 3) _efjf

mass spectra at low 1onlzatlon potentlal were analyzed

1n ‘a way analogous to that prev1ously descrlbed to glve'ffﬁ;_'

: 1sotoplc purltles of 97 l 0 1% (D 0. 3, Di}—:o 2, e
"-'_b2 16,D3467,_4 912) for43,and968 01%

,'_x 0;
.}ﬂ .5 14 4 and DG % 33 7) for 44 e

= o 0 Dl —‘o 0' D2 = 0 3 D3 = O l, 4__ 1 5' PR ,a 2
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Md"ffl-pyrazollne 3 3 5 5= d4 (46l

‘::3gfmethane buffered at pH 6 Wlthout bufferlng the PH

T

o

We successfully synthe51zed for the first tlme,

Radiadiad

'"“54—methy1ene l—pyrazollne~6 6- d2 (107) and 4-methy1ene---vff';}*

Compound 107 was prepared as outllned 1n Scheme 1. uﬂ.%f~”

.~~~ -

'fFS—Nltro-S (hydroxymethyl) 2-pheny1 1 3 dloxan (108)

i’ﬁtlon of trls—(hydroxymethyl)nltromethane w1th benzaldehyde

'”53fg?by the procedure of Scattergood and Maclean (38)

';tHydrogenatlon of 108 w1th Raney-nlckel, as descrlbed

'~~~

x'f’methyl) 2-pheny1 1 3~ dloxan (109) (Flgure 5) The i' -

"d'oxldatlon qf 109 w1th sodium metaperlodate was followed

'ffby the subllmatlon of the resultlng 5 S—dlhydroxy-z— >

;hji(Flgure 4) was obtalned by the ac1d catalyzed condensa-‘ifilfrra

:.fﬂilby Malel and Raphael (39). furnlshed 5-amln° 5 (hydr°xy‘”*”ll;3t

‘fphenyl l 3~d10xan (110) to produce 5-oxo-2—phenyl 1 3- :.-.

t‘dloxan (111) in very low yleld (39) The yleld of m

110

L~

'{can be 1ncreased to 85% by v1gorous stirrlng of a solu-_

35]t10n contalnlng 109, sodxum metaperlodate and dlchloro-ﬁ-’

~~~ _'

'flllncreases and the ylelds are reduced.v chhloromethane

'?:serves to extract the ketone 111 1eav1ng the gem dlol

~~~ \;

L e . ~ i

_110 1n the aqueous phase._ The ketone lll can be stored

V?{;at —40° 1n an 1nért atmosphere for months.; At room
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"ﬁ’}~‘:ffh‘ 5}_,‘1‘.59g.
j5_ temperature 1t slowly deterlorates to. a yellow oll hav1ng,

the odour‘of benzaldehyde., Recrystallﬁzatlon from o
| pentane 1mmed1ately before use 1s recommended i‘f‘~"m |

g Treatment of lll Wlth methylene-dz-trlphenylphosphoraneff -
L’ produced from the reactlon of methyl d -trlphenylphos—ffudjfifﬁi

phonlum bromlde Wlth n-butylllthlum accordlng to an

adaptatlon of the procedure of Malloy, Hedges,_and _
Flsher (40) furnlshed 5-methy1ene 2-pheny1 1 3-dloxan— ;,:__4.;_‘

7 7 d2 (112) 1n 80% yleld It should be noted that the

R el

deuterlum content of 112 varles from 65 to 95% dependlng

i

"l'ff on the dryness of solvent (1 2 dlmethoxyethane) and the_:lﬁjﬁ:"

v

ratﬁo of reactants.; A procedure 1n whlch the DME was

l‘,.

jr k d1st111ed over llthlum alumlnum hYdrlde three tlmes fphlfifbgfnl'

under an argon atmosphere 1mmed1ately before use, and

. fff methyl-d -trlphenylphosphonlum bromlde, n\butylllthlum 55

and lll were reacted 1n the approxlmate mole ratlo of -jf e
L 24 1 12 and 1. 00 gave OPtlmum Ylelds. IR P

The deuterlum content of 112 was estlmated’to be

'“7ffh§5 1% by 100 MHz ler spectroscopy (Flgure 8) > The

\

mass Spectrum at low 1onlzatlon potentlal was analyzed

to glve an 1sotop1c purlty of 95 1% (D G 9 Dl = 7 9
and Dzr- 91 2) based on the M-77 peak, 81nce there was -
a very large M—l peak The lntegration of the 13 6 MHz

2Hmr spectrum (CCl ) corresponds to more than 99 8% of

g ,..xo

the total deuterlum at the exo-methylene p031tlon,.u :

BTN

o 1 ,
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62, -

)

Hydrolysrs of 112 by ammonlum chlorlde 1;\water

7thjand methanol gave 2 (methylene—d )—l 3~propaned101'(}}§)

“‘i;ﬁfrn 85% yleld The deuterlum content was estlmated to B

‘{‘:'_.be 95 1% by 100 MHz leffr spectroscopy (Flgure 14) |

”T,The extreme ease of the fragmentatlon as 1nd1cated bY ?n;'_~,~
jfthé low lonlzatlon potentlal mass spectrum prevented ti

‘:hljtsé determlnat10n€°f the 1sotop1c dlstrlbutlon of %}gf

e Slnce the subsequent steps for the preparatlon Of

j'-A'V}_.‘;:::._t_;lvie pyrazollne 107 from the lel 113, shown 1n Scheme l

~~.~ . .~~~"

:areﬁ;were applled 1n”the same manner to obtaln 4-methylene—3j?d" .

'"'f"‘ffi,{l-pYrazolme 3, 3 5, 5-d4 (46) from 2-methylene 1 3-pro-
.ﬁstﬁ?panedlol 1 1 3 3'd4 (120),_1t is convenlent at thlS ffjpfle;;.<~
t fiquolnt to conS1der the synthes1s of %gg.* Scheme 2 shows—.fﬁu
the full synthetlc route tq 46-
i D1ethyl methylenemalonate (117) was prepared by |

”fthe condensatlon of‘dlethyl malpnate w1th paraformaldehyde S

bY the procedure of Bachman and Tanner (41) Dlels—Alder ;g&,:-'

; j addltlon of 117 to freshly prepared cyclopentadlene was f;};;?a;'-

( »~~~ i

carried out to furnlsh 5 5-d1carbethoxy—2—norbornene
(118), bp 107 108 5°C/2 5 Torr. The st@ggture of 118 ﬁcﬁgf"

T R

53jwas conflrmed by m1croana1ysrs, 1Hmr (Flgure 10), 1nfrared
ﬁafand exact mass measurement.g_vff"”""

% thhlum alumlnum deuterlde reductlon of the ester
'jj118_

"'”(119) ln 82% yleld.‘ The deuterlum content Of 1ig could

. ~~~ . : ~~~'

1,

?tfnished 5 5 bls'(hydroxymethyl-d ) 2-norbornene

srﬁfifnot be determlned by Hmr spectroscopy 51nce a water peak
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-IEV 1nterferes W1th the methylene peaks of 5 hydroxymethyl

P

'groups as 1n Flgure 12 even though thls spectrum 1nd1cates
'°h1gh 1sotop1c purlty The mass spectrum at low 1onlza—h“dhd y‘;?[
tlon potentlal shoﬁs the extreme ease of fragmentatlon )
! makxng 1t 1mp0551b1e to estlmate the 1sotop1c purlty |

_ Dlol 119 was pyrolyzed at approx1mately 500°C u31ng :Tfhh
an adaptatlon of the procedure of Corey and Suggs (42) e
producxng Z-methylene-l 3-propanedlol 1 l 3 3 d4_(}§9)
The deuterlum content of 120 was estlmated to be 96 1%;?ﬁfi[§;g;
: by 100 MHZ lﬁmr Spectroscopy (Flgure 15) . ”
- 'ﬁ:3-Chloro 2 (chloromethyl)propene l l-d2 (114) was S

:~~~ :

prepared 1n 52% yxeld by substltutlon reactlon of the
d101 113 w1th trlphenylphosphlne and carbon tetrachlorlde J;&;g,f_

:‘~~~ .

1n tetrahydrofuran u51ngdan adaptat;on of the procedure

of Hooz and Gllanl (43) The l3 6 MHz 2Hmr spectrum

8 -..

(CC]. ) of 114 indlcates mor 'v}t-“than 99 8% of the t,otal
deuterlum to be at the exo—methylene posxtlon.” The
deuterlum content of 114 was estlmated to ‘be. 95 l% by ?jfo?i]ﬂf

100 MHz Hmr spectrosc0py qgigure 17) The mass SPeCtrumﬁTfff,ffﬁ

at low 1on1aat10n potent1a1 was analyzed and gave an

rsotoplc purlty of 94 15 (Dofj‘l 8 D1 = 9 0 and

'h?t) based on the molecular 1on peak'.ﬁ~gf5ff;if°

Bromination of 113 has been attempted, however, ~;::$ff

! ~~~:
6 : B

slgnlflcant scramhllng between the deuterlum at the
?",exo—methylene and at the rlng methylene p051t10n wasrﬂp:;fj;

: observed 1n the lnmr spectrum of the resulting d1deuterated

o . ". I
. . K . e le:: -




\

\
3- bromo-z (bromomethyl)propene. ey
° \

3—Chloro 2- (chloromethyl -d )-proggne-s 3392 (121)

o
was synthesxzed from the d101 120 in a manner si@llar

oy

to the synthe51s of the dichloride 114 from the dlol

-~ oy~
\

110., The deuterlum content of 121 was estlmated to‘\

U o o - -~ e
»

be 96 * 1% by 100 MHz ler spectroscopy (Flgure 18)

¥

.The low 1onlzat10n potentlal mass spectrum 1nd1cated

ean 1sotop1c purlty of 96 t 1% (D = Q.O, Dl = 0,0,.4 ;ﬂ

“ -

‘~PZ = 6. 5 D

\

3 = 1.6 and D4~= 91. 9)

/ 1,2- D1carbethoxy— -methylenepyrazolldlne (125) was~'

prepared in 70% yleld via cyclizatlon of 3-chloro-2- A
P .

65.

(chloromethyl)propene (124) with sym-dlcarbethoxyhydraz1ne

'=1n the presence of sodlum hydrlde in hexamethylphosphor-

lede u31ng an adaptatron of the procedure of Rubottom '
and Chabala (44) The structure of 125 was conflrmed

-~~~

Ci. Ci
:125f

oo - L n " o
by microanaleis, ler (Figure 19), infrared and exact

\v

N

: mass measurement;f

i

’ ; ,
-1 2—charbethoxy-4—methylenepyrazolldlne—6 6~d2

'(115) and 1, 2—dlcarbethoxy 4-methylenepyrazglldlne-B 3, 5 5-

~ .~

~ o~

7td4 (122) were prepared from the correspondlng dxchlorldes:

114 and 121 by a procedure s1m11ar to the preparatlon of

the ester 125. The 13 6 ,MHz 2

~ o

Hmr spectra 1nd1cate the

-4



. 66. -
absence of deuterlum scrambllng by only showing elther
'the peak of exo-methylene deuterlum for the ester 115

~ o~~~

or that of rlng methylene deuterlum for 122" The

~ o~

~ ~ o~

. deuterlum contents of 115 and 122 were estlmated to be
 94 t 1% and 95° “t l% respectlvely by 100 MHzZ lﬂmr spect;or '
scopy (Flgures 20 and 21) The maes spect;a‘atjlew h
‘ionlzatlon pqtentlal were analyzed to giﬁe‘iSOtopie)
puritieaddf.94 é th l% (D % 0'7‘ Dl 5.9f1,'and‘pg.= o
2
,3 =1, 8 and D4 = 88, 1) for 122 based on the molecular

90. 2) for 115 and 95 1% (D = 0.0, D; = 0.0, D, = 10.1,
“ion peaks S '

Hydfolys1s of the ester 125 w1th pota851um hydroxlde .
and subsequent treatment of the resultlng 4-methy1ene-
| pyrazolldlne (}gg) w;th.hydrochlor;c aqld by. an adapta—

tion~efgthe_pro¢edure of Crawferd‘andvTokunaga (lba)

. Bt R n-ye
v e J,‘ - ‘1 . N ' ) ‘*:; -
. 126 : : 127

Lk . ladndiad
, . .

'furn1shed 4—methy1enepyrazolld1ne hydrochlorlde (127),
mp 112 114°C in 88% yield.\ The microanalytical and |

fspectroscoplc data are con81stent with the~structure

~;_.gz. .The ler spectrum is presented in Fiéure 22,

|4-Methylenepyrazolld1ne 6 6-d2 hydrochlorlde (116)

-~ oo o

and 4-methylenepyrazolxd1ne-3 3 5 5-d4 hydrochlorlde (123)

A~ nen -

- were synthe51zed from the correSpond' g esters 115 and

~ o



vix'

122 1n a manner analogous to the hydrochlorlde 127

JThe deuterlum contents were estlmated to be 94 l% fori

116 and 95 £ 1% for 123. by 1

~ e

~23 and 24)

Hmr spectroscopy (Flgures

-y Flnally, oxldatlon of the hydrochlorldes 116 and

~~~

67.

- 123 w1th red mercurlc ox1de gave 4-methylene l-pyrazollnefp"

N N A v

6, 6—d2 (107) and 4-methy1ene -1- pyrazollne-3 3, 5 '5- d4

,k(46) respectlvely (10a) ‘The l3 6 MHz_ZHmr spectra

A~y

1nd1cate more than 99. 8% of total deuterlum at the exo-

| methylene p051tlon for 107 (Flgure 25) and at the r1ng .

~

_methylene p051t10n for 46 - The deuterlum contents were

l

estimated to be 95 l% for both 107 and_46_by 100 MHz

1Hmr spectroscopy (Flgures 26 and 27) - The mass spectra

.at low 1onlzatlon potentlal were . analyzed and gave
isotopic purltles of 95 0- 0. 1% (D0~— 0.4, Dl 9.2
and Dz'é 90.4) for 107 and 95.4 £0.1% (Dy = 0.6, D) =

~ o o

0.0, Dz 7.0, D 3 --2 0 and D, = 90.4) for 46.

4

The FTIR spectrum of gaseous 107 (Flgure 29) shows )p-r

o~ n a

-1

bands at 712 2224 and 2330 cm whlch are nbt present

R

'1n the spectrum of 4-meth‘iene-l—pyrazollne (30), Flgureh"‘

28. These bands are con51stent w1th the bendlng ang
stretchlng modes of a y-carbon~deuter1um bond. The o
FTIR spectrum of gaseous 46 (Flgure 32) 1nd1cates the
'absence of bands at 1422 2860 and 2942 cm -1 present ;
' 1n the spectrum of 4-methylene—l-pyrazollne~3 3-d2 (42)

(see Flgure 30) and representlng the bendlng and
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'*:stretchlng modes of an a—Carbon—hyergen bond
: An 3581gﬂment °f the major frequenc1es from the rﬁ
,‘FTIR spectra of the nondeuterated and deuterated 4_wi.:j_

'[;methylene_lepyrazollnes has been attempted w1th llmlted

Eisuccess as 1n Table 15 bY comparlson W1th those Of

_c.:tl'PYraz°Iine methylenecy Openténe, methylenecxglo—& |
t?ci}fpentane-z 2, 5,5 d4: methylenecYclopentane-Z 2 5,5, 6 6—:tvt
. t’tii 6' ethylene ethylene 1,1-d a;d ethylene-d4 (45 46 47)
?3ﬁ;ii¥?The bands representlng the C—N stretching modes were lfﬁif;,ﬂ;i
.:."_'vf.."-;_..";;tentatlvely a5519ned as m Table 15 by comparmg the i
| }iiilr spectra of 107=,43 and 44 (Flgures 29 31 and 33),

'ij81hce these baﬂds are shlelded by the laxqg band represent-n

‘:‘:hl;flng the waggipg mode Of the Y—carbon-hydrogen bond (»CHZ) :3}ijf

.“:@j;ln the lr gpectra Of.30, 42 and 45 (Flgures 281 30 and

= 5ﬁfei32) The results 1n Table 15 can bg regarded as 1mportant
‘“f;!ev1dence supportlng the structure of the. nondeuterated ;;;;:7i5
}¥?{;and deuterated 4‘methylene-l-pYrazollnes-e\f_?1}7:f{"tFir;;‘
5 The deutef1UN Ccntents of the deutereted 4~methy1ene-r‘rtrf.”
“’j;;l-pyrazollnes Obtalned as dqgcrlbed prevxously by the Sl
'riwfffanaly31s of tne mass spectra are summarlzed in. Table 16.1gr:?f{§;f
B Crawford et aZ (48) were able to syntheslze‘ffﬁ;1Y;fffzfﬁ%?ﬁ

"g{ -ethylrdene-1'PYra2011ne (69) by~$he reglospec1f1c f;{i;feyif;}

ifffavditlon offdlaZOmethane to 1 2;.utadlene. Slmllarly,“a;_iff@;;fi

'~*7t;E-4-ethylldene’l‘PYrazollne 3 3'62 (76) and Z-4-ethyl-r,~A*

.

Jih,ldene-l-pynazollne—3

2;62 (77) were Prepaned by the -irt'

 "fJffadd1t1on of di’zbmethane’dz t° 1’2
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T fable 16
Deuterium contents of the deuterated 4-methyléne-l-pyra-

a

zolines from‘theﬁlow_ioniZation potential mass spectra

o - o
- Compounds '<JL7D2 : ()L7

N=N . ~'N=N

42 107

. Deuterium ; | . _
| | 97.00  95.0  ‘97.1 | 95.4 96.8
fqohtent, $ £o.1‘ , C£0.1 .7 #0.1

- _ N=N . N=

B S 76 7T

. ) . 0 ) : . i ~ o~
N 'Syntheticzrbute I -

(maﬁor). (minor)

I¥- o - _ » - ;

_.HF:C‘,—CP: + CHN T 3 o X
B (minor)  (major)

Synthetic route II R S

y .,. o ) .  go.
~

G
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.diazomethane'to 1.2-butadiene-l ledzfrespectiveiy

N

ﬂ(synthetlc routes I and II) - We applled a 51m11arl

- procedure successfully to the synthesrs of 4- ethylldene—u
¥ .

l—pyrazollne—3 3,5,5- d4 (128) ,Thus,»dlazomethane—dz

R R
-

e L SR
-/.Cz C = C Dz CD N -—-—-—;——» D
. J' : : L . . \»\:‘ - ‘. .. 4’, ;
was added to 1, 2 butadlene 1 l-d2 R ”f**w’% !
S o

}';*_: Earller 13Cmr and 100 MHz 1Hmr spectra of 76 and 77

'led Crawford et aZ (48) to a531gn the structures of
'these compounds, and to suggest that they were produced

&
in’ hlgh stereospec1f1c1ty ' A re-examlnatlon of these

1, 2

'compounds u51ng 400 MHz Hmr and Hmr demonstrates that

:some 77 is present from the synthesrs of 76, and vtce

’1vversa (see spectra 1n Flgures 36 38 40 and 41) The o

1Hmr spectrum (Flgures 34 and 35) of 69‘shows

!

»400 MHz

- a clear separatlon between the 51gnals of the rlng

methyrene protons antt and 3yn to the methyl protons of‘
'the 4-ethy1rdene group Interestlngly, 1t was observed
'that'the‘400 an 1Hmr spectrum of 69 shows such separa- .

.ptlon only in benzene—d6 medlum, but not 1n chloroform-d.

The 1,

Hmr and 2Hmr spectra of th product mlxtures from"
synthetlc routes I and II (Flgures 36 41) and the ler o
‘spectra of 128 (Flgures 42 and 43) enabled us to a551gn

~ A

4a11 the srgnals and coupllng constants of 69 as 1nd1cated_d

- 3



. Figure 34

PhH’
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| Figure 35
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 effects of the g electrons of the'C~C bond in the .

'Z“W e ‘ﬁi‘ oy ’;"’ i RN G R
v SR . A T S
1n Table 17., he maEPetlc resonance 51gnals of protons

! : O

b and H were obser ed dat 64 40 and 64 48 respectlvely LR
i G;ﬁ;, o
S 1nd1cat1ng a shleldlng of the proton H by the ans1otrop1c;ﬁ“="

Table 17

h400 MHz ler data for

4—ethx;1dene~l-pyrazol1ne She

Proton:xw /Chemlcal Shlft,w, Type of G S
Ll s ’“*GTMS:*ﬁf;a:;’ 51gna1 df];éonsﬁahtsfflsif :
| f,(benzene~de) | = L

L U AT I ey sllght multl—]a?-epﬁf;u%;,tkffﬁﬁﬁﬁ

o SR

'fngffj”;.jf“¥”f4;107a df75doub1et of dggiwa;éofﬁsziilf

L Bg A8 ’.,-.fpentet L Ipg = 1465 Hz o o

_'i;en»?igr_:;id ;fdfgﬁfngﬂ; Tgltlp}eFfaidf‘Jaéﬁ;nJedféhf"'”




‘di_Table 17 are comparable to the valuesJof J ab’ J -

:hf'96 l% as 1nleated in Table 18. fkf‘ﬁf;ﬁqhiéplﬁv
;:aiy?;from the therm°1Y’Sls of the mlxtures led us to estlmate

: sﬁ18:d The deuterated ethylldenecyclopropanes were

'iih§f4-ethylldene group of 69, and the coupllng constants in

*»

i X gc
L ¥
, or J dl? 0 3 Hz and J d 4 10 Hz from the 11terature (49)

"j~; It was found from 1ntegrat16n of the 400 MHz ler
'7(54 4 MHz 2Hmr) Spectra that the relatlve mole ratlos
fof 76 27 are 92 8 (90 10) 1n mlxture A derlved from the
R4

tgfsynthetlc route I, “and’ 7 93 (9 91) 1n mlxture B from the

synthetlc route II.p The deuterlum content for 128 1s

Y .‘ o~

LA

A comparlson of the low 1on1zat‘on potentlal mass~_}ﬂ4,3“

‘“f_iﬂspectra of the deuterated‘ethylld’necyclopropanes A'Q

S

:7ffthe deuterlum contents to be 96 % l% for mlxture A,

S~~~

liffdpropanes by preparatlve gc.; Slnce the mass spectrum of

88.

j}-f

"75197 1% for mlxture B and 96 : 1% for 128 as 1n Table :f}:ft’fl

"Tisseparated from the deuterated 2-methylmethy1enecyclo—;tﬂc v

'T;the latter shows a large M—l peak the analytlcgl/results h

R from the former compound are used as an 1nd1cat10n of

'T]ff;sotoplc purlty of the latter., Comblnlng the results “'

1,

"iﬁefrom the" 400 MHz Hmr 54 4 MHz szr and mass spectra, we .'?:U;h

”ﬁéjfobtalneg the 1sotop1c purltles as shown 1n Table 18.;-'

‘ ”7 3-Methyl 4-methy1ene-l—pyrazollne (68) was prepared

';[accordlng to the procedure of Schrljver (34) by the jftdf-:;' i

""."_-‘;;f"aaaed to allene to furnlsh 3, 3-—d1methyl 4-methylene 1—

5 .v:".'

:ﬁfghpyrazollne (56) } The procedure of Crawford and Tokunaga

Sog

:'rﬁfaddltlon of dlazoethane to allene.”12-D1azopropane was ”fftﬁ:
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(lOa) was modlfled 1n that the acetone hydrazone 1n the
'4?freact10n mlxture was removed by extractlon Wlth water

‘r,.followed by fract10na1 dlstlllatlon to glve‘56 contalnlng -

’”’?13% acetone az1ne as assessed from the 1Hmr spectrum c

o

‘:*,(Flgure 45) hlS mlxture was used w1thout any further_fﬁrff‘d

s

: fPurlflcatlon in the klnetlc experlments 31nce the acetone E;]ft7

Avaz1ne 1s known to be stable under the thermolysxs condl- 'jiffaf

4 Isopropylldene i-pyrazollng’(57) was syntKESlzed
7f{faccord1ng to the procedure of Crawfqrd and Tokunaga (10a)

’;5ﬁff’ H H

: EtO C Co E

B "Br NaH N 2)HCIV NMa
AT DME | Etozc CozEt - f.'-_ 2




el

}_ E 3—Methyl 4-ethy11dene-l pyrazollne (89), and

Z B&methyl 4 ethyledene l—pyrazollne (90) were prepared ;gf-v,?

$'ff;as deecrlbed‘earller»(48) e S
'A The.lﬂmr spectna of the pyrazollnes 68_l56; 57,_é§ff{;jiﬁ;f§
.'éaiﬁandKQO‘were taken 1n benzene-dﬁ.medlum.t It‘was fouhd o
f‘iithat most of them 1somerlze slowly at room temperaturefirfflbffi'

;"“tln chloroform—d but that they are stable 1n benzene forff”t

a day or so (see Flgures 44 45 46 47 and 48) ;
It should be noted that all the 4—alky11dene—l-'»-rﬂ@2 g

‘razollnes prepared 1n our laboratory could be stored v;f’;o,pa

at -40°C under argon for at least a month w1thout any

-i.

notlceable formatlon of tautomers.c,pf}f’u'
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'B. Kinetic Analyses

(i)[sample Injection and'Pressure_Measuréments =

The gas phase thermoly51s reactlons of the 4Lalkyl—~.

1dene l pyrazollnes were carried out in a 250 ml stalnleSS)

N

steel reactlon vessel contalned in a well’ thermostatted

-alr bath as descrlbed in detall in the Experlmental sectlon.

DA

‘ﬂ‘The reactlons were found to proceed at a convenlent rate

at temperatures between 160 and 185° w1th 70 92% conver—

- sion 1nto alkylldenecyclopropanes dependlng on reactants

and reactlon temperatures The reactlon was always B

accompanled by 1somerlzat10n of the pyrazollnes to thelr

,'tautomers, however the observed rate constants appear to,'_u

h‘be 1ndependent of the percent conver51on of the reactlon. Ry

‘h'A complete dlscussion of thlS p01nt is- glven later _The‘ ,

: temperature of the alr bath was malntalned constant

".throughout the reactlon by a heater controlledoby a:

‘fproportlonal temperabure controller. The long term

-

stablllty of the bath temperature was better than’+0 l°¥‘»
¥ 0

' The klnetlc resultsﬂwere obtalned by follow1ng the

gA.'

1ncrease of pressure wrth tlme. The pressure 1n31de the

\J
reactor would be expeoted to be doubled upon 100% com-'

1 3

| pletlon of the reactlon, by the formatlon of equlmolar

'-quantltles of alkylldenecyclopropane and nltrogen ”The

1
pressure was. measured as an emf by a transducer, Natlonal 6

‘SemlconductorkLX 1702A, whlch was hooked up to a voltmeter

*

.;'



‘

‘ »and a dlgltal prlnter. The transducer~emf waS'calibrated‘-

-

'and was . found to be dlrectly proportlonal to the pressurehr

used (0 =200 Torr) A Pyrex tublng fllled w1th hlgh §~f

' b0111ng GE Slllcon 011 710 was placed between the trans-

ducer and the reactor in order to av01d the condensatlon"

’.of reactants at the transducer, -and to ellmlnate any

‘}_dead-space effects (50) durlng the measurements. The
'sflong term stablllty of the transducer emf was found to .

be better than + 0 002 volt throughout the thermoly51s, B

‘?and an emf of 1 volt was equlvalent to approx1mately 75
Torr 1n our system. | |

Three reactlon vessels were examlned l) Pyrex,

0 O

*ﬂ'2) stalnless steel 3) Teflon llned stalnless steel. The,"f~'iﬁﬁ

”best results, as Judged by a mlnlmum of tautomerlsm, |

f:were obtalned u51ng the stalnless steel vessel

Pure 11qud samples (80 ul) of the pyrazollnes werelffﬁju

”f»expanded 1nto the evacuated reactlon vessel from a- heatedf,;fjﬂ“~'“

\perlod of 5 to 15 seconds to glve a sample pressure ofp.,rgﬁ

'30 60 Torr (0 4 0 8 volt) Prlor to the 1nject10n of

_the sample, the U-shaped 1nject10n port (D) was sealed

u’ﬁl?at E so that maxlmum 1n3ectlon 1nto the reactor could be

"gachleved 0therw1se, only a few Torr of the sample was
1_1ntroduced lnto the reactlon vessel, 51nce much of the

ffremalnlng sample expanded in the wrong dlrectlon to the

;,‘Hgke<valve_FI,' The hlghest sample pressure obtalned was 7h:ff'”"

lv.j(100°C) 1n3ectlon system dsee Flgure 49 U—tube D) over njgj;,g]}:
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ihlgh temperature Hoke
g valve ;u-“

10

’flnjectlon port S

fndké"va1Vé‘

;@1:

!P’

-901nt of seallng‘g i

-_P1ran1 gauge ’fsample tube

lql

:PumPS-“\

1.

u¢ut;

e

1=

151

‘transducer 4

:izj

=fvoltmeter B

recorder .

jo

the kinetlc studles 1n the thermolysxs of

. 4'alkyl1de“e‘1'PYrazollnes.‘; S s

ot

reactlon veSSel‘;i,. SR

'tublng w1th 51llcone 011 ii

96

%;grj°g§133£g_gg.; Schematlc dlagram of the apparatus used for ;i.g ¥
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i75 Torr even upon heatlng 200 ul of the sample 1n the:.fr

ilnjectlon system at 150° for 1onger than a mnnute. o

‘o

‘;Slmllar results were observed w1th n—octane, although S
~ &

'.n-hexane could be expanded 1nto the reactor quantltatlvely :

e

iThe 1n3ectlon tlme of. 15 seconds was the upper llmlt, ;,-‘

,51nce most of the thermoly51s %eactlons carrled out had

'n“ﬁ}fhalf llves of 300 to 650 seconds. The thermoly51s

. futemperature could not be lowered belbw 160° 81nce thlsfﬁ S

fﬁufled to an. 1ncrease 1n the extent of tautomerlsm of thefy*’77nf¢

f;jpyrazollnes.

Reproduc1ble flrst-order klnetlcs were observed

’:.ff'Only after repeated thermolees of the PYrazollnes 1n.933"

="'j'-';_ithe stalnless steel reactlon vessel The percent com—f@;f_ffff

l;;;pletlon of the reactxon 1ncreased dramatlcally from 37;ifﬁfhb~f

.%-fnto 92% after 10 thermolyses of 4-methylene—l-pyrazollne T;fff,ﬁ:

"[yat l75°f and the rate constants calculated for the next

.;*“ffto l%. The 1ntroductlon of a1r 1nto the reactlon vessel '

fflve thermoly51s reactlons were found to be reproduc1ble

“ﬁw'eaused the surface to be destroyed (51 52)

(i) Kinetic _Cal'f’ééul"at"ions {é‘ﬁdf Aeelye’esef_ Efroiﬁ"s S

The thermoly51s of 4-methy1ene—l-pyrazollne has |

{<*Lbeen shown to follow flrst—order klnetlcs (lOa) : For a

'eeprocess 1n whlch the pressure (P) doubles upon reactlon,
cal AN gt
"the rate constant (k) can be obtalned from the,lntegrated

..' . ."‘ :A.. )




f:f‘fexpressed as fi!}??j,_,-qﬁq.:” o

L T

~form of the rate equation:

"*twhere Pt 1s the actual pressure 1ns1de the reactlon vessel

5.

*.fihat tlme t and P 1s the 1n1t1al pressure at tlme t (53)

O
The transducer emf (E) 1s dlrectly proportlonal to

( .

Lo

"=*+kt;+2;n(?§f;vb¥>»:~é:“»:t-;g;_;.(tq;‘s;i;j;c;

?[qfthe pressure used (0 200 Torr) The equatlon 6 can be | f“.:jfffi

‘:gffg ln(E —E ) _,—kt + const. ;;Pffffg;(*i{1dei:;xe§;;j)3a’f_jﬁ

'h:where E 1s the transducer emf at t (usually 8 X half llfe)

‘~-‘and Et is that at tme t. , If the rates of thermOIYSlS
'"g;of 2-aiky11dene 1-pyrazollne§ follow flrst-order klnetlcs{’t

: ‘ffthen a plot of ln(E - E ) versus tlme should be a

‘f:stralght llne of slope -k. Flgure 50 shows a typlcal

ntﬂﬂthe_‘oly91s of 4-methy1ene-1vpyrazollne at 165 0° The ju'

"’atprec1se flrst-order rate constants, the data p01nts were i

*e[vchosen between 20 and 80% completlon of the reactlon. :5[}'»dg*:">

,f'vplot of ln(E {- Et) versus tlme for a klnetlc run 1n therfﬁw'v":”

"“ﬁ ther oly51s of all the 4—alkyl1dene-1-pyraz011nes studled?ftr’?f

”:*j}by us followed flrst—order klnetlcs.- In order to obtaln-fg;,'
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"f uF1gure 50 Plot of ln (E —E ) veraus tlme 1n the thermoly51s}i":ﬂ

”_ o  4-methylene-1-pyr zollne at 165 0 C.:,  @_; f{ﬁ1 i
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The klnetlc results together w1th the assoc1ated
_ error llmlts were determlned by an appllcatlon of the-ﬁh'
'method or least squares (54) 1n whlch the slope (m) and 7.3'flf
g,the y-lntercept jb) for a llnear equatlon y mx + b
‘”_are glven by the equatlons _;t‘

an y - Zx ZY L L R
”.__ijf»’ g;,;h-;;;ﬁ‘:,n ‘__-v..r>.,,v(eg; 8)

L e 2 2 FREN

Ccand

b= . ‘ et (eq9)

'*;Assumlng that the error re51des solely 1n y ‘and that
»f‘the values of y all come from the same populatlon and “fo;fj}fj

ﬁ“.therefore have the same dev1atlon, estlmates of the

'jstandard dev1at10ns 1n the slope (o ) and the 1ntercept
/ L

g (ob) are glven by the equatlons d;jr

-.Q “7;'?_.L
It

© ‘where the standard deviation of y is defined as in the .



y 3: ‘qj ;:fiv 'A.F.iv l;‘.dl-"llii-rf"', uyf.{ iioll'-

‘equation

‘1’0.;%-v.g.3;,2 — S ff,;(quflg)

o : = -

hThe numbér“éf degrees:Of freedomvln the oase'of the o
stralght llne flt ‘is two less than the total number of v: !
‘”:fdata p01nts.q The method above 1s consrdered to be very |
;'Eff:rellable in’ ‘our cases, 51nce the tlme valuesuare assumed

Wfﬂto be correct and all the errors can be assumed to res1de

iy ".5'5"‘.'-11'1 the recorded Val_ue‘s Et

The assoc1atlon¢of partlcular confldence llmlts,w1th

’{fuan estlmated mean value 1mplles a predlctlon of the;fm]wf;*

'i:iifrellablllty of thls estlmate as judged from;both the
”tfspread of the data and the number of data 1n the sample

"=tifrom whlch the mean has been estlmated. A commonly
df{accepted practlse 1s to quote the term "probable error?vaw

/“rf(P €. )“ whlch as glven for a least squares analy51s as.,}:hﬂliﬁ”’"

. vt

IR .;hmff';ijheh‘f Lo
™ pue. -_._=,;‘,_o.."6‘74_-5-:;x:_' s‘ta';fi‘dard'Fdevi_‘at_ior,ifa’, A

1L .
FeI e

‘u*ﬁ,ga 50% confldence 11m1t whlch means that there 1s o
7{fj3probab111ty that the mean value 1s w1th1n the quoted error

S A SRRt
g*llmlt.f The usefulness of the standard dev1atloh as a _é»;;f;_;

/ :

5Qg‘pred1ctor decreases con51derab1y as the sample 51ze ;7fﬂfjf;fffjh

ﬂj;decreases, but some compensatlon for errors 1nvolved 1n

- N " ’;, . . c . ",'JA N . "". "_;:. o . v'_ .'.'4: >> g - ._ AR - . ‘. ,} :




"predlctlng from small samples is prov1ded by the use of

‘confldence llmlts (c l ) wh1ch ‘are found by multlplylng

’*fthe standard dev1at10n of the mean,by a factor "t" that

| 1s selected»from a table of “t" values (55) on the ba31s

,;of the de51redsconf1dence and the number of runs, 1 e._l‘

ffia commonly chosen evel belng 90%.iszff?4w

The llnear dependence of x:L on y can be 1ndlcated

*3;ynby a quantlty known as the "correlatlon coeff1c1ent (p)"

:%:inWthh ls deflned by the equatlon '%;iifhﬁiffi:yiff:“,.j“y

s~’w"v'..fﬁ"

Aazr’ﬁunvbp

"”75It has been shown 1n the llterature (55) that equatlon 15

"gfcan be expressed by the equatlon {f;

B

.'hﬁlwhlch was used by us to calculate the p values.,ff3f9’*'

A Texas Instruments programmable 59 calculator was

\

Lhm idzf

zu‘ffdhﬂif,: fff?F»g(éq;”l4¥:&;f

V_hg We used "t“ values for a partlcular confldence level,'d}'""

vafoyflused to perform the least squares analyses and to calculate
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"lthe assoc1ated errors and the corfEIatlon coeff1c1ents.o

B Y

The average rate constants (k) for three or f1ve
'1ndependent runs 1n the thermoly31s of 4—a1ky11dene l~r'm

pyrazollnes at varlous temperatures are shown 1n Table

Q

L 320._ The/1nd1v1dual rate constant (k ) for each run
"t;?;together w1th 1ts standard dev1atlon (qk ) and correla-'tvf';f}h

flftlon coefflcelnt (p) 1s glven 1n Appendlx o The p

i{values were found to be 1n the range between 0 99933 and

) »'.

ffﬂ”?lo 99984.; ThlS 1nd1cates a good linear dependence\of

0 :

-'Tln(Eﬁ-E ) on tlme 1n the least Squares analySls ?:Théh‘u .

,

| fjstandard dev1at10n of the average rate constant, Uk, at

" Tieach temperature was calculated from the 1nd1v1dual rate :}5
"';fconstants (k ) A typlcal example of klnetlc calcula—f%;f‘
| ;fhtlons and error analyses 1s shown in: Table 19 for the ffffff:f"'

"fbfdfthermolysls of 4—methylene l—pyrazollne The error 1nﬁi§;ff'

\

J"sﬁﬁfeach average rate constant (k) 1n Table 20 1s based onjjf“
Ji'-]fthe 90% confldence 11m1t whlch was calculated from thetﬂsffﬂxm"”
Vﬂficorrespondlng Gk

o (ifiyfwhérmolysis*ana'Tauﬁémérism}ccntroi";i~!;g;J;['F~«f~""”

From the thermoly51s data 1n Appendlx,f we were Ri7tjﬁ***"’

*f able to estlmate % completlon of the reactlon (1 e.:;aajf’

”if;conver51on of the pYrazollnes 1nto alkylldenecyclopro—'“utriiﬁ’.'-
s v SR e R
':‘;{panes) by the equatlon ;;;,;;Hf

et

SRR

Ty
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'K1net1c results for the thermoly51s of 4-a1ky11dene l- .

'°  ,Ryxazo11nes_-7-‘

Table 20
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‘Compound

Teﬂp\ ( C)

10 k

(sec

l),fﬂ-’

[ ¢ 3

:]iﬁqﬂ170}b»*f__ '_
Coamso
e i"_ 180. 0 ';-\:j.._f =
"‘.¢ ffi64 0;; ﬁﬁﬁ?x
17 6;, 0

__;;1;170 0f&;v~w}

(170 0)

175 0
180 0
185 0

SR ._‘b' i65.0 , ".,50 937{
CR=N 00
S wso 0 21
. 0.897.
1,509
“-2 2791
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'jfﬁl 016 
1581
”jﬂz 459f
9_;a1 391
L 1.942
]53 1511
' 1 503 

‘57-,1_605- o ,

Cooolegio o
"“7i247°?°frfﬁff”ff

e
1,973 %0,
'aﬁ320¢+?f1

<x+‘

|+

1.450 +°

.H-‘

1+

(0 802)
l 264
l 977
3 050
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0 006
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where E; is the transduCer emf at t o’ and"Eo is that at t0
The emf E0 correspondlng to the 1n1t1a1 sample pressure -
was calculated from the value of the y-1ntercept, i.e.
ln(E -E ), in the least squares analyses. The results

‘ detailed in Table 21 clearly 1ndlcate that the thermolysrs
reactions of the 4- alkylldene—l—pyrazollnes proceed at
temperatures between 160 and 185° with 70-92%. completlon
.of the reactlons dependlng on the pyrazollne used and the
reaction temperature. The varlatlon in % completlon

is presumably due to an accompanylng tautomerrzatrOn
‘Although a greater percentage\of completlon of the
) reactlon was observed at hlgher temperatures, the
thermolysls temperature cannot exceed that at which the
‘half -life of the reactlon becomes less ‘than 300 seconds,

4 Ce &’3" v a

srnce the error in theameasurement of the klnethS would
. I _
be expected to 1ncrease with 1owered half llfe The -

N

vdegree of completlon of the reactlons appears to, be
better for 4—methylene— —pyraZollnes and 4-ethy11dene-'
1~pyrazollnes ‘than’ for the other pyrazolines (see Table
21), It is also noted that the observed rate constants
.aré independent'of the percentage-aﬁhgletion oﬁ,tbe-
freactdon at each temperature. r”$??.aA -
'-Wefobserved that, at room temperature, upon catalysisd
by small amounts of trlethyﬂamlne -in benzene, 4—methylene4
.l-pyrazollne (30) tautomerlzes to 4-methylene- 2—pyrazollne

~ o

(129) followed by subsequent very slow- aromatlzatlon to _

%
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Percenﬁage?Cbhpletiona of the)réaction fo:‘the thermolysis

 of 4?alky1idene—l¥pyrazolines

Compound ,Temp} ‘ ’ #Ruh \ Completibn_ ‘ 103kib5

(ccy - T (see™)

N

S:ﬂ\7 . 165.0
R =N S

© 30

BV VN

77 - - 0.936
76 .. 0.942
78" © 0.934
- 85 . 1.450
84 . 1.458
84 ¢ - 1.450
85 ©1.443
80 ~1.451
92 2.222
- 87 S 12,230
89 . . . 2.203

~170.0

W EWNE W

79 . 1.420
88 1.417
84 - 1.405
82 . 1.411
86 1.401

Z
]|
<

‘2 S8
. . o . N
-
Y
o
.
B =]
/
Ul W N =

LN
O
R}

86 .  1.267
80 © o 1.279
85 L 1.264
86 . = .1.266"
82 . 1.274

[
~J
(=)
.
o

‘v

<

<
i
=
T T W N

&

86 1.239
87 1.235
84 . 1.233

80 1.220
78 - 1.224-

<

. S
W ar TR
R - R
-
<\
=
. O
W N

T -S|
[ Z

\ | L . : Lo continued...



. Compound

Témp,

(°c)

#Run -

- Table 21 (continued)
Completion

(%)

107k,
(secT?

.
4

v #\‘

3, b

) -

170.6

W

NBWNE

W WNE W

W W W

- 83
86
'+ 87

82"

82 -
83

86

74
Cg3
80

- 715 -

79

83

81

f:85 ~

75

11

88 -

B
R E
74
1T

h1.069

- ~-1.076

1.075

1.075

7 1.060.

, 1,022
10042

S 1.024 0
© 1033

-

o 0.894

S 0.880
0,917
. 1.530

S 14501

1495

. 2.289

81
82

e 28

2.269

© 2,278

1016

10005
S 1.027

1.590

/1.564

2,438
2,454
“;. 2$485-'

. continued.., ‘.



" Ccompound

'_Tables21'(c6ntinued)"'

Temp.v
(ec)

'I#hun,: ‘lCohpletidn ‘iblo ki

an

'_3 b;

() (sec!

. 160.0

"1T164:O-,'

17000

‘-

140

Vi W

MR WNREL

ASE ) .

Gl

.85 - . 1,950 .
oo 81 e 193
e B4 10948 o

 ;83Lv  h? ;i1;571 j?:V3

75 1.405

76 :.f  ":l;39l‘i “?f i

89 3,157

82 0 1.649

o8l 1e39.

 585 7 f  ifl;5$8f  “

.77 . 1.521

80 ULus27
78 0 1.516

‘;'7’~cohtinué3§;.-jf

109.

B T R U0 5 & R
"T;.agqﬁ:}gﬂa5j3g136fn'-ﬁ°

86 o 1.661 .

76 10817
g"80”- .' v 1;806,LJ_

081 1,811
‘f86" :"j  l}797ffﬂ_h‘ |

R

g0 .G.v1.536._§L”"’
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Table 21 (contlnued)

e'vcdmpound SO Temp , #Run ’f' Compleﬁdonltiv;03kib: ,
. o R e S ; . .—l RS

';5*(’C)‘;.,% ,d,.r*f_ﬂi.v fc.(%): :Ji‘(SEC _)i]*”

L i
73 - 1.485

Cfo 156

":5;f75ffi5fffft2;076afjfg,,4
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T 84~V$5*Hk¥?3;2733_‘:v.

C 1m0 0

e
b
W wa W

| ,;¢373jj5;¥ Coiaa2
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L oTe 0 1397

Cole40 o 16t d.9ed

o170 01954
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. 85_dc cbpr’3'156;’cftv 

(Yo
=3
W W W R

BN 5;1 286"'ff:r
700 1241

. '* ;‘75ué iL d;ﬁ;u266 fd?;f_

L7900 2,000
: . 8Lf "51'371}969 T‘(%
36&€ﬁ}j<wi§3,044;,.“; ;
85f  ;P_Hﬂe3;078b.;izam

. B8y e 35027

C w1800
s

e

;evewpe Gk

Calculated from the data 1n Appendax B u51ng the equatlon .
% completlon -‘(E -Eo)/E0 x 100 where E0 is a transducer ffg_,-“

bInd1v1dua1 rate constants are ln Appendlx

762001 L
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;4—methy1pyrazole‘(l30)5"HoWever,.in the’préSence of?évén_

‘ 7-catalyt1c amounts of hydrochlorlc ac1d 30 rapldly o e
deter10rates,rpossrbly to 1ts polymer, 51nce theylnmr_%;p;-.d
i "U:-‘v .

peaks of the oleflnlc protOns completely dlsappear

1mmed1ate1y after the addltlon of the ac1d Pseudo

flrst-order klnetlcs have also been observed 1n the‘”:,j‘577~

tautomerlzatlon of 30 to 129 1n methanol at room tempera-'?i*‘fh

e ~~~

ture. Catalytlc amounts of chloroacetlc ac1d or trl-h'f
ethylamlne result 1n 1ncrea51ng 1nten51ty w1th tlme of

the absorptlon band at 287 nm (A ) ;n the ultrav1olet

- spectrum Th1s band 1s due to 129 (cf max 322 nm ﬂl" o
for 30 1n ethanol) (56) The two 1somers were also

ler 1n the product mlxture collected after

1.

detected by
: thermoly51s,»and Hmr 1ntegratlons have shown that the'
j»“'relatlve ratlo of 129 l39 changes from approxlmately

9535 after 2 half 11ves €0 10:90 after 10 half. h,ves. it

”ld'Thls result 1nd1cates that 129 1s the only 1somer eX1St“':*Jv

‘ Polymerlzatlon to an unldentlfled hlgh borllng compound
th’dld not occur to a detectable extent srnce the values f -
'of E (the transducer emf at t ) remalned constant upon

“ycompletlon of the reactlon..

-
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‘(iV).ACtivation Parametéfs, S

‘The - effect of temperature on the rate constant k R
“1s glven by the Arrhenlus equatlon (53) t-;},l{f%,,?f",(iﬂrﬁf
, * o U e e e
SRR ‘-E /RT CE s T e e T

, X

"f';‘_whéreyEa 1is. the actlvatlon energy and A is- the frequency

7"}lffactor, ThlS can be expressed 1n natural 1ogar1thm1c }i fiafiﬂkﬂi

ln k ln A,— (E /RT) 'ﬂ°'5thk§9;fi§5;*ii'“'

'7,,Thus a Pé,ﬁ-Of ln k versus l/T should glve a stralght 11ne hifés“:

L of slope -E /R and an 1ntercept correspondlng to ln A (or

’f2 303 log A) = Us1ng the data 1n Table 20, llnear flrst—fit-‘

;order plots were obtalned Flgure 51 shows a typlcal plot

’“7;of 1n k versus 1/T for klnetlc runs in the thermolySLS of

lvf4—methylene-l pyrazollne.; The actlvatlon energy and the

.

‘,~frequency factor were: determlned by a least squares'*ﬁs

e zJ'v

; analy51s ‘in whlch the rate constants were not rounded off,

\.v.

'for computatlonal purposes.f

The entropy of” actlvatlon is obtalned in- the follow- v

hAr,lng manner (53) I Accordlng to the absolute reactlon rate :Q,ﬁ}"‘

- @ S
'stheory, the rate con\Egnt, k, of the reactlon is glven o _f;y;
*fby the equatlon f,j4‘-- s RO ‘.%ﬁ FRE - .

:ka ‘Tff . * - # g-., i--: 'ff?vfﬁf’“.ﬁf-.ffl;.*x
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: "2'_6 3 - SRR

. L‘

 Figure 51. Plot of In k wersus 1/T in the thermolysis of .

. 4-methylene-l-pyrazoline. .  * '
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ERAS

R where K 1s the transm1531cn coeff1c1ent,»k

B is'Boltzmann's;

t":(constant and h 1s Planck's constant., For a gaseous ,7

“fff“3(53) It follows from equatlons 20 and 21 that , a':;€7f5?”*fi

"Tﬁfldene-l-pyrazollnes are in Table 22 The errors and T;“”

.“

‘dzreactlon, the followxng relatlonshlp holds' -
... AH 1*_ng-‘nRT$; e E TSRS R ;(eq¢‘21>

“7=ffwhere n is the molecularlty (and order) of the reactlon

"figfor a unlmolecular, flrst order, gaseous reactlon. Froh}dgf;'?}'u
aﬁ:equatlons 18 and 22 | | o
SR ,'r“iKkﬁ~Tvefzf.a>¥»h&ﬁfdféf;: s e T R D
"‘5'”},'h e e U e S T T e S R
Rewrltlng equatlon 23, the entropy of actlvatlonils glven
(by the equatlon- | |
The actlvatlon parameters for the varlous 4 alkyl-

. . “. Dl . 3
i (_”‘r«\ e K Jlie
B PO LI .

Ht;correlatlon coeff101ents were calculated from the leasth{h7
'fsquares analyses.a The p values were found to be 1n thefodtfifx"“
"range between 0 99930 and 0 99992 whlch 1nd1cates a
T{iésatlsfactory llnear dependence of ln k on l/T'IJ':diii:;hdil%fddiF
. The ertors 1n the actlvatlon parameters (see Tableti;;vgdﬁas'

.:d22) are the maxlmum p0551ble and were calculated 1n thef;;;*
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5’[”fconstants, and p 1s the error 1n E then

-‘:;"Then 6 may be expressed as

£

' follow1ng manner (57) From equatlon 22 the slope of‘

;j[ the llne obtalned by plottlng ln(k/T) agalnst l/T is. B

; equal to —E /R', Thus E carn . be calculated Regardless”?'

118,

' of how the slope 1s evaluated 1t 1s largely determlnedﬁ B

' ﬂ:bY the flrst and 1ast data p01nts.A If three temperatures'

-

A“ are used the slope 1s determlned solely by the flrsb

:'and thlrd polnts, and the mlddle p01nt controls only the
”hvalue of the 1ntercept Thus, the value of E 1s.glven,'

fEZEYTg;fllfdug* .d ;.”ii.éprv‘;j ,; €rlfL1:

‘1»?}ﬁl;g”ﬁh et ln,_ » ' .
_iéo;,wv_:T._T | vk :”fVE[JTV

. fl.' . .' e

}74; are the correspondlng rate o@nstants.;gfvfhﬁ:"’

' . e ' V‘ : -‘ - , , ) .
T T n,k. T¢¢ e ﬁbh”’ﬂfﬁ'_lTVYT(eqftzsl,

’“Hf;where T and T"are the extreme temperatures and k and k' ﬁ"lhf;f

If o 1s the max1mum fractlonal error 1n the rate ’T;gfﬁfflf

(l»—_a) k T'*"“

DLt o) k' 'f7f53ffifffffkéé}iééi;iﬁf7’"

ﬁf[?when a << l, as 1s usually the case, the 1ogar1thm1c part

'“fmay be expanded as a serles and only the flrst term taken.-;if?i'"




*.f,ahdf°

" Agdin, when'a << 1, this reduces to .

t&f;us1ng equatlons 28 31 aﬂé§24 resj
ff?ipresented 1n Table 22.% It should be noted that the

"Zhi;actlva%lon parameters for 4-methylene-l—pyrazollne llsted ,f?h“"ﬁ'

'*ggf-ln Table 22 are comparable to the values (E 32 6 kcal

*‘ijmol 1, log A<—i13 24 “and As250

119,

Cg=2R———a D (e 28
If o is the.@rror 1n AS*, from equatlon 22 1t fdl;qwg-“
that 3 '- 'j_fj :5‘ .
AST+ 0 = (B, +78)/T + R ln L+ a) KB (eq. 29) -

Le=8/T+RIn(L+a) . (eq. 30 .

S T TEIE DE DR S RN SR R

5d;dd?l6/Tﬁ+”QRQ[;‘f'

The errors 1n E x AS*;and log A were calculat_ﬁw

”fffe-y and are 9Tf;[_;j5

T
g 3

-.o.. .

*, 'rj;; e. u ) prev;ously ‘.*in?f

”ffreported in; the llterature by Cameron and Crawford (10a),,;3i;fﬁf7f

:*however, our results are belleved to be more rellable o

'?f}because of 1mproved methods of control and measurementf{:fzfﬂu*fﬁf”

“ffof the reactlon temperatures.i Only short term stablérty

fffffof the reaqtlon temperature was p0551ble w1th the system h:fifétj

(58) used by these authorsq
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Similarly, ﬁhe secondary deuterium kinetic isotope_

effects observed by us for the thermoly51s of deuterated

4—methy1ene—l-pyrazol1nes as detailed 1n the follow1ng
f-«\

sectlon are belleved to be more precise than those

obtained earlier (seé Table 5) (l0a).

. o N T ‘O. “ .
(v)_Secondary Deuterium Kinetic Isotope Effects

oS

| The thermolysis reactions of the deuterated 4-

'methylene l-pyrazolines and 4- ethylidene l-pyrazollnes

'were conducted 1n theostatlc stalnless-steel system at

!

170 and 164° respectlvely

The average observed rate constants, k obs’ with - g

thelr 90% confldence 11m1ts from five 1ndependent runs . .

. are shown in Tables 23 and 24 - The ind1v1dual,rate

constants, ki' together‘w1th‘their standard deviations,
k}' and correlation coeff1c1ents, o are detalled in

Appendlx The p values were calculated to be in the
range between 0. 99959 and 0 99985 1nd1cat1ng a good

linear dependence of ln(E rE ) on time.

These bbserved rate constants, kobs' werﬁpcorrected

.for the 1sotopic purltles of the 4—alkylidene-ﬁ§pyrazol1nes
Whlch had been determined by mass or nmr spectral

"analyses (see Tables 16 and 18) . In the case of the

' 'ideuterated 4-methylene l-pyrazollnes, the correctlons

were made by u51ng the equatlon e

lkD (corrected) = obs T g - ' .:(eq. 32)
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‘a."‘rate constant for 4—ethylldene—l—pyrazolxne 3 3 5 5 d

~123.

'}'where“f is the fractlon deuterated, and f 1srthe frac-

'<t10n nondeuterated.» The borrected rate constants, kD,‘k:g .

and the values of k /k for the deuterated 4—methylene-:i'

‘,'l—pyrazollnes are glven 1n Table 23._

Equatlon 32 was aiso used to correct'the observed C

4‘.\

‘(128) E However, the corrected rate cbnstants for E—

~

”"and Z 4 ethylldene l pyrazoilne 3 3 d (76}and‘77) were:id'

L obtalned by u51ng the equatlon

, kobsﬁ‘.'".knﬂfn'q* kD’ fD+ kD -fD L .» (e_q'}; 33) :

‘Where kg and kz'are the corrected rate constants for 76

"‘_'and 77 respectlvely, and f and fZ are the deuterated ;."

‘h“;fractlons of 76 and 77 1n mlxture A or B.' Mlxture A

“resulted from the preparatlon of 76 and mlxture B from

':the preparatlon of 77 51nce formatlon of the de51red |
compound was - accompanled by formatlon of small amounts ,‘“1ﬁh
kaof 1ts 1somer (see Table 18) The data from mass,~1Hmr .

nd’b%Hnr_ spectral analyses 1n Table 18 are - c1ted 1n

' nTable 24 for the sake of convenlence. Insertlng the ;"
_ler data and the values of the observed rate constants T

_"in Table 24 1nto equatlon 33, we obtaln

1. 66\x 10 3 ' (1 94 x 10 )'(;0’-04.),~~+:-o:.-ssf1’<E»ffi o

g P ieq, 3
N V ->\'\\ » R # -
.\\\ N i
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za_tz_l_e___z_e

-Observed rate constants for the thermoly51s of'deuteratea','ﬂ

‘f;'l-ethylldene l—pyrazollnes at 164 0° :*_Jf;ift~f”

e Deuterlum lSOtOplC purlty

‘“&,fmethod *;Z]
o L (sec

i~ e 0

N .;Aﬂ::ﬂtﬁféfiMass &;thrgiL_erfﬂésigflg?ijz54st:s_t 
'JMixturegAa o '*;2f*'ff’_ee*_ e 1. 66

v 0.0l‘izg'””

© Mixture B - I T I R SRR B ) O
v,;ax’..v.ﬁ;jfMass.&_~Hmr[,i—;_,;-9e~ﬂ88;7ge53:;"“A~

M

0.01

obtalned by the analyses of 400 MHz ler (or 54 4 MHz
Hmr) and mass spectra as prevxously 1nd1cated in Table 18

bThe errors quoted are the 90% confidence llmlts.sku;_;éf?



. 81 X 10 3= (1 94 x. 1o )(o 03) + 0 07 kn"”' S
: '~f*\* S o leas38)
o o 90 k LA A S

'forfmixture'B.. Slmultaneous solutlon of these two llnear‘d7”

equatlons glves k l 63 x lO -3 s_ 1 and kz'~.l 82 x 10 3 -

-—

V,Sec.}‘; U51ng the 2Hmr data 1n Table 24, we obtalned the

same values.; The corrected rate constants and the f[“'7

- B e

calculated values of k /k for the deuterated 4-ethyl"ff
1dene l-pyrazollnes are shown in, Table 25 It should be J
noted that the correctlon of the observed rate constant _;d{7'“'

for.128 was made by u81ng equatlon 32 to glve k l 51 x

el

10 ?fgecfl w1th the assumptlon that 128 con31sts of a

~ e~

96 4" mlxture of d4 dd : Con51der1ng the extreme case 1n
whlch 128 1s assumed to be a 92 4 4 mlxture of d4 76‘77, j;’d

'J we can then use equatlon 33 Such a change does not

affect the vaﬂue obtalned 51nce calculatlon glves :f?;dxf;t'}f‘

. ”f}nkb“— 1 51 x lo 3 sec l Therefore, thls value can be ft
con51dered as a corrected rate constant for }gBH |

-f:»,

(1) Thermolys1s of Deuterated 4-Methylene l pyrazollnes
(107 42 43 and 46) L R
Samples of the deuterated 4-methylene-lqpyrazollnes
(ca. 60 Torr) Were thermOIYZed 1n the thermostatted f*{‘;t'
ﬂ* statlc alr-bath system at 175 0° for 20 mln., It lS _:

known that 1nteﬁconver51on between‘49_and 50 or between

47vand 48 is negllglble at thls temperature (10a)

s » %
¥ o e



\.
o ar

’ff mixture A, B or 128 aé 1n Table 24

126, °

Table 25

G'Secondary deuterlum klnetlc 1sotope effects for the B

?“?f;thermoly51s of deuterated 4 ethylldene'l pyrazollnes :ﬂﬁj;a

)

’“’3‘1¢¢ﬁpoﬁndf§13fab6fa'#Séagﬁffjﬁlo335(¢ar£)?7,ff;jkﬁ/k'*"' -

*p e

S 119 %0 0,030
'Mass & "Hmr © 1.63 ®£.0.04 o 00

: |+ ,‘.; ) _i . ,v

-

- 'Mass & "Hmr  1.82 +.0.04. - ..

o Mase:&g.gmrf:;1582;

~ ~

'f*?ermTTébieiza“(brfies;fvf:va~¢<’
-'b »
:ikebs

‘“77{ corrected rate constant for 76 &nd 77Arespect1vely, and

COrrected for 1ncomp1ete deuteratlon by u51ng the equatlon

"f' k f + k f kp f where k and k are the

o f and f are the deuterated fractlon of 76_andf77 ;n gﬂ? Ao

: ~~~‘

© ®mne ervors quoted are the 508 coneidence Linfts.

LEF L

0.03



~,bdamethylenecyclopropanes, and the 100 MHz

T e T o R PP S C RIS T e

BPTS 107 $7fhﬁs.r | 47 7",”;55i4811ﬁ

"4descr1bed 1n the experlmental sectlon, the products after,g”

."f B

,'fthermoly51s were trapped 1n a llquld nltrogen cooled

A tube. On warmlng these products 1n an 1ce—water bath

‘ihc.only the deuterated methylenecyclopropanes were vaporlzed_rfa-"f

3l'to be trapped agaln at 11qu1d nltrogen temperature, so

"qthat the tautomers were 1eft behlnd Chloroform—d or

'bﬁyfcarbon tetrachlorlde was then added to the deuterated

1

. Hmr spectra shown 1n Flgures 52 58 were obtalned. o

The ratlos of the deuterated methylenecyclopropanes
* .

~'v‘”f'.{c,bt,—;,lmad from 46 and 43 were determlned by lHmr 1ntegra-iyjfff

PP

d‘;fftlon (see Flgures 55 and 54) 1n the follow1ng manner---:ﬂ;f

.:;pret RH be the ratlo of 1H 1ntegratlon at 65 33 to that

'fhgat 61, 01._ The ratlo f49 fso was then calculated by ‘the’

'»dequatlon

Hmr or 13 8 MHz ]EQV;
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f represent the mole fractlons of,?JT
razollne),(49 and 50 respectlvely.f

0 046 and“f49.+ f50

Solv1dg for.f49“and f50(f;ﬁ

T ' SRS RSCRE E
ratlo f49.f50, 77 23 for 46ﬁfrom .Hmrﬁeruvh,: v
0. 319){j

The analogous value from

;(see Flgure 58) was f49 fsorr 76 24v5w

rbe‘noted that f49 50 was calculated W1thoutﬁf‘:7lléi;ﬂ

R

*?.~rur.'.¥;f“ 3
hegrétlofflsifso for_43_and the ratlos, S
' 42_and 10% were calculated 51m11arly. All ;“'“7'

”t'of the results are glven 1n Table 26 Each value Of

;;g;fthé;pérceh 'strlbutlon 1n Table 26 15 the average from ‘

7;2 percent dlstrlbutfi

tfsamples, and the error quoted is the_frir
'.'«_'.'90:3'_':_c‘;<>n‘fv_L ence llmlt.. It should be noted that the;;tif‘35t5:.

of the deuterated methYlenECyclo_Tﬂ”7f’

‘; propanes fromy42_or.43 obtalned by us is the same w1th1n

o

'5¥_ experlmental error as that obtalned by Crawford and '7f;ﬂ}~j“-'

.ﬁdj Cameron (see Table 6) (103)

.,-~<‘




e sl a3,
Table 26

Deuterlum dlstrlbutlon 1n the methylenecyclopropanes from

.. -

the thermoly51s of deuterated 4—methylene l pyrazollnes .

(175 0°c) ,ffw,V“hg’(_.}.%7f='

_distribution* (8)

B Method
R TR SRR of .
. © Reactant. analy51s

PR
L

;?f,eh' three samples.~’}i

'ﬁﬁu_ﬁﬁf:twfﬁvvﬂ‘



v .

. if(,- f"“ ',“]Of{'df' - ‘,13;;\

(11) Thermoly31s of E— and Z 4*Ethy11dene l-pyrazollne-

,?’;3 3- d2 (76 and 77) -f; ;;Q-?ﬁ'*

'f,Pyrazollnes 76 and 77 contalned small quantltles ofrﬁ
o { thelr 1somers 77 and 76, These mlxtures were de51gnated“'

“r

A and B respectlvely (see Table,18) ‘ Thermoly31s oﬂ

| mixture A

)4%m1xtures A and B were carrled out 1n a breakséal at a
pressure of approx1mately one atnosphere for 15 60 mln 7i -
S “~\e v

1n a thermostatted 011 bath at 175 2° Under these

condltlons, 1t lS known that the 1nterconver51on betWeen

..," .

y;572-methylmethylenecyclopropane (70) and ethylldenecyclo—ffhﬁrpo
propane (71) 1s negllglble (24 34 ll).’ﬁmfter thex; -
thermoly815 tubes were cooled 1n an 1ce—water bath,pthen
products were vapor transferred lnto a recelver and

henzene or chloroform was added The productskwere then S

'separated by preparatlve gc ento the two spec“e}

;Vd,ffdeuterated 2-methylmethylenecyclopropanes (78_and 29) and

'7fﬂdeuterated ethylldenecyclopropanes (815and 82) The e?r3777
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A/"’ A/ " from mixture A
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Figure 62

Conr) -

'ﬁfﬂ

-a‘f

l: |dﬂ' QL

i .-J.w‘! l‘u WP pK "

T"l

from mixture A . . ['(“

it

/.
)

‘Eﬁ%ﬂﬁw~f

/

e ’ "
‘a".-:“r‘-"u };l,‘,'(\;"'?kh.\‘ ::’- -'.:-'” “”-eﬁ 1/\ L

\. = .K). ’ ~ » ‘s . co.
Df£§X/ j & from mixture B
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Figufe 63
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-7+ from mixture B
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}The ratlos of 78 79 and 81,82 were determlned by 1ntegra—"'“f

'..-~~' e R adnii ~~-

d"rﬂtlon of the spectra In order to do thlS, we must f1rst e

Jﬁ%know the correct a551gnments of therrotons xn the

ler

Boa

h*h;ff;spectra of 70 and 71» The a351gnments for mhe Hmrgfgfjikgf),““

df”fspectrum of 70 (Flgure 59) have been reported prev1ously

: \’\

h'by Crawford et aZ (&8) and are shown 1n Table 27.f*ThlS

‘ Table also llStS the a551gnments for the ler spectrum of

(c) H3C 2 H( dy L

@ — e

&

e LI T e S s e

33:  Table 27

g.f}fChemlcal shlfts 1n 400 MHz ler for z‘methylmethyleneczclo— ;f'h:s;;

;;fgropane (47) and ethylldenecycloprOpane (6 from TMS, CDCl )

P031tlon of proton f;:&,'fj7°,+ﬁfu34dl7"

L T | ° 65‘“ L 3“‘ 1 46m 111536 S
Lo o 97m 1 02m | Cigigg L

L Noter m =multiplet. . . . h T e




' ”7;§_’;_]f~a_f3vffiio{ ngW;Ag';ii;14o;?;}

"--'/'.-' E -
3 . i

‘jpfl_whlch are comparable to those prevxousty obtalned by L
- Crawford et al (48),.except that the 51gnals of the f=?fﬁb
'ﬁ*drjrlng methylene protons H and Hb syn and antz tdﬂthe *f;ti§s¥fi;7
methyl group at the exo—methylene 9051t10n were, for thedpﬁifht%'
flrst tlme, separated by the 400 MHz ler (1n CDCl ) as f?f;;;h;if

.,'df'ln Flgures 64 and 66.r The 31gnals at 60 97 and 61 02

e -hwere aSSlgned tO the protons H and Hb respectlvelyrg;;r;r,fuT*"
:whhi‘a:slnce H 1s shlelded by the ad)acent C-C bond attached

” to the exo~methy1ene carbon, whlle Hb 1s not (49) The TfJ;;;
At va551gnment of H and Hb ls conflrmed by the reported :‘
'fhhdf{ chemipal Shlft data (48) 1nd1cat1ng that the rlng proton ii??;; ::f
» 81gnals appear at 61 01 for methylenecyclopropane (31)

htj;{; and 60 98 for 150pr0pyl1denecyclopropane (59) The
C expanded lﬂmr and 2Hmr spectra of the 51gnals, H and
o 'Hb for mlxtures A and B are shown 1n Flgures 65 67 68
;Qifk,:iand 69.g_§ﬂ”u;:'gﬁ*“~"'*”5”"‘“~ RS S '

The ratlos of 78 79 from mlxtures A and B were

1Hmr spectroscopy (see Flgﬁres 60

’5:?determ1ned by 100 MHz
x'ﬁand 61) 1n three dlfferent ways u51ng three 1ntegratlon ‘]f}i?;;:?f

'3'»4m1xture A'hﬂ,ﬁ;‘ |

70

?:;ratlos.v(l) R . the ratlo Qf the proton H to“the protons*fhf[ffid”

' v; b. H and H (11) RB the ratlo of the protcn H t° L

‘ "'Q?che proton H and (111) Rcl« he ratlo of the protons Hb

'=>affn and Hd to the proton H (see Table_27),_,




s 1415 :?,

If f70"f78,and‘§79 Fe?f?$§nt the mole fractlons of};i"""

”f$:7f7o,‘78land 79’respect1vely, we can wrlte the follow1ng

']”f?'jequatlons.-53:ec.'“

R

3 | .;g4f78 + 4f79 _5?70-§"!{f.iQ?;¢,.- SN T

S

‘~,{2f78%*+1~255°

B o PR ~~

iR hhﬁfzaic f79, f70 Lt BRI
RgE eI xS (eqi 39) Lo
’“‘u"“‘“5”1,?f23?fh‘€2027‘v“» T SRR

sﬂhwhere f705— 0 04 and f e f79 0 96 for mlxture A, and

~~

h*f70,_ 0 03 and f78 +.f79 = 0 97 for mlxture B from mass

}“”?e]Speetroscopy (See Tabie 18) These equatlons were solved

. g '.; for f

8 and f79 For example, for the thermoly51s<8f

7
EE

uﬁ“':fOf mlxture A’at 175 2° for 30 mln, we. obtaxned values Of

1 *%*fﬁffanl

£ if . of 74. 2 25 8, 73 1 26 9 and 75 0 25 0 fr°m Hmr

-?f;.Spectroseoplc data (R = 0 071.':5 0 191 and R 2 685)

:?ﬁ;;The average of these three values was taken as 74 26.._.Lff?'5”':““

”-:gf81m11ar1y,-f78.f79 for mlxture B was calculated.; The
tsf?ftcomplete results for dlfferent thermolYSlS tlmes are
””fjgglven 1n Table_28*

h’hf;fand B: were also determlned by 1ntegrat10n °f the 54 4 MHZ %

. ~~ ’-~~v."

o The ratlos of 78 79 from mlxtures A

. ~~ ~~‘

\ .




etiigfiﬁ.;it%fsif;* f*m;'f~5'1;2;Lfff

Table 28

L Percentage ratlos between the deuterated 2—methylmethy1ene-”ifiuﬂﬂ;f

cyclopropanes, 78 and 79, from the thermolQ%ls of mlxtures

A and B at 175 2°c (0 7 atmosphere)

Eeﬁ‘fnReactant ‘;*Tiﬁeﬁ

(mln) CHmr”. o "Hmrc. o - THmr oo CTHMEL oo

T

1+
B

SRE AR

‘t“t"from ‘eﬁf;;;th;itffzéii Jgfjéif;i}?iiﬁﬁ ﬁ1l€?j.”

"elﬁfmlxture A fiéotfﬁfkai}i

R

R R S S T e

1+

S

. continued...




et Reactant 'I"lme S SR

" from ST e 2L e 1820

any I-'?'f:',"'mlxture B v;:;':}»-;l'ZVO, 221121

'-’;-‘\ﬂ:‘bErrors quoted are the 90% confldence 11m1ts from three

o j}_’ Samples from the thermolyms of m;thureso A and B used as |

| Table 28 (continued)

: l+-'<':'_ ) o L

_ I+

 78: 79 S0 191718

D oy ~

a0 2461 221 L 761 78i1

PR T T

K .-(

samples after separatlon from ethylldenecyclopropane by IR

a control for the 1nterconvers:.on of 78_ to 79 : (l 3 b

atmosphere)




\iﬂ:iﬁat 60 65, 61 3 and 65 36 just as%EEFugures 62 and 63.-“v

'3f2Hmr spectra of the reactlon productsﬂ(see Edgures 62
'f~rand 63) j The zﬁm} spectrum shows three dlstlnct 51gnals‘ﬁr

‘bnfThe ratlo of f 8/f79 Was calculated dlrectly from the g_:'

"1f?1ntegratlon ratlo of the rlng deuterlum 51gnals at 60 65 R

dw};fand 51 3 to the exo—methylene incorporatlon 1n“78 and

'*fff79 The results are glven 1n Table 28 Each value of ;f;ﬂfﬂfiiwj?

”*?the % ratlo 1n Table 28 1s the average from three
o _‘_;_,_,

*5f1ndependent samples,wand the error quoted 1s the 90%

ﬂ{ﬁjCOnfldence llmlt.J"_.wii ed?f‘i

Table 28 1nd1cates that, w1th1n experlmental error,'

dthe ratlo of 78 79 appears to change very llttle W1th

o~ ~~

‘fdpd}tlme durlng the hour-long thermolys1s of mlxtures A and

B at 175 2° A degenerate rearrangement 78+79 was 5,i_3°;fﬂ~51;f57

.~~ ~

"'“F;fprev1ously found by Crawford et aZ “(11) tO be unllkely

'”'gito occur at 160 2° In order to test the occurrence of

*Vthls rearrangement under our condltlons, control exper1—5’ﬂ

"w5§ments were performed.ﬂ A sample of the product mlxturelxalﬁd;yﬁfffl

'r?j'ﬁ78“and 79 from the thermoly81s of mlxtures A and B at

'1f,fslow 1nterconver51on of 78.to>79v

"°%fﬁpropanes, 81 and 82 from mlxtures A and B were determlned

et

s, 2° for 30 ‘min was degassed ‘and’ heated at’ 175 2

’:The sample was then analyzed by ler and 2Hmr spectroscopy

ifThe results are glven 1n Table 28 and 1nd1cate a very

e

The ratlos between the deuterated ethylldenecyclo-ff*'

‘”ffby 400 MHz 1Hmr spectroscopy (see Flgures 65 and 67),.and
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or |l

"”Ffwere calculated 1n a manner analogous to that descrlbedﬁ}fx*d”‘ |

| Wabove.ffThe complete results for dlfferent thermoly51s

ftlmes are glven ln Table 29 The ratlo of‘8l‘82‘wasfjifffffﬁf:_

ufalso determlned dlrectly from 1ntegrat10n of thedexpanded e

i54 4 MHzIZHmr spectrum of the reactlon products,,81.and

(see Flgures 68 and 69) without need of con51der1ng

'“ﬁf;the deuterlum content of 81‘and 82, and the results are ,EE:E
;Q,;ngven in: Table 29 Eachvpercentage ln Table 29 1s the :
tﬁ'};average from three 1ndependent samples,iand the error
”d.£Quoted 1s the 90% confldence llmlt.t R

Table 29 also 1nd1cates a degenerate rearrangement

Cmne s

4;5&l+82 ;s not 11kely to proceed durlng the thermoly51s oé
;f;;mlxtures A and B at 175 2°' for an hour., Control |

l5tjfexper1ments to study the 1nterconvers1on of 81 to 82 were ,

e dl

:f;;féarrled out 1n the same manner as prev10usly descrlbed fVV@%E' T

R }wﬂﬁtin‘FifV
'a{;for those of 78_and 79 However, the results as shown '

ffi;ln Table 29 1nd1cate that the 1nterconver51on of 81_to

2 is not only slower than that of‘78_to 79_ but also

SR

f{ffthe ratlo o£_81,82 appears to remaln essentlally constant




“ o from oo

-.‘Percentage ratlos between the deuterated ethylxdenecyclo—' ;

a

| ‘;..»vpropanes, 81 and 82 from the thermoly51s of mlxtures A

-,,:;._ : ;and B at 175 2oc (0 '] atmosphere)

o Mixturea 15 g4 s 1P a2

+

t+
e
e
1+
[
N
+

60 83sl ol

W e
A S

4

R

i+

3

e
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o
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o
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s
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o contimied..i




- Table 29 {continued) -

| "‘381 ezc 7,%??g6f.tyqf*c»?.-:- el

"".~~:-~~ B

I.f-'-‘.mlxtur e B

aMethod Of ana]_ysls
H;bErrors quOted are the 90% confldence 11m1ts from three Pyl

s&mples after separatlon from 2-methylmethylenecyclofﬁﬁ""

Propane by preparatl-ve 90.:"j ff;g?ffWﬁu~-f Ny

atmosphere). '
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The p0581b111ty of 1nterconver51on between 2—methy1—
fmethylenecyclopropane (70) and ethylldenecyclopropane
(71) was shpwn not to eXlSt by Schrljver (34) from thei~

observatlon that the ratio of 70 71 analyzed by gc ’; Y

~ o A

remalns unchanged in the thermolysxs of 4-ethy11dene l-

pyrazollne (69) at 175 l° for an hour. The thermoly81s

.

5 of 69 at 190.1° however, appears to dlSplay a.very .

' slow 1nterconver51on of Z? to Z} v These results.wereh
.,conflrmed by'us by repeatlng'the'experinents o o
The ratlos of 78:79 from 76vaﬁd 77 were thus‘ |

~ . oy

calculated by u51ng the Hmr‘data in Tables 18 and 28

If n7é and n7§ represent the mole fractlons of - 78 and

~a

\79 from the‘thermoly51s of 76, and Mg and m79 represent

-~ -~ A~

...' ‘ v _' . l.
AT oy Dy
‘ Nop Y G, |
S —— .ZS , . ZE
- N=N - 0 e
76 s .19
187 Py
— 78+ <79
77 .1'j; imgg . L, Mgg

those of 78 and 79 from 77. the follow1ng equatienjcanlbe"'

;written-. :°'-l;?§
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0.75 = 0. 92 g +°0.08 m78o . (eq- 40)

v
=l

0. 92 n79 + 0 08 m79 o

Cor' 0.25 (eq. 41)

for mixture A - since 1t consists of a 92 8 mixture of
, o ,

76:77 asain Table 18 and produced a 75@25'm1xture of

el

' 78:79 as in Table 28. Also

O e
.

0. 07 n, \0 93 m

78 S S feq. 42) .

A

or - 0.82 =0.07 n79 +0.93 m'79‘ . f L R feq- 43)

0.18

~

.for_mixture'B, 51nce 1t cons15ts of a 7:93 mlxture of :
76~77-as in.Table 18 and was thermolyzed to give a 18 82 Ls

mlxture of 78:79 as in Table 28. The'SLmultaneous solu-.‘

~ ~
i

tlon of equatlons 40 and 42 or that of equatlons 41 and :
. i '
78 79'-‘0 20, 78 =0.13 and m79 = 0.87.

An analogous calculatlon was carrled out u51ng the 2Hmr

Q

43 1s n = 0. 80,

data in Tables 18 and 28. The results are detalled 1n
Table 30 It should be noted that the results in Table
30 aré bequﬁed to be fore rellable than those reported < -
prev1ously by Crawford et aZ (see Table 10) (ll) 51nce

s

thelr results were based on the assumptlon that the

]

maxture A and B consxsted of. only 76 and 77 respectlvely.‘v

_‘ The ratlos of §} §g from the thermolys1s of 7 76 and .
77 were determlned by us1ng both the ler and 2Hmr data
'1n Tables 18 and 29 in a manner 31m11ar to that used in

L eam ey e

the prev1ous calculatlons of the ratlos of 78:79 from j

.v“'".
+
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Table 30

_‘~Deuter1um dlstrlbutlon in the deuterated 2—methylmethy1ene_i: ~ﬁ:

Azelopropanes produced from the thermolx@;s of E- and

"Z ethylldene‘l“Pyr32011ne (175 2°C, 0 7 atmosphere) _R-°  j‘f;gft'

DiSt:ibﬁtion-‘(%)'t;'

© . .. Method }ﬁ RO a,.!!__ S
| V,Reaetant - .. analysis -~ a8 99 ‘

Comeas : : S ~a

U R S .
Clame 0 Tsot3r 0 203

T

I+

2 813 . 19

 f1Hmr \ f E 13 i‘3t'

R TR

' Errors quotes are the 90% confldence llmlts obtalned from ;‘;

\

S the calculatlons by us1ng the data in Table 28. : *[' a



76:77. The results are presented in Table 31. . . -

e ey
'



LN e Table a

vn&fDeuterlum dlstrlbutlon 1n the deuterated ethylldenecyclo-f {,§ng

llfyﬁgyopanes produced from the thermoly51s of E- and Z-ethyl-,f'j ﬂ f

 ﬂv -1dene l—pyrazollne (175 2°C, 0 7 atmosphere)

R

- }Ki 3ﬁ@‘“- Vﬁ'}* _Distfibu£i6ﬁ-i(%)j;fj ¥fl~ o

o S e ,
._‘,R¢a¢tant,; i_>_;;_Qanglysis: :H;L3

Errors quoted are the 90% confldence 11m1ts obtalned fromff?fﬂf”'

the calculatlons by us;ng the data in Table 29.




"=;fA. Thermoly51s of 4—Methylene-l pyrazollne (30) and 5
. Deuterated Derlvatlves Rt ;”’f??f??f;;””

{

"'ﬁﬁfjl) Klnetlc Studlesv'_';_t-:_'-';;._:».'_--,_'-"j g ‘*ﬁ;,;pgv;f'ﬁ*

The klnetlc data, at 170 0°. for the thermolys1s of v.fffii;
aVlff}30 and 1ts deuterated derlvatlves are 1lsted 1n Table 23 T
!ﬁtuaU51ng thlS data, an asseSSment of whether one or two
u fifcarbon-nltrogen bonds are c1eav1ng 1n the rate determlnlng
j'hitstep (7f) w111 be presented.. The values of GAG per e
:5feideuter1um can be calculated from secondary deuterlum jf?ixh”’?':
'uc{iaklnetlc 1sotope effects by u51ng the equatlon i

Clenh ;_;q, ..: v .;5,»;5- T *dr'“:; B

:77where n 1s the number of deuterlune.-iFor a\two-bond
jpt7;°1eavage pathway (see Scheme l),_thefobserved 1ntermolecular
qu:?lso;ope effect 1n 46 (Table 23) was used to evaluate SAG*
'”p};in the presence of four a—deuterlums.ﬂ The value of GAG*

““,was found to be 73 3 cal mol l per deuterlum 0n the fifppei.h:

other hand, for a one-hond cleavage pathway (see Scheme 2),







'"i[assumlng that deuterlum substltutlon 1n the tetrahedral

“?cﬁmethylene group of the allyllc dlazenyl radlcal 1nter—ifl?%3dfff~

77;med1ate does not g1ve rrse to any change in, rater thenv 5

T:fffthe value of GAG* 1n the P esence of the c-deuterlums 1n Lo
% F .

-a;;245 1s calculated to be 142 6 cal mol per deuterlum

”‘._"For 107, we observed that the two Y-deuterlums contrlbuted

"7_;an 1ncrease of 26 cal mol

”%}ifthen the observed lsotope effect 1n 44 represents the

: o~

-1 to the free energy of actlva-'ﬁiif

| atlon.' If the reactlon proceeds accordlng to Scheme 1 v}tfc»’”

:lgfthe effect of four a-deuterlums plus two Y—deuterlums

"f.fand we were able to caleulate the effect of the four 'Fﬂiffﬂfbiﬁ

i -deuterlums 1n 44 as belng 71 3 cal mol Tl per deuterlum.;al.

bf{fFor Scheme 2,vthe effect of the two a-deuterlums 1a 44

“i;,was obtalned as l4l 6 cal mol l per deuterlum., If 42‘

59,jand_43 decompose accordlng to Scheme 1 the values of

e ’,'*_'.sAG

*per deuterlum (6AG /n) are ca,lculated to be 62 5 cal

-ffﬂfmol l and.64 4 cal mol 1 respectlvely for the observed

**Tflntermolecular 1sot0pe effECtS (Table 23) However, for

oot

Ef?€Scheme 2, we can calculate the values of GAG /n for.42.‘ fﬁ;lf*}”

‘”3};and}43 from 1ntramolecu1ar 1sotope effects whlch are

”;ffObtalned by the equatlons ’:v*TV:F S



e e ST .“V'VTQVbel_‘.”.,_;__i[j!,:l
[ T we assume that k5'-‘k and that k"—‘k “We. obtaln 'f::}ﬁf“m
fbihfthe values of the 1ntramole¢ular 1sotope éffects and ) B

s /n as 1 38+ o 04 and 142 12 cal mol ™l for 42,A and

l

_gsi l 38 1 o 03 and 142 9 cal mgl forv437 The values

4:?i;t°f 6AG /n obtalned above for Schemes l and 2. are presented
.':fhln Table 32 fi;;;”fllfﬂaffbfﬁ-;h?'Qltfd»fdifﬁfffaﬁfi;Wbl*nffy
| It should be noted that for the one bond cleavage % '
A‘ffﬁprocess (see Scheme 2), the re-closure of the dlazenyl

Mviﬂfas mentloned prev1ously 1n the Hlstorlcal sectlon,l'
”3i;fCameron (10a) observed that 43:d1d not rearrange to_46.,1i;;'i'*
, Tﬁble 32 shows that the values of GAG /n, for both
f’;ihone—bond and two—bond cleavage pathways, are not Wlthln iﬁ;{fﬁf
b55f{the frequently observed value of 90 120 cal mol l (26 27)

'*{ffAl-Sader and coworkers (7f) observed a<§AG /n value Of

r:_jf135 cal mol 1 for the one-bond cleavage process 1n the

ffn_gas phase thermolysis of 3 3'—azo- —propene-3 3--d2 (131)

o e

fﬁfand 3 3'-azo—1-propene‘3 3 3' 3'-d4 (132) Takagl (5)

R TR
RENN :,5

131

ffgﬁzngerestlngly, the values of GAG*/n for the one-bond

’”ficleavage process (see Tabl'532) are more consistent Wlth

<

‘fi{ﬂone another than the values for the two-bond cleavage-;€7?;s3ﬁ’”3k

A ,“4:? P



mables2 i o

»;_--.

-v.:

vf;;Observed values ofiﬁAGg per deuterlum for one bond and

IR

7[ ftwo bond cleavage pathways 1n the thermoly31s of 46 44

'["42 43, 131 and 132

~~~ .

6AG /n

(cal mol )m

compouna TbodIVg o R e

+ .

Reference-,f




:[However; no real ch01ce between the two pathways can yet R

:”afbe made.._zﬁa.-u-s-- ke o ;
In an attempt to predlct the magnltude of the At}"” B
.;Lg.ﬁsecondary deuterlum klnetlc 1sotope effect by the two ifskf

:47;_pathways 1n the thermoly51s of deuterated 4—methylene—l-5i‘t‘3¥37

Vlfgfpyrazollnes, let us con51der a rate-determlnlng tranSL—*iﬁ;:’“;”‘

'““,55t10n state whereln one or two carbon nltrogen bonds are ﬁfﬁq:ﬂ

‘”‘ggicleaVlng to glve a trlmethylenemethane (TMM) dlradlcal

':ff‘or a dlazenyl radlcal whlch undergoes a hybrldlzatlon

7fff'change to sp2 at the u-methylene p051tlon(s) In order L

I;f2;4-methylene-l—pyrazollne-3 3, 5 S-d4 (46), we assume that-:{:pirip
'7f-chahges 1n the 1nfrared v1bratlona1 frequenc1es occur S
:7731;0nly at the a-methylene p051t10n(s) durlng the thermoly51shji}fﬂi
”fﬁthhus, we have chosen the exomethylene group of the A

Jfstmethylehecyclopentane}(133) as a: model for the re-hydrldlzed

’f{methylene group of the tran51tlon state. It should be

4_}noted that»we assume, for the one-bond cleavage pathway, ~;“

KVtthat dehterlum substltution ln the a-posxtlon of the

"hdlazenyl radlcal does not change the vibratlonal frequencles

'“Tln that p051t10n.‘ The 1nfrared v1bratlonal frequenc1es of‘;'\”




e

j?rthe a-methylene group in 4—methylene l-pyrazollne (30)
*?f‘and 1n 46 were assxgned prev1ously as 1n Table 15 andﬁﬂh};gpry
o jthe frequencxes of the @xo—methylene group 1n }331andil“

"-Q}methylene-d2—cyclopentane 2 2 5 5 d4 (134) have been :;ﬁifl::iVT’

e et

133

!ffreported din the llterature (46) Thefpertlhén£7f:éqgéhéiégffff%

g S

~Fifare glven 1n Table 33 E A U
It has been suggested (59) that secondary klnetlc
'fylsotope effects are the result of the creatlon,yor dele-if’ﬁt:if'l
”3ltlon, of new, lsotoplcally sen51t1ve v1bratlonal frequencles :ﬂ;hfﬁ
"f*;durlng the course of the reactlon.; If we make a summatlon |
vhiover the v1bratloqflevels of our four models, the sum ﬂﬁ;t;;fﬂf{l:'
t?i:GAw is: glven (27) by the equatlon ;;ffffhf"“. V B
6Aw [Zw(30) - Zw(46)] -~ [Zw(133) - Zm(l34)] (eq. 47)

“@fIt should be noted that the Values of Awl and sz 1n _f "fff}if“

fQi}Table 33 represent the value for four a-de”

‘7f§and the value for two v-deuterlums 19,134 reSPectlvely

}f;tTherefore, for the two-bond cleavage pathway, 6Aw Awl

:hcw/z then thls 1s an
1

'45‘13 cm 1 Slnce Eo wi

:l[fenergy d1 ference (GAG*) of 448 cal mol for four

'fa~deuter1ums._ For the one-bond cleavage process. GA“

,;ﬂAwl/z - sz = 155 5 °mr%f:f?f?ff

’fﬁfzﬁAg of 224 cal mol Ii;fffff




“f;lSO;‘f

Commen
\”’ L S }'~”~’ S

f‘Infrared frequenc1es used to calculate the secondary

5?”deuter1um klnetlc 1sotope effect 1n the thermoly51s of 46fff'A

Q

-zei;Frequenc;esh,e._y;;;; N Frequenc1esb
S em Yy | L 1)¢,,

S femT ) (cm

~~~ .

H

5?1;55¢H2 asym-.-,zé&jﬁj;gf“"1--;1;>a

2 ﬂst,l"f-‘;?' 12849 ’2,0_6,3_? i ]

o o-CH; def. 1432 1037 =cH, def. 1405 ~ 1103

S0 ST 1ase 1025 - el
NP oA T B T i o .'5-_,:g?j:ﬂf\‘fggj”'j&jgh:&7@:~
51?:*gtcné“wangwu?lzasvﬁfl10?03”*,=C§25twiStf“ﬁ]“ﬂ??w{qu;]QS“mya;z~ -
‘fohiﬁffj,fu',;;ZG}TJFJIQOS’Lﬁ;7€*tﬁ&rwy\f T D NN

Sl T

ff}%a-Cﬂz rOCkb a;JVaGSST-i?%CH
g o6z

STl

wag me0 00

FEN

Cewst.on

: 5?f22873 17558ﬂ§}fff};2@ff” 10278 ~7777

o ; 5315 v‘f77[fjAé>§f{ﬁ}ﬂf 2591 ,,ffitffefg

e
o .

“”ibData from ir spectra of 133”and 134 (ref 46)

. ~~~.

- 'vc. 1-,»"'*" R o VU
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- for two a—deuterxums._ By u51ng these data the values lf

'”jg for the two pathways are calculated and presented 1n'”

’-fof.dAG pér deuterium and the k1net1c 1sotope efoCtS‘{TT;'ﬂ

"ﬁrable 34«; ='? l; : ;1f°l , S :
The calculated GAG /n value of 112 cal mol 1:in;fgh:.*ﬂ-'~'“

| TfiTable 34 1s w1th1n the freguently observed value of "h,T {{lfﬁi‘l

35?,90-120 cal mol (26 27),, Therefore the data 1n Table

"'¥ﬁ34 are best 1nterpreted in terms pf the stepw1se one ‘fe,f;ﬁﬂ;;?;
*?lfcarbon-nltrogen bond cleavage mechanlsm sxnce-the values:;ff””

‘fhiiof both k /k and GAG*/n calculated for thlS mechanlsm o

St

/

'7f;are shown to be more con51stent w1th the observed valueszgf[ffffﬁ

:,ﬁ;;than are those calculated for two-bond é%%avage.: Thus,;j;!5;~i;;

;;1;(30) and 1ts deuterated derlvéﬁlves d1d not prov1de
‘fjfdeflnltlve 1nformat10n 1n assesszgg whether one or two
f?ffcarbon-nltrogen bonds are cleavinkg

'*g~ﬂprocess,i’fj

73;fwe would favor the one-bond cleavage pathway iE forced _f;}Ffﬂif

| ”ﬁhto make a cholce between the two mechanlsms._fkfff?q?;f;,f

“fff(xl) Product Studles o s »
| Inannuch as the k1net1c Studles of the precedlng

“~"fsection on the thermolysls=of 4-methylene-1-pyrazoline hiafsffﬁf

ﬁ.

Too .
E RN an

1n the rate determlnlng

'ﬂturned to an ana1y81s of the product dls~ ;5

5ffgthe following paragraphs.
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| T5b1e~34

\

o \
N\

\

\

oCalculated and 1 observed values of GAG _per deuterlum and

EHZ o-at 170 0° for one—bond and two—boqgﬁgig?vage path_

ways in the thermoly51s of 46

LI

A

Two-bond cieaVagé.
- . L

\\ L

\",

l62.

"\

One-pond cleavage -

" §86"/n N s86%m o
- _ Ik ey U ky/k
i (cal mol 1) ,kH‘;D | (qal-@olfl)." ig‘fD
Calpu{ated o 112° [ 1.66 ? 12 1.29
 Observed - n% - 1.3gb T 1429 1.38® -
f N o | |
f: j3'>H ——
%pata from rable_32, " g;
fibbatéwfraqlréb1¢723; -
fZI . R - . . v
o ' -
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a. Fully concerted;pathng _Each of the deuteratedj

‘4-methy1ene-l-pyrazollnes»(fg _43 46 and }92) was e
. thermolyzed to give two 150mer1c deuterated methylene- o
"vefclopropanes as recorded in-Table’26iv However, via a
"-'fully concerted prbcess, only one of the two 1somers would

be expected to form as shown in Scheme 3-below, Thus,

D,

L 02
43 49
g N
-
‘ ]N=N ' o ' =
46 . 50 107 48

Scheme 3

thié:Schemefcgnfne'readily diémissedt'

’ b. Concerted two Cc-N bond cleavage pathw!y A concerted

’_process whereln both C-N bonds are cleav1ng in the rate

’:determlnlng step may produce one of the followlng threeA

i

"TMM dlradlcals as an lntermedlate.

A planar TMM 1ntermed1ate was the flrst to be

consldered.~ If a planar TMM 135 is an 1ntermed1ate, as

1n Scheme 4, then the ratio of 47 48 should be the same“‘.

~ o~ A

A



.'7Ohsefvedi~'

N=N o, B, 42’_', 107- B

42\ BpH ,”f'>gz T 59§ '_ 66%
. 135 \\\\

\ o/ LoRE o 4% 348
N=N A IR 4t

107 “*’.pf';~ ‘18 o ey

D ey~

Hmr)
Scheme 4

-

regardless of whether the precursor is 42 or 107, and

clearly thlS is not the case.‘ Slmllarly,'lf a planar

hadednd

. TMM 136 is an. 1ntermed3ate 1n Scheme Stthen the ratlo of

D‘ ' | “ o Dy S bbserved -
N, ?.g*'”m From T From '
=N . . o 43 o 46
N=N . —p, | .

DD T T
43\ Y *f" 49 . 728 178

&
-
‘o

E '149 50 should be the same from‘43van§’46 end}égeihfsﬁeh‘t:f-'

- is not the case.k



An orthogonal TMM 1ntermed1ate w1th the or1g1na1

exo—methylene planar (1 e., Che81ck 1ntermedlate) was:.jc

then conSLdered (24) . Scheme 6 shows that on’ the ba51s _"

48

'of the prlnclple of least motlon (31), the thermoly31s g

jijf 107 produces one orthogonal TMM 137. whereas theijTu‘:'

-~y a ~~~

‘Q3thermolys1s of 42 glves&rlse to an orthogonal TMM (138)‘

~ .

. 'as well as. 137. If kﬁ and kD represent the partlal rate

~~~ .

+ k l) 1n the formatlon of 138 and

'vfactors (1 e-. kH v

‘ *;"46§€57f,

'137 respectlvely from 42 1n the rate determlnlng process,‘éfA;i:_f'

,~~~ .

: and ku and kD rePresent the part1a1 rate factors (1 e.,gff
E kn + k‘ = 1) giv;ng 48 and 47'£rom 137 ;n the product '

fforming process then we can calculate these values uSlng

‘rthe product distrlbutlon data 1n Table 26 :t should be

.;;noted that the subscrlpts. D and H, of the part1a1 rate ?iﬁfdi;{’

f*factors denote CD2 rotatlon and CH2\rotatlon reSPGCtlvely 4 t‘t;f7f¥u



'um_lnertlal arguments (25b) Slmilarly, by Scheme 7, we

ﬁobtained k /k' é o 77/0 23 = 3 35 and kH/k =;-5 55, the

o Slnce the ratlo of 48: 47 from lb? 1s 34 66 k'E%}O,34fgf;f;lf5'  m

A ey A i . ~~~

.quand k6" 0 66 A value for k /k of 0 17 forV4éHWaé?ﬂq"" e

 'then calculated by equatlon 48 u31ng the Hmr B

[48] . o 41 kdf'kﬁ'f o k"7s,,g_a1?u3.*; R
LoD H et T S I
o o.ss kn*’knk k) k Ry

"['data“iu~Tab1e326 , The negatlve k /kD value is unreallstlc.,’f‘Fff

'”The k! /k' of 0. Sl 1s also 1mprobab1e 1f 1t 18 compared

~afw1th the theoretlcal value of l 41 derlved from c1a531cal u,u
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. .

An orthogonal TMM 1ntermed1ate w1th the orlglnal

exo-methylene orthogonal was cons1dered as a f1na1

P
%

pOSSlblllty. Scheme 8*shows that vza such an orthogonal TMM

T . X . v X . . R S T v
-

e L s
AR S I,




ey

;glnto the plane to glve an allyllc dlazenyl 5pec1es 139:{

- ~~~

35(35 60) In order to 1nvest1gate the product formlng ffth”

ﬁlprocess from the dlazenyl spe les, we w111 deflne the '

hidlsplacement of nltrogen by the allyllc termlnus whlchitjfjhfj'f
:iwas orlglnally the a-methylene of 30 as xeclosure, theﬂ?r;fféﬁk!h
ffdlsplacement of nltrogen by the allyllc termlnus whlchf;p.. .
;?was the exo—methylene of.30 es z-closure,.and the electro—:u;ffip
Ezcycllc rlng closure ot the two allyllc term1n1 as |
hfy-closure. Then, the followxng mechanlsms can be discussed [.T}S

A product formlng process uslng only x—; y- or z_rh\ﬂ”if

]%closure 1n the intermedlate dlazenyl Spe01es was con-i""'

. .'. f :

_fSLdered.: Thls mechanlsm, as 1n Scheme 9\ provldes only
. /o

_;a 51ngle product from each of 107 and 46 whereas two..n,a;

4;products were obtalned from both 107 and 46}as 1anab1e

}st (see also Scheme 9)

/

The formatlon of 48 and 50 respectlvely from 107

hfand 46 suggests that x-closure must be 1ncluded ln_the
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Tﬂ? factors [1 e.. k (A) + k (A) + k (A) 1s l] for x-; yQ:fﬁhjf !f”*

e

S e

RIS I

oy sdheme 10 R R SN

;f;f If lSx(A)' k (A) andtk (A) represent the Partlal ratevf; jf%“ S

‘fj?fand x-closure 1n each dlazenyl speéles produced from the{fﬁqf:,};i
f;;fprecursor A then the-lafkjof the ponderal effect (29 30)ff.f{j}§°]

lfffin the rotation'of””"




as 0 505 0 495' SUbStltUtlng thls ratlo and the productliyfjﬁl'h'

ratlo of 64 36 for 54 255 (10a) 1nto equatlon 49, the

L A e

ratlo of k (53) k (53) k (53) can be calculated
cannot obtaln a solutlon for equatlon 49 as 1t stands,;'dfffVﬂfflT
[54] 0 64 0 505[k (53)+k (53)]+0 495[k (53)+k (53)]

[551 36j'_‘ 0. 505 k (53)+o 495 k (53)

B . I’ | - : (eq:[49) '. . : .

but lf we add the relatlonshlps k (53) + k (53) -\k (53)fjiff,;;;?

and k (53) + k (53) * k (53) l 0 then we have three f:i?:ft{f;f
equatlons and three unknowns._ FOr the case where :,‘:IL..' SR
k (53) k (5 ) the solutlon for k (53) k (53) k (53) 1si}f5lifgii
° 23 0 44 0 28.: When the value of k (53) or k (53) 1s fldl
o zero as ln the extneme Cases:.l e--(x+z)- or (x+y)-closure:dé;;é;f
then e °btal“ the ratl°3 °f Ky (53) k (53) as: 0.27:0. 73 .?fff;fi
and 0 29 0 71 resPeCt1V91Y-_ These results clearly T

demonstrate that the value of the part1a1 rate fa;tor

k (53) 18 always w1th1n the range 0 27 toyo 29.
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R N

v"""‘flimdlcated prev:.ously,vthe ratn.o of k (53) k (53) k (53)
’jt€5ls 0 28 0 44 0. 28. it should be noted that the value

i;]hof 0 28 for k (53)‘18 essentlally 1ndependent of the

L;e;{carbon—IB 1sotope effect even 1f the value of thlS effect | R;{h*5
f{aﬁfls as hfgh as 1 l. : h'> ”' | e "ﬂ i 1'“ :#utﬁ“:~: «if~'
h’ We next calculated the productrratlos for lgz and‘46.hllhiff
!;ie%As in Scheme ll 107 g01ng through 140 produces a 66 34 111t:;;;
“::tmlxture of 47 48, and 46 901ng through 141 glves rlse D

__'.~~‘~ '-~~~
!

:tho a 77 23 mlxture of 49 50 (see lﬁmr data 1n Table 26

e e

ﬂ}fﬁﬁand also Scheme 11”& The products;}48vand 50, can be [fffr;i_ﬁf;f

i”!f;produced only by x-closure in 140 and 141 respectlvely.; ]Lfﬁff:t}

,,f[fHowever, the product data 1ndlcate that the ratlo of
Ll - 'rsan;.-
”=q48 47 for 107 1s greater than the ratlo of 50'49 for 46. e :

3“;;In other words, x-closurf"should be faster 1n 140 than

: ThlS may 1mp1y that there EXlStS a

',\~~~




Lo



‘f:of an uéy bending force constant from the leaV1ng.gronn'

'"V¢o§ the galn of an HGx bendlng force constant from the
Tt?;fenterlng one (62) We are then left wlth the task of
'f;}idec1d1ng whlch group c02 or CH2 W111 rotate more readlly;.isiaiﬁ;}

““fbecause of the lSOtOPe effect. There are two v1ews on

Tlgn;the Orlgln of thls 1sotop3&effect (25b),;ﬁAs mentloned
fffﬁfprev1ously 1n the obﬁectlve sectlon, a cla581ca1 1nert1a1

'wfi7argument glves rlse to a kn/k value of 1 414 On the 'if" By

' rother hand, 1n quantum mechan1ca1 terms thie 1sotope

ff;g;effect can be seen ln the tBermal 1somerlzatlon of 48,

fmhe substltutlon

vza the orthogonal mn (a145) to_ 47"E :

:ffffof deuterlum for hydrogen}on the exo-methylene of

'ffg{methylenecyclopropane_(3l)_w111 lower !he zero pOlnt
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torsional v1brat10n becomes part of the reactlon coordlnate

motlon and the zero pplnt energy difference ;s lost Since 4ff'
e

the v1brat10n becomes a translatlon. Then, the 1soto e

..f_a

effect ls calculated to be 1 41 at 170 0° wh1ch 1s almost

4‘

1dent1cal w1th the value of 1.414 obtalned from:clas51ca1 .é%xi

1nert1al argument.- The work of Gajewskl (25b) support
thls.e He observed an 1sobope effect ole 31 0 04 1n

L

fﬁj the thermal 1somerlzatlon of 146 g01ng‘vta 147 tO lﬁﬁ

; Sl s
. . L

By uaxng the value of 1; 41 as the isotope effect (R) f!
the CD2 allylic rotation (or tor81on) we can calculate

the percent product ratio 47»48 for 101 by eguatlon ‘j

(see Scheme 1l) as 65 + 2 35 2.

"x(.-f’?’
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-On the,other hand,lfor 463 assuming that the DZ -N
\
- bond cleavage in l4l proceeds as fast as the y-closure,
“_then there arlses a questlon whether the DQC-N bond
cleavage can induce an 1sotope effect in the y—closure.
for 141 then Y is glven as 0.81 14Q;18 by4equat10n‘5l. »
. T /j m
[491 0. 97 ky(46) +,k 2 (46) (53)/(R -Y) + k (53)
o 0'.23_ kx(gg) Ky (53)/R
k§(§§)/Y‘+,kz(§3)'R o.44/Y;+jg.zq-1,4; |
N R
) ‘ “(eq. 51)
e : h
L ,

‘ihis value cléarly‘indicates that there is’nohsuch
1sotope effect in the y closure srnce an 1nverse.1sotope
. effect 1s 1nconce1vable.A Consequently, if thls mechanism
- is the correct one we. .can suggest that the rotatlon of
"the two allyllc term1n1 has priority over the DZC-N |
bond cleavage 1n_the product=form1ng y—closure process,
'Then, aSsuming'Y 1, the percent product ratio of

- 49: 50 for 46 can be. obtained as 75 2:3§ + 2 by equation

~a  an

51 abovef. This is quite cons1stent with the observed
ratio as i; Table 25 (see also SchemeilB)'within thelerrorl
limit of +2%. - ’

We then;carried'out‘the‘same analysis,that described '
'abové on the products.ﬁg‘and 53_(see Schemeziél;.,lf‘k;_

and kg represent the partial raté factors in the rate
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deterining C-N bond cleavage process, then the lsotope

effect allows k, to become smaller than k - The observed -

B
. EERREE Lo o Observed = .
. Yej 2. | :
- _*/£jnz ~k 4+ k. -
Lo LS R . 59% (60%)
i (0.58) AN B o
o ((sz : :
N=N~,\\hp :
| (0.42) . | |
42 | o T
TN 41% (40%)
| . 728 (71%)
b, o M
(IS (0.58) T e
| o, . e
N=N o] " ) B
Nk |

43 (042)
N 28% (29%)
By ler'(ZHmr)
I "Scheme'lz» |
secondary deuterlum klnetlc 1sotope effect of l 38 and

the isotopic purlty of 97% (see Table 23) yleld values
of k, :kg of o 58: 0.42 for Both 42; and 43. Scheme 12

shows that 42lproduces 47 and‘48 via .two structurally

L ~ o~

A dlfferent dlazenyl spec1es, 149 and 150, and also 43

Ly ,



glves 49 and 50 vza 45 and 151

~

N
\

v ~

It lS thus expected that

178.

v / -
‘for elther 42 or- 43 the ratlo of k -ky k in one dlazenyl

spec1es should be dlfferent from the ratlo in the oﬁher,

51nce the two spec1es\dlsp1ay the xsotope effect dls— “'

A 51m11arly in the allyllc -CD, -

=

rotatlon.

o

k and k

Ifk,y

irepresent the partlal rate factors for the rlng closures

in 149 and 45 produced by the faster a-cleavage process,

BR VRV S

Qand k'; ky and k'

4

«f,

~ o~

‘bY 8-cleavage then thelr ratlos forn42 and{43 can be :

f calculated from equatlons 52 85 (see Scheme 12)

By

DY S

. o

represent those in 150-aRd lSl prpduced .

hlnsertlng the value of 1. 41 for the rotatlonal (or tor51onal)

J

”fflsotope effect and u51ng the prev1ously derlved ratlo of

v,O 28 0.44: 0.28 for k (53) k (53) k

-

”k (42) S

(53), we can obtaln

_kY(SB) ;

f .

)j,:"

!Zf‘

1 —the values of the ratlo for 42 and 43 and these are llsted

: w1th equatlons 52 55

ok £, ky(fg) ? kz(ég)_= kx‘§§)_= X, (53? e
| - = 0. 28 : 0.44 : 0.28 (eq 52
P 4 -
| ' ka53) | ky(53) i
. | . = il e inlind -
;kx(ﬁg)_~,ky(53l : kz(ég{“ R TR OF kz(§§)_‘
- ;~o.2s”e-o§4o :0.35 (eq. 53)
kx(§§):: ky(gg) : K,y (43) = kx(§§)}=fﬁbR_‘ e |
| = 0.35 : 0.40 £ 0.25 (eq s4y
‘ | :,:k.(éa) K (53) K, (53) i
s . - . indind o :
kx‘f?{,’ ky(43) "kz‘ﬂ§);~ Ry TR ‘*“th e
| A# 0. 32 :0.36 + 0.32 '(eg,’SS)'

It should be noted that these ratlos pf



179.
have been normallzed to satlsfy k 4—ky-+k -‘l;and]<'+ k§'
“+ k" 1. The product ratlos for 42 and 43 can be
calculated by equatlons 56 and 57 (see Scheme 12) The :
| _[-_5,7'1'; [k (42) + k (42)1 " kB [k (42) + k (42]
PgV[&a]“-'_zf ,f ‘ k-'k-(42)t+'k8rk.(42)q B d' SRR A
.;:;=‘q sego 28" + 0. 28) + 0.42(0. 25.+‘o .40) . o 60 (eq. 56) -
e 58-0.44 +0.42-0. 357 . . 0.40 .
liel c Ik o "»:‘ ytaf - A :”-..h o ' hkfi.7gr?g dﬁh
~[52}g5;ka“[k (EEX.T k (23)1,+-KB.[kx‘ég)'f_kz(gg{] o O
“'xt§ol*[f' | Tk, X, (43)”+ ke X! (43) :
 0.58(0.35 + 0.40) + 0.42(0.32 + 0.32) _ 0.70 (eq ey

7T esmes oAz T 00

3(resu1ts obtalned (see also Table 35) are in good agreement

}mw1th the observed ratlos quoted in Table 26 (see_“lsov,‘gtjgthx
e 2

?LScheme 12) which were derlved from Hmr and Hmr analyses
iifThe-zﬂmr data are in good agreement w1th the calculated
.fratlos, i. e. w1th1n the range of +1%.» Such results may
not he surprlslng 31nce the observed product ratlos were
‘!‘obtalned dlrectly from 1ntegratlon of ‘the deuterlum |
’51gnals,‘not requlrlng the correctlon for deuterlum 1ncor—:
poratlon that 1s requlred for.lﬂmr.~f, rpf?~ul 3'dii-:vf:1t
| h‘ The calculated product dlstrlbutlons obtalned above
) 5;£e summarlzed 1n Table 35 and lead us to con31der the. |

f.(x+y+z)—closure mechanlsm as an’ approprlate one. However‘-

‘such a chorce cannot be ‘made deflnltlvely untll all the
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E{:rotatlon 1n 143 leadxng to 144 %s not as fast as elthér;?,_”

- ~~~j . ~~~

T

; The calculated product

dlstrlbutlons‘for 42‘ 43 46 and 107 u31ng these two

w;_g L ’r"s-“ : ' b
. “-closures [(x+y)— and (x+z)—closure] by a method analogous to T

that demonstrated for the (x+y+z)-closure whereln k (53)
J.. k, (53)_are presented 1n Table 35 The observed and‘>A
| calculated ratlos are not in good agreement for 46 ;n‘theih
(x+yl?closure model and forj42 and 43 1n the (x+z)—closure

o model These results dem nstrate that all three modes of

V-l rlng closure (x+y+z) are jnvolved in the product formlng @ h»



I A
: Uestont "V S o .,f S :
} Jstep;- It should be noted that when the Values of n,. Lo
. o 4 : 4‘» ’ N , "‘:

*;where n 1s the ratlo of zZ- to x-closure for 53 _are 1n,y
a'the range of 0 8 to 1 25 the calculated product rat103~‘;'

;'(are acceptable. i. e w1th1n +2% of the observed The best']'fﬁje-k

#»,results are obtalned Wlth n l.

;;N!;“ﬁ“We must\ask ourselves whether thJ nltrogen 1s Stlll
e -/\ R T - :
1nvolved 1n the product determlnlng step, for what we

”, .m, .

have demonstrated 1s that one of the rlng methylene ”(t?*fitVitﬂfJ
"‘:-,),.- .\ L N : ‘, . A‘ ‘. ‘

groups stays stereochemlcally, or st01chlometr1cally,,,,;)]_ .

) ""

w) unlque, and thls could be achleVedrby emP10y1ng the'df7”5~ i

fo

thhlch we d1d not con51der 1n our discussxon of the two-f°d
'5fbond cleavage mechanlsms.» Such a y—closure requlres all -fgf
yifthree methylene groups to rotate, the two that are i
U;orlglnally 1n the four carbon plane to rotate out and

N

gfthe one that 1s orlglnally orthogonal to rotate 1nto =

-i_the plane, essentlally maxlmum motlon.' Such a y-closure
';fdoes not seem probable if we examlne the lsomerlzatlon

\

1of some methylenecyclopropanes (64 65) : The thermgly51s
-r;of 152 g01ng through 153 equlllbrates 152 and 154 by | 11
;essentlally x— and z-closure, and no 155 by y-closure

(64) Here, the orthogonal methylene group 1s used as,’;f"

73;Che81ck 1ntermed1ate (24) and by addlng in the y-closure :ffide;fj}
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ii?ja pivot (65), and analogous results were obtalned for?u:}@fjff”?

156 and 157 (65) We are thus encouraged to con31derf;fffsegﬁ;

L ~ﬂ¢~‘ | . B R )

- ~'~

_.y-closure as being an electrocyclic process. = .
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We conclude that all of the daga can be ratronallzed

B f-‘.v v ‘

on. the ba31s of a dlazenyl 1ntermed1ate, 139, and that tf,,.;ﬂg*

;Cvrlng closure modes x, y and z vary in thelr role dependlng
'upon the p051tlon of deuterium substltutlon..f‘e?:'t
- One p0831b111ty whlch has to be con51dered lS re-closure
eof the dlazeﬁ?l 1nterme31ate 1nto the precdrsor..fThe fd? |
n :bactlvatron energ; for dlssoc1atlon of the lntermedlate to

1;the products 15 1nformat1ve 1n thls regard Balrd (67)

'ﬁf?ﬁtlons, that the actlvatlon energy for the reactlon H—N—N
fwffto H' + N2 13 22 6 kcal mol It 1s expected that thls (
':CSE?WOuld be smaller for a more stable hydrocarbon radlcal and
;fiifrom bond“dlssoc1atlon energles (BDE) we would predlct
rt;{that for RCHZ"the barrlerﬂmaylbe reduced by 6 kcal mol 1

1e3(compare H—H BDE of 104 w1th RCHz-H BDE‘Bf 98 kcal mol‘1

when R Me or Et) If allyllc resonance 1s of 1mportance;f;;qyi
//”\\\then thls could be further reduced (BDE of H-CH2CH—CH2 is aff;fff
| 88 kcal mol ) to a value of approxlmately 6 kcal molJl‘ ”;~f{7{>

v(,i to a value of the order of the rotatlénal energy fﬁii!ﬁ5 s

barrler. Cameron (10a) observed that 437d1d not rearrange

"3auhas predlcted, usxng ab znttzo moledﬁlar onbltal calcula—f’ﬂ“:"‘

C g

, ; . prO d uCtS _ ﬂ
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to jG.ﬁ However, Berson (6a) dld observe the re closure‘;

‘;7¥ﬁof the dlazenyl radlcal As mentloned prev1ously 1n the

'>l£fi§;storrcaissectlon (ll), for the more _Lanar monocycllcfhitﬂ_:'

kxft:fp§raéoiihee43,.c1eavage of the C-N bondvln the dlazenylf?fﬁi

Jﬁ{?{epecxes 45;ma{ be ea51er than rotatlon and rebondlng toi:fé“~'
the exocycilc‘CDz' On the other hand, recomblnatlon 1:()1‘-1:"-‘;‘7---'-"'»'ifv‘vj

- '/41 can be fac111tated 1n the blcyclrc system 36 51nce
' the exocycllc 1sopropy11dene group 1s much closer to the‘t{fjf*f7
ok N .

dlazenyl nltrogen because of foldlng nh;i:h;eiﬁarfxi

B Thermoly31s of 4-Alky11dene l—pyrazollnes

m Kinetic Studies . . e

Thermoly51s of 4-ethy11dene 1 pyrazollne (69) and 1ts g,;,g,

’fﬁ"deuterated derlvatlves (76 77 and 128)

—_——T T e AT

'uiwf*f.u.‘.'-: 4ﬂ~':ﬁ S a?:-g*@i-; T

'[.' PrLor to the presently descrlbed 1nvestlgatlon,;,~
'~f:fsChr13ver and Godard (11 34) studled the ratlos of products

'h‘Vf,fromy69, 76 and 77.. They were unable to obtaln klnet1c."f?"
h5;fﬁdata due to 1nterference from»tautomerlsm, but by u31ng
ﬁi*hthe stalnless Steel reactlon vessel we have been able tot]anr*~W

.‘&

i mlnlmlze the tautomerlsm to such an extent that a klnetlc




.‘/
<

study of these molecules, and of 128, appeared profltable.

~-\-~¢. .

Slnce they had ratlonallzed the product proportlons 1n

terms of anﬂasymmetrlc cleavage of the C-N bond the .:d&jd{ﬁc

vff'asymmetry should be re?dected in the secondary deuterlum _ﬂ'

b . “ B .-
klnebzc 1sotope effects for these molecules.qfa”-‘“

gB

U31ng t//,kanet;c data from Table 25 we have recorded
N

"'.‘1n the second column of Table 36, the values of GAG per

'ﬁ‘ln the rate determlnlng step U51ng equathnS 58 61’ and

‘?*‘ (sec

ObS-- L e et _ ,
1°3k 7 L, e Le2 o Ls

deuterlum Yor each of»the deuterated 4-ethy11dene l- ]

pyrazolxnes.» We have also con51d%red the model whereln

the bonds d (the faéter) and B are breaklng competlvely “jraftu

aSSumlng that deuterlum substltutlon at the z -methylene chi*’”

!

f,“ ;ﬂroup does not affect the rate constant for cleavage of
t

'3:/

s

/‘. =

he a- bond [1 e.-k (77Y ’ k (69)] and that substltutlon

at the antl—methylene does not affect the rate constant

for cleavage of the B bond [1'e,:kB(76)-- kB(69)] we have

:“:{f;(éqprsgfff;l;




b. ThermoAy51s of 4-alky11dene 1-pyrazollnes

viﬂrate of the thermolY813 of seveiﬂl 4 alkylldene l-;;l=}?ii;n:i;:

R UTT) K

s e
k (76) + Ky (76) = K, (69)/(k /% ) + k (69)1;}.,f,.

"lf/ij“”'il 63'x 10° -3,

n

o TR

|

8(69)/(k /k )f’“"

T??)_.;k (59) +k | |
L

SRR : PP

~

;*Wf:

l s

”'Z,raxgg§)+kgxlg§§:; [k, (59) # kg (69)]/(k /k ) fﬁ;eﬁ af o

1. 51 x 10 3

SR T e
PR

'"fi_calculated,GAé* per deuterlum and the PropOrtlons of the 1.77hww

::chermoly51s putatlvely 901ng by a—bond cleavage and B bond;gf;fjf

?“cleavage.i These results are llsted 1n the thlrd and fourth};;'af

'~fﬁcolumns of Table 365"'“H

It 1s apparent that the one bond cleavage mechanlsm'fﬁf___ﬁ
. ':’*?fV;ﬁf

w:ttfiglves a: value for GAG per deuterlum ln good agreement

:;ffffw1th the generally accepted range of 90 120 cal mol (26 27)

Y

o Earller attempts in thls laboratory to measure the B

QkaYr3201lHES had falled. the reason belng the 1nterventlon'fr-~x'

"ffThe relatlve rates for[these compounds along w1th those

'idfgof 62 (32) and 65 (33)uare

'ijof tautomerlsm poss1bly due to surface cata1y51s Hav1ng .
P been successful w1th 4-methylene- and 4-ethy11dene 1"::5ixh :
'*'ﬁtpyrazollne we turned our attentlon to other compounds

e

5 ?fprev1ously prepared by Tokunaga and sChrljver (10a 11 48)

llsted 1n Table 37 'I'hewl,,H

4 *" P A N
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W&

Table 36 i* _j‘vljf;f¥£ ‘“v,df?i};} o

‘fObserved values of 6AG per deuterlum for one—’anq two—bond

-

i:?{;cleavageApathways and ratlos of k (Al~43 = e
’-;'. cleavage in _the thermolys:Ls of 69___76___77 and 128 EEC R

' ff{ Two bond cleavage One bond cleavage

(A) for one bond :_“fg;{5;

~~~

S e aAG*/n 686T/n k. (A) k (A)*
—w (eal mol\l> (GaL moy’ 1) e

C0.72i0.280 0

,;:5;»‘ 110 +,4*:*~£20:67ao;33z};5sa,
| (k /k l 29) }%(ﬁ;v~-

110+ 4' o 77 0. 23
(kH/k 0—1 29)

-

._,_':;110 3 o 72: 0. 28
: ‘Q",(k /k 1 29) ‘

. "see scheme 13,
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, N o
rable 37 :

. The relative rates, at 170.0°, for the gas phase thermolysis

®
-

. of somé‘4;alkylideﬁe-l¥§yrazolines o I L

: Relative B 7 " Relative
) Compgund - | rate? ‘ Compound. | " rate?

vo2.3000 (‘S< < l0.70
L _ N=N - e -
| o 56 | |

~

N=N
89

-~

&_ S22 R o.%
 N=N » o - SRR A o ‘.,“_Q .

o

b

N=N" o 2'1? o N=N . 0'0?9 '

BN - o622 S
e 2 S L
\ . - ‘ L o
NN . 1,04 >?§< 7 0.00065°
T | 7 N=N o -

£ - . R . ~ o~

£

1.00

3 .
. \ -

aCaicuiated from the détaQin_mable‘Zo;
b | | - .

Réferencé 32.

®Reference 33. - <
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results are noteworthy'only in'that.methylation results 'in

"Jsuch a small change in the- thermoly51s rate. Only com-h

pounds 62 and 65 have the thermolySLS rates whlch dlffer
. T -}

significantly from the others.’ Th&s suggests that the .
methyl,groups are 1ndeed manlfestlng sterlc factors whlch
decrease the thermoly51s rate constant, probably by sterlc
crowdlng in the tran51tlon state. H

(ll) Product Studles

" a. Thermoly51s of 4- ethylldene l~pyrazollne (69) and 1ts

deuterated derlvatlves (76 and 77)

'~

MR

Table 9 (ll) shows that 69 glves rise to a 90 10
mlxture of 70 71. Thls can be ratlonallzed qualltatlvely

k‘ln the follow1ng manner.( As noted prev1ously in Table 36, .

‘the ratlo of k (69) k (69) was found to be. 0 72 0 28.

bThlS 1nd1cates that 159 should be the major 1ntermed1ate

~ oy

Observedi-',

70 90% - .
+ H .
y e

108

71, . .

~ o~

N
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.}spec1es and will thus control the product ratlo. Product

-70 can be obtalned by (y+z)—closure in 159, and (y +z') -
‘closure 1n }99 The product ratlo of 90 10 forfzg Z}
'1nd1cates that (y+z)-closure has 1ncreased at the expense
lof x-closure. One p0531ble reason for the decrease of -

x-closure in 159,4the maJor 1ntermed1ate, 1s that back- )

~

'31de attack (4a 68) by the allyllc termlnus on the tetra- .

'hedral methylene is. favored over front 51de attack Then, '

“in 159, restrlctlon in the rotatlon of the azo group _

~

..'around the c3 4 51ng1e bond ‘due to the sterlc effect of

vthe methyl group ‘on C6 would 1ncrease z=- and y—closure at

the exﬂense of x-closure

Fﬁrther 1n51ght can be galned by examlnlng the

. ov-_

products from the thermoly51§ of the dldeuterated der1va—7 '3

ler ( Hmr) data

tlves of 69 - 76 and 77 From the
B . in Table 30 for the deuterated 2-methy1methyLenecyclo-»jl

gropanes, we see that 76 produces an 80 20 (81 19)

’mlxture of 78 79. ThlS 1mp11es that y—closuretpredomlnates’s

e ey

0

j iln the major 1ntermed1ates (161 and 163) - and that more of

the maJor prbduct (78 for 76 and 79 for 77) can be
?produced from 77 than from 76 j Such a result can be '
‘explalned by the observatlon (see Table 36) that 77 forms-
.-}93 to a greater ‘extent than 76 forms }§} (1 e. ka-is

faster in 77 than in 76) and also the deuterlum 1sotope

effect for CD2 rotatlon (tor51on) can slow down y-closure‘
: . . s iy , _ ‘ : .



Observed
. ratio o !

© 80 (81)‘” |

By ‘mor (mor).




"ff:and 162 respectlvely : It-s_

o (\..»

‘193rJ

in 161 and y —closure 1h 164. It should be noted that

~ o~ ~ o~

from the ler ( Hmr) data in Table 31, for the deuterated
,ethylldenecyclopropanes, 76 produces 91 9 (90 10) mlxture’g
'of 81 82 and 77 glves rlse to a 7 93 (8 92) mlxture of :”

81.82, ThlS could lmply that approx1mately 10% of the1f

~ e

l'major dlazenyl specmes, lGlfand 163, convert 1nto 164':g

'uld be noted however that,}ii*“

~~~

”j82 constltutes only l% of th,'total product from 76}and

"“:;that_81 represents 1ess than 0 8% Of the t5t31 hydrocarbonzﬁ '

s

'ydderlved from 77_ "\;;v;[fipﬂf,-:'?gjgl;};%§3“f~‘"'

.°7ddb Thermoly51s of other 4—a1kylldene l‘pyrazollnes

; In order to further test the one-bond cleavage
’:mechanlsm whlch welhave proposed, analyses 31m11ar to
Ithat 1n the precedlng sectlon were performed to explaln
_uthe products from the thermoly51s of some 4~alky11dene—”iw

'{l-pyrazollnes whlch had been reported prev1ously from i

_;thls laboratory (lOa 11, 32) hf_ff;ﬁlffjgitﬂ}‘

',”j;ll) were examlned Compared to the methyl group 1n 6§g_jf;*ff7'

;grthe much bulkler t butyl group on CG ‘in 83_r¢sultedﬁinid:p

As an analogy to 69 the products from 83 (see Tabléfp;ﬂffrild'



malnly a-cleavage to produce 165;;'In 165 the

~ ar A : ~ o~

steric

A Observed “asiee

f,fhlndrance due to thevt butyl group cau suppress x-closurefbréi:;b
~%t;vta the back-51de dlsplacement of the allyllc termlnus'fliirﬂ;if
fi*i(Cs) The major product, 85 w111 form predomlnantly vzaf;{ffitt
”ff(y+z)-closure. ThlS can be oonflrmed by analyzing the'

: ‘:_,.'deuterated 2—t-butylmethylenecyClopropane Products from 84.V o

R We suggest that 87 w1ll be obtalned prln01pally vta :frfb;fnf"7ffi

. W/;-.« o
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y-closure 1n 167.

~ o~

The products from 98 are presented 1n Table 13 . Due L i

to. the sterlc effect of the methyl group on C6' a-cleavage

~~-v

KlS expected to g1ve malnly 169 as the d1azeny1 1ntermed1ate."

figg]afgfgrpf;yuggﬁgefq ‘100‘
©  Observed 71.5%

=

N
e

2

)

3

®

egiéﬂbéf3ff¢"jfj

170 f{' 171

';_hThen y-closure 1n 169 glves rlse to 99‘as the major

¥ ~~~ :

product._ The mlnor produc%s, 101 and 100, can be produced

. ~~~.: ~m

L A

,fvza x- and z-closure respectlvely 1n 169, and bg/xi- and

"';y closure 1n 170.: It should be noted that the-sterlc

R _effect of the methyl grouP on Cs 1" 169 may prevent 159’h}

';f‘from convertlng 1nto 171. However,'such a conver51on

~~~ [

>:f7mlght have occurred for_76 and 77 and could account fordlﬁh |

V'ﬂgdthe trace components_82 and 81, respectlvely.g fhfridhf&“f“'ﬁrl*"'

The products from 89 are llsted 1n Table 12 Because

o oy

ﬁ‘of the sterlc effept of the methyl on c6 173 1s expected
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~3

~J

N

o

(1]
10 X = ‘-
o

oP

(1]

g

fpﬂto be the major dlazenyl spec1es.; in 173 the sterlc

~ o~

”}f?hlndrance for *= and z-closure bY the methyls on CS and

?ffCG can suppress x-'and z-closure and y-closure 1s expected f_J/L“

~ o]

'fhhfto be much faster.i Thus, y-closure 1n}l73 w111 glve rlse

h*}fto 172 as. the maJor product The x- and z—closure 1n 173

~~~. - ___~~~

‘v'::as well as some of the y.-closure 1n the mlnor dlazenyl

ii pQCLeS, 174, (vza B-cleavage) produces 93 1n moderate

’ﬁf7y1e1d, qhereas only some'o; y' -closure lh 174 glves rlSQa

’=Wwﬁto 94 ;n very low yleld.; ffﬁ”yui

The products for 90_(see Table 12) can be ratlonallzedﬁﬂcypf,.

*)*;3vza the d1azenyl specles, 175 and 176.A Con51der1ng the

-, ~~~ “'} s ~~~v

S sterlc effect of the methyl on C6 1n 90 then the maJor

B LS

~~~

ifSPQCIES w111 be 175 vza a-cleaﬁiae 'Ih fact,lthe,productf



B

: 35.5%

172

“f;‘ratlo of 33 67 for 172 93+94 ;ndlcates that x-~and y closure,?;@f:

~~~ ~~_~~

©in 175 malnly glve rlse tov 93 and 94 as the major productst

Cre A~

'j.:The z—closure in 175 and y —cfosure 1n the mlnor Spec1es, :¥ 

o 176, produce 172 as the mlnor product.riL~f %x

Thermoly51s of 57, g01ng vza 177, produces a 63 37

»~~~v

f”mfi%ure of 58 59 (see Table 7) ThlS 1mp11es that the

Dy e e

| Observed e 3



> . 1e8.0

-1nd1cates a falrly large magnltude of x—closure 1n splte

fof the restrlctlon to x—closure because of the sterlc "“"fEt

-_fteffect of the methyl on C6 Thls can be ratlonallzed by .

" ycon51der1ng that y—~and z-closure are also suppressed due IR

T.by'to the sterlc effect by the methyl on C 1‘& the- -.fl\

i‘”;”ls a ponderal effect.

"'ftertlary radlcal 15 elther a poor nucleophlle or there -

L _l,

The products for 56 are presented 1n Table 7 ,ff_gfjff~

")

"V:che C3-N bond 1n_56 cleaves flrst due to an 1nduct1ve SRR

S

’”f:igeffect to produce 177 as the ma]or dlazenyl spe01es '

L e e o

o se s ose 177 178

J':eathen thlS 1s the very same specles produced from 57.Ja,f;ff"?

. ~~~

;'3;leowever,'1f 177 is greater than 50% of\\heftotal 1nter-rff5ﬁ_f:ﬁ“

':medlate spec1es (18/37 th s) then 1t 1s not'p0551ble

".f:

»*to account for the products from 56.” 51ncevth re;atlve,*]fgf f:

"#rate data ln Table 36 show that the methyl groups have ﬁff‘”?::.

D"“‘

-7.'tslowed down the absolute rate relatlve to 30 we ma?

*»

”Vapchoose the CS—N bond 1n 56 as d whlch w1ll cleave to

w.glve rlse to 178 as the major dlazenyl spec1es»- In any

)

o ~~~

‘“E*tevent 178 has to g1ve pr1nc1pa11y 58 vza x- and z closure._rwfﬁ”y

B ' . .- l: : ‘
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Thls can be ratlonallzed by assumlng that the Cé—N bond

1n 178 cleaves, prlor to rlng closure, to produce a-

~ e

Che31ck 1ntermed1ate (24) presumably because of the 1n- .

duétlve effect of the methyls on- C3 ' In order to conflrm

.

thls, synthesrs and thermoly31s of_l79 1s needed.s_lffffV

~ e

J‘ s

Slmllarly, the products fromA68_(see Table 9) can

be ratlonallzed by con51der1ng 180 as the major d1azeny1

o -~

- observed " 80%

7JSpeCies;»whichiundergoes exéluéivéix-jana;zeaiésufé;to;;?;rﬁ
glve 70‘as the major product.}cefrf*'%'ﬂ°"““

A pOSSlble Che51ck 1nﬁermed1ate, 182 -whlch 18

,~~~ -

produced from 181 can also explaln the products from 62

Q‘" 1f the magnltudes of K= and z-closure are comparable to
one another. \ﬁfj,;fg‘r-yf.pn.krf f\mg_"
t@n-v:;;g_s;g',; S Tl e

S



f5fl;fof 4-alkylldene—l—pyrazol1nes in general

~ 200.

.’eff{The products for the thermoly51s of the 4—a1ky11dene-e?fi

f'f[{egl-pyrazollnes studled could qualltatlvel? be ratlonallzed } 'y

AR Vip T E

' "ieﬁeand/thus, thls may be con31dered as addltlonal ev1dence

'”57f support1ng the one—bond cleavage process for the thermoly31s

s




| ,'.;ExPERIyENT{\L, e

:"szll b0111ng p01nts are uncorrected.j-

“;_Gas chromatographlc separatlons on a preparatlve 3:

f-ascale were achleved on’ a Nester Faust Model 850

’.“Prepkromat" connected to an Elecktronlk 18* strlp chart

“!.-‘

ffcontact recorder._

The proton nucl‘ar magnetlc resonance spectra were T ;/
- - R

iﬁtffobtalned u51ng a Varlan A—60 spectrometer, a Varlan

ef}HA-lOO spectrometer and a Bruker WH 400 hlgh fleld cryo—:f?fra~'

S A
v~spectrometer. The deuterlum nuclear magnetlc resonance

4

.g;analyses were carrled out on a Bruker HFX 90 spectrometer'fﬁffl

nlf~fleld°°rYOSPectrometer..3f:f*sﬁ“~ﬁ”

Exact masses were determlned on an A E I Ms9 mass

'-lﬁspectrémeter.» The mass spectra analyses at low 1onlza—fu

..d“'rtlon potentmal were Performed on an A.E. I MSZ 1nstrument:<ff9m
The Fourler transform 1nfrared spectra were obtalnedlnéf'
':;5u51ng a Nlcolet 7199 Transform Interferometer.,~ ”"“.>;;
. Mlcroénalyses were‘performed by the Mlcroanalytlcal

"55Laboratory of the Department of Chemlstry, Unlver51ty of df-ﬁﬂ?

{df!?{Alberta.,;ygﬁsj,fa;

ooz et syl )

”[jThe klnetlc experlments 1n the thermoly51s of the f;ff:ff!

'“?ii4-alky1ldenqgl-pyrazolrnes were conducted 1n the stat1CvT*7fft‘5
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fvacuum system shown in the schematlc dlagram (Flgure 49).E

'-Transducer emf was shown to be directly proportloq[l to
;jﬁ;the‘pressure used (0 200 Tg\\) by plottlng emf agalnst

;:“the pressure as recorded on a mercury manometer The -
:ﬂlsystem was equlpped w1th Hoke stalnless steel dlaphragm
'l:;and bellow valves.y A 250—ml cyllndrical type stalnless ol
| teel reactlon ;essel (6 5 cm x 7 0 ‘cm- i. d ) was 51tu—u‘a_;
f:iated inm a well 1nsulated alr bath (69) w1th fast air’ :

;ffc1rcu1at10n prov1ded by a hlgh—speed fan 1ocated at theh'd‘

"'f;fbottom of the bath The maln heater, controlled by a

”_”ffVarlac varlable re51stance,:was used to brlng the “fﬂ"'

"t;ltemperature to about 20°C below the de51red operatlng

RN ~temperature, and a secondary heater pontrolled byqa _ R

iflfﬁMelabs Model CTCIA pro ortlonal temperature controller,j__t;rf;

”{was used to malntaln the de 51red’temperature._3;ryffg

4

The temperature was measured by a Hewlett-Packard?ffff;fEf;fﬁ

:ff}(HP) Model 2802A thermometer system callbrated agalnstéf"fjﬁigfﬂmﬁ

‘7'5~an 1ce~p01nt reference. The temperature of the systemfﬁfyfﬁwgrﬁgﬁ

‘‘‘‘‘

;’5ffwas monltored by an HP Model 3470A dlgltal dlsplay

:'35?Natlonal Seml—conductor LX 1702A transducer

'wﬁﬁsystem, and the long term stablllty of the temperature;f’?g;;iffrf

'T}was better than +0 1°c.,,,_ﬂ"9=““

The measurement of the transducer'emf was performed "fff"f”’”
wtiyuslng an HP Model 34701A DC voltmeter coupled to an Hp

‘?“?Model 34721B BCD module whlch é;s connected to a

}'7;f1n the pressure range of O 1 atm._ The emf was SR e
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Fa ‘
J ©-
F
4 B
F
K $ H ‘
“ p
' L
v ‘ M | o
0 N ‘ °
. L B . 3
“As air bath = ' 'B: reaction vessel = -
g:‘high temperafu;e Hoke g;‘injection(portv
. valve et :
L el ’ B “ . . K
' E: point of sealing = F: Hoke valve .
'Qi Pirani gauge ‘ H: éample tube .
'l;ﬂdutj_ | , J: Pumps
K: argon. tank ‘L: tubing with silicone oil
‘M: transducer = N: voltmeter |
0: recorder - R _"fﬁﬁ-_ ' e
’. .‘.' . o " . ' . Ma%.;{( -. ° . .. i
.XI::

S . . : ¢ 7 ‘
Figure 49. Schematic diagram of the apparatus used for -
| the kinetic studies in the thermolysis of

4-a1ky1idene-l-pyrazolines. -



by an HP Model 3470A dlgltal dlsplay system and was then

PR
FAEE TR

recorded as a functlon of time.by :an HP Model 5150A

_‘thermal prlnter. The stablllty of the emf was better ’

v

.than #0. 002 volt durlng the measurements
. A .
In order to av01d condensatlon of the pyrazollnes,
the Pyrex tublng "L" (see Flgure 70), connectlng the

reactlon veséEf7(B) and the transducer (M), was flllEd

w1th hlgh b0111ng GE Slllcon 011 710 Durlng thermoly51s

204.

the Oll level "U" was malntalned ]ust 1n51de the 1nsulat—, B

ing wall (P) of the bath (A) It should be noted that
'»the 011 slowly evaporates 1nto the vacuum system, when
| the oil. level is ralsed into the air. bath (A) The 011
5jleve1 was - adjusted by controlllng the pressure 1n the‘y

\

: vacuum system whlle the three—way vacuum stopcock (S)

connected to the sillcon 011 reserv01r (R) was open, and

-

- then by completely dega551ng the 011 in the tublng "L"-
with the stopcock “S“ closed. The Hoke model 4213Q6Y
.hlgh temperature valve (C) located 1n51de the air bath
(n) as well as the 5111con ogl in the tublng "L" play
-a role of ellmlnatlng any dead space effects durlng

the measurements. .The hole "T" 1nlthe 1nsulat1ng wall .

(P) was filled w1th glass wool to prevent loss of heat '“

from the bath (A)

The vacuum manlfold v&lves (Fl, F2, F3 and F ) were

Hoke Model 4251N6Y stalnless steel bellows valves.
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”_alr bath e 'fi:f 7[f7§:‘reéction°V§SSei,;faf7

g

Pyrex tublng w1th . ;2: inédlatingswall"

' 51llcon 0il Ry 'ﬂs

*transducer.' ; -; -f,j :Q: flexlble stalnless steel
: L e 'jtublng :

=

rreserv01r of 5111con : ‘§='vacuum stopcock
oil : . E - ‘

=

0il level

a

gole in‘the~wa11'(P)f'

15 .

2 Gy

- Figure Tbe Detalled schematlc dlagram of the 8111con f

011 tublng system. f>-‘



All the sample was 1njected 1nto the reactor as

AR

" gases over a perlod of 5 15 seconds dependlng upon the .

fthermoly51s temperatures and the reactlon rates
" J >

The method of operatlon of the apparatus (Flgure .

'49) is descrlbed 1n the followxng paragraphs

After evacuatlng the system u31ng an Oll pump w1th?

206. "

-K"ﬂthe valve "F4" closed,‘the valves "C" Sm F1 : "FZ" ;_dp_;h";;"

':”"F3"'were closed and dry argon was. flushed through w1th:v

:vithe valves,"F4" open. A pure llquld sample (80 ul) was

'r’placed 1nto the sample tube (H), and degassed at least if;»-“l

]

-l;three tlmes accordlng to a standard procedure.» The=_f

2oy

’L:;degassed sample was then transferred 1nto the bottom f-7‘
li.of the U~shaped Pyrex tublng (D) w1th the ald of llquldhfgft'g;:ﬁ_y
“hf n1trogen fter seallng the tublng at “E" u51ng a} nf

'“frdtorch, the sample was 1njected as a gas 1nto the reac-{ht

Bs

fwater contalned 1n a Dewar bottle whlle the valve "C""

'"1was open. The Valve "C" was’ then closed 5 15 seconds -*37“‘

l 1ater, and the recorder (0) was started at the same

fh:tlme. Durlng the thermoly81s,,the left~over sample

o premalnlng 1n the 11ne between the tublng “D" and the

"hvvalve "C" Was condensed at "D" by the a1d of llquld
;jnltrogen,Tand dlscarded by cuttlng the tublng at "I"x‘
'~"Thls av01ded any dlfflcultles 1n the subsequent glass-';
k&;blow1ng._ A new U-shaped Pyrex tublng was connected at

"‘"D" by glass blow1ng, and evacuated It should be noted

: fhitlon vessel (B) by plunglng the tublng "Dn lnto b0111nggj ;,;;';' :



'¢~that two flexlble stalnless steel tublncs were placed
&vbetween "C“ and "D" and between'”D" and "Fl" to prevent
:,breakage of the Pyrex tublng durlng the glass cuttlng
:;and blow1ng operatlons. «After the thermoly51s, the
"products 1n the reactor (B) were transferred by evacua-“f

5T$ ytlonwto the short Pyrex tublng whlch had ngn connected

’»f;at the bottom of "D"' The short tublng was sealed u51ng

:-i-a torch, and the whole system was then evacuated Wlth -

: ~rfall the valves open (except "F ") for at least half a.FV”f

lia_day to be ready for the next run. "in thls way the .f7f*

»haeapparatus was kept clean throughout more than one hundred ;3;;i€iT;

‘fﬁjruns, and the results were reproduc1ble

:lj ppropanes formed 1n the thermolysxs of the correspondlng

The nondeuterated and deuterated methylenecyclo— »rf5i
O

e

”'t14—methylene l—pyrazollnes were collected 1n the follow-ﬁ*

{‘1ng mahner. After the thermoly81s, the products trapped

.'"1n the tublng'"D" were transferred to a new tube or a

fbreakseal at “H“ whlch was cooled ln llquld nltrOgen, fp':;

~wh11e warmlng the tublng "D" 1n an 1ce—water bath. | hnvk-[

‘/'

lythls way the tautomers of the pyrazollnes would remaln s

[b'at "D"} Chloroform-d or carbon tetrachlorlde was’ added

';fto the products trapped 1n the tube at'"H", and the.f,f[i7'*

unfproducts.u The products trapped in the breakseal at "H"-f?,'s;flf'*

'ilffdeuterlum content of the pyrazollnes.befﬁ’5“

x_were analyzed by mass spectrometry to determlne the

‘"If>result1ng solutlon was: used 1n the nmr analy51s of the; ‘

1
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‘HB,aéfl Bathfsystem r‘l
‘hondeuteratl and deuterated 2-methylmethylenecyclo— if Td}i-”

:fjpropanes and eth:f:éenecyclopropanes were obtalned by - o

*fthe thermoly51s of the correspondang 4 ethylldene 1—;"
-fpyrazollnes sealed 1n breakseals 1n a well 1nsulated 011‘ | }('F'"

fotbath The temperature of the 011 bath was controlled by b

afaia Melabs Model\CTCIA proport10nal temperature controller, ]
;’;:fand measured by ‘an HP Model 2801A quartz thermometer =
‘lfﬁéjcallbrated*by the Natlonal Bureau’of Standards.s The ?:}h
{;f?fﬁlong term stablllty of the system was better than +0 l°C

S | The thermolyses of the pyrazollnes were conducted »H
t}uffln breakseals of approx1mately 80 ml volume 'cThe 1n1t1al: 3

.'tpressure 1n51de the breakseal was kept at approx1mately ‘
_fhll atomosphere at the reactlon temperature of 175 2°C :
U'”-aby filllng each breakseal w1th about 200 ul of the pure _?pf-
'ﬁ5h'pyrazollne by vapor transfer.: After thermoly51s, the -
}ifibreakseal was put qu1ckly 1nto lce-water to quench the‘
"hfreactlon._ The contents of each breakseal were vapOr:dflftf;

AN
"-gtransferred 1nto the trap.. The trapped products were

fftdlssolved 1n 300 ul benzene or 1n chloroform, and separat—'ft'“
b”hfdled by preparatlve gc /v‘ e . ‘ ". ‘

E The gas chromatographlc separatlons of the products
f}fffwere performed by 1n3ect1ng up to 100 ul of the sample
}“hfisolution 1nto a 50 ft X 0 25 in, column packed w1th 20%

‘”‘%3SF-96 on Chromosorb W. The column was kept at 60°C and

::hthe 1n3ectlon port at 100°C w1th a hellum flow rate of ,tlff}>hf Y

TN
R T

-
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?108 ml/mln._ The retentlon tlmes were 24 m1n for 2—methyl—
iimethylenecyclopropanes and 34 mln..for ethylldenecyclo—‘h

Tpropanes.y The separated products were then analyzed by

- y 5

e

‘nmr. -

ERT
oy

i '1-,:.méghyiéna__i_--g,y'raz-oli.m; G0 fr»amw;méﬁér.»andabi‘aﬁa,aethaﬁe»_ e

The procedure was essentlally that of Crawford and | {;33;5]

tilf;pCameron (lOa) A solutlon of dlazomethane (6 g, 0 14

w,f;mol) in absolute ether (400 ml) was prepared from N-methyl—lsf;ﬁ"

V”f,lfN—nltroso-p-toluenesulfonamlde by the method of de Boer S

'*f‘ﬁand Backer (70) and carefully d1st111ed at. 33~34°C to

'”}fglve a concentrated solutlon of dlazomethane (60 ml) (35)

- VAllene (30 ml) was then condensed 1nto a 200 ml pressure fﬁh':'

ﬂﬁibottle cooled 1n a Dry Ice-acetone bath The solutlon

lrhpof dlazomethane was added to the pressure bottle, 1t was L

' "sfsealed and allowed to warm to room temperature., After_m:”

(S8

¥,

‘ *;;ea‘day or two the yellow color dlsappeared the bottle

"hfwas recooled Opened, and the excess allene and ether

“;were dlstilled under atmospherlc pressure., The re31due ﬁ;{;hﬁ o

lfdlstllled to glve the product (7 5 qugz mmol 65% yleld), '

i_;bp 25°C/6 o Torr (1”1t 49~ 50°C/33 Torr)

" ;4 47 (trlplet, J = 2 3 Hz,V4H) and 4 70 (penteﬁ J = 2 3

e Hz, zm

The 60 MHz lﬁmr spec um GTMS (benzene-d ) showed

P



'1f'for the synthe81s of 4-methylene—1-Pyrazollne from allene T
S and dlaZOmethane A solutlon of dlazomethane-d2 (3 2 g,ff .

'**%73 mmol) 1n absolute ether (30 ml) was. prepared by the

210.

*;4eMethylénéflépyraéolihee3,3%dﬁ_igglff,'°n.ﬁ e

The procedure was 31m11ar to that descrlbed above

P
A

‘;ﬁmethod of Gassman and Greelee (71) and reacted Wlth

tﬂarfallene (15 ml) to glve the product (2 9 g, 34 mmol,,fﬂf'”

‘“°{“47% YLeld)

'fgf{4 47 (trlplet J = 2. 3 Hz, 2H) and 4 70 (pentet,gJ _;zﬁj;frld;3Ef5ff

.;B 2H), and 1ndlcated 97 l% 1sotop1c purlty The mass
kf_ISPectrum 1nd1cated 97 o l 0 1% 1sotop1c purlty (Do 0;61’7'fi L

| 't,pl;— 4 8 D2*—'94 6)

l. :

ZDJ

;374-Methylene-1—pyra2011ne 3 3 6 __L

The procedure was 31m11ar to that descrlbed prev1ously"'

 ffor the synthe51s of 4—methylene—l—pyrazollne from allene

| “'nand dlazomethane., Allene-d4 was prepared frOm hexa—7»vi"

‘ ,c_‘chloropropene accordlng to the method of Morse and Leltch : 2

Ihgf(72) with the mOdlflcatlon that most of the propyne-d4 | ﬂfiﬁf”*V*

o was removed by pas51ng the mlxture of allene—d4 and

fpropyne—d4 through two portlons of an ammon1ca1 51lver

"1»:n1trate solutlon (35) stlrred v1gorously by ‘a magnetlci‘-“’

-fistlrrer. A solutlon of dlazomethane (3 g; 71 mmol) 1n

| _7ab§plute ether (30 ml) reacted Wlth allene—d4 (5 g, 114

'“fmmol) to glve the product (2 7 g, 32 mmol 45% yleld)

T



'tdﬁ?g]4;Méthy1éﬁe;l;gzrazoiiné¢3;3}é}5;6,6¥aéiiggl_ﬁjf¥;;]Qw<,

l'.;;jjs*‘ 14. 4 n6-—-83 7)

1~;a.5—N1tro-5-(hxdroxymethyl) 2-pheny1 -1, 3 dloxan (108)

211.
The 100 MHz ler spectrum GTMS (benzene-d ). showed- L
4 47 (s1ng1et), and 1ndlcated 97 ﬁ 1% lSOtOplc purlty

The mass spectrum Lndlcated 97 l i 0 l% 1sotop1c purlty_if

.’Z’ : -;-' .

The procedure was 81m11ar to that descrlbed prev1ously

for the synthe51s of 4-methy1ene—l pyrazollne from allene aff"“"'d

. and dlazomethane._ A solutlon of dlazomethane-d2 (3 2 g;
73 mmol) 1n absolute ether (30 ml) reacted w1th allene-d
(5 g' 114 mmol) to glve the product (2 7 g, 31 mmOl"ifpﬁi;]tffttiﬁ
42% yleld) vvvv ’ : .‘: | t S | _}_“ ; L

| The mass‘spectrum 1nd1cated 96 8 -‘0 1% 1sotop1c'}”v7 |
p“rlty (Do °'?.1 0._ 27" ° 3 D3 = 0. 1 D, ;= 1 5.,,'};hffft*7"

'~ ~—

-\’;- f

The procedure was essentlally that of Scattergood

A

and MacLean (38) TrlS‘(hYdIOXYmethyl)nltromethane_T_ﬁ:&i

(755 g, 5 0 mol) was added to dlstllled water (500 ml)
' and methylcellosolve (500 ml) 1n a 3 2 three-necked

round-bottom flask fltted Wlth a reflux condenser,ia]gfpﬂf{937

’sfﬁfdropplng funnel and a: mechan1ca1 stlrrer.3 Benzaldehyde

ffu53l g, 5 0 mol) and conc. hydrochlorlc ac1d (400 ml)

ﬁfihwere added to the flask.‘ The reactlon mlxture was kept

hui‘,;at room temperature Wlth mechanlcal stlrrlng for 3 days.,.°f”,

iy



The solld products were flltered washed w1th dlStllled

', water untll neutral and unreacted a;dehyde had been

e
l

removed, and alr-drled Recrystalllzatlon of the crude
product (886 g) from ethanod and water was followed by
drylng over phosphorous pentox1de 1n a vacuum de551cator

L

to glve a whlte crystalllne product (850 g, 3 56 mol

@
9

7 12% yleld), mp 124- 125°c (11t 124 8°C) ’jif{yfduﬁéasz]fﬁ"7
> The 100 MHz ler spectrum GTMS (DMSO-d ) showed-i'iﬂbd‘
3 69 (doublet, J ",12 Hz, 2H), 4 18 (doublet of slfght |

multlplets, J = 12 Hz, 2H), 4 77 (doublet of sllght

multlplets, T —-;2 Hz,_2H),-5 54 (trlpletS, 7= 6 Hz,sfjfsjff‘ﬂ;f(?
IH)',S 63 (s1ng1et lH) and 7 37 (s1nglet SH)

»,~~~—'

VCr(;TS—Amlno 5- (hydroxymethyl) 2 phenyl l 3—dloxan (109)
The procedure used was essentlally that of Mare1
vaand Raphael (39).; A solutlon of 5-n1tro 5 (hydroxy-,fgjf;ifwii“;ﬁh
.methyl) 1 3-dloxan (57 0 g, 0 24 mol) in absolute ethanol
(l 0 1) was shaken w1th a small quantlty of Raney—nlckel
(73) and flltered The flltrate was stlrred v1gorously ”fdtpf},f*
..? wlth fresh Raney-n1cke1 (10 g) under l 500 p51 of H” _T““
hYdrogen at 80°C for 5 hr 1n an autoclave. Flltrat10n~fdi{vdlﬂ
of the solutlon and evaporatlon of the solvent us1ng a lp;?;~'r
.ént(,rotatory evaporator was followed by trlturatlon of the |
hi[jxre51due wlth skellysolve B to glve crude product.~ The(pf;f -
‘crude product recrystalllzed 1n needles from ethyl -

acetate to glve a white solld product (48 0 g,'o 23 mol, ;,:ldgf:ff-



(St

213.
95 8% yleld), mp 117 5 118 5°C (llt 117 118°C) : :J-.cf
. . ) “-'. °
| ; The 100 MHz ler spectrum 6TMS (CDCl ) showed ,
| 2 67 (51ng1et, 3H), 3 36 (51nglet, ZH), 3 88 (51nglet,
4H),~5 40 (51nglet, 1H) and 7 38 (complex multlplet SH)
-5‘-0‘>é<5¥"'2'-'pherii"f1—1%,*,3fdfios&an (11})_ e
The method of synthe51s by Marel and Raphael (39) ,i7
was modlfled to 1mprove the yleld cons1derab1y and to hf*jif:ﬁf

achleve a one step synthe31s of the product wfthout the ff';?ffé':li
1ntermed1ate formatlon of 5 5 dlhydr0xy 2-pheny1 1 3-.-~:'5”“
dloxan.[ A mlxture of 5—am1nor5 (hydroxymethyl) 2—phenylfﬁf,;;}_f7ff

1 3-dloxan (70 6 g, 0 338 mol) and pH 6 buffer solutlon'gjjdvb T

4?
(2 0 l) (74) 1n a 3 l round épttomed flask was stlrred

mechanlcally at room temperature.; When sodlum metaperloéf'ﬁffgjaﬂf

date (72 3 g, 0 338 mol) was added all at once w1th bxéifF;iff.ffﬁ

o V1gorous stlrrlng, the reactlon mlxture 1n1t1ally becamezt;gfgf}f}tﬂ

homogeneous, and then a whlte SOlld began to aPPear.ﬁL;"h'l
After 15 mln of stlrrlng, the product was extracted w1th r,;?g :
dry dlchloromethane (3 x 2 0 l), the extract was drled

‘f over anhydrous sodlum sulfate and the solvent was. evaporat—*7777$“”

ed u51ng a rotatory evaporator at less than 20°C.,xaff:ﬁfflfwf7fﬁ.ff

7'f7 Sllghtly yellow SOlld (55 7 g) was produced._ The solld

was dlssolved 1n b0111ng dry pentane (6 0 1). Decantatlonf,;,:~ .
of the clear solutlon was followed by CQOllng and evapora;_astiii
tion of the solvent u51ng a rotatory evaporator at leSSljf]jjf?}’"

than 2°°C t° glve a whlte SOlld (50 7 g, 0 285 mol, 84 3%iﬁf,;‘”*

el Lo



”7s¢ftr1pheny1phosph1ne (55 g, 0 21 mol) was dlssolved 1n dry

1d'ﬁstored 1n a freezer below -20°C to prevent 1t from

;i;.Meﬂthylt"fiph'eﬁgiphofso:i‘iﬁiﬁf Bromiaé DA

”ﬁ}!fbenzene (50 ml) The solutlon was cooled 1n an 1ce~salt

.;(51nglet, 1H) and 7 42 (complex multlplet, SH)

ISR . ‘,‘

S 14 -

1.

‘-fyleld) whlch was pure, Judglng from the Hmr spectrum,

‘and mp 68 69°C (llt 69 71°C) ! The product should be . B

rx'

leecomp051ng slowly 1nto a yellow 011 : The 100 MHz Hmr.7

'lgspectrum GTMS (CDCl3) showed-i 4 47 (31nglet 4H), .;:7 g'

oy

e T

The procedure used was 81m11ar to that of Wlttlg

zﬂifand U. SChoellkopr(75) n a' 200 ml pressure bottle,lg?'”“°“ '

'?ﬁfﬁbasgiand methyl bromlde (33 3 g: 0 351 mol) was added._.,llﬂf?'l;'"

'F'f:fThe bottle was then sealed and kept at room temperature

dtfmfffor a. dag w1th occa31onal shaklng.: After the bottle

'ff}garhe 1oo Miz 1Hmr spectrum swms (cuc13) shpwed-' 3. 26

¢

;und to a flne powder and washed w1th hot
;5?1 each) untll the washlngs became colorless

'.'recrystalllzed from dlchloromethane—ether

--at 100°C under hlgh vacuum 1n an electrlcal 5*

. VoL

'fif ver phosphordus pentox1de for 2 days to glve

"”,product (71 g,»o zo mol 95, 2% y1eld)

(doublet J = 13”5 Hz, 3H) and 7 72 (complex multlplet,

ed in a Dry Ice acetone bath for 30 mln.,pjfo77fff.?ﬂ

4 and the white solld was flltered ﬁeﬁf]"};ff?“ R



A

o S-Methylene—élphenYIEl,3;dioxaﬁhv:ﬁ'ti'

su

215,

The procedure was a modlflcatlon of that of Malloy, R

[

ask was fltted w1th a reflux condenser, a dropplng

Y

dfunnel, a mechanlcal stlrrer and a gas 1nlet tube. 'Aﬂ

}1?igentle flow of dry argon through the apparatus was,-

'**J_?malntalned throughout the reactlon. Dry l 2—d1methoxy-';'“

Hedges and Flsher (40) A 3-1 three-necked round bottomedfsfft'

'~:;;ethane (l 2 l freshly dlStllled three tlmes from llthlum *f:f*ﬂ

l'h]rfalumlnum hydrlde) and methyltrlphenylphosgﬁaﬁi“'dd;“{'

'~V:7r(151 g.,0_423 mol) were added to the flask whlch was

‘*?f{ﬁa hexane solutlon (166 5 ml) of 2 29 M n butylllthlum fsfﬁ

'T~554(76) was added dropw1se through a dropplng funnel The

N

"’ﬁfﬂcooled 1n an 1ce-water bath Whlle stlrrlng v1gorously, ff;f£37z

| fjtemperature of the reactlon mlxture was then ralsed to f1355

“71n265°c over a perlod of 2. hr and malntalned at thls temp- )

'“'j;of methylenetrrghenylphosphorane. Thls solutlon was

"iff.Use) 1n dry 1 2-d1methOXYethane (0 6 l) was added drop-°"‘“

?'ffherature for 3 hr to glve a yellow1sh or brownlsh solutlon,ﬁfv;:ff

ﬁ*hdcooled in an- 1ce-water bath and 5-oxo 2-pheny1 1, 3-d10xan f3§7f97

"f{(GO 9 g,_O 342 mol freshly purlfled from n-pentane beforej°e~fv7

*f]f~w1se through a dropplng funnel whlle stlrrlng v1gorously.affgﬁ‘vf
'bfffThe temperature of the reactlon mlxture was then graduallyﬂ?fﬁgfﬁ
'QLijrlncreased over 3 hr untll the solvent began to reflux. f.;ﬁt_pfﬁﬁ

':*ﬁfAfter refluxlng for a day. therreactlon mlxture was cooledlffi“ﬁf

:'fiqmlxture was stlrred for 30 mln., Thls was followed by

N



fd’2;6;”.
the addltlon of ether (1 5 l) and st1rr1ng was contlnued
:;ffor a further 30 mln.r SolLds were removed by grav1ty-A‘3d
*:flltratlon and the solvents 1nclu61ng benzene and l 2= . "2;//

a. .

S a
','jdlmethoxyethane were almost completely evapor&ted u31ng

v'a rotatory evaporator.' The re51dua1 solutlon was ex—'e*

e

ﬁfevtracted w1th n—pentane (3 x 0. 75 l) After evaporatlng

'*'the n—pentane from the comblned extracts, the res1dua1 f?ﬁ;f;upgp

”’J;jsolutlon dlstllled at reduced pressure to glve the’p

5?product (49 2 g. o 280 mol 81 9% yleld), bp 68 69°C/

. ’

'df7u The procedure was a sllght modlflcatlon of that of

1?}”ﬂphon1um bromlde (150 g, 0 420 mol) was dlssolved 1n

‘f?fdeuterlum oxlde (>99 at ¥ D, 300 ml) bY wsd.

'tffof sodlum to 50 ml of‘deuterlum ox1de under nltrogen)

‘fao 15 Torr (Jlt 76 78°c/3 Torr) (77) ‘ __;-’g .;J o
. A o v "ﬁi*gQ
The lQO MHz 1Hmr spectrum 6TMS (CDCl ) showed 4 47 '

m"tf:(trlplet, J —‘1 3 nz, 4H), 4 94 (pentet 3 f 1 2 HZQ}ZH";VTff

r

' ”fids 57 (slnglet, lH) and 7 37 (Complex multlpletr SH)

U

?,-Me'thjrll'-’d ‘,’e‘triiphéhylphasﬁhc‘hm ‘-::bramaé'-; o
R T T '”f: f'“hfi*{}” f“'7*

e

177f*Malloy, Hedges and Flsher (40) Methyltrlphenylphos-';ﬁ'ﬁféig

flng, and the

1@;801ut10n was flltered To the flltrate,vl% sodlum

'7?ffdeuterox1de solutlon (17 ml, prepared bY addlng 0 5 g

”“fjwas added w1th Stlrrlng After stlrrlng for 10 min, the ‘é

‘i;j;solutlon was extracted lmmedlately thh dlstllled dichloro-“}?}ff

BRI W
Lo

'fmethane (3 x 250 ml) The comblned dlchloromethane layerS’uﬁﬁ;;::

{fej}were separated drled over anhydrous sodium su;fate, and '!;”;7}7

f"“
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concentrated u31ng a rotatory evaporator: to give a llght

: yellow—colored solld : Thls solld was Subjl ted to the

‘ . same reactlon ‘conditions tw1ce more. Recrystalllzatlon

R f.“
of the SOlld from dlchloromethane ether and drylng at

100°C under hlgh vacuum oVer phosphorous pentoxlde for

_ 2 days gave<a whlte-coloreq,product (114 g, 0 317 mol,

E 75.5% yleld) - S . *\'

The 100 MHz ler spectrum (CDdi/) lndlcated greater»

than 97 at % D at the methyl group.

e ey

LS-Methylene— -phenyl 1, 3—dloxan—7 7 d, (112) ﬁ

The procedure used was that descrlbed prev1ously
for the synthesxs of 5—methylene-2—phenyl 1, 3-d10xan
from 5-oxo— -phenyl 1, 3-d10xan._ From methyl d3—tr1phenyl-

phosphonlum bromlde (101 4 9. 0. 282 mol) 1n dry l 2-

k 'dlmethoxyethane (0 8 1), a hexane solutlon of 2.29 M

n-butylllthlum (lll ml, 0 254 mol) and 5-oxo- 2-phenyl-
1, 3-d10xan (40.6 g, 0. 228 mol) in’ dry 1,2- dlmethoxyethane

(0.4 1), was obtalned a colorless 11qu1d product (32 5 g,

| 0.183 mol} 80.2%° yield). | o R

?.ﬂ & |

ler spectrum STMS (CDC13) showed :

| The 100 MHZ. |
. 4.47 (SLnglet, 4H), 5. 57 (51nglet, 1H) and 7.37 (complex

1% isotopic purity.

+

mult‘plet, SH), and 1nd1cated 95
. i . :

 The mass spectrum 1nd1cated 95 + 1% isotdpic purity .
(Dg = 0.9, D} -=.7.9, D, = 91.2). The 13.6 Miz Zmr

>

spectrum (CCl ) 1ndJQated >99, 8% of total deuterlum at C



(160 g,. 1.0 mole), copper acetate (10 g)

.DiethYl‘Methxlenemalonaté ‘

\

the;eermethylene poSitionr

The procedure was essentlally that of Bachman and

Tanner (41) Paraformaldehyde (120 g), mzjonlc ester

acetate (10 g) were added to glac1al acetlc acid- (800 g)

in a 2 l round bottomed flask.. The mlxture was heated

w1th st1rr1ng untll clear, and then for an hour longer..-‘

It was dlStllled untll the b0111ng pornt reached 80°

‘ at 35 Torr. At thlS p01nt the contents of the dlstllllng

flask began to thlcken to a. paste. The recelver ‘was

.changed, and the dlstldlatlon contlnued The blue-colored

evolved durlng the decomp051tlon3 ‘When the paste turned
dark brown, dlstlllatlon was dlscontlnued The greenrsh*A

yellow dlstlllate was redlstllled to glve almost pure-'

product (75 ¢ 0. 436 1, 43.6% yleld), bp 200- 212°C at
g WP

atmospherlc pressuré (1it. 205 2150C) The 160 MHz ler"

nd potassrum _"'

218.

.©

'paste foamed and appeared to decompose, the product belng -

spectrum GTMS (CDCl ) showed~ 1.33 (trlplet, ql= 7. 0 Hz,

6H) , 4 34 (quartet, J = 7.0 Hz, 4H) and 6 57 (51ng1et _2H).

(118)

~~~

Freshly prepared cyc10pentad1ene (60 0 g, 0.910 mol)

was added slowly to dlethyl methylenemalonate (110 0 g,

0 640 mol) wh;ch had been cooled in an 1ce-water bath. :

.0 . B . C oy



The reaction mixture was, warmed to'room temperatureland
kept at thls temperature for an hour. -It’was then

(heated to 100°C over a perlod of 1 hr. and kept at thls

_temperature for 3 hr. Dlstlllatlon of the mlxture gave

)

Ca colorless llquld (122 6 g, o 516 mol, 80 6%), bp 107—
- 108 5°C/2 5 Torr. Exact mass calcd' for C13H1804
“238 2828 found 238, 2206 }' Lo
. Anal Calcd for C13 1804" C, 65 53 H, 7 61 \o,_
"26 86.- Found c,\éﬁ 34; H, 7. 75;. 26 91. »_,w“ L

The 100 qu 1

(trlplet, J = 7 3 nz, 3H). 1. 23 (trlpletr J = 7 3 Hzr |

'f3H), 1 57 (multlplet, 2H), 2 04 (multlplet, ZH), 2 89

(31nglet, 1H), 3. 37 (51nglet, 1n), 4. 1o (quartet 3 -;f
"7 3 Hz, 2H), 4.17 (quartet J= 7. 3 Hz, 2H), 5 95 |
"f(multlplet,_lﬂ) and 6 24 (multlplet, 1H) ‘ Thepl;r,;

N2

’spectrum.vma 1733 cm ; (C-O)

'°5 S—Bls-(hydroxymethyl) 2~norbornene

¢

The procedure was/én?adaptati/n of that of Moffet

Hmr spectrum GTMS (CDCl ) showed 1 21

219,

.

\(78).> In a 2 1 three-necked round bottomed flask fltted S

: w1th a reflux condenser, a dropplng funnel a gas lnlet

fistube and a mechanlcal st1rrer, pulverlzed llthlum alumlnum

Thydrlde (10. 63 g,_O 280 mol) in absolute ether (600 ml) f:‘

'iwas refluxed overnlght 1n -an. 011 bath under a gentlei
- flow of dry argon. After the 011 bath had been removed,

"c:S 5-d1carbethoxy~2-norbornene (54 7 g; 0. 230 mol) ln dry



2200
: ' ' Cw -
ether (100 ml) was added W1th v1gorous stlrrlng at such

.va rate that the solvent refluxed gently. When the
‘;1n1t1al reactlon had sub51ded the reactlon mlxture waS‘\

o refluxed for 4 hr 1onger, and cooled Dlstllled water_‘-

".v(12 ml), 15% sodlum hydrox1de solutlon iz ml) and

‘ydlstllled water (36 ml) ‘were added succe551vely to destroy
:ffthe excess llthlum alumlnum hydrlde, and the mlxture was

;y:stlrred for 5 hr. Dry ether (500 ml) was added and BESTENE

T

”li {the solutlon was warmed almost to b01llng, 51nce the

uzi?yproduct is qulte soluble 1n hot ether but not in’ cold

'ungfter flltratlon by vacuum,»the re81due was extracted

. w1th hot ether (2 x 0. 5 l) and the comblned ethereal __1_

"5f“solutlons were evaporated to dryness on a rotatory

"“1'evaporator under reduced pressure (0 l Torr) overnlght. ;:fri

'f*Recrystalllzatlon from hot benzene (ca. 300 ml) and

‘washlng w1th cold skelly B gave the product (28 o g,---"”

Y 'yO 182 mol, 79 l% yleld) 1n needles, mp 112 112 5°C (77 42)

The 100 MHz 1

A Hmr spectrum GTMS (DMSO-d ) showed
0. 46 1 60 (multlplet, 4n),»2 59 (sllght multlplet, lH),

- 2.61 (sllght multlplet, 1H), 3 18 (mult1plet,»2H), 3 54

‘;-:‘(multlplet, 23), 4 20 (trlplet, J = 5, 0 Hz. lH)r 4 44

y'fdp(trlpleta J = 5 o Hz, 13) and 6 08 (Sllght multlplet, 2H)

A
\

"fs 5-Bis—(hydroxymethyl—d ) 2-norbornene (119)

U
L

> The procedure was that descrlbed previously for the

5hy.synthes1s of 5, S-bls-(hydroxymethyl)—2—norbornene from W;ﬂa-_jl-_-‘

’\» o ' . oo

\
A



221, “
'iiJS S—dlcarbethoxy-2-norbornene., From llthlum alumlnun |
"deuterlde (13 5 g, 0 321 mol mlnlmum 1sotop1c purlty;fQWl
Lf-’95 atom % D from Merck, Sharp & Dohme, Canada, Ltd ) |
{and 5 S—dlcarbethoxy— —norbornene (63 0 g, 0 264 mol),_
”fl'was obtalned a whlte SOlld product (34 3 g, 0 216 moles,:dj,Jf
?[fal 8% yleld), mp 111, 5 112 50 c.;s f” N RETA

12 ,
The 1oo an 1Hmr spectrum GTMS (DMSO-d ) showed

pﬁ?f;o 46 1 60 (multlplet 4H), 2 59 (sllght multlplet,,lH).

gjp:pz 61 (sllght multlplet, lH), 4 16 (51nglet lH), 4 40

Efaf_;(s1nglet, lH) and 6 08 (sllght multlplet, 2H)

‘?ﬁf_jz;nefhyléne+1,3+pf6pahéaibli

‘ 'Mg(a) From\s-methylene— —phenyl l 3-dloxan d”

‘“S-Methylene—z-phenyl 1, 3-dloxan (45 0 9 o 256 mol)

5:]1n methanol (l 5 1) was added to ammonlum chlorlde (240 g)

.:éln dlstllled water (580 ml) in a 3 l three-necked round_.ilnl,.rv«

*vbottomed flask fltted w1th a reflux condenser and a

'”_~mechanlcal stlrrer._ The mlxture was v1gorously stlrred

',at 40°C for three days and then neutrallzed :ith 5% f‘i
| ¢

_sodlum blcarbonate solutlon. After evaporatlon of

.j.solvents u51ng a rotatory evaporator, acetone (1 0 1)

l'ﬁfwas added to the re51due. The solld was flltered and

”ﬂfthe solvents were evaporated u81ng a rotatory evaporator;_%f;(f

-

'1,ffThe re51due was extracted w1th acetone (0 5 1) and

fthe solvent was evaporated completely under reduced

| ”l. pressure (1 Torr) at room temperature. The re51due S



??f. 127 129°c/32 Torr) (79) The 100 MHz

’”'norbornene (25 0 g, 0 162 mol) 1n small portlons.g Argon L

LI v

was then extracted)w1th ether (3 X 0 4 l) and the

extracts were drled over anhydrous magnes1um sulfate.g { R T

The ether was evaporated to glve yellow1sh crude product

The crude product was washed w1th freshly dlstllled -

chloroform (3 x 5 ml), and kept at room temperature under "{fgrr”

reduced pressure (0 35 Torr) overnlght Dlstlllatlon of

the remalnlng solutlon gave a colorless llquld (19 2 g, ;f?-w’

° 218 m°1' 85 2% Yleld)r bp 96 5- 97 5°c/3 5 Torr (11t. RS

ler spectrum

GTMS (DMSO'd ). ShOWEd° 3 91 (doublet of trlplets,rq s;,f:ff* o

5.5 Hz, I =1, 3 Hz; 4n), 4 68 (trlplet J 475 5 Hz, 2H) 4?;;”"”'

: and 4 97 (pentet, J’- 1 3 Hz, 25) e

(b) From 5 5 b&s-(hxdroxymethyl) 2—norbornene b

The procedure Was an adaptatlon of that of corey

"f and Suggs (42) A 22 cm quartz column (2 54 cm i. d )

was packed w1th Pyrex beads whlch were heated to 480-

\

fl 520°C by a heatlng tape wrapped around the column The

q»rtape was covered by an outer Pyrex jacket. The tempera- e

‘ ture was measured by an 1ron-constantan thermocouple

and a potentlometer (Mlnneapolls-Honeywell Reg. co )

To the column was added neat 5 S—bls-(hydroxymethyl) 2-.-t~‘~"

was passed through the apparatus so that the contact

trme of the vaporlzed reagent w1th the column was 7- 10

j;f[sec The crude product was collected 1n two success1ve

traps cooled to -78°c under sllghtly reduced pressure ;~af"f]”

S



Voear,

';’*g(lo 1 g, 0. 115 mol,_70 8% yleld) _*cif;?f*

'“*_32 (Methylene-d ) 1 3 propanedlol (113)

223,

(500 Torr) Water was added to the crude product, and

"‘f'ftory evaporator, dlstrllatlon gave the colorless llquld

'~ o~

The procedure was that descrlbed prevrously for the

Iffthe aqueous solutlon was washed once w1th n—pentane. T

';vafter concentratlon of the aqueous extract u51ng a rota—'”'

J,fsyntheSlS Of 2-methylene l 3-propaned101 from S-methylene-~f5ff'

- 524MéthY1éhe-1.§?ér6§5ﬁédioi41}1;5,3;d;;ii26L;u;»;: R

-;'7 7-d2 g31 1 q 0. 175 mol) in methanol (1 ) 1) and
' fammonlum chlorlde (165 g) in dlstllled water (0 4 l)
't'fwere stlrred at 40°C for 3 days to glve the product

_,;!¥(13 o g, o 145 mol, 82 9% yleld)

The 100 MHzllﬁmr spectrum GTMS (DMSO-ds) showed

i:“pfS 5 HZ. 2H, and 1nd1cated 95 l% 1sotop1c purlty. :af

The procedure was that descrlbed prevxously for the

T*ffgsynthe51s of 2—methy1ene-1 3-propaned101 from 5, 5-bls~r'5'

“”?‘(hydroxymethyl) 2-norbornene.» 5 S-Bls-(hydroxymethyl- 7,]

{Qduglve the product (14 0 g, o. 152 m°1' 73 l% yleld)

The 100 MHz lHmr spectrum GTMS (DMSO-de)showed

i2—phenyl l 3—d10xan.v.S-Methylene—Z-phenyl l 3—d10xan-ld?7:h

'“ij3 91 (doublet, J = 5. 5 Hz, 4H) and 4 66 (trlplet, J —-w“fariffj}f%

"’{"id )—2-norbornene (32 9 g._o 208 mol) was thermolyzed to ilfo},fff

}‘f;f4 64 (SLnglet, 2H) and 4 97 (51nglet, ZH), and lndlcated ﬁtljjw



| ) --22.'4‘-.'_.

“t?96fihi%iisbtopiehpurity{kff;x'i;;; .llf;f:npff':j‘,i'f}ei'%\?i 3

e
R s

;r53%Chlord;2¢(chiofamétnyiypropené}(ggglf;Q;hpfgfpfp,j,ffV“qu

o Thi?FThe prooedurevwas a: modlflcatlon Of that.of‘Hooz andlr
}hiGllanl (43) Freshly prepared drY trlphenylphOSphlne .
'Ei(drled at. room temperature at 0 2 Torr overnlght 217 0
idg, 0 827 mol) was added to a mechanlcally stlrred solu—e

}fftlon of 2-methylene l 3 propanedlol (28 0 g,,O 318 mol)

‘dﬁln dry tetrahYdrofuran (250 ml dlstllled tw1ce from.;aiff'aiiﬁt‘*

”Uillthlum alumlnum hydrlde) and carbon tetrachlorlde (580 ?.~L&fu”

.‘:ml dlstllled from phosphorous pentoxlde) 1n a. 2 1

'}hthree-necked round-bottomed flask fltted w1th a mechanlcalfféffiet‘
:ufstlrrer, a reflux condenser and a gas 1n1et tube.~.A_Q 5.””.
'}'gentle flow of dry argon through the apparatus was :ff;'
;namalntalned throughout the reactlon.. The reactlon nlxturezt}:
-dfwas then refluxed for approx1mately‘2 hr, unt11 a 11ght jif,-
Tf7reddlsh solutlon formed and a large quantlty of whlte o
T\Fsolld appeared n-Pentane (1 S 1) Was added and the

:ffreactlon mlxture was stirred for 10 mln.A The solld was

Jitflltered and washed wlth n-pentane (500 ml) t The solventsffﬁ?i'ff?

;:fwere slowly removed from the comblned n—pentane solutlons i

é;fby means of dlstlllatlon below 37°C under reduced pressurelf? SR

T~

i'ﬁ(40 Torr) To the reS1due, nnpentane (200 ml) was added,?l}i""f'
ffiand the mlxture was stlrred.m The solld was flltered,,,?ff]‘
ffgand the filtrate dlstllled below 37°c under reduced

j,pressure (40 Torr) to remove the solvent 1 Distlllatlon



-;f’of the reSLdue ylelded the product (20 3 g, o 162 mol,“f]jfa"
_r250 9% yleld), bp 57 0 58 0°C/40 Torr (llt 137 138°C/756

S oL _]f'fﬁx o ',,
“t The 100 MHZ';Hmr spectrum GTMS (CDCl ) showed.g_duiﬁgf;iirﬁd
iff(trlplet, J.- 0 6 Hz, 4H) and 5 32 (pentet, J = 0 6 Hz)ﬁ5fffffit*;

j}[znygﬁ‘:eu;.;u'~;*'“~"-‘

,./

13?; -Chloro -2~ (chloromethyl)propene—l 1--d2 (114) .?iiffiﬂftffif?,f

o The procedure was that descrlbed prev1ously for the
3jdsynthe31s of 3-chloro-2 (chloromethyl)propene from 2_;;,};:A;;¢@W’

‘:nﬂmethylene-l 3—propanedlol 2 (Methylene—dz) l 3-pro—fffd;rrrfﬁﬂ"

33fpanedlol (12 6 g, 0 140 mol) in’ dry tetrahydrofuran

1(110 ml), carbon tetrachlorlde (255 ml) and freshly
'-;purifled trlphenylphosphlne (95 5 g, 0 365 mol) reacted 5ﬁ'dﬁ“*ffr

Taﬁto glve the product (9 3 g,gd/?ﬂsz moles, 52 3% yleld);jgjfj‘""'””
| ] e

The 100 MHz 1Hmr sgectr TMS (CDCl3) showed

nt:d 19 (51ng1et), and indlcated 95 l% 1sotop1c purlty.vtirt:”f;rt“

'7ifThe mass spectrum 1nd1cated 94 1% 1sotop1c purlty
Dy = 1 8 nl = 9 o, D2 = 89 2) The 13 6 an 2umgljj[;f:j;ffﬁ

*f@spectrum (ccl ) 1nd1cated >99 8% of total deuterlum at if}f{j;gdﬁé

\E?tthe exo—methylene posltlon.;fflﬁf’5xf

The procedure was that descrlbed prev1ously for the 'ldfff?ff
7Yﬂ ynthe81s of 3-chloro-2 (chloromethyl)propene from “ .

>df2-methy1ene-1 3—propane6101;

'igz-Methylene-l 3-propanediol-"“;j7i;

-;fl»l 3 3-d4 (13 2 g, 0. 143 mol) An. dry tetrahydrofuran



"i;was malntalned 1n the apparatus durlng the reactlon.ffjw":

'”“fThe reactlon mlxture was cooled 1n an 1ce—sa1t bath

AR PR S
(113 ml), carbon éetrachlorlde (262 ml) and freshly

-fePurlfled trlphenylphosphlne (98 0 g, 0 374 mol) reacted';ffi?cl

f=gto g1ve the product (9 2 g,?;l 3 mmol 49 9% yleld)

The 100 MHz ler spectrum GTMS (CDCl ) showed

V‘fs 32 (81nglet), and 1nd1cated 96 l% lSOtOplC purlty.:ﬂ e

foThe mass spectrum 1nd1cated 96 l% 1sotop1c purlty "def;:fi;*f
= 0ny =0, D, -
ff;on the molecular 1on peak._,;jf;rf}if_gﬁqﬁ j’f”

0.

= 6. s,w3 1 6. 04 91 9) based

- ~~~

7?*1 2 D1carbethoxy-4-methylenepyrazol1d1ne (125)
The procedure was adapted from that used by Rubottom j}[sfi
ﬂ":and chabala (44) 1 A solutlon of sym-dlcarbethoxyhydraz1ne f;ffl

vc’,'.‘ 3 :

;ff(15 2 g. 86 4 mmol purlfled by recrystalllzatlon from g;
‘d{f95% ethanol and drylng under hlgh vacuum) (81) ln fff Fa
'”f{hexamethylphosphoramlde (HMPA, 100 ml drled over Moleculariffdb
‘f;fsleves 4A) WaS placed 1n a 500 ml three-necked round-!b”-vf;?
‘:}fbottomed flask fltted w1th a reflux condenser, a mechanlcalff

._“

fu}stlrrer and a gas 1nlet tube.; A gentle flow of dry argon ;'}f

i?fSodium hydrlde (57% dlsper81on, 3 64 g, 86 4 mmol) Whlch
_”3thad been washed three tlmes to remove protectlve 011

f’i as added to the reactlon mlxture 1n small port;ons w1th
f;;the a1d of n-pentane.; The mlxture was allowed to‘warm /.
1}qto room“temperature, and stlrred mechanlcally for 6 hr._fde
;VﬂCAfter coollng 1n an 1ce-salt bath, 3-chloro-2-(chloro-fi;;:?;{& QE?

bfﬂmethyl)propene (10 5 g, 84 0 mmol) was added dropwlse.n:iﬁgpgii“df'




o227,

,ggji,f

"E;TAgaln, the mlxture was allowed to warm to room temperatureg,if;”

ﬂiand kept at thls temperature for 3 days.” After coollng

4' ?1n an 1ce-salt bath, sodlum hydrlde (57% dlsperlons,“.nm

ff73 6 g, 85 5 mmdl washed w1th n—pentane) was slowly addedj[a‘f

'f“fﬁﬁln small portlons w1th the ald of ‘n= pentane.g Once more'.AA

“Ujafthe reaction mlxture was allowed to warm to room temp-tlplr:%hw

fileferature and kept at thlS temperature for a day 4After

'°Tﬂffwas slowly added, and the mlxture was stlrred Vlgorously
Efﬁplfor 30 mln., Extractlon of the product W1th absolut

71?;fether (5 x 200 ml), and eva_

. \

N

V*coollng 1n an 1ce-water bath, dlstllled water (150 ml)

NG

4,at10n of the solvent u51ng 3?3rfl

'VL‘la rotatory evaporator followed by dlstlllatlon of the

'%7“re51due ylelded the 11qu1d product (13 3 g, 58 3 mmol

,;,;59 4% yleld), bp 88 89°C/0 08 Torr._ Exact mass calcd.J}/'

‘.o_, IR P

3~Q,¢for ClOHlsg4 2 228 2474 “found‘ 228 2112

2N

H, C, 52 62 H, 7 07,

Anal Calcd._ for C1o 16 4 2

‘wVQQOo 28. 04 N, 12. 27._ Found, c, 52 91, H, 7 11; o,-a7 81,]?§g4l"

'”;ElN, 12 17',““ fF?ftq?-4~*V**

'rhe 100 MHz

'{7djs 04 pentet, J = 2 3 Hz, 2H) The 1 r.;spectrum v

j;g521709 and 1733 cm

i 1Hmr spectrum GTMS (cnc1 ) showed
-affl 20 (trlplet, J --7 3 Hz, GH), 4 15 (quartet + broad

ifgpeak,_ = 7 3 Hz, 83,_ester CH2 + rlng methylene) and

1 (c-O) .

\.'».
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—"—~~~

1e:1 2-D1carbethoxy-4-methylenepyrazol1d1ne 6, 6-d (115)

The' rocedure was that descxlbed prev1ously for the, _;ﬁj;[

. _dlcarbethOXY 4-methylenepyrazolld1ne
"”ieethyl)propene. A solytlon of

f(;Z?; g, 68 8 mmol) 1n hexa-f

ler apsectrum GTMS (CDCl ) Showed..-;ﬁ.:

_MH'

flet: J —-7 3 Hz, GH) and 4 16 (quartet + broad;jei:f;lh;?
3 Hz, 8H, ester CH2 + rlng methylene) :
ffyand 1ndl d- 94 l% 1sotop1c purlty The mass specbrum |
”1 t 0 l% 1sotop1c purlty (D0 = 0 7, Dl |

‘ ) based on the molecular lon peak The : ‘
f?f13 6 MHz Jpebttum (CCl ) 1nd1cated >99 8% of total - hi;;:

vhe exo—methylene p081t10n.¢iefﬂ::f;gf~f

L
Lo

t”nepyrazolldlne-3 3 5 5-@, (122) : f

1L 2-charbethoxy~4meth

R The procedure was that descrlbed prev1ously for the if;;H
fffsynthe81s of 1 2-d1carbethoxy-4-methylenepyrazolldlne |
j_ifrom 3-chloro-2-(chloromethyl)propene.; A solutlon of

effsym-dlcarbethoxyhydraz1ne (12 lg,. 6. (3 mmdl) in hexa_fﬁf;"‘"°

fﬁ:methylphosphoramlde (80 ml), sodlum hydrlde (57% dlsper51on,fhf:f};
f?75 80 g, 137, 7 mmol) and 3-chloro-2 (chloromethyl—d )-;~;a'“*°*5“’“7

Eiﬁpropene-B 3-—d2 (8 6 g, &6 7 mmol) reacted to nge the




R 5

o

5 product (11 1 g, 47,8 mmol,‘71 7% yleld) R
The 100 MHz 1Hmr spectrum 6TMS (CDCl3) showed 1 203

o

i @(trlplet J = 7 3 Hz, 6H), 4. 15 (quartet, J.—‘7 3 Hz, ’f---ﬂ"“

“f_4H, ester CHZ) and 5 04 (81ng1et, 2H),.and lndlcated

1 8 n

’5:€95 i l% 1sbtop1c purlty. The mass s ectrum 1nd1cated Vf'f'"

;{r.ﬂ ’ : :.- i
"195 i 1% 1sotopic purlty (D O,a 1:— 0,._”" 10 1 D3

L

*, -1 ’

T

0~ 3

* :ﬁ5;7‘4—ﬁéfhﬁ'éﬁéﬁ&ﬁz?‘fiéiﬁé" ‘hycxrocniériae ';(j-xz zz S

fand Tokunaga (10a) Ethylene glycol (70 ml), dlstllled

water (17 ml) and pota881um hydroxlde (16 7 g, 300 mmol)

hﬁwere added to a 250 ml three-necked roundrbottomed

/'

'»sflask fltted w1th a. reflux condenser, a magnetlc stlrrer

i'd7and a gas 1n1et tube.. A gentle flow of dry argon was

-fﬁfl 2—charbethoxy-4—methylenepyrazolld1ne ?10 1 g, 44 2

’rfmmol) was added to the solution. The reactlon leture

;waas heated at 110°C for 8 hr and dlstllled at approx1-l~d'"‘

;?ffmately 55°c/0 12 Tofr., The dlstlllate was trapped 1n a
’a?fflask cooled 1n a Dry Ice-acetone g%th. The flask was

fﬂ;ftransferred to an 1ce—salt bath and conc.hhydrochlorlc

(

f7f;ac1d (434 ml, 53 0 mmol) was added \&he solvent was.fpﬁfﬁWj

The procedure was an adaptatlon of that of Crawford

“—'88 1) based on the molecular 1on peak._~g:ffffiff'[fﬁff.

ffmalntalned 1n the apparatus throughout the reaE?xon.fajfofuf755“~-

~3tiremoved uslng a rotatory evaporator,‘ The res1dual soluﬁp”fijnfﬁf'

3f7{t10n was dlstllled and theqé;actlon dlstllllng below liljf;]ﬁ MF?

q“*» 0°C/0 12 Torr was collected i It 801idlfled in the




.w.

<2
&

- d;stllllng flask and was ground to a flne powder._ Afterrfﬁ ﬁ;//i

washlng w1th dry ether, the SOlld was dr1ed over phos- ,vf*

phorous pentox1de under hlgh vacuum to glve the prbduct 'f.
3;(4 7 g.,39 o mmol 88 2% yleld), mp 112—114°c
| Anal Calcd for c4 9N2Cl c 39 85 H, 7 52--

r;23 23 clf 29 40. Found 39 ao H, 7 56 N' ?;ff

l

'.Jﬁi;The 60 MHz Hmr spectrum 6 external TMSF(DZO) showed

y:a@§3;04 (trlpleti J 2 3 Hz,. 4H), 4 88 (slnglet 3H) and=77i¢'~~
5. 43 J = 2.3 Hz, 23){fff}?ifq;ﬂ,,;a#grjrx4*g~~~-"!

TR RO SR

4‘;Méi-_‘n‘y'i-én-ebyfazax'i'aii'né':,6 .*e';-.dg | hi‘/'drldéh\iorgifcié (11 o -

- :nev"i et

- zi,a.,-

.The procedure was that descrlbed preulously for the‘;:f;fﬁﬁf
t?d}synthe31s of 4-methylenepyrazolld1ne hydrochlorlde from e
ihhf l 2~d1carbethoxy 4—methylenepyrazolld1ne Ethy%ene ff "“fbdh
:'7f glycol (70 ml), dlstllled water a7 ml), potassium’ ;;j.;;@:5;?'

_ hydroxlde (16 4 g, 295 mmol), l 2-d1carbethoxy-4-methylenle;5;Ga
.ﬁlnipyrazqﬁldlne—s 6-d2 (10 0 g, 43 5 mmol), and conc.,;ffff5f"ifﬁ”

"jfthydrochlorlc a01d (4 3 ml, 51 8 mmol) reacted to glve R

:’f?ithe Product (4 8 g:'39 2 mmol, 90 l% yleld)

1 .

The 60 MHz Hmr spectrum, 6 external TMS (D/O)Ab

3H) i

W%gﬁshowed-;e4,04 (51nglet 4H)4and 4 88 (51ngle> and

,ffjf hd\cated 94 l% 1sotop1c purlty.l;iﬁ.'

;ﬂf;A Methylenepyrazolldlne—3 3 5 5 dA hydrochlorldgt%123)'w”"
L L L el B TR

The procedure was that descrlbed prev10usly”forfthe

u*{}synthe81s of 4-methylenepyrlzolldine hydrochlorlde from e



L S 3L

1, 2-d1carbethoxy-4-methylenepyrazol1d1ne. Ethylene glycol
(70 ml), dlstllled water (17 ml), pota551um hydroxide
(16 9.g9,. 303 mmolo, 1 2-d1carbethoxy-4-methylenepyrazol—v.'
. idine- 3 3, 5 5, d4 (10 4 g9, 44.8 mmol) and conc. hydro-
chlorlc ac1d (4. 5 ml, 54. 2 mmol) reacted to glvepthe
product (5. o gr 40.2 mmol, 89 7% yield). . ‘f@}
. ThHe 60 MHz 1Hmr spectrum, 6 external TMS (D 0) showed-

wf

4 88 (s1nglet,_3H) and 5. 43 (31ng1et, ZH), and 1ndlcated

=,
(IS

95 + 1% 1s@top1c purlty.v,i‘ﬁ - L

4-Methy1ene- -pyrazollne (30) from 4-methylenepyrazolld1ne

T A g

| hydrochlorlde (127) Lo ' : o S

‘the procedure:was adapted from'that used by.Cra%ford :
and Tokunaga (Loa). 4-Methylenepyrazolidine;hydrochloride

(4;4 g, 36.5ﬁmhoi).was slowly added to a well stirred' | E L

‘ e

slurry of red mercuric oxide (50 g) and anhydrous sodlum e

/

sulfate (50 g) in absolute ether (100 ml). The reactgon
?mixture was mechanlcally stlrred for. 15 hr at roomftemp-"

7z»erature.' Filtration of the solyd and removal of the

)
ether‘at room temperature and reduced pressure were
¢

:followed by rapld dlstlllatlon og the resxdue at 26°C/1

Torr W1th the recelver belng cooled 1n a Dry Ice-acetone
¢ \ )
_ bath. The dlstlllate redﬁstllled to. glve a colorless ’

llquld . 4 g.vl7 1 mmol 46.83 yleld)% bp 2500/600 Torr
C (llt 49—500/33 Torr) - . .,.

-

o 'rhe 60 MH2 1Hmr spectrum 6 TMS (benzene-ds) showed-
B 447 (triplet. g = 2.3 Hz, 4n) and'4.70 (pentet,

":" ' C - R S 7

q



J = 2.3 Hz, 2H).

- 4¥Methyleue41-pyrazoline~6,6~d2;i}97l :

\

synthe31s of 4—methy;{ne¥l—pyrazollne from 4-methy1ene—-

pyrazolldlne h drochlorlde., 4-Methylenepyrazolld1ne-1 SR

:H6 6~d hydrochlorlde (4 3 g, 36. 7 mmol), red mercurlc

| oxlde /Sb g) and anhydrous sodlum sulfate (50 g) 1n fd"

"abﬂ lute ether (100 ml) reacted to glve the product (1 4-"

. ';,g. 16 7 mmol, 45.5% yield).
{5{*' . @~The‘100 MHZ 1
f,4.471(sing1et);‘andplndlcated 95 :al%”isotopic purit_y:j
-The.maseISpectrum‘ihdicated'SS.O“E'O.i%:ieotopic purity

(Dy = 0‘4»'01 = 9"2,"02 = 90. 4). The 13.6 MHz 2gmr

"spectrum (ccl ) indlcated >99 8% of totalﬁdeuterium at

—_ Lo

- the exomethylene pos1t&on..

.4-Methyleneélspyrazolipe-B,3,5;5-d,_£5§l

The procedure was that descrlbed prev1ously for the
}synthesis of 4—methy1ene—1-pyrazollne from 4-methy1ene- |
-upyrazolldine hydrochlorlde. 4-Methylenepyrazolrdine- |

3,3,5, S-d4 hydrochlorlde (4.7. g, 37..8- mmol), red mercurlc
oxide (52 g) and anhydrous sodlum sulfate (52 gk in |
J'.absolute ether (100 ml) were reacted to glve the product

(1 49, 16. 3 mmol. 43,13 yxeld).

. The procedure was ghat described prev1ously for the

Hmr spectrum 6 TMS.ibehzene?dG) showed:

232,

3

r



L The 13 6 MHZ

o p031tlons.

-‘4—Ethylldene-l-pyrazollne (69)

o233,

The 100 MHz lHmr spectrum 8 TMS (benzene-d ) showed.“

E 4 70 (81ng1et), and 1nd1cated 95 t 1% 1sotop1c purxty._\s

The mass spectrum-lndlcated 95 4-: 0 l% 1sotop1c purlty

_<_1( 0"' 0. 6 Dl»— 0. 0, 02 7 0 D3 é 2 0 D4 = 90 4)

2Hmr spectrum (CCl ) 1nd1cated >99 8% of ”:l’

total deuterlum at the 3- and 5-methylene (rlng methylene)

6 -

~~—-

The procedure was essentrally that of Crawford and

Tokunaga (48) l 2-Butad1ene was prepared accOrdlng to

‘

the: method of Hurd and Meinert (82 83 ) Thus, 1- bromo-;:h

‘2-butene, prepared from 2—buten—1—ol w1th hydrobromlc

acid, was converted 1nto l 2 3-trrbromobutane by the

addltlon of bromlne 1n carbon tetrachlorlde. The tr1- l
bromlde was dehydrobromlnated wlth sodlum hydroxlde to ]

glve a mlxture of l 2-d1bromo-2-butene and 2, 3-d1bromo l— e
-butene.. Thls mlxture was then debromlnated w1th zlnc

‘dust to glve 1 2-butad1ene. A solutlon of dlazomethane o
(6 g, 0. 14 mol) 1n absolute ether (60 ml), prepared from
N-methyl-N-n1troso-p-toluenesulfonamlde accordlng to the _-f:7l

method of de Boer and Backer (70), was placed in a 200 ml

R

pressure bottle at Dry Ice-acetone temperature, and
l 2-butad1ene (ll g, 0 20 mol) was added.a The bottle
was sealed allowed to warm to room temperature and left _';‘
muntll the yellow color dlsappeared (ca. 12 days) The B 'efii\'

o - Low
& R

)



SR PRI

\_td‘s;uf;; p;tﬁl;;‘;-irzfdm“

[
i

:h,ether and the excess l 2—butad1ene were dlstllled offg,

4-under atmospherlc pressure, and the reSLdue dlstllledfnef
'E}to glve the product (5 0 g, 52 mmol 37% yleld), bp
1ff25°c/2 0 Torr (11t.:44 45°C/10 Torr) ‘ e

The 400 an 1y

'-5;1 16 (doublet of sllght multlplets, J.— 6 70 Hz,‘3H),;e_-u"

‘;4 48 (pentet, Jr->2 25 Hz,_ZH) and 4 96 (multlplet, 1H)

Hmr spectrum 6 TMS (benzene-d ) showed.--»

:h2234"

52;4 40 (doublet of quartets, J'— 1. 65 and 2 20 Hz,-ZH),rrz~_f_‘_3

'.7,E44-ethylidehe-l¥pyra2011ne43;335d2:1761'f'fm”',ﬂ:fﬁgﬂ{‘crﬂf

The procedure was that descrlbed prev1ously for the ;'

Jhgsynthesls of 4-ethy11dene-l—pyrazollne except that

"dlazomethane-dz was used. A solutlon of d1azomethane—d2 e

A\'J(G 4 g, 0 15 mol) 1n absolute ether (60 ml), prepared

"according to the method of Gassman and Greenlee (71), "rf-:">" -

:nreacted w1th 1 2-butad1ene (ll g, 0 20 mol) to 91Ve the t; S

,gﬁProduct (4 7 g, 48 mmol 32% yield) f;.ofjp?f,‘ilh_ |
The 400 an lnmr spectrum é TMS (benzene-d ) ShOwed,,,

'.1 16 (doublet of slight multlplets, = 6. 7o Hz, 3n),
o4 4o (doublet of quartets,\d - 1. 65 Hz and 2. 20 Hz, |
UL aqa), ‘4, 48 (pentet, i&- 2. 25 Hz, 0. 16H) and 4 95

f,ﬂ”xmultlplet, lB) The mass spectrum 1nd1cated 96 i”i%;j_r,

= iSOtOplc purity (Do‘— 0 9, Dl 5 8,,D2 = 93 3) The dt[-7: :

l,u[iexpanded 400 HHz 1Hmr spectrum 1nd1cated that the %

':fratlo of E- va. Z 4-ethyl1dene-1-pyrazollne—3 3-—d2 was |

92 s 1 8s 1. ‘and the 54 4 MHz 2

Hmr spectrum (benzene-d ) _'ra e

. fshowed the i3 ratio between the E and 2 was 90 1 10 t l;t"ui':'

"\‘ e . .V"" "'? - S L ":' o




””f733% yield):
/

| ,h?Z 4~Ethyl1dene—1-pyrazollne-3 3 d2 (77) 1w;

| The procedure was that descrlbed preVLously for the g%a~ﬂa:"

- 'f

7ﬁlgppfeparat10n of 4- ethylldene-l pyrazollne except that
.l 7 butadlene l l d2 was used.s The l 2—butad1ene-l l dz
dff?g;was prepared accordlng to the method of Hurd and Melnert f@:;
| ?°ii(83) except that 2 buten-l—ol 1 l--d2 was produced by i
R-Q51rthium alumlnum deuterlde reductlon of crotonyl chlorlde;;ff:aj‘:w

‘??ff(48 84) A solutlon of dlazomethane (6 g, 0 14 mol) in

. p(9 g, O 17 mol) to glve the product (4 5 g, 46 mmol,

E ;/// ‘The 400 MHz 1y

.VVrabsolute ether (60 ml) reacted w1th l 2 butadlene-l l-dz ff{fff{fwﬂf

Hmr spectrum 6 TMS (benzene—d ) showed..-"
T 1as (doublet of sllght multlplets, J = 6.70 Hz, 3a),ry-d_?¥
‘ro.j4 37 (doublet of quartets, J: 65 and 2 20 Hz, 0. 14H),ij‘"

nu4 43 (pentet, J = 2 25 Hz, 1 86H) and 4 91 (multlplet,_73d7"”‘ |

i'”]ffpurlty (Doi- 0 7 Dl 4 8, D2 = 94 5) 5 The % ratlo
'*?;between E— and Z-4-ethy11dene-l-pyrazollnes-3 3-d2 were

) “fiﬁvg l 93 t 1 by the expanded 400 MHz 1Hmr spectrum and

B @
'”v9 + l 91 ¢ 1 by the expanded 54 4 MHz 2

";lf(benzene-ds)

~~~

lds‘}i4-Ethy1ldene-1-pyrazol1ne-3 3 5 5--d,l (128)

'1"f’ The procedure was that described previously for the :{jrﬂfdf L

Hmr spectrum o

‘ﬂfflﬁ); The mass spectrum lndlcated 97 1% 1sot0p1c‘f!fffjﬂﬂ‘ﬁ7»9’\:

'*synthe51s of 4-ethy11dene—1-pyrazoline except that l 2-."?f<.f7

- .

),hphhbutadiene-l l-d2 and d1azomethane-d2 were used..;np”,lgdjjfffu
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ﬂ_53;34bime£h1;+4+methyiehéélépyfazdiiné:(églg':.rf»h“ﬁ“‘

The procedure was a sllght modlflcatlon of that of

}”fCrawford and Tokunaga (lOa) A solutlon oﬁ?z-dlazopropane

‘7(12 P 0 17 mol) 1n ether (90 ml), prepared from acetone o

“ffhydrazone (87) by mercurlc oxide oxldatlon accordlng to

| xhﬁifthe method of Andrews. DaY, RaYmond and Whltlng (88), .;;f”ww:l't

7;1was added at Dry Ice—acetone temperature to allene (30

'?:fml) contained 1n a 200 ml pressure bottle.v The mlxture? .

iwas allowed to warm to O?C.” After 3 hr the solutlon ]7:tf;

Pbecame colorless., Removal of the excess allene and theiggffff'ﬁ“”

' *Rf}ether followed by dlstlllatlon of the re81dual solutlonfff,“bfr"

"wfgave a mlxture (7 g), bP 25°C/6 Torr, Whlch proved t°

"nhn3be 58% product, 13% acetone hydrazone and 29% acetone

'Ai5'azlne by the nmr spectrum (benzene-de),’ ThlS mxxture»f;glddj;}f"

't-?gjirwas dlssolved 1n ether (50 ml), and ‘the resultlng solu-f7ﬁff<h5fi:

'“fhltlon was extracted Wlth water (3 x 5 ml) to remove the

H}*ffracetone hydrazone. Dlstlllation of ether followed by

-iv'

' ~Tscareful dlstlllatlon of the resldue gave a mlxture (2 5

"”7[[9. 87% product. and 13% acetone azlne, calculated yleld,

oy

‘ ? 2 9: 20 mmol, 12% YiEIG). bp 25°C/6 Torr.fﬁgef;;:j};_3 )
| g, ne-ag) ifshowea. o

The 100 MHz Hmr spectrum 6 TMS (benze

l 17 (singlet, 6H). 1 82 (doublet, acetone a21ne) and

4 65 (slight multlplet, 4H, rlng methylene + exo—methylene) - ;h}




uppyldlpyl MU/

7 The procedure was a sllght modlflcatlon of nmat of;fff?flfvﬁﬁ
Crawford and Tokunaga (lOa) Dlethyl 1sopropy11dene:Tl;iiﬁi;fﬂééﬂﬁ

7l malonate. prepared from acetone and dlethyl malonate:vﬁidufiffwfv*

was reduced to 2- 1sopropy11dene-l 3-propaned101 by

'”ﬁﬁk,llthlum alumlnum hydrlde, and the d101 was converted

4 into 2 1sopropy11dene—1 3-d1bromoprobane by bromlnatloni“'
f;_ w1th phosphorous trlbromlde (89) The cycllzatlon of the
dlhromlde w1th sym-d1carbethoxyhydraz1ne 1n the presence,fafj:f;‘p

of sodlum hydrld as followed by hydroly51$ Wlth

potasslum hydroxlde and subsequent treatment w1th hYdro- stieﬂky,;

chlorlc ac1d to glve 4-1sopropyl1denepyrazolld1ne hydro-;h13d5>t-”

chlorlde (lOa) The hydrochlorlde (5 4 g,:36 mmol) was ;iigiéfff“x
| added slowly to a we11 StlrrEd Slurry Of red mercurlc'f:té;}rv; o
'fﬂu;f oxlde (50 g) and anhydrous sodlum sulfate (50 g) 1n .
absolute ether (100 ml) The reactlon mlxture was stlr-fféffﬁ'f?"
red mechanlcall? for 5 hr at room temperature., Flltra-éhh77ﬁdf
tlon °f the SOlld And distlllation of ether at room |

temperature under reduced pressure were followed by fast;;ijftiﬁ?af

dlstillatlon of the re51due at 25°C/0 05 Torr. The

dlstlllate was trapped at Dry Ice-acetone temperature. 3ﬁt;jgfjjf

It redlstllled tO glve the product (2 0 g, 13 mmo1, 50% “V*ff‘:;*'
Yleld)r bP 25°C/0 l Torr (llt. 37°C/0 1 Torr) "" i.'>

The 100 MHz ler spectrum 6 TMS (benzene-ds) Showedif;‘lh;ti )
l 26 (pentet, J = 2 0 Hz, 68) and 4 54 (heptet, J = 2 0

Hz,_6H)



| memcenseimesen
B The procedure used was essentlally Fhat of Crawford?f!i;jflifl

\1”:¥and Tokunaga (48) 1 2-Butad1ene was prepared accordlngfi;ftfelfat
' "ffd;to the method of Hurd and Melnert (83) whlch has been }7f~'73d‘“
‘.Hitf;described earller 1n the synthe31s of 4-ethy11dene—l-ft'itfzfd
bﬂne;fpyrazollne. A solutlon of d1azoethane (0 06 mol) 1n
jt“fefiether and n-propanol (60 ml). prepared from ethyl ‘?5f{teix
""’:'3':__‘.A_:":_N—nltroso-N-ethylcarbamate (12 5 g: 85 mm°1) ac°°rdmg !
:df;to the procedure of W1lds and Meader (86), was added toji?;_lo%%ff
1 2-butadlene (5 g, 93 mmol) in a 200 ml pressure bottle;.i_
bi?i?fcooled 1n a Dry Ice-acetone bath.” The mixture was :
d'ﬁ?;iallowed to warm to room temperature and left undisturbedtie[{f?”ﬁf‘
affdffor two days untll the orange color of dlazoethane'fidffefrrffﬂﬁ];f
Vrf?ﬂ?dlsappeared._ Removal of the ether,xthe n-propanol and

Sf’ﬂ;;the excess 1 2—butad1ene followed by dlstlllatlon of thegifgff;lef
j;éd;resldual solutlon gave the product (2 7 g, 25 mmol, 42% e
i’“ﬁf;fylela), bp 25°c/1 5 Torr (11t. 3o 33°c/3 Torr) ‘f;ﬁ“filf*iff$5;
- The 100 MHz lHmr spectrum 6 TMS (benzene~d6) showed.:£7;figﬁdf

";}1 24 (doublet and multlplet, J = 7 o Hz,. 6H,_3-methyl and .

E ;gG-methyl), 4 57_1mu1tiplet, 3H) and 5 01 (multlplet, 1H).

'”ffiffZe3eﬁethy1%4+ethylidéne%lipyrezolihef(thif

N The procedure was essentlally that of Crawford and

dflﬁffTokunaga (48) l 1-Dibromo-2 3-dlmethy1cyclopropane (90);

'Vﬁfffprepared from 2-butene, bromoform and potasszum t—butoxlde v,?i:fVﬁ

A

'L°ffwere allowed to react with methyllxthlum accordlng'“o\the




P

'“”3,j&procedure of Doerlng and Laplamme (91) Dlstlllatlon

”*f&fof the reactlon mlxture u31ng a splnnlng ba%f column

'ﬁhfgave 2 3-pentad1ene., A solutlon of dlazomethane (3 g;tﬂdf§ﬂfhlﬁlj“

"”5ﬂ571 mmol) Ln absolute ether (30 ml).,and 2 3-pentad1ene R

”f‘s(s 5 g,»81 mmol) were pIJZed 1n a 200 ml pressure bottlenfffﬁff?fff

LR gg
’-:i]room temperature The mlxture was left undlsturbed for

;gQat Dry Ice-acetone temperature, and allowed to warm to

iflﬂxffl2 daYs.A Removal of the ether and the exce85m2 3-Penta— jjl.ff*'

}?lidiene followed by distlllatlon of the re31dual solutlon f&ﬁﬁlu“.'r

S -“::ebﬂ.gave the product (2 5 g, 23 mmol 32% Yleld): bP 25°C/

l

11;ﬁ5£}1 5 Torr (11t. 30-33°C/3 Torr)'fs=ﬁ:*tv»?,-a~

The 100 MHz 1Hmr spectrum 5 TMS (benzene-ds) showedtt;,eggn,

it 71 11 (doublet, J‘ = 7 0 Hz.-3n, »3-methy1). 1 33 (multlpletv

L“f;;f3n, 6—methyl), 4 62 (mnltiplet 3H) and 5 07 (mﬁltiplet,_g.rfﬁf%"J
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‘iff{dxlnetlc data for the thermoly51s of the 4—a1ky11dene 1-_,.f7¥3

1':pyrazollnes.fs’ﬂ'[f;asaVJ:}»QI*
"Qii;ffRate constants and actlvatlon parameters for the |

o fc;therm01Y818 of the 4-a1kylldene l-pyrazollnes were

el

_‘”;_iobtalned from the data presented on pages 253 and
o ff;273.3j;1i5“1 . L vr -
‘ h'ﬁrd€2;~38econdary deuterlum kinetlc isotope‘effects for the djfiﬁ
-'{r;deuterated 4-methylene—l—pyrazol1nes and the-7f3:7ai
:1';¥ddeuterated 4-ethy11dene-l-pyrazollnes were obtalned ‘4>‘g
-'i;from the data on pages 274 and 281.n;},;jf?zvfer°"“h
”"drffé;;fzach 1nd1v1dua1 rate constant (k )awas obtalned by 5?”
K:Aiﬁa least squares ana1y51s, and the aVerage (k) of . F:f?}:;
ﬁt'fathe 1nd1v1dua1 rate constants was taken..??ﬁ.ifTFVJ\'f‘
'aild;;fo and 0 represent the standard dev;atlon and the

“3”*fgcorre1ation coefflcient respectlvely.{:fZVTffﬂfflﬁa351*7*
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" hermolysis of 4-Methylene-l-pyrazoline (30) at 175.0°C . |
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" Thermolysis of 3-Methyl-4-methylene-1-pyrazoline (§8) ‘at 164.0°C
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"' Thermolysis of 3-Methyl-d-methylene-l-pyrazoline (68) at 170.0°C .
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 Thermolysis of 3-Methyl-4-methylene-1-pyrazoline (68) at 175.0°C -
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fﬁiThermolySLS of 3 3—D1methyl 4-methylene-l-pyrazollne (56) 3 e
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Thermo}ysis of 3 3-D1methy1 4-methylene-l—pyrazollne (56)
at 175.0°C . \

. + .

-

E, - Et (volt)

Tine
4(sgc)’~ ) "~ Run #i | i ‘Run $2 Ruk #3

240 . 0.115 - 0.098 - - 0.120
270 . 0.110 + v 0.093 .  0.114
30 , ' 0.105 © - 0.089 - 07109

©_ 330  0.100 0.085 ‘0.l04
360 | 0.095 , 0.081 - - - 0.099'
390 0.090 [ 0.077 0.094

./ 420 ' 0.086 . 0.073° . 0.090
- 450 0.082 -, .0.070 0.086
480 | 0.078 | - 0.067 ~0.082

. 510 . 0.074 - 0.064 "0.078
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570 . 0.068 0.058 . 0.071

. j,i~soo , . 0.065 . 0.055°  0.068
. ¢ . 630 1 0.062 0.052 . ° 0.065
660 0.059. 0.050 . 0.062
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Thermolysis of 3,3~ D1methy1 4—methylene—l-pyrazollne (56)
at 180. 0°C ‘ )

| E_ - E, (volt):
Time .

N -

(sec) e Run #1- Run #2 " Run #3

150 0.117 - 0.107 . - . 0.112
180°  0.188 . . 0.099 -~ 0.105
210 - 0.100 . 0.092 0.098

240 ' . 0.093  0.085 0.091
270 . " 0.087 .  0.079 . .~ 0.085

@

30 , 0,08l . . 0.073. 0.079 -

330 0.075 . 0.068 - . 0.073
360 0.070 ~ °  0.063 0.068
390 ' 0.065 . 0.059 0.063.

420 " 0.060. - 0.055 - 0.058
. 450 . 0.056 . .0.051 . 0.054.
480 .. 0.052 . 0.047 ©0.050

510 . . 0.048 . 0.044  0.046
540 - 0.045 "70.041 - _ 0.043
570 .~ '0.042 ~ 0.038 " - 0.040
Bw * 0,402 -0.376  ° - 0.402

10d(kgroxg) 2438 2454 2.485
(sec™) . £0.0173 - £0.023F  $0.0137

e 0.99972 0.99960 ;;0;95986;1v

a3 ran v
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1
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Thernolysis of 4-Ethylidene-l-pyrazoline (69) at 160°C

" E_ - Et.(volt) '

(sec) ~  Run #1 Run #2° . Run 43

300 . 0.149 - 0.139 - o0.121
©330.  0.143  0.133 0.116
30 . 0.137 . 0.128 " 0.111

390" ©0.131 . _0.123 ° . 0.106
420 0,126 . - 0,118 . 0.102
450 o0.121  0.113 . - 0.098.

80 0.116  0.108. - 0.094
510 © 0.1l . 0.104 _ 0.090
540 0.106 . 0.100 - ~ . . 0.086

. ] , ’ o ] G L
570 . 0.102 . 0.09 . - 0.082
630 - 0.094  0.088 .  0.076

660 . 0.090 . 0.084 . 0.073 .
690 - - 0.086 . /0.091 ' - 0.070
720~ 0.082 . 0.078 - 0.067 -

750 - . 0.079  0.075 0.064
780 0.076 - . 0.072 0.061 -
810 . 0.073 . ' 0.069 . ° 0.059
- 840 - *0.070 0.066 .. . 0,057
" 870 °0.067 . 0.063 ° ©.0.055
900 .7 0.064 . 0.061 . - . 0.053
 Bey. . 0.522 ., -, 0.484 0.423

10 (kgoxg) 1.405 - 01.377° 0 1.391
B . s N ) . “ . "‘ - ~

C(sec™h) s0.0120 . £0.0077  © :0.6094
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Co10keoy) o T
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. Thermolysis ‘of 4-Ethylidene-l-pyrazoline (69) at 164.0°C

S E, -E, (volt)
Time . * o

(sec)  Run 41  Run 42 " Run #3 - Run #4  Run 45

300 "j~ o,15s*£-; 0.142. . .0.159 ‘..*6.125 _'j>o;155j"
330 - 0.147  0.134 0.150 ©  0.119 . 0.157
360 0.139 .~ .0.127  0.141  0.112  0.148

390 . 0.132° - 0.120  0.133 . 0.106 . 0.140 =
420 0.125 - 0.113 ~ 0.125  0.100 - 0.132
450 -~ ~ 0.118 - 0.107. . 0.118 - 0.094 . .0.124 "

480 0,112 0,101 - 0.111  0.089  0.117 -
510 - 0.106  0.095 . 0.105  0.084  0.110
540 0.100  0.090  0.099 0,079 0.104

570 . 0.094 - 0.085 ~ 0.093  0.075 ' 0.098
600 0.089 - 0.079 . 0.088 . .0.071  0.092 .
630 0.084  0.075  0.083 __o 067 ¢ 0.087

660  0.079  0.071 0.078 },0;063?j"' 0.082
690 . 0.075 ., ' 0.067 = 0.074 - 0.059  0.077
720 - 0. 071; ..u0»063 . 0.070 . 0.056 ~ 0.073

50 0.067 <. 0:059°  0.066  0.053  0.069
780 ° 0.062 . 0.056  0.062  0.050 . 0.065
810 0.058  0.052  0.05  0.047 _ .0.061

840 °  0.055 0.050  0.056 0.044 - 0.058

. 870 ©.0.052 . 0.047  0.052  0.041 - 0.055
900 . 0.049  0.044 . 0.050 ;~ 0.039  0.052
Bw,  0.623 0.555 ' 0.628 .0, 495 0.648

103(k £¥0ky) ;1.9283'{"'1 950 "f’1 9317vf  1.9484 -'[1 952
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'jﬂ‘Therm01YS13 of E 3—Methy1 4-ethy1ldene-l-pyrazollne (89)
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Thermoly51s of 4-Methy1ene l pyrazollne -6, 6-d2 (107)

hl

~ - o

274.

)

at 170.0°C
\
\\‘
- E, (volt)
Time LT '
/(seé): Run #1 "Run #2 - Run #3' Run“$4 ~ Run #5
o . S & '
210, 0.404  0.241 8/§72 0.250 .  0.2B4
240 " 0.388 0.231 = 04261 0.240°  0.224
270 0,372 0.222 . 0.251 0.230 0.215
300 « 0.357  0.213 0.241 0.221  0.206
330 - 0.342 0.204  0.231 0.212  0.198
360 - 0.328  0.196 - 0.222 £.203 0.190
390 . 0.314 0.188 0.213  0.195 0.182
420 0.301 0.180 0.204 0.187 0.175
450 0.288 0.173 0.196 0.179 0.168
480~ 0.276.  '0.166  0.188 ° 0.172 0.16L.
510.  _0.264 0.159 0.180 " 0.165 0.154
540 7 0.253 0.152 0.173 0.158 *  0.148
570" 0.242 0.146 0.166 0.151 0.142
600 1 0.232 0.140 0.159 0,145 . . 0.136 .
630 ©0.222  0.134- ., 0.152  0.139 10.130
660 0.213 0.128  .0,146 0.133 0.125
1690 0.204 0.123 0.140 0.127 0.120
720 0.196 . 0.118 0.134 0.122 0.115
750 0.188 0.113 0.128 '+ .0.117 0.110
780 0.180 . 0.108 0.123 . 0.112 0.105
810 0.173 ' - 0.103 . ©0.118 0.107 -~ 0.101
- 840  0.166 . 0.099 0.113 0.103 ~ ~ 0.097
870 10.159 10.095 0.108 0.099 0.093
900 , 0.152 0.091 0.103 - 0.095 0.089
930 '0.146  0.087. 0,099 - . 0.091 0.085
Foo . 1.238 0.696 __6*807 0.751 - 0.681
- 103 (k;ox;) '1.420 . 1.417 ",1,405 ©1.411  1.401
(sec™l)  +0.0084 " +0.0093 £0.0071  £0.0103  £0.0077
p’ 10.99978  0.99975  0.99983 ?y99971 0.99980
. D L ‘
(k+°k) ‘ ~ ) b
-1 . 1.411 # 0.0080
" (sec” -
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'Thermoiysis‘of‘4-Methylehe—l—p§%azoline73,3-d2 (42) at 170.0°C

o E, - B¢ (volt)
Time : ‘
(sec)  Run #1  Run #2 . Run ¥3  Run #4  Run #5
240  0.386  0.349  0.394  0.281 - 0.392
270~ 0.371 © 0.336  0.379 0.271  0.379 _ -
300 - 0.357 . 0.323  0.365 . 0.261 _  0.364
330 0.343  0.311  0.351 - 0.251 0.350
1360 - 0.330 0.299 0.338 . 0.242 0.337
390  0.317  0.288 0.325 0.233  0.324
420 . . 0.305 0.277 - .0.313 0.224 0.312
450 . 0.293  0.267 ~ 0.301 - 0.216  0.300
480 0.282  0.257  ° 0.290 ~  0.208 0.289
510,  0.271  0.247°  0.279 0.200 = 0.278
. 540°  0.261  '0.238 ° 0.269  0.193  0.268
570 0.251-  0.229 0.259 - 0.186 0.258
. 600  %.242  0.220 . 0.249 0.179  0.248 .
630 0 0.233  0.220  0.240 . 0.172 . 10.239
660  0.224  .0.204 | 0.231  0.166 0.230
. 690 - ~ 0.216-  0.196 - *0.222  0.160 . 0.221.
720 0.208 0.189 - 0.214 - 0.154  0.213 .
750 .- 10.200  0.182  0.206 0.148 ~  0.205 .
©780 . 0.193 ' 0.175 - 0.198 . 0.142 - 0.197
.. 810 0.186 ~ 0.168 . 0.191 - 0.137 - 0.190
- . ‘840 - 0.179 0.162° - 0.184  0.132 0.183
‘ 870 . 0.173 ~ 0.156 . .0.177 0.127. ° 0.176
- 900  0.167 0.150 . 0.171  0.122 0.169
930 -~ 0.161  ©0.144. . 0.165 . 0.117 0.163 -
960  0.155,  0.139 . 0.159  0.113  0.157°% .
Ee . 1.129 1.069 1.158 0.829 . 1.058 - _
103 (k;rox;) 1.267  1.279 . 1.264 . 1.266  1.274

" (sec™}) " £0.0098 = £0.0083 £0.0075 +0.0078" . +0.0069

P ©0.99969  0.99375 - 0.99978 - 0.99977  0.99981

»":103(k#6k) A NI R o
’ ‘-1'; Co . 1.270 + 0.0063
(sec ) - N

To—
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Thermoly51s of 4-Methylene l pyrazollne -3,3,6, 6 d4 (43)

at 170 0°

LR

- 276.

———

Time

. (sec),

E

0 -

- E. (volt)

t

/ ,

R

‘Run _#1

th #2

~ Run #3

a Run'#4 :
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360
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.. 630 ,
660

690
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‘(780>
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930 °

. 960

Eoo

0

0.

0
0

a0

- 0.
0.
. 0 L

.267

0

0.
0.
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230 .
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%0

0

0
1

0.
0.

0.
0.
0.
0.
0.
0.

.373
358 . -
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:332
0. _
2309
298 -
297

320

277

257
248

214
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198

191

184

177

- 9.170
0.
0.

164

158

152
012 |

0.196
0.189

0.182

. 0.175
"~ 0.169
" 0.163..

. 0.151
©0.145

"0.140
1 0.135

0.130
. 0.125
S 0.120

10.116"

0.112

. 0.108
~0.104
©,0.100 -
©0.093
©0.087.-

0.084
. 0.081
© 0.569

'0.199

0.178

0.118

- -0.095
0.092

-0.089
" 0.633

. 0.215
0.207

0.192 -
/' 0.185

L 0.171
0.165 -

. 0.159°
0.153
0.147 . -
10,137
.-0.132
S .0.127
0,122
10.114

0.110
© 0.106 /
©.0.102

0.098.

0.348
0.336
0.324

. 0.313

- 0.302
! 0-%91"

0.271

©0.261
. 0.199

0.253

0.210

. 0.195..

/. 0.188
0.181

0.174

- 0.168

o 0.162

- 0.156
- 0.150

0.145

;1.053‘“

0.243
- o. 234 .
. 0.226
0.218 " 0.
7 0.160
04154,

0.202

-0.287

0}277 o

0.267
0.257"

0.248

‘0’239,

0.230
0,222

0.214 L

0.192

0.178

0.185

0.148

0.128

0.143.
0138

©0.133

Q0.123;.
0.119
0.878

103(k 40kg) 1

(sec -1

)

~ £0.0081

.239

1.235

 £0.0067  *(
00080

1.233

£0.0089

©1.220

£0.0077

1. 224”»?’-

£0.0082

0.99975

- 0§999§1 '}5.99969

0.99976

0.99974

| 10§(k£ok)_'

(sééfl
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= Thermoly51s of 4- Methylene l-pyrazollne -3,3, 5,5, —d - (46)
at 170.0°C - S o o .

’

el B - E, (volt) .
Time - L IR S .

(sec) . Run 1 Rﬁh:#Zrl'vkuﬁ;#Bla Run #4 Run #5

260 0.223 0.285 0.234 . +0.197 . 0.421
-~ 300 . -0.214 - 0.274  0.224 ~ 0.189  0.404 . .
340  .0.205 . 0.263° 0.215 ;’23181'\' 0.388. .
. 380  ~-0.196 - 0,252  ° 0.205 . -0.173 . 0.372° :
. . 420  0.188  '0.242 .0.197 . 0.166 . 0.357
" 460 . .0,180 - 0.232 - 0.189 . 0.159  0.342"

500 - 0.172. " .0.222  0.191 f~0.152;'; 0.328

. 540~ 0.165 ~ 0i212  0.173  0.146 . 0.314
580 . 0.158 . . 0.204:  0.}66 ~ 0.140 .- .0. 300
620 0:151 -~ 0.195 - 0.159° ‘0;134['5Q‘0.288'?f§g‘j’
660 0.145 . ~ 0.187 -~ -0.152  0.128 . 0.276 . -
700 . 0.139 0.179  0.146 0.123 - - 0.264
740 . 0.133 .. - 0.171  0.140: ,0.118 % 0.253.
. 780, . 0.127  0.164  0.134  0.113  0.242
820 0,122 ~ . 0.157  0.128 . 0.108 - = 0.232
860  0.117.° 0.1500  0.123 u?-go 104 ;'“0.222 5
900 . 0.112. 0.144 . 0.118  0.100 - . 0.213 . =
.. 940 0.107 . 0.138  0.113 0.096 0. 204
_9so:;~_, 0.103  0.132. O, 108’/// 0092 o196
~1020 - 7 0.099 - 0.127 0. 103~ 0.088 -  0.188
En 0. 627 . 0.837 . 0.668 . 0. 557 1.240

103(k {¥0kg), 1. 076 1. o75}ff-'1 075 1. 060 j- 1. 069

(sec 1 ,10.9967 0, 0070 ,+o 0064 f'+o 0052 ©£0.0087

.

‘.p':  ';-,¢§9997#': 6399975:“fo;99978ﬁ,'ol9§984ff,0-99967

oo 1.071 £ 000067 0 s

,(sec
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"Thermoly51s of 4—Methylene l-pyrazollne -3,3, 5 5 6 6—d6 (44)
-at 170. 0°C _ -

- . ) ;'Et (Valt) ',   _._. L -
Time - s S R :

. (sec) Run.#1 ~ Run 82 Ruh'#3~ "Run #4  Run '#5

&260 .‘U: 0.272W' | 0.224; 1. 0;241' -.0.315 y?‘fo;jﬁdfi

300 0.261  0.215  0.231 .. 0.304 . 0.346

rode ol el oba el 03 o

380 7‘f 0.241 ° '0.198. 0. £&3j:u, 0. 281 r C0.3100 0 n
420 . 0.231°  0.190 - 0.204 . 0.270 0.306 -
460 69222 0.182 © 0.196 ..0.259 Lo0.294

'*f'560**f3'10;213f":,o 175 - 0.188  0.249°  0.282. . &

. 540 . 0.204 © 0.168  0.180 . . 0.239 - %0.271 N
e f 580 .10.1%6. 0.161  0.173°  0.229,  0.260 -
2 620 50.”51'88_ ‘ ; 0. 154 0 166_‘-1 0. 2200250

660 . .:0.180 .. 0.148 704159 0 0.211 . 0.240 -

'7>7001-1v'*°£173;f.}f°,14? ©0.153 0 °.0.202 0.230 . .

'f5é74°5”T v*0§166” “f_o}136“f{,'o}i47jf'.fo,194ﬁ‘;;_oﬂzzltf

780 0,159 . 0.130° - 0.141 . 0. 186 . 0.212- .
1820, 0 0153 0.125 0.135 ¢ O. 178; 0203
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