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APPLICANT'S. REFERENCE D-7J t

Item'No. 17 continued

. .t
For purposes of accounting for material shipped under this license,.
the Deuterium content of each ecmpound will bs expressed as weight: '. h

D20 liquid.

Example: If 3000 gm of Deuterated Acetic Acid (CD3COOD).is shipped'

this would contain (1000 gm) or 125 gm of D or the

equivalent of (125) = 625 gm D 0.2

|

Thus, 625 gm D20 would be used for determining amount i

shipped under this licensa. : Since this shipment con-

tains more than the. equivalent of 90 gm D 0, it would2

not be permitted under the general license authorized

by 10.CFR 110.25 and would need to be covered by this

specific license.
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FT spectrometers' detection of deuteriurit and is particularlyvaluah!ewhen eachange - |
3.k :.q;;a y,3-g ,x+I,G .

:Qt..- 9 has' b=come rcutine. Enrichmer.t in 2H is of hydros =nisincomp sta.hisanexec!!:siJ: .y. 5

$y< c.h u . ~q~. reasonablyinexpensive,andb:ccm smore method to distinguish simply th'= d=3ree of ' - .

7.,h. ,j f . _ ;,,. . so as the us= of deuterat=d compounds in- . exchany of twoverysiddlarhydro, ens.58 :t
.

,

mq, hgf =p? $. i$*..
cress =s.' . As an isotopic tmcar in metabolic ar.' i

'W. E Deuterium has a quadrupote moment, biosynth: tic studi=s,2H isan'mexpensive ' '
, . .

'
'

t
'substituts for 88C.*

Y1 - . 2.. M ' albeit relatiscly smal!: the quadn:po!c
"Efhh,[$*Tg .i

=,
. , , ,,,

".. $ coupling co'nstarit varies from 130 to 2to Thispin-spins'ndspin-tattiserek$xatio7 ;
'

h(b:-[.W-
-

@ EdE7 2.W. 2 A ,*..'hI @h . . kHz depending upon the chemi:al nature -
,

tim =s (T, and T . resp:ctively) of 2H sur; 'I. 4,f .g,1.c.gt
*

2.$v
3

of the co:npound.2 The quadrupot: mo- usefulin studies of mo! cutar dynamics:s|
. -:

. @ g, 2 R F gt * :, ment. was presumed to b= a source of they are completely 'domin-ted ' by = . ,.,
|

/@ -
. g - :i * prohibitively. broad resonances as it wi!! quadrupolar exchan3e raschankm.' They , j'

P.,d dominate the relaiation behasier of 2H. are insensitive to thsprisence of a=ys:s
'

' , . ,
,-%[~.gi ,. ,3i g, ,- . However, for smalt mohmalatiine widths - and los sensitive thaa rhee of sH and nC., .

'., , ,;{ *, of 0.52 Hz are common. Some of the to the presence of pacemagnatic snand* .f;w .;.

broad resonaases obsarred previously ions.8.2.The relatively!short T, values af 'INTROD11CTION . .

-

! D sotarines nrar has been much neglect =d were due to the presencs of unresolved 'H- 2H'."a!!owmpid dataassumulationintin - I
isumsmEs tostudychsmica1 structures and . 2H couplinss whl=h are asalty removal by pulsedFouricetran'sfonnipodeof==guW $' >

tion. '', 8H- dscoupling. ' , ,
j . processas. Its scormous potential vaa

-
. ., ,..,,.j,.-

. ,
'

demonstrated in a thoronsh report by . The low magn =tosyrie ratio of 2H isuds In highty ordsrud systErds"duch'as
'

Di=hl and 1.capert :s 1964,8 but des to the to spin-spin couplings much lower than flyotropic liquid ersstMa$.' or biolo,sied .i ~

! 2 iwallabi:ity of spectrometers and to an
those observed for 'H;:H 'N and *H H ' membranes'2" the paais!!y aversp!' ),se:ratnad pregudice m nmrtestbooksit has , couplings wi!! be only 15- and 2.3E quadrupolesplitties,ofrnyiegjvaluablee

enty come to the fore is th !ast five years. respectively, of thsir 8H 'N analogs.This estianates of thedegeneofmolecutar ordar.i 1

{ . A recent - y. ~.ve review cstes 350 grantlysimplifies2H spectra. A!: hough 2H . For hightyiymmetricions(such as MD/)-.

I rdssanc=s.2 .

'

chemical shifts are ass =ntially identicalin interacting with cotksta orionic surfaces,;

! " Th= nuctear moment of 2H is,; con- ppm to those of th=cornsponding'H,the similar quadrupolar. spGtdnis . are io.
,

I sid:rnbly lowerthan that of'H;it resonates scale in H= is only 15'e* of that of'H.The . dicative of distortions from tetrahedral or
I .,at 15 M Hzin a magnetic fi:Id of 23 kG.Its greatly reduced orunoh=rvab! spin-spin cubic symencery.'s . I.

det:ction sensitivity ' relative to~ 8H is couplings compensate partly for this ap-
SOME CHEMICAI. Al'PI.ICATIONS . ]

i

0.C0961. This, combin=d with a natural - parent disadvan ag:. In the analysis of

j abundance of 0.01F, makes det=ction in complex 'If spectra the checti:al shifts of ^ * '' # ****P.I# #'h*'*I"I A#55 0f #IImn ueported uspedm:n.ert ansfornin:nrich:d compounds relativ=ly dif- *H, which are easily d:t:rmin d. yield a
N"M U CAPW. the mechamsm of, sub>w.9ficult.2.Nonetheless, ordinary tap water v:luable starting poiaW'

uttun of cycre.

3 :!ds a s.egnal-ti>. noise rat.io of 2fI gor 3 - Deuterium chemi=1 shifts are as sen. " olefinic halides , with strongly ban: I
|- sin;!: scan of 2H st ::sturat abundance 2 as sitive as thos: of 'H to conformation or nuct:ophi!cs.Thr:e c::chankms at: pod.

: we shall s:e Tater this can causadifficuits:s configuration, althogh smalt differences b!:t (I) direct substhuG2n (2) furmation er 1. sn som e exp=riments where H,0 :s used as a ggg.gg , , ;g .

solvent. With the avaitabihty of sens,itw= !arge molecut:5.2 2H nmrhas been es=d to . tion of a cyctoaltene i=termediate. Dire:-
-swe as nct Pum.nto,. Are uk . feltow he paths of ch:mi=1 rcetione', subsdtution of Clin Ishtorocyc!ohepte:::. - )

q-
_, __ - . . . . , , ._...., .. .. . . . . . . , . . . . . _ _ . . . , , ,._. -.

:a ,. ,,~;_-. :u - , . . ; ; _. , ._. _ _ ,_ _ . _ _
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.-t2.7.741; (A)(See Sci.sie !) by the ph.:nyl * * * *' . .,
...

sngisty cf phenyttithimr wb!d yield R S ch ''" 3 *

' . whose 2H ruwr spectrum would a.vapr*me-

'.D ~D' *

two p.roups of resonances of relative inten. D .D+

- , ' sity 2:1. the former la the s!!ylic sad the - C1*

; N l
! Istter in . the ofelinic region." . A!!cnIc | f

_ p,y
'

f. j{
.

) aliminados of chlorine and subqu. nsud, - ND p . . p,

dition to the venter of the alienic s) stem ..
'

o A . .
-

C. would 1.:ad to C.with resenhasus in simitar
'

. - '.. . . . ~-

* '

1. .posideas but of eclative intereddes It1. -
. . . ' . . .. .. ' C. 1

* *7. -
. .. e. Cystealkynsformation at carbo,wt wo td .a. * . ( ; - , ,. . -.

" . ' *
. .

., .

3end to two possible, products D and 2 * *

'. *
'4

- "**- *

. - *. D'O.IY
-

. .
,

t depending upon how pheny!Nthium added . * - :',',' *

s. , -y 4 .. ., ,

p thetriptehend.The:H amespectrom or * ^ ~ '
A Ph '

th2 product revented two resonancas of D.D' ky- *

' .
s D

~ ./ L.i.

equal intemity at 5ss 2.50 as J 2.30 ppm in
. Pr, | H *. |

'-
-.

, ,

,agreamsat with the cycloalkyne pathway. / - -

f b 4
More roomtfy Scothers and cowdrkers D. l O..,

,

,

'have investiga:cd the L sr:schanism ' of ~ '8 *. *

H...

homennoII:stion in bicycile kstonad$ In '

L /
,

*

Et |"

! * b:th secdia the shift 'ressent Pr(fod), was Ph >.

used to obtain better dispergion of ths 2H - .yAnt,g 3
* ,' ]. ,

resonsaces. A 2H nmr spatrum ' of 'Quantitadon by 'H.N.TIR of.2H Incorporatiott In Fenchone
,

*

fenchone.d Ir. shown m,Faure !. Even. . ,, , y,,,:;,, ,; g,,g.ron Tim'e.' ' .'with the aid of thW shift reagent soms *

, ..~. . . 1. .
. . .

overlsp or reonances is evident.Thespes- '* - * * ~ ' " '
l

. . . .

tra were computee.simu!ated using thein- ., -*| ." ... . . *
.

. ; ' CH ,, ,-
. ..

piat resonances sh'own belows th'e ex- . C-6 '**-
.,

,

* pMments! and calculsted compositespee.

' , . be. ' Em/a 1,:|E 'i

* *- -

,

tra.Thedegree afsubstitudon as a funtdon . * D' ' M# , Tota! *
-

, . ,

'of timewas thusvasasur=d,and thesusu'.:s .?* * * .- :-*'.. -

..are summarized la Table !. Note that for''':.-

, . i.

,.skatter rescdon t.imes suast. tut, son e., the t .. .. . . . -i
a *

..N # . < "**

emio and e.se prcions a.: posi:fon 6 showed .
10 0.25 0.03 .- ,. #

0.12 . , ,, ,'. /* 0.01 -. f ' a'*.
/. . .

.

. f., ,, f, , . ?' '::'.r. . .$. ..f.j
' $. /,.- -,

20 G .

. . ,
, ; RM,. ;", a Preference for the exo Proton. whervas *

. d. ,
,.

I ; artsr three hun. drat hours the tie.o.were , 40 , 0.70 033 .- ( 0.10- ~~
. .

. s/. ...
..

:. .' O.09 4.* * Mr# ?.i:' c ,-
.

; ... rr. .. . . ^. . .., equally anchnogad. A stron3 prefereseefor 103 0.75 ' f 0.53 v. . . 033
*

1* 026 . 0.03 **b?
P c:..'

#.thwt.remethylgroupwasrnaintained.The . ."200 ' 5.63 0.63- - ' k' w; f .* *''s'*e * * * d*% ' ?
* **

-

39'0 --.

atuthors claissed an assuracy o.f I-2$ for * : J.*'...., ~ - * ' :- .

Op *c * . .~c'.gg . - c :(
-.. ..

. t65 . 0.64this m. achod, ,a, : ... . .. &...t. :...,r.... 300
.--

1 0.63
-
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* Th m'achankm cf farmatian cT nur-.; * *
.

tri:yclaasna durins draminatigri ef 2-c.ve-
aininsnarbarnan-3 ons was elucidated by f |,

'

Edwards et al.is y;3ure2 shaes the:H nmr H g ey
spectra of the' product with and without . H ,,0
'H.d: coupling.The resonance at I.3 pper D A k *H NutR

*

is clearly coupled to agaminalptoton(:J" \M / 15 MHzD '

'
l.5 H z) whereas tha resonancent l.5 ppra in"

-,

'

i *
- Nor:ricyclanone. - - *

broadened due to stiree unequal and small *
' *

* ' ' -

g .

si: inst couplin3s.This demonstrates that .

the produst has the structure shown in !h . ' ' ,*

.
, .*Figu a2.Thepositionsofdeuterationwere 'V *' '

',., j *
,

confi:med by uC amt which, however, *
' *a -

* , y
-.

cauld not dhtinsnish whethei the ensfo or
.

* . " * -
** ". *

.

exa proton at position 6 had been sub- *
'2 ** - - . - .- .

sdtuted. ,- , W y,y.
, ,

Usm: 2H nmr Depuy and coworkers'' O, . . .b''''
- p

'

.

pfesent d evidence for an asymmstrical, ' *' '

nsnrotatiny. . corner-protonated. . cyclo- ,,
*

'sH.decoup!ad.-
. prepane intermediata in the electrophilic

|
'

-
.

sing opening of substituted cyclopropanes *
.

by 2Hr. . , ,,,

*, - ,
. *. -

,
, ,

M01.EC11LAR DYNAMICS * * .i - .

' *

The relaxation behavior of 2H is totally * -

..

* *
. .

*V 3 *~M* v'A. .cdominated by a quadrupolar ranchinism * '~

and th.-refore is indicative of molecular * ' **' -
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