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Item No. 17 continued ~

For purposes of accounting for material shipped under this license,~

the Deuterium content of each compound will be expressed as weight
D 0 liquid.

,
2

Example: If 1000 gm of Deuterated Acetic Acid (CD3C00D) is shipped-

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

equivalent of (125) = 625 gm D 0-2

'

Thus, 625 gm D20 would be used for determining emount'

shipped under this license. Since this shipment con-,

tains' more than the equivalent of 90 gm D 0, it would -

2

not be permitted under the g'eneral license authorized
~

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

specific license.

'

. .

=

0

ASM/ev
10/20/80

.



6

0

.
.

,

.
,

3sderium Nc 2 - A UseM
.

g', . . . ._

y

Physm.s , a c l. <osogy
,- .

'

- Ian C.P. Smith
.

Division-of Biological Sciences-

- - - National Research Council of Canada *
Ottawa, Ontario, Canada KIA OR6-

.

.
. .

..-

gj_g-- e-8cgy;5 FT spretrometers detection of deuterium and is particularly valuable when exchange'

. * - g has become routine. Enrichment in 2H is? of hydrogen is incomplete.It is an excellent

WQ . reasonablyinexpensive,and becomesmore method to distinguish simply the degrec orr." -

p@hyj so as the use of deuterated compounds in- exchange of two very similar hydrogens #? F- -

%R.; 3 c',~..M [kfy
~ '

creases. As an isotopic tracer in metabolic or'

bi synthetic studies 2H is an inexpensive!.N b Deuterium has a quadrupole moment,
N[/n:N;'

'#

substitute for UC.8

M:@;-h
. * %j .YNfkh Or albeit relatively'small; the quadrupole

INIS M h( /M coupling constant varies from 130 to 210 The spin-spin and spin-lattice relaxation
- s;w kHz depending upon the chemical nature times (T and T , respecthely) of 2H are

M[T W2'p y .WQj sY of the compound.2 The quadrupole mo- useful in studies of molecular dynamics as

h kN,gh MY ment was presumed to be a source of they are completely dominated by a

'%f prohibitively b' road resonances as it will quadrupolar exchange mechanism? They''"

. / dominate the relaxation behavior of 2H. are insensitise to the presence of oxygen

,..m "iF/ However, for small molecules line widths and less sensitive than'those of 8H and 8)C
V of 0.5-2 Hz are common. Some of the to the presence of paramagnetic metal

INTRODUCTION' broad resonances observed previously ions.8 2 The relatively short T values ofi
Deuterium nmr has been much neglected were due to the presence of unresolved 'H- 2H" allow rapid data accumulation in the

as a means to study chemicalstructures and 2H couplings which are casily removed by pulsed Fourier transform mode of acquisi-

processes. Its enormous potential was 8H- decoupling. tion.
demonstrated in a thorough report by The low magnetogyric ratio of 2H leads in highly . ordered systems such as
Dicht and Leipert in 1964,8 but due to the to spin-spin couplings.much lower than lyotropic liquid crystalsit or biological
unavailabihty of spectrometers and to an those observed for 'H; 2H 'H and 2H 2H memb ra nes'2 the partially averaged
ingrained prejudice m nmr textbooks it has couplings will be only 157o and 2.37c, quadrupole splittings of 2H yield valuable

.

caly come to the fore m the last five years. respectively, of their 'H,'il analogs. This estimates of the degree of molecular order.
A recent comprehensive review cites 350 greatly simplifies 2H spectra. Although 2H For highly syrnmetric ions (such as NDt)
''I'''""*' chemical shifts are essentially identicalin interacting with colloids or ionic surfaces,

The nuclear moment of 2H is con- ppm to those of the corresponding IH,the similar quadrupolar splittings are in-
siderably lower than that of 'H;it resonates scale in Hz is only 157o of that of'H.The dicatise of distortions from tetrahedral or
at 15 M Hzin a magnetic field of 23 kG. Its greatly reduced or unobservable spin-spin cubic symmetry."
detection sensitivity relative to 8H is ' couplings cc*mpensate partly for this ap- SOME CIIEMICAL APPI.lCATIONS
0.00965. This, comb,med with a natural parent disadvantage. In the analysis of A classic cxample of the usefulness of 2H
abundance of 0.0157e, makes detection m complex 8H spectra the chemical shifts of nmr was reported in pre-Fourier transform

- unenriched compounds relatnely dif- 2H, which are easily determmed, yield a days by M ontgomery er al.'* They cxplored
ficuir.2 Nonetheless, ordinary tap water valuable starting point.u the mechanism of substitution of esclie
yields a s,ignal-to-noise ratio of 2/1 for a Deuterium chemical shifts are as sen- olefinic halides with strongly l$asic

!
single scan of 2H st natural abundance;1 as sitive as those of 8H to conformation or nucleophiles. Three mechanisms are possi-

|
w e shall see later this can cause difficulties configuration, although small differences ble- (1) direct substitution.(21 formation of

| insomeexperimentswhere H Oisusedasa may be masked by the greater line widths of a cycloalkyne intermediate or (3) forma-2

solvent. With the availability of sensitise large molecules.2 2H nmr has been used to tion of a cycloaltene intermediate. Directt

'hwed as NRCC PuM4ation hm*xr 16N4 follow the p3ths of Chemical reactions" substitution of Clin |-ChIorocK oheptene-l

|
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2.7.741 (A)(See Scheme 1) by the phenyl ?
'

3 ,

moiety of phenyllithium would yield 5 8'h!*'le *

; whose 2H nmr spectrum would comprise '

D D '

two groups of resonances of relativeinten. D D
H

sity 2;l. the forrner in the a!!ylic and the -Cl N . ; Ph; latter in the olefinic region. Allenic | / /climination of chlorine and subsequent ad- ND D D
.

dition to the center of the allenic system
A

w ould Icad to C with resonances in similar C
positions but of relatise intensities I:I.
Cyclostkyne formation at carbon-1 would.

, lead to two possible products D and E D
depending upon how phen)liithium added D

y
o the triple bond.The 2H nmrspectrum of g

D I; the product rescaled two resonances of D D / DD'

equal intensity at 6= 2.50 and 2.80 ppm in Ph
; agreement with the cycloalkyne pathway. /

- I

//
.
^

More recently Stothers and coworkers D ,
D $D4

'

have imestigated the rnechanism ' f' B l Ho
homoenoliiation in bicyclic ketenes.'.' in k / E

,

.

both studies the shift reagent Pr(Tod)3
-

was Ph,

used to obtain better dispersion of the 2H TABLE 1resonanc"es. A zH nmr spectrum of - . -

Quantiention by 2H-NMR of 2H Incorporation in Fenchone
fenchone-d u is shown in Figure I. Eseni as a Function of Reaction Time.'

,* with the aid of the shift reagent some - -
-

'

overlap of resonances is eviden' t.The spec-
*

* tra were computer-simulated using~the in-
put resonances shown below the ex. C-6 . , CH 3

perimental and calculated composite spec-
.

hdo Total no &do Bridttra. The degree of substitution as a function Time ao
of time was thus rneasured, and the results
are summarizep in Table 1. Note that for
shorter reaction times substitution of the

10 0.26 0.08 0.01, oendo ana exo protons at position 6 showed
20 0.34 0.12 0.02a preference for the exo proton whereas 3

after three hundred hours the two were 40 . 0.70 0.38 0.10 0.09 0.01
equally exchanged. A strong preference for 100 0.75 0.58 033 0.26 0.05 0.01,
the exo metbyl group was maintained. The

200 0.68 0.68 0.39authors claimed an accuracy of I-29/o for
this method. 300 0.65 0.64 0.65 0.42 0.16- 0.06

!.- - -

,p .

H H 'CH3*H
'

H : CH Ie "CH *3
3H O i

'.

.
.

d
. . k- - -

. exo 6 8 9 endo 6 10
'

95 0
'

'

11.0
Shift from CDCt (ppm)3

Figure ! Experimental (a) and computer-fitted (-) 2H nmr spectra (15.4 MHz) of fenchone d ,n containing0.26 equivalent ofi
Pr(fod)3.The spectrur' was obtained with noise-modulated 'H-decoupling in a solvent system of CHCl :C.F.(1:4 v/v).n

3

Individual Lorentzian curses for each absorption are shown beneath the composite envelope.2

36 Aldrichimica Acta Vol.1% Na 2, MD7
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$he mechanism cf formation er nor- .

~
~

tric3clanone during deamination of 2-exo- j
cninonorbornan-3-one was elucidated by*

'H ,H
Edwards er al.88 Figure 2 shows the 2H nmr H

H O
spectra of the product with and without ,

/H 2H -NMRD'lI-decoupling.The resonance at 1.3 ppm
* / 15 MHzis clearly coupled to a geminalproton(2J = D

-

I.5 IIr) w hereas the resonance at 1.5 ppm is Nortricyclanone
broadened due to three unequal and small (
vicinal couplings. This demonstrates that I
the product has the structure shown in
Figure 2. The positions of deuteration were f
canfirmed by "C nmr which, however,
could not distinguish whether the endo or
exo proton at position 6 had been sub-
stituted. ,

u
-

Using 2H nmr Depuy and coworkers
~%-

pres nted evidence for an asymmetrical,
nenrotating, corner-protonated cyclo- 'H decoupled,

propane i 4ctmediate in the electrophilic .

ring operung of substituted cyclopropanes
by 2H*.

~ ,

---

MOLECULAR DYNA >llCS
The relaxation behavior of 2H is totally, -

dominated by a quadrupolar mechamsm . -
'

- *a
t -

anf therefore is indicative of molecular- 10 Hz
-

* '

dynamics (internal and/ or overall motion) ' '
'.3at the position of substitution.This makes 1 ppm

interpretation of relaxation data much - 2.2 1.5
--

,

simpler for 211 than for 811 or "C. For the Figure 2 2H nmr spectra (!$.4 hlHz) of nortricyclanone with and without broad
simplest case of ragid isotropic motion, band 'H-decoupling.n . _

I/T (2H) = (3e2qQ|8h)2 ,, where c2qQ/ h is7i
the quadrupole coupling constant in radian position is therefore determined only by measurements on a series of deuterated

prolines. The2HT valueof thea carbonsec ' and r, is the correlation time for rota- the slow er motions and is shorter than that i

tion of the C *H bond. As a rule of thumb for the ortho deuterons which are affected (0.27 sec) was comiderably less than those

ene can say the longer is T,, the more by the rapid motion. of the #, y, and 0-deuterons (0.42,0.44,
.

0.40 see, respectively) which had beenmobile is the C 2H bond. For more com- The relatm T, values of the a- and p- .

g
plex or' slower motions the relationships deuteromethyl groups of naphthalene-
become more complicated.2 o.a',0.S'-(C2H ), are a dramatic example P

3 '

Mantsch et al. measured the T, values of the influence of steric hindrance on the BIOSYNTHETIC MECHANISS15
for a wide range of deuterated com- rate of methyl-group rotation.In contrast Just as with organie rcactions,2H nmr

:

| pounds.tm The data for benzaldehyde and io "C, where the relative importance of can be very valuable in establishing the

nitrobenrene are shown below. The in- dipole-dipole and spin-rotation mec h- pathways by which large molecules are syn-
,

squality of the T, values for the ortho and anisms must be determined, the 2H data thesized biologically 8 An example of the
,

( para deuterons is in each case due to inay be siinply interpreted in terms of the resolution of the technique is the spectrum

modulation of the quadrupole interaction of griseofulvin shown in Figure 3." The
gt

O C.O H g ,0 by rotation of the methylgroups relative to compound was produced by growth of

the naphthalene framework. Clearly the Penicillium urricac on a medium con-

Ds ,4. D D E
D proximal methyl groups (o.a') interfere taining sodium acetate-2-d . Synthesis of a3

0.57 w th each other's motion, whereas the p- series of derivatives with different positions

N ' .{' }i *') 0.58
methyl groups approximate free rotors. of deuteration confirmed th'e assignments~

shown in Figure 3.t

D 0.39 0 0.40
| | The metabolie product of the urinaryan.

f - -
-

CDs tibiotic nalidixic acid administered orally

/... ' ( s
CD3- .

2H T 's (sec) , ,t _) 0 91 to a rnonkey was clucidated using 2Hi
i

j nmr.28 Freeze-dried urine was dissolved in
j

anisotropic motion of the molecules, with CD! CD 0 24 trifluoroacetic acid and the :pectra run
3 3
I without further purification. In separate

| the rate about an axis through thepara and
' substituted carbons being comiderably 2H T,'s (sec) experiments with nalidixic acid deuterated

at either the methyl or ethyl group it was
I more rapid than those about the two other

orthogonat ases. Note that rotatiortabout T he conclusion" from DC nmr that a shown that the principal metabolic prod uct

this particular axis does not change the high degree of rapid intracyclic motion in ohes hydroxylation of the methyl

angle between the para C 2}l bond and the (pseudorotation) occurs in the amino acid group. The advantages of the 2H nmr

external magnetic field.TheT valuc at this pro'ine was confirmed by 211 nmr T, method are that only resonances derhed
i

! AMrichimica Acta, l'ol.10. No. 3.1977 37'
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CH 0 has' been studied me.n End thz m thod hasq ,

3, O OCH, .H
been. applied successfully to the playma

] H, p 2' -T' "# * "E* " * #O

CH 0 C,' | y '' ,, ,,. 9 $astna laidlawii.21'* A review of this
, .g

'j O
3 H techniq0c has appeared recently.s3 CH N ,

d Cl
The type of spectrum obtained from a:

biological membran'e is shown in Figure 4. |j. f ,

{
The rnembrane phospholipids were enrich I

'

,1 ed in palmitic acid 16,16,16 d by growth3

on a medium supplemented with this com-q ~
.

,

pound. The relatisely small quadrupole-

doublet observed is due to a low degree of
. .

E 7-OCH D -

molecular packing at this position. Using3
3'-O -

' lipids specifically deuterated at different**
positions along the chain it was found that-

,5 the degree of order for the first ten carbon
j . . . positions of the sixteen-carbon chain was

relatively high and constant, and that it. ".

D F-OCHD, decreased rapidly with position thereafter
. . to a minimum value at the terminal methyle- -

s'a-o

f group. This is similar to the behavior seen
-

=

8
, 37.-D ,

f in the modetsystems of dipalmitoy!28 and- ,

egg lecithin and serves tojustify the uscofu*

these model systems as well as providing,

, ~, ',, ,* .

C 5'a-D, S' -D the first~ detailed insight into the structure
'

.

of biological membranes at the molecular'- '. ~

;
~

Icvel.28
~

,, A technical problem encountered with
'

2H nmr of membrane systems is the strong
.

resonance observed in the center of theB - 2-OCH D s.D spectrum. This is due to 2H at natural- 3'-D .

j
s'a-D ' abundance in water (0.0157o). As the

quadrupole splittings become larger, dif-'

CDer 3sD . .

1 4kOCHaD ficulties are encountered with this peak due'a
3 . 50

to dynamic range limitations of the spec.'
.

-

A t' trometer. By the tise of 2H-depleted water'

DC (ca. 0.000!$7e) this problem is minimized.
The 2H-depleted water is also useful in 2H,

r-OCH D
nmr studies of small molecules in H O

a

2h ppm11 to 9 8 7 6 5 4 3 2 1 where the chemicalshifts of the positions of,

interest lie close to that of water.Figure 3 2H nmr spectra (15.3 MHz, 8H-decoupled) of CHCl3 solutions of
griseofulvin (A) deuterated by growth of P. urticas on sodium acetate-2- PROGNOS15

4 and of a 3eries of specificallydeuterated derivatives:B,without Hat 2H- nmr has finally come of age. Its3 2
: u:,efulness in chemistry, physics, and2'and 3*; C, $'a,$'B-D ; D,2'-OCH D;; E,2'-OCH D,3'-D. Comparison2 2 i

- of 8H. coupled and 8H-decoupled spectra demonstrated that the two biology has been well documented.2 With
the greater availability of multinuclearpeaks centered around 4 ppm in A were coupled to 8H."

. . spectrornerers we are now in a position to
from the original compound are observed, temperatures in a state resembling liquid take advantage ofits versatility and advan-
the measured chemical shift is indicative of crystals,i.e., the chains are fixed at the car- tages, and I expect that we shall witness a
the chemical nature of the compound, and boxyl end due to attachment to a pseudo- literature explosion m this subject in the
no' separation of the product must bemade ionic lattice, but are relatively free at the near future.
to avoid interference with other com- terminal methyl gr6ups. Rapid motion oc- References:
pounds present in the physiological fluid. curs about the C-C bonds of the fattyacyl 1) P. Diehl andTh. Leipert, #civ. Chim.

It is expected that 2H nmr will be applied chain; its rate and amplitude are expected Arra. 47, 545 (1964).
to a wide variety of biosynthetic problems to 5ary considerably from one end of the

2) H.H. Mantsch H. Saita. and I.C.P-
in the near future. cha,in to theother.Incompleteaseraging of Smith in " Progress m Nuclear

the 2H quadrupole interaction takes place Magnetic Resonance Spectroscopy.'
,

BIOLOGICAL MEMBR ANES in the case of such anisotropie motion.and J.W. Emsley. J. Feeney, and LH.By far the most fruitful biological partially aseraged quadrupole splittings Sutcliffe, Eds.. Pergamon Press. Lon.application of 2H nmr has been to the are obsersed. These splittings are directly don.1977.problem of the degree of molecular related to the degree of molecular order 3) J.M. Briggs. L.F. Farne!!, and E.W.
organiistion in membranes.The fatty acyl (packing, re:atise numbers ofgauche nnd

Randall. Chem. Comimm.. 70(1973).chains of the phospholipids in membranes trans C-C bonds) at the position of 4) T.P Pitner. W.B. Edwards. R.Lare known to exist at physiological deuteration. A sariety of model systems Bassfield, and J.F. Whidby 1. Am. i
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Er(+}-Penleiflamine. .

O'

C.H
-

J n ,

CHj-C. -C. H-C-OH
* '

.

HS NH,
'

L-(+);Penic111 amine is a metal
chelating agentil and a useful agent for

2 kHz. the induction of experimental con.
vulsions in the rat.8

1) R.P.MartinandJ.Riaute,16th. Proc.
Int. Conf. Coord. Orm., I.7b(1974);
Chem. Abstr., 85,63322g (1976).

2) N. Kojima, Y. Sugiura and H.

& Tana il Orm. Soc. Jpn., 49,

3) T. Kirikae, Iware Igaku Zasshi, 27,
355 (1975); Gem. Abstr.. 84,

Figure 4 *H nmr spectrum (15.4 MHz)'of the cytoplasmic membranes of A. R 139420:(1976).

laidlawil enriched in'the phospholipids with palmitic acid-16,16,16 d . 19,631-2 L-(+)-Penicillamine'
3

The spectrum was taken in H O at 43' and required the accumulation of . Eg $6.50; Sg $21.002

2 x 10$ free-induction decays before Fourier transformation.52.22J4
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