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11a and 11b were oils that crystallized on long standing. 11b: ir
(Nujol) 1705, 1660 cm™~! (C=0); 'H NMR (CDCls) 7 1.48 (d, 2 H),
2.47 (d, 1 H), 2.74 (q, 1 H), 6.06 (q, 1 H), 6.44 (m, 2 H), 6.88 (s, 3
H), 6.95 (s, 3 H); mass spectrum M™* 219. Anal. Caled for
C11H3N30s: C, 60.26; H, 5.98. Found: C, 60.55; H, 6.08. 1la: ir
(Nujol) 1705, 1660 cm™! (C=0); '"H NMR (CDCl;) r 1.47 (d, d, 1
H), 2.36 (1, d, 1 H), 2.78 (m, 2 H), 6.03 (m, 2 H), 6.35 (q, 1 H), 6.80
(s, 3 H), 7.00 (s, 3 H); mass spectrum M* 219. Anal. Calcd for
C11H13N30g: C, 60.26; H, 5.98; N, 19.17. Found: C, 60.19; H, 6.08;
N, 19.06.

Reaction of Diazouracil 3 with Methyl Isonicotinate. To
17.40 g (0.12 mol) of methyl isonicotinate was added 1.40 g (8.0
mmol) of diazouracil 3. The stirred reaction mixture was heated at
130° for 2 hr, allowed to come to room temperature, and added to
50 ml of hot H20. This suspension was continuously extracted with
CHCIj for 48 hr. The Ho0 suspension was evaporated in vacuo and
the resulting residue was treated with excess CHyNy in benzene.
The resulting solution was treated with charcoal, evaporated in
vacuo, and chromatographed on neutral alumina (grade III) with
benzene-acetonitrile (9:1) to give 180 mg of 18b (8%), 90 mg of 17b
(4%), 50 mg of 8 (5%), and mono-O-methylated products (3%).
Compound 18b: mp 233-234°; ir (Nujol) 1730, 1700, 1655 cm™!
(C=0); mass spectrum M* 275. Anal. Caled for C;3H3N304: C,
56.72; H, 4.76; N, 15.27. Found: C, 56.72; H, 4.76; N, 14.98.

Reaction of Diazouracil 3 with 4-Methoxypyridine. To 10
ml (0.10 mol) of 4-methoxypyridine was added 1.50 g (9.0 mmol) of
diazouracil 3. The stirred solution was heated at 130-135° for 3 hr.
The crude reaction mixture was allowed to cool and added to 35 ml
of hot HoO. This brown slurry was continuously extracted with
CHCI; for 48 hr. The H20 suspension was evaporated in vacuo and
the resulting solid dried in vacuo at 90°C for 1 hr. This residue
showed molecular ions at m/e 222, 219, and 112. The residue was
transferred with a small amount of CH30H and methylated with
excess CHyNo-benzene. After shaking for 1 hr and standing over-
night, the reaction mixture was treated with charcoal and chroma-
tographed on neutral alumina (grade III) with benzene-acetoni-
trile progressing to ethanol to give 170 mg of 8 (13%), 290 mg of
19b (13%), 140 mg of 20 (7%), 25 mg of 21b (2%), and mono-O-
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methylated products (5%). In addition, some N-methyl-4-pyridone
was also obtained. Compounds 20 and 21b could be sublimed but
19b partially (40-50%) rearranged to 20 on sublimation. Com-
pound 19b: mp 175° dec; ir (Nujol) 1695, 1655 cm™! (C=0); mass
spectrum M* 247. Anal. Caled for C;oH13N3O0s: C, 58.29; H, 5.30;
N, 17.00. Found: C, 58.02; H, 5.42; N, 17.15. Compound 20: mp
257-260°; ir (Nujol) 1685, 1645, 1555 cm~! (C=0); mass spectrum
M+ 247, Anal. Caled for C15H;3N304: C, 58.29; H, 5.30; N, 17.00.
Found: C, 58.18; H, 5.35; N, 16.91. Compound 21h: mp 254-256°; ir
(Nujol) 1695, 1650 em™* (C==0); mass spectrum M+ 278, Anal.
Caled for Cy2H14N4Qy4: C, 51.79; H, 5.07; N, 20.14. Found: C, 51.75;
H, 5.08; N, 20.18.
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The carbon-13 chemical shifts of the indole alkaloid 1,2,3,4,6,7,12,12b-octahydroindolo{2,3-a]quinolizine (1),
confirmed by selective deuteration, and the observed chemical shift differences between trans and cis C/D quinol-
izidine ring fusion in the 2-tert-butyl derivatives (2 and 3) are discussed in terms of steric compression and elec-
tronic effects. A two-bond deuterium-induced 2C relaxation effect on the signal of nonprotonated carbons is ob-
served and used for chemical shift assignments. The spin-lattice relaxation (7') times of 1 are an independent
means of assigning chemical shifts, especially for nonprotonated carbons, and the results show that all of the car-

bons in 1 are relaxed primarily by the dipolar mechanism.

The past five years have seen enormous advances in the
application of carbon-13 NMR spectroscopy to the struc-
ture elucidation and analysis of organic mole'culesr,.6 Includ-
ed in this array of compounds are plant indole alkaloids,
which have recently been examined’ by '3C NMR, using
the signal assignment techniques® of selective and off-reso-
nance decoupling, lanthanide chelation, spectral compari-
son, and chemical shift considerations.

We wish to report a 13C NMR study of the indole alka-
loid 1,2,3,4,6,7,12,12b-octahydroindolo[2,3-a]quinolizine®

(1) (Dracontomelum mangiferum) using the techniques of
carbon deuteration® and spin-lattice relaxation times?b10
to assign chemical shifts and to study relaxation pathways,
and to report a study of the effect of ring conformation on
the 13C chemical shifts in the 2-tert-butyl derivatives 2 and
3,1t which have trans and cis C/D ring fusions, respectively.

The synthetic accessibility®® of 1 and its deuterated®b12
and alkyl!! derivatives makes this alkaloid ideal for a 3C
NMR study as a simple model for the general class of Cor-
ynanthe-Yohimbe indole alkaloids.
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Figure 1. 25.2-MHz 3C FT NMR spectrum of 1 {bottom) and 1-4-d; (top) in CDCls.

H
1 C(CHy),

2 (12ba-H; cis)
3 (12bB-H; trans)

Results and Discussion

Chemical Shifts. 1 and Deuterated Derivatives. The
fully proton-decoupled pulse and Fourier transform 3C
spectrum of 1 is shown in Figure 1 and the chemical shifts
of 1 and the deuterated derivatives 1-1-ds, 1-3-ds, 1-4-ds,
1-6-dg, 1-7-dg, 1-12b-d;, and 1-9-d; are tabulated in Table
1.13,14

The methylene (C-1, C-2, C-3, C-4, C-8, C-7) and meth-
ine (C-12b) carbons corresponding to the seven well-sepa-
rated upfield signals (Figure 1) can be unambiguously as-
signed in the order of increasing chemical shift, C-7 < C-2
< C-3 < C-1 < C-6 < C-4 < C-12b because complete re-

placement of hydrogen by deuterium on a carbon atom
causes that *C signal to disappear. This follows from the
increased spin-lattice relaxation time (7';) of the deuterat-
ed carbon,® which under typical short pulse intervals of
0.4-0.8 sec leads to saturation of the signal. One also ex-
pects increased complexity and decreased intensity from
13C_D gplitting and a decreased nuclear Overhauser effect.

The chemical shifts of the nondeuterated carbons are
unchanged except for the carbons adjacent to the deuterat-
ed ones which show a uniform upfield shift of ~0.1 to ~0.2
ppm. This agrees with the reported second-atom deuterium
shifts in deuteriobenzenes.?d18 For example, in 1-7-ds the
signal for C-6 is shifted upfield (~0.11 ppm) while that for
C-4 remains essentially unchanged (+0.03). In 1-4-d2 the
signal for C-3 is shifted upfield by —~0.20 ppm. In 1-3-dy
both C-2 (—~0.16 ppm) and C-4 (—0.09 ppm) are more
shielded than nonflanking carbons. It is interesting to note
that in 1-I-ds not only are the two flanking carbons, C-2
(—0.21 ppm) and C-12b (—~0.08 ppm), shifted upfield, but
so is C-12a (~0.15 ppm), which represents a large third-
atom deuterium shift,

The unusual feature of the seven-gignal aliphatic portion
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Table I
'3C Chemical Shifts of 1 and Deuterated Derivatives?

Carbon 1 1-1d, 1-3d, 1-4-d, 1-6-d, 1-7d, 1-12b-d, 1-9-d,
1 29.96 b 29.95 29.96 29.82 29.94 29.75 30.11
2 24.31 24.10 24.15 24.29 24.24 24.31 24.24 24.44
3 25.74 25.69 b 25.54 25.66 25.73 25.68 25.87
4 55.75 55.75 55.65 55.62 55.77 55.53 55.75
6 53.51 53.57 53.57 53.46 b 53.40 53.35 53.53
7 21.62 21.61 21.63 21.66 21.85 b 21.65 21.77

12b 60.27 60.19 60.28 60.22 60.11 60.26 b 60.27
8 118.06 118.00 118.11 118.08 117.94 118.09 118.10 117.97
9 119.31 119.39 119.35 119.31 119.16 119.29 119.38 b

10 121.20 121.19 121.24 121.19 121.04 121.19 121.28 121.15

11 110.75 110.80 110.75 110.79 110.72° 110.74 110.94 110.76
7a 108.11 108.12 108.12 108.11 107.91 c 108.00 108.28
7h 127.59 127.56 127.55 127.63 127.47 127.54 127.32 127.86

1la 136.08 136.14 136.07 136.18 136.05 136.03 135.89 136.41

12a 135.24 135.09 135.20 135.33 135.23 135.23 135.33 135.44

2 In CDCI, solution (except 1-12b-d,, which was in CDCl,CDCl,). Chemical shifts downfield from Me,Si in parts per
million, £0.03—0.05 ppm. 2 A low-intensity multiplet could sometimes barely be discerned. ¢ The signal is very weak (see

text).

of the 13C spectrum of 1 is the high field position of C-7,
appearing at higher field than what one might predict for a
benzylic-type methylene carbon. This pronounced
shielding, which is also seen in the 13C spectra of 3-methyl-
indole!® and o-alkylanilines,!”18 probably reflects the in-
creased electron density at the (enamine) carbon C-7a in 1,
and the cyclohexene-like half-chair conformation of ring C
(vide infra). .

The remaining six aliphatic '3C chemical shifts are con-
sistent with those reported for simple piperidines.”!® The
downfield position of C-1 relative to C-3 is due to the 3 ef-
fect?® of C-12a. Carbon 6 is found to be more shielded than
C-4. This is probably due in part to the half-chair confor-
mation of ring C, which introduces eclipsing?6-*7 between
C-6 protons and C-7 protons. This effect is analogous to the
shielding observed?! (—4.3 ppm) for the methylene carbons
in cis-1,4-di-tert-butyleyclohexane, which exists in a twist—
boat conformation with eclipsed methylene groups. Like-
wise, C-4 in cyclohexene (—4.7 ppm) and cyclopentane
(—1.3 ppm) (eclipsed hydrogens) is shielded relative to cy-
clohexane (staggered hydrogens).*?

The four protonated aromatic carbons in 1 are assigned
in the order of increasing chemiecal shift, C-11 < C-8 < C-9
< (C-10, based partially on the assignments reported!® for
indole and methyl-substituted indoles, and on the disap-
pearance of the signal at 119 ppm in 1-9-d;. Our assign-
ments for C-9 and C-10 differ from those normally reported
for these carbons in indoles!® and indole alkaloids.” We be-
lieve that the original assignments'® for C-5 and C-6 in in-
doles are incorrect and should be reversed.??

The four signals with reduced intensity are assigned to
the four nonprotonated carbons in the order of increasing
chemical shift: C-Ta < C-7b < C-12a < C-11a. The low-
field peaks at 135.24 and 136.08 ppm are assigned to the
carbons adjacent to the indole nitrogen, C-12a and C-11a,
with the lower field signal assigned to the benzene carbon
C-11a.24 This also follows from the shifts observed in pyr-
roles?5 and indoles.”2 The distinction between the C-12a
and C-1la assignment is confirmed by the results with 2
and 3 and relaxation measurements (vide infra).

The remaining two nonprotonated carbons C-7a and
C-7b are assigned to the signals at 108.11 and 127.59 ppm,
respectively. The increased electron density in the = orbital
on C-Ta, due to the enamine character of the indole double
bond, accounts for the pronounced shielding of C-7a. An
olefinic analogue such as the « carbon in a-methylstyrene
absorbs at 142.4 ppm.26

A striking feature in the spectrum of 1-7-d; is the greatly

Table 11
13C Chemical Shifts of 1, 2, and 3¢
Carbon 1 2 3 5 (2~ 3)
1 29.96 31.05 28,72 —2.33
2 24.31 46.65 41.03 —b.62
3 25,74 26.72 26.42 —0.30.
4 55.75 56.09 50.82 —b.27
6 53.51 53.11 45.83 —7.28
7 21.62 21.76 16.78 —4.98
12b 60.27 60.31 54.30 —86.01
8 118.06 118.14 118.07 —0.07
9 119.31 119.38 119.58 +0.15
10 121.20 121.27 121.52 +0.25
11 110.75 110.79 111.09 +0.30
Ta 108.11 108.06 107.61 —0.45
b 127.59 127.58 127.74 +0.16
11a 136.08 136.12 135.90 —0.22
12a 135.24 135.29 132.85 —2.44
2a 32.4 32.0 —0.4
28 27.5 27.3 —0.2

@ See Table 1.

reduced signal for C-7a. We ascribe this to the fact that
C-7a is primarily relaxed by the C-7 protons (vide infra)
and substitution of deuterium at C-7 leads to a relative sat-
uration of the C-7a signal. The signal for C-7 itself is elimi-
nated by the effect of the directly bonded deuteriums.

An independent method for identifying nonprotonated
carbons is to use two pulse intervals as shown in Figure 2
for 1-6-do. The short pulse interval effectively suppresses
the four nonprotonated carbons C-7a, C-7b, C-11a, C-12a,
as well as the CDCl3 and Me,Si lines (long T4’s) and the
CD; multiplet. The long pulse interval increases the inten-
sity of the lines of the nonprotonated carbons to the point
where they nearly match the intensity of the protonated
carbons. The integral trace in Figure 2 shows this clearly.

Chemical Shifts. 2-tert-Butyl Derivatives. The 13C
chemical shifts of the cis- and trans-2-tert-butyl deriva-
tives of 1 (2 and 3) are tabulated in Table II and the spec-
tra shown in Figure 3. The dominant conformations are 2a
(295%) and 3a (>99.9%).!! The tert-buty! holding group

N

\\ H H

2a

(CHy);
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Figure 2. 67.9-MHz 13C FT NMR spectrum of 1-6-d2: (top) 300 90° (34 usec) pulses, repetition time 1 sec; (bottom) 120 90° pulses, repeti-

tion time 20 sec. Each spectrum 15 kHz, 16K transform.

allows one to study the effect of C/D ring fusion on 13C
chemical shifts without itself perturbing the *3C spectrum,
since a tert-butyl group largely affects only the directly at-
tached carbon (« effect).2!

The chemical shifts of the six benzene carbons (C-7b,
C-8, C-9, C-10, C-11, C-11a) show virtually no change in
1-3, and the chemical shifts of the tert-butyl group car-
bons, C-2a and C-28, are very similar in 2 and 3.

In general, the other carbons in 1 and 2, which both have
a trans C/D ring fusion,!! have the same chemical shift
(Table II). The only exceptions are C-2 in 2, which experi-
ences an a effect of the tert-butyl group of +22.34 ppm
(downfield), and C-1 and C-3, which each experience the 3
effect of a tert-butyl group of +1.09 and +0.97 ppm, re-
spectively. The corresponding o and 8 effects of the tert-
butyl group on a cyclohexane ring are +21.2 and +0.5 ppm,
respectively.2!

The remaining carbons in the C and D rings (C-4, C-12b,
C-6, C-7, C-Ta, C-12a) show little chemical shift differences
between 1 and 2, perhaps indicating the absence of signifi-
cant ring distortion induced by the tert-butyl group.

In contrast, the cis-fused system 3 shows striking chemi-
cal shift differences in the 13C spectrum (Table II). The sig-
nals for C-3 in 2 and 3 are essentially the same, as expected,
since the immedjiate steric environments of the C-3 protons
are the same in each isomer. However, C-4, C-6, C-7, and
C-12b are all shifted upfield in the spectrum of 3: —5.27,
—7.28, —4.98, and —6.01 ppm, respectively. A Dreiding
model of 3 shows a 1,4-gauche interaction between the C-4
axial proton and the C-7 pseudoaxial proton (~1.7-1.8 &),
leading to shielding of both carbons. By comparison, the re-
ported steric-induced shielding of the 3,5 ring carbons in
axial-methyl cyclohexanes (v, effect) is —5.4 ppm,28 and
the empirically derived shift is calculated to be —5.24 ppm
(rHH = 1.88 A).Z’/

The upfield shift of —2.33 ppm for C-1 in 3 relative to 2

perhaps reflects the difference between an equatorial and
an axial effect (—3.7 ppm in methylcyclohexanes),?® and a
steric compression between the equatorial C-1 proton and
the N-H (~2.4 A) in 3.

The upfield shifts of C-2, C-4, and C-12a (—5.62, —5.27,
and —2.44 ppm) in 3 relative to 2 may be partially due to
steric compression?728 between the axial C-2 and C-4 pro-
tons and the indole = orbital on C-12a (ruc == 2.5 A). This
specific shielding of C-12a in 8 provides an independent
method for distinguishing it from C-11a and from the other
nonprotonated earbons.

It is difficult to rationalize the upfield shifts of C-6 and
C-12b (~7.28 and —6.01 ppm, respectively) in terms of ste-
ric compression, since no significant interaction appears to
be present in 2 or 3 involving these protons. Therefore, the
shielding of C-6 and C-12b in 3 relative to 2 may be due in
part to a reduction in overlap between the nitrogen lone
pair and the antibonding orbital of an adjacent axial C-H
bond—an interaction in trans-fused quinolizidines such as
2 that has been suggested to account for both infrared
“Bohlmann bands” 11.29 gnd the shielding of protons that
are trans diaxial to a nitrogen lone pair.11:2° Thus, in 2 the
carbons « to the nitrogen (C-6, C-12b) may actually be de-
shielded relative to 3 which does not have protons on C-6
and C-12b trans diaxial to the nitrogen lone pair.3°

Relaxation Studies. The spin-lattice relaxation times
(T;) and the nuclear Overhauser effects (NOE) were mea-
sured for all of the carbons in 1 and for the unsaturated
carbons in 1-7-ds and 1-12b-d; (Table III).

The T'; values for all of the protonated carbons in 1 are
found to be less than 1 sec. The NOE’s are found to be
close to the maximum theoretical value (n = 1.988), and
therefore the dominant mechanism for the relaxation of the
protonated carbons is clearly the :3C-!H dipolar-dipolar
mechanism.?! The methylene carbon 7'i’s are all approxi-
mately 0.3 sec, about twice as fast as the methine carbon



3724 J. Org. Chem., Vol. 40, No. 25, 1975

|
|
!
|
[
|
l

7
10 9
1a'?d f coel,
A

Gribble, Nelson, Johnson, and Levy

T™MS

} TMS

u|h||||:||(In|||1n|l|nxlluv|1 I nr.mln.,mnl...mmlH ulnn:!unhnllllnlnul usl“nlnulnnhurluulnul vaborndesefos

Figure 3. 25.2-MHz 13C FT NMR spectrum of 2 (bottom) and 8 (top) in CDCls.

Table III
Spin-Lattice Relaxation Times for 1, 1-7-d, and 1-12b-d,2
1
NOE T,DD 1-7d, 1-12b-d,
Carbon T, (n) T,PD (calcd) T, T,
1 0.31
2 0.32
3 0.31
4 0.28
6 0.30
7 0.31
12b 0.67
8 0.60 2.0 0770 0.750
9 0.52 2.0 0.77b 0.75b
10 0.564 2.0 0,770 0.750
11 060 1.8 0.77% 0.75b
Ta 7.7 1.8 85 12 ~22 9.9
7b 10.2 1.7 11.9 25 ~22 12.1
11la 7.0 1.5 9.3 18 14.6 9.7
12a 5.7 1.6 7.6 11 12.2 11.2

a All T’ s in sec (+10—-15%), determined at 25.2 MHz and
38°C. 2 T s +10~20%.

Ty’s (Table III), indicating that the molecule is undergoing
largely isotropic molecular motion,31:32

The NOE’s for the four nonprotonated carbons indicate
that those carbons are also largely relaxed by the dipolar
mechanism involving nearby protons. This is also the case

in other large molecules such as cholesteryl chloride,3? mes-

caline,! and codeine,”® where overall molecular motion is

slow. The T1PP contribution to the T;°%sd can be calculat-

ed?! from eq 1, where 7 is the observed NOE. These values

are shown in Table IIL

T obsd L1272 1.988 (1)
n

The longer T'1’s for the protonated carbons in 1-7-d; and
1-12b-d; result from solution viscosity effects. The two
specifically deuterated samples were run at significantly
lower concentrations; the lower viscosities of the solutions
resulted in more rapid molecular tumbling. The ratios
0.77/0.56 and 0.75/0.56 (~1.4) correspond to the differen-
tials for molecular tumbling.

The large increase in T for the nonprotonated carbons
in 1-7-do (e.g., 22 sec for C-7a and C-7b, Table III) clearly
implicates the protons on C-7 as those responsible in part
for relaxing C-7a, C-7h, C-1la, and C-12a by the dipolar
mechanism. As would be predicted, the closest nonproto-
nated carbon to C-7, C-7a, is affected more than the other
carbons and, in fact, its signal disappears completely with
normal pulse intervals (vide supra). Likewise, the T'; values
for 1-12b-d; indicate that the C-12b proton relaxes C-12a
more than C-7a and that C-7b and C-11a are not apprecia-
bly relaxed by this proton.

We have measured the distances from the four nonproto-

7DD =
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nated carbons to nearby protons (4.0 A) using Dreiding
models and have calculated31-33 (eq 2) the T,PP’s using 7
= 7.8 X 10~ sec (calculated using the average T'; from the
11 protonated carbons and r = 1.09 A). These calculated
T,PP’s (Table III) are in only fair agreement with TP, as
might be expected from the sensitivity of T,PP to the inter-
nuclear distance and to 7., but the parallel nature of the
two sets of values (C-7b > C-11a > C-7a > C-12a) is infor-
mative. Thus, one can immediately distinguish C-11a and
C-12a, which have very similar chemical shifts, from the
different relaxation times due to their local environment
(C-11a has two protons within 3 A whereas C-12a has six
protons within 3 A).
1 2
70D Z—ﬂ_ yu?yc? b res; T8 7 (2)
These results show that (1) deuterium substitution,
when synthetically convenient, is a powerful tool for as-
signing 13C chemical shifts to directly bonded carbons as
well as to adjacent carbons (two-bond deuterium isotope
effect!5), (2) the striking chemical shift differences between
trans and cis C/D ring fusion (2 and 3) allows 13C NMR to
be used as a method for establishing the stereochemistry of
unknown indole or quinolizidine alkaloids, and (3) spin-lat-
tice relaxation times, coupled with deuterium substitution,
are a powerful probe for chemical shift assignments, espe-
cially for nonprotonated carbons, for which other tech-
niques {e.g., the various proton decoupling methods) are
not generally useful.

Experimental Section

Compounds. The syntheses of 1, 1-3-ds, 1-4-ds, 1-6-dy, 1-7-dg,
1-12b-dy, 2, and 3 have been described 811,12

1,1-Dideuterio-1,2,3,4,6,7,12,12b-octahydroindolo[2,3-a]quinoli-
zine (l1-1-ds) was prepared from N-[2-(3-indolyl)ethyl]-2-piperi-
done3* by a seqence involving K3COj-catalyzed deuterium ex-
change,!? POClI; cyclization,?* and NaBH, reduction. 811,12

9-Deuterio-1,2,3,4,6,7,12,12b-octahydroindolo(2,3-a]quinolizine
(1-9-d;) was prepared from 5-bromoindole by a sequence involving
n-butyllithium-D,0 (5-deuterioindole), oxalyl chloride-ammonia-
LiAlH, (5-deuteriotryptamine), and glutaraldehyde—-NaBH,.8?

NMR Spectra. Carbon-13 Fourier transform spectra (0.1-0.5 M
CDCI; with added Me4Si as an internal chemical shift reference)
were run on a Varian XL.-100-15 NMR spectrometer at 25.2 MHz,
except for 1-6-dg and 1-9-d;, which were run on a Bruker HX-270
spectrometer at 67.9 MHz. In general, 8K free induction decays
(FID’s) were acquired over spectral widths of 5 kHz. Some spectra
were obtained with short (<1 sec) pulse intervals while other spec-

‘tra were acquired using pulse intervals of 4-10 sec; in both cases
the H; pulse widths used were <90°.

Spin-Lattice Relaxation Measurements. Carbon-13 T’s were
determined by the inversion-recovery pulse sequence as modified
by Freeman and Hill.3% 7', measurements were separately per-
formed on the aliphatic and unsaturated carbon regions, because
the available H; field was not large enough to allow T, measure-
ments over 4-5 kHz. T’s were determined from semilogarithmic
plots in the usual way.?!:3% No sample degassing was used since 13C
Ty’s <10 seg are not significantly affected by 0.2 atm of Og. T'¢’s re-
ported in this study of 10-20 sec include minor contributions from
dissolved air.
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