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with methanol to give benzyl methyl carbonatie; benzyl chloride
does not react with methanol under these reaction conditions.
The carbonate/(carbonate + chloride) ratio exceeded 96%.

Acknowledgment. We wish to thank the National In-
stitutes of Health (General Medicine) for support of this
work and the National Science Foundation for fellowship
support.

Registry No.—1, 1885-14-9; 2, 13248-54-9; 3, 108-88-3; 4, 4351-
54-6; (n-Bu)sSnH, 688-73-3.

References and Notes

(1) P. Beak, R. J. Trancik, and D. A. Simpson, J. Amer. Chem. Soc.,
91, 5073 (1969); P. Beak, J. T. Adams, and J. A. Barron, ibid.,
submitted for publication; D. N. Kevill, W. A, Reis, and J. B. Kevill,
Tetrahedron Lett., 957 (1972); W. E. Dupy, H. R. Hudson, and D.
A. Karom, ibid., 3193 (1972); D. N. Kevill, “The Chemistry of Acyl
Halides,” 8. Patai, Ed., Wiley—Interscience, New York, N. Y.,
1972, p 381, and references cited therein.

(2) S. Masamune, P. A. Rossy, and G. S. Bates, J. Amer. Chem. Soc.,
95, 6452 (1973); R. E. Ireland, D. C. Muchmore, and U. Hengart-
ner, ibid., 94, 5098 (1972); R. O. Hutchins, B. E. Maryanoff, and C.
A. Milewski, Chem. Commun., 1097 (1971); 1. T. Harrlson and S.
Harrison, “Compendium of Organic Synthetic Methods,” Wiley-In-
terscience, New York, N. Y., 1971, pp 359-363, 368-375; M. N.
Rerick, "“Reduction Techniques and Applications in Organic Syth-
esis,” R. C. Augustine, Ed., Marcel Dekker, New York, N. Y., 1968,
pp 41-43; M. Smith, ibid., pp 108, 140-142; N. G. Gaylord, “Re-
duction with Complex Metal Hydrides,” Interscience, New York, N.
Y., 1956, p 979.

(3) H. G. Kuivila and E. J. Walsh, Jr., J. Amer. Chem. Soc.. 88, 571
(1968).

(4) H. G. Kuivila, Advan. Organometal. Chem., 1, 47 (1964); H. G. Kui-
vila, Synthesis, 499 (1970).

(5) (a) For analyses which favor this model see P. Cadman, A. J.

White, and A. F. Trotman-Dickinson, J. Chem. Soc., Faraday

Trans. 1, 506 (1972); D. Griller and B. P. Roberts, J. Chem. Soc..

Perkin Trans. 2, 747 (1972); R. K. Solly and S. W. Benson, /nt. J.

Chem. Kinet., 1, 427 (1969). (b) For analyses which favor forma-

tion of carbon monoxide and an aikoxy radical see R. Louw, M. van

den Brink, and H. P. W. Vermeeren, J. Chem. Soc., Perkin Trans.

2, 1327 (1973); A. Goosen and A. Scheffer, J. Chem. Soc., Perkin

Trans. 1, 369 (1972); K. Bartel, A. Goosen, and A. Scheffer, J.

Chem. Soc. C, 3766 (1871).

For representative cases see D. E. Zabel and W. S. Trahanovsky, J.

Org. Chem., 37, 2413 (1972); M. J. Perkins and B. D. Roberts, J.

Chem. Soc., Chem. Commun., 173 (1973); R. Bernardi, T. Caron-

na, R. Galli, F. Minisci, and M. Perchinunno, Tetrahedron Lett., 645

(1973).

(7) J. 8. Matthews, D, C. Ketter, and R. F. Hall, J. Org. Chem., 35,
1694 (1970).

(8) H. E. Carter, R. L. Frank, and H. W. Johnston, “Organic Synthesis,”
Collect. Vol. I1l, E. C. Horning, Ed., Wiley, New York, N. Y., 1955,
p 167, and references cited therein.

(9) J. H. Saunders, R. J. Slocombe, and E. E. Hardy, J. Amer. Chem.
Soc., 73, 3796 (1951); M. Matzner, R. P, Kurkjy, and R. J. Cotter,
Chem. Rev., 64, 647 (1964).

(10) G. V. Frank and W. Caro, Chem. Ber., 63B, 1534 (1930).

(11) P. Carré and D. Libermann, C. R. Acad. Sci., 196, 1419 (1933); P

Carré and D. Libermann, Buil. Soc. Chim. Fr.. 53, 1050 (1933).
(12) P. D. Bartlett and H. F. Herbrandson, J. Amer. Chem. Soc., 74,

>

5971 (1952).

(13) H. G. Kuivila and Q. F. Beumel, Jr., J. Amer. Chem. Soc., 83, 1246
(1961).

(14) K. Hayashi, J. lyoda, and {. Shiihara, J. Organometal. Chem., 10,
83 (1967).

Carbon-13 Nuclear Magnetic Resonance Spectral
Analysis Using Spin-Lattice Relaxation Data and
Specific Deuteration. Thiamine Hydrochloride

Richard E. Echols® and George C. Levy* o

General Electric Corporate Research and Development,
Schenectady, New York 12301

Received December 4, 1973

Carbon-13 spin-lattice relaxation data (the spin-lattice
relaxation time, T4, and nuclear Overhauser effect, NOE)
can be useful parameters for organic spectral analysis.2 In
particular, 3C-1H dipolar T1’s (which account for 13C re-
laxation in large organic molecules) can indicate the de-
gree of proton substitution for each carbon in the molecu-
le.® 13C T4y’s for nonprotonated carbons in these mole-
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cules may also facilitate spectral assignments, since the
efficiency of the dipolar relaxation mechanism for a given
carbon depends strongly on the intermolecular distances
between the carbon and nearby protons,%.d

The sensitivity of T4PP (the dipolar 7) to internuclear
distances can be exploited in another way. When a carbon
bearing protons is selectively deuterated, the *3C Ty for
that carbon increases because the deuterium nucleus has
a smaller magnetic moment than the proton, If all at-
tached protons are replaced by deuterium nuclei, then
T1PD for that carbon will increase by ca. tenfold (combin-
ing much less efficient 13C-2H dipolar relaxation with
18C-1H dipolar relaxation from nearby nonbonded pro-
tons). The effect of deuteration can also be seen on T,PP
for nearby nonprotonated carbons, which depend on non-
bonded protons for their relaxation.

The 13C nmr spectrum of vitamin Bj, thiamine hydro-
chloride, has been published® but many of the assign-
ments were listed as tentative. We report here a *3C nmr
spectral study of this compound. Most of the present reso-
nance assignments were made by use of model compounds
and standard chemical shift correlations.* However sever-
al lines could not be assigned on that basis.

13C chemical shift and spin-lattice relaxation data for
thiamine hydrochloride are given in Table I. Also in Table
I are T data for the partially deuterated compound sepa-
rately prepared and redissolved in CD30OD-D»0. The ex-
change reaction results in pentadeuteration of the ion pair

NH, \rs OH
+N\.3E + &l\/ —D_Q—(T
CH,

CHs 0))]

0

Cl-
deuteration at C-2 is

CHg

complex as shown (the “unusual”
well known?).

A methanol-water solvent system was used in this work
because a small solvent effect resulted in better separa-
tion of the closely spaced peaks corresponding to C-2’ and
C-4’. Assignment of these closely spaced nonprotonated
carbon resonances by conventional methods is not possi-
ble. Even the C-2’ and C-4’ Ty’s (in the nondeuterated
compound) do not distinguish between the two signals
based on distances to nearby protons. Deuteration of the
amino group in the exchange reaction affords definitive
assignments, however. T1PDP for the C-4’ carbon (« to the
NDg group) increases by ca. 300% (see Table I) while the
increase in 7y for C-2’ is three times smaller. For the re-
maining carbons in the partially deuterated compound,
smaller changes in T4PD can be noted (however, note that
ATy is subject to considerable error since it is a difference
between two derived quantities.).

The significant positive AT value for C-4 is interesting,
but as yet we have no certain explanation for this. We
also have no explanation for the substantial negative ATy
values observed for the two CHjs carbons. Possibilities for
the former effect include conformational considerations
such as molecular stacking; the latter effect might indi-
cate a reduced rate of CHj group rotation in the deuterat-
ed medium. Other, more easily interpreted molecular dy-
namics effects are indicated from the data in Table 1. For
example, T4’s for the 2’-CHjs and 4-CHjs carbons indicate
that both CHj groups are spinning rapidly. The 5-« and
5-83 CH; carbons and also the ring-bridging CH, group un-
dergo some group segmental motion.2¢
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Table I
13C Nmr Data for Thiamine Hydlt'ochloridefL
CH;,
i g
*+N:
1\ CH3
Chemical —~—————CH;0H-H,0° CD;0D~-D:0%———————
shift? T NOE T,PD ¢ T NOE TDDe ATPD, g d
Pyrimidine Ring
C-2’ 163.78 4.7 1.7 5.5 7.1 1.3 10.9 +98
C-4' 164.18 4.2 1.7 4.9 9.8 1.0 19.6 +300
C-5' 106.50 4.7 1.8 5.2 4.5 1.9 4.7 —-10
C-6’ 146 .44 0.37 2.0 0.37 0.31 2.1 0.31 —16
2’-CH; 21.93 1.2 2.1 1.2 0.8 1.9 0.8 —33
Thiazole Ring

C-2 155.28 0.30 2.0 0.30 f f
C-4 143 .62 6.2 1.8 6.9 6.9 1.6 8.6 +4-25
C-5 137.30 6.4 1.9 6.7 6.4 1.9 6.7 0
5-a~-CH, 30.34 0.37 2.2 0.37 0.32 2.0 0.32 —14
5-8-CH,; 61.04 0.34 2.1 0.34 0.34 1.9 0.36 +6
4-CH, 12.20 1.2 2.1 1.2 0.85 2.0 0.85 —29

Bridging CH,

50.96 0.28 2.0 0.28 0.24 2.0 0.24 —14

@ 1.2 M in stated solvent systems, 25.2 MHz, 38 =+ 3°, b In parts per million downfield from TMS (internal dioxane §
67.40). < 1:1 methanol-water solvent (see text). Estimated errors: T, (sec) +5-10%, NOE () +0.1-0.2, T\PD (sec) 10—
20%. ¢ AT\PD = [T\PD (partially deuterated) — T,DPP (protio) ]/ T, PP (protic) X 100. ¢ T,DP calculated from (T4)(1.99) /NOE
observed. Experimental NOE’s are given but (physically impossible) NOE’s larger than 2.0 were not used in calculations

of T,PD; instead 2.0 was used in those cases. / Not measured.

We are using this technique to confirm 18C nmr spectral
assignments for other natural products. For example, in
the alkaloid below, spectral assignments for the nonproto-
nated olefinic carbons were confirmed by deuteration at
carbons 7 and 12b.8

Dideuteration at C-7 increased T for the resonance as-
signed to carbon 7a by ca. 100% while the other nonproto-
nated carbon 7T4’s were increased by only 30-40%. Deute-
rium substitution at 12b lengthened the 12a carbon Ty by
45% while not appreciably affecting the other carbons (all
T4’s were predominantly dipolar).

Experimental Section

The T4 values in Table I were obtained with an inversion-re-
covery pulse sequence. Both direct and indirect NOE’s were ob-
tained; the values reported in Table I are averages of several
runs. Direct NOE’s were measured on *H decoupled spectra using
pulse-modulated decoupling. NOE’s of 1.7-1.8 indicate minor but
probably significant contributions from other relaxation mecha-
. nisms.

In the pulse-modulated {1H} experiments, *8C pulse intervals >
~4T, for all carbons were used. Wideband {1H} decoupling (ca. 15
W) was gated on only during tha data acquisition periods (typi-
cally 0.8 sec). The nuclear Overhauser effect does not grow in
during an individual free induction decay acquisition, even if Ty
is much less than 1 sec (e.g., for the protonated CH and CHy car-
bons); the long delays between pulses eliminate previously gener-
ated NOE through 13C-1H relaxation processes.

Registry No.~Thiamine hydrochloride, 67-03-8.
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The isopropylidene group is a commonly occurring
structural feature found in naturally occurring products.?
In order to demonstrate the application of a simple proce-
dure for the introduction of this grouping in synthetic
routes to natural products, we wish to report the conver-
sions of the carboxylic acid 1 into the monoterpene terpin-
olene (2) and the aldehyde 3 into the sesquiterpene (%)-
a-curcumene (4). The overall transformations introduce
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