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Figure 1. Stereoscopic view of the molecule l ib. 

proton at 4.49 (d, J-,,, = 2 Hz, 7/3-H), one Ci/OAc 
proton at 4.85 (s, 120-H), one CrYOAc proton at 5.44 
(t, J«,i = 2 Hz, J6,e = 0.5 Hz, 6a-H) (observed by de­
coupling' experiments). The structural assignment of 
this compound was settled by careful oxidation with 
Jones reagent (60 min, 10°), whereupon barbatusin 
(Ia) was obtained in 80 % yield. 

Cyclobutatusin (Ha) and 3/3-hydroxy-3-deoxobar-
batusin (Ib) join the class of natural products with a 
cyclopropane ring, the biological and biogenetical im­
portance of which is now fully recognized.7 Although 
a number of monoterpenes and sesquiterpenes with a 
four-membered ring are known,8 cyclobutatusin ap­
pears to be the first naturally occurring substance in the 
diterpenoid series with such a feature. The formation 
of cyclobutanol derivatives upon irradiation of ste­
roids9 and triterpenoids10 has been extensively studied 
and our present findings raise the question of whether 
cyclobutatusin is part of a biogenetic sequence for 
quinonoid-type diterpenes3 or whether it may be the 
product of a photochemically induced reaction of a 
barbatusin-type precursor. Investigations to resolve 
this question are now in progress. Pharmacological 
testing involving antitumor and antibacterial assays 
with barbatusin and cyclobutatusin are under way and 
will be reported in due course.l x 
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A Model for the Proton Transfer Stages of the 
Biological Transaminations and Isotopic Exchange 
Reactions of Amino Acids: 

Sir: 

Stereospecific transamination reactions are important 
to the biological elaboration of amino acids.2 The 
enzyme-catalyzed reactions of eq 1 are stereospecific, 
and the proton (or isotope) transfer occurs intramolecu-
larly.34 Pyridoxal-containing enzymes catalyze iso­
topic exchange of the a hydrogens of L-amino acids 
with a high retention of configuration.5 The reactions 
of eq 2 were stereospecific and occurred partially intra-
molecularly.6 The starting imine underwent isotopic 
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exchange with the medium with high retention.6 The 
reactions of eq 3 now have been studied. 

CH2OH CO2H • 

O) -CHDNH2 -H O=C 

CH, OH 

CO2H CH2OH 

N O/ - C H 0 + H2N-C^-H(D) (1) 

CH, OH R 

CH, D(H) 

J I 
CH 1 -C-N=C-C(CH 1 ) , 

(CFUCOH(D) 

(CH1)COK 

CH1 
^ H"-7.C—W C(CH1); 

(-HS)-I 

CH1 D(H) 

I J 
C 6 H 1 - C = N - C - C ( C H 1 1 ) , (2) 

H(D) 
CO2C2H-, 

C-^ (CH1I1COH(D) 

DBN 

„, ..CO2C2H, 
N-C^H(D) 

''"C(CH11), 

(3) 

(-)-(S)-2 

Optically pure (—)-(S)-a-(4-pyridyl)ethylamine7 

((-)-(5)-3) with8 ethyl trimethylpyruvate9ab gave 
(51 %) (-)-(S)-l8 a-d [a]26546 -93.3° (c 0.570, C2H6OH). 
Optically pure (+)-(S)-ethyl 2-amino-3,3-dimethyl-
butanoate ((+)-(S)-4)H~° and 4-pyridyl methyl ketone7 

gave(65%)(-H5)-2,9a-d[a]26646-53.2°(c0.41,CHCl3). 
Pmr and glc analyses93 indicated that 1 and 2 were geo­
metrically pure. Molecular models (Corey-Pauling-
Koltun, CPK) of only these geometric isomers are able 
to be assembled. Hydrolysis of (-)-(S)-l9° (1 N HCl 
at 0°) gave optically pure (-)-(S)-3, and (-)-(S)-29° 
gave optically pure (+)-(S)-4. Reflux (60 hr) of (±)-3 
and paraformaldehyde in D2O-CF3CO2D (pD 4.5) 
gave (68%) 3-rf,9ab 0.97 atom of D in the a position 
(pmr). This material was converted to l-rf,9a_e 

>95% of one atom of D.9e Amino ester 49a'b was re­
solved (35%) to optical purity (1:1 dibenzoyl-d-tar-
tarate salt) to give (+)-(5)-4,9a-d [a]26

54e +58.3° (c 0.64, 
CHCl3). Control experiments demonstrated that 
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machine (125°). (e) Deuterium analyses were performed mass spec­
trally on an AEI MS9 with direct insertion and involved molecular ions 
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(-)-(S)-3 and (+)-(S)-4 were optically stable to g l c> d 

Hydrolysis (H3O+CI-) of (+)-(S)-4 gave (-)-(S)-tert-
leucine, [a]25

646 -8 .9° (c 1.40, H2O), of known con­
figuration.10 That (+)-(5)-4 was optically pure was 
demonstrated by its mild hydrolysis and conversion11 

to (+)-(S)-terMeucine-./V-tosylamide,9a'b mp 240-242°, 
[a]26646 +51.3° (c 1.02, C2H6OH). Independent resolu­
tion (brucine salt) of the racemate9ab gave identical 
material.9ab 

Reactions were conducted at 50° in (CH3)3COH(D)-
0.5 M DBN-0.40 M 1, or 0.10 M 2. Glc analysis,93 

separation,90 and polarimetric and isotopic analyses96 

of 1 and 2 obtained after 30-60 % conversions provided 
estimates of pseudo-first-order rate constants (one 
point) for 1 -* 2 (kt), ( - ) - l - (± ) - l (kay, ( - ) -2 -
(±)-2 (kay, 1-h -* 1-d (fce)1"*, and 2-h -> 2-d (Ky-". 
Control runs (internal standards) demonstrated >99% 
of 1 plus 2 accounted for, no changes in amounts or 
rotations during isolation, and no reactions without 
DBN. After 811 hr, 1-h gave 2-h with <0.5% of 1-h 
remaining. Thus, K = [2]/[l] > 200. Rate constant 
ratios (two-five runs each) were: (fcj/A^KOH1"* ^ 1.6-
1.9; (fc^ROD1"*=* 1.5-1.9; (fce/fc«)ROD1-A~0.23-0.28 
(DBN-DI (0.003 M) was present); (ke/ka)n0D

i'h ^ 
7-10 (DBN-DI (0.005 M) was present); (/C^ROH»-*/ 
(^)R0H

2-" ~ 30. .Values for (A^ROD1"", (*.)BOHW , and 
(/COROH1'" were estimated, and the 2 isolated was analyzed 
for deuterium. Optically pure ( — )-(S)-l-h in ROH 
gave (~)-(S)-2-h of 10% optical purity. Optically 
pure (-)-(S)-l-h in ROD gave (-)-S-2 of 9-12% opti­
cal purity (several runs). 

Stereochemical rate constants k\, k2, and Ar3 of Chart I 

Chart I 

(-)-l-h 

i\ X 
(-H)-W 

(-)-Z-h 

( + )-2-h 

were estimated from the values of kt and ka, enantiomer 
concentrations of 1 and 2 at times /, and equations 
previously developed.66 Pseudo-first-order rate con­
stants X 106 sec -1 were: fei ~ 1.5; Ar2 ~ 0.68; fc3 

~ 0.93. Thus, at 50°, /ci//c3 ~ 1.6. In similar experi­
ments at 25°, ki/kz ~ 2.2. 

Isotopic exchange rate constants, fc4, k6, and fc6 of 
Chart II, were estimated from values of (ke)-RODl'd and 

Chart II 

(fce)ROD2'J, the concentrations of 1-h, 1-d, and 2-h at 
times t and three simultaneous kinetic equations (steady 
state) derived similarly613 to those for Chart I. Pseudo-
first-order rate constants X 106 sec -1 were: A:4 ^ 
0.34; kb ~ 0.28; fc6 ~ 1.45. At 50°, A:6/A:4 ̂  4. 

Our conclusions are: (1) suprafacial dominated 
over antarafacial isomerization of 1 to 2. The net 
stereospecific component, 100% (kx — k3)/(ki + k3) 
~ 23%, is explained by the conducted tour process, 
(-)-(S)-l -* A -* B -* (-)-(S)-2. The large pyridyl 

(10) H. Pracejus and S. Winter, Chem. Ber., 97, 3173 (1964). 
(11) D. Theodoropoulos and L. C. Craig, J. Org. Chem., 21, 1376 

(1956). 
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(-XS)-I 
DBN 

(-)-(S)-2 -
-DBN 

^ + CH3 CO2C2H5 

^ N H . . . I I 

y p - / ^ N / ^C(CH3), 

CO2C2H5 

( F - H N ^ 

C(CH3J3 

and fert-butyl groups maintained geometric homo­
geneity in 1, 2, A, and B. The >NH + group is vis­
ualized as being above the plane of the azaallylic 
system. (2) Isotopic exchange during isomerization 
dominated over intramolecularity by a factor of 4. 
(3) Imine 1 racemized with a large isoinversion 
component, probably by a conducted tour mech­
anism involving a symmetrical >NH + - • -N - C 6 H 4 =C-
stage.7 (4) Imine 2 underwent isotopic exchange with 
high retention of configuration. A likely mechanism12 

involves these stages. 
* +DOR 

: R-- • -HOR- • DN+< >-RH + R O - - D N + < I 

R- - -DOR-- -DN + < 

- H O R 

RD + RO- -DN+< 

The structural similarities between imines 1 and 2 
and their biological analogs provide similar reaction 
pathways. The biological3 and model systems both 
possess a stereospecific and intramolecular pathway 
for a suprafacial 1,3-proton transfer across an aza­
allylic anion. Both possess a stereospecific pathway 
for an isotopic exchange reaction (retention of con­
figuration) between the a hydrogen of a derivative of 
an amino acid and the medium. The model differs 
from the biological system by providing competing 
stereochemical and isotope-labeling reaction pathways. 
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Almy, D. H. Hoffman, K. C. Chu, and D. J. Cram, ibid., 95, 1185 
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Angular Dependence of /3-Carbon Atom Hyperfine 
Coupling Constants1 

Sir: 

The early observations of the epr constants, a0
c, 

for /3-carbon atoms in free radicals were related to 
carbon-carbon hyperconjugation.'2 Progress in the 
area has been slow, however, due to difficulties in the 
synthesis of 13C-enriched compounds and in the 

(1) This research was supported by the National Science Foundation. 
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Rassat, P. Servoz-Gavin, and G. Berthier, J. Chim. Phys. Physicochim. 
Biol, 1247 (1962). 

spectroscopy of 13C in natural abundance. Sub­
sequent investigators have adopted eq 1 where pp* is 

af = pP%Boc + B2O(COS* O)) (1) 

the spin density in the adjacent p orbital, 6 is the di­
hedral angle, and B<p and Bf are empirical constants 
for the analysis of their spectroscopic results.2-3 In 
the absence of positive information, it has been as­
sumed that Boc is near zero,3 Curiously, the estimated 
values of Bf range from 10 to 20 G.2"-3 The wide 
range may be due, in part, to reliance on data for 
molecules of uncertain conformation and difficulties in 
spectral interpretation. On the other hand, Russell 
and his associates have noted that the ctpc data for 
semidiones do not conform to a simple (cos2 6) re­
lationship.315 The INDO theory4 predicts that a?

c for 
the H-propyl radical is linearly dependent on (cos2 8), 
with B0

C = 1.1 G and B2
0 = 13.8 G. These anom­

alies, the renewed interest in carbon-carbon hyper­
conjugation,5 and the potential use of af for conforma­
tional analysis prompted us to study the contact chem­
ical shifts of /3-carbon nuclei resulting from the in­
teraction of aniline derivatives, 1-8, with nickel acetyl-

J ^ J®2> ^k 
a 0 

1,R-CH2CH3 

2,R-CH(CH3), 
3,R-CH(CHj)2 

4,R-CXCHa)3 

j®& H2N 

acetonate6 to establish the angular dependence in an 
unambiguous way. 

The resonance signals for 1-8 are readily assigned 
on the basis of known correlations.7 The contact 
chemical shifts, af, were measured in the usual way.6 

The shifts relative to the shift, <rm°, for the meta carbon 
atom are summarized in Table I. 

The results for the aryl carbon atoms correspond well 
with prior work with negative values for ax

c and 
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