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Boron Analogues of Amino Acids. Synthesis and 
Biological Activity of Boron Analogues of Betaine 

Sir: 

As a class of compounds, the a-amino acids are of unques­
tioned importance, being the principal constituents of protein 
and living matter. The postulation of a series of isoelectronic 
and isostructural boron analogues of the amino acids would 
give rise to questions about their chemical stability and the 
possibility of biological activity. Providing important infor­
mation on this subject, we wish to report on the synthesis and 
structure of MeSNBH2CChH (4) the (protonated) boron an­
alogue of the dipolar amino acid betaine, MeSN+CH2CO2

-, 
and its /V-ethylamide derivative (3). Further, we wish to issue 

a preliminary report on the antitumor and hypolipidemic ac­
tivity of these compounds in mice. 

3 and 4 may be obtained by the general scheme shown below. 

Et3OBF, 

Me1NBH2CN • Me1NBH2CNEt+BF4
-

CH1Cl, 4 

1 2 
0 O 

- ^ * Me3NBH2CNHEt - ^ * Me3NBH2COH 
3 4 

Although 1 may be prepared by a variety of methods,1 we have 
found it to be conveniently prepared by the reaction of 
NaBH3CN2 with Me3N-HCl (suspension) in THF.3 The 
7V-ethylnitrilium salt (2) was prepared by refluxing (under dry 
N2) a solution of 1 in CH2Cl2 with 2 equiv of triethyloxonium 
tetrafluoroborate for 24 h. 2 was not isolated but a 1.0 N 
NaOH solution added slowly with vigorous stirring until basic. 
The organic layer was separated and the aqueous layer ex­
tracted three times with CH2Cl2. The combined CH2Cl2 so­
lutions were dried over CaCl2, concentrated (rotary evapora­
tor), and vacuum distilled at 80 0C and 1O-3 Torr to give 3, a 
clear viscous liquid, in 60% yield: 1H NMR (CDCl3) 5 1.07 (t, 
/ = 8 Hz CH2CZZ3), 2.75 (s, CH3N), 3.57 (m, CZZ2CH3), 5.43 
(broad s, NH); 13C NMR (CDCl3) <54 15.3 CH3CH2, 31.5 
CH2CH3, 51.8 CH3N, 182.8 CO; 11B (CDCl3), 50 0C, <55a 7.4 
(1:2:1 t, J = 90 Hz); ir (neat in cm -1) 3289 vNH, 2915 CCH, 
2330 VBH, 1590 amide 1,1480 amide II; mass spectral m/e, 144 
(M+, C6H17

11BN2O). Anal. (C6H17BN2O) C, H, B, N.5b 

To obtain 4, 0.3 N HCl was added to 3 and refluxed for a 
period of 8 h. The solution was evaporated to dryness under 
reduced pressure and the residue washed with CCI4 and ex­
tracted with CHCl3. After evaporation of CHCl3, the residue 
was fractionally crystallized from H2O to give a white crys­
talline solid (dried ufider vacuum, 1 h), mp (under vacuum) 
147 0C with dec. Typical overall yields of 4 from 1 of 25% have 
been obtained.6 1H NMR (D2O) 5 2.72 (s CH3N) 4.65 (s 
HDO); ir (KBr in cm""1) 3130 VOH broad and superimposed 
with ĈH in 2950-3310 region, 2380 VBH, 1645 vco; mass 
spectral m/e, 118 (M+, C4H12

11BNO2). Anal. (C4H12BNO2) 
C, H, B, N.5b 

A ca. 0.15 M solution7 of 4 in distilled H2O (in an evacuated 
flask) was stable towards H2 evolution for a period of 1 month. 
After standing for 1 week (in an evacuated flask) a ca. 0.15 M 
solution of 4 in 1 N HCl gave a 25.7% theoretical yield of H2 
and 52.8% after 3 weeks.8 No changes in the ir spectra of 4 
were noted after exposure to the atmosphere for a period of 2 
months.9 

Attempts to prepare 4 directly by acid or base hydrolysis of 
1 were unsuccessful giving either boric acid or borate salts. This 
result is consistent with the kinetic study by Kelly10 on the 
hydrolysis of 1 to yield B(OH)4

-. Structures 3 and 4 may also 
be viewed as trimethylamine derivatives of boranocarbamate, 
H3BC(O)NHR-, and boranocarbonate, H3BCO2

2-, ions as 
synthesized by Parry and co-workers.10 

The molecular geometry of 4 was established by single-
crystal x-ray analysis. Orthorhombic crystals of 4, grown by 
slow evaporation of an aqueous solution, belong to the space 
group Pna2u with: a = 12.59 (1), b = 5.95 (l),c = 19.54(1) 
A, U = 1464 A3, dm (flotation in heptane-CCl4) = 1.05 g 
cm-3, Z = 8, dc = 1.061 g cm-3. Weissenberg photographs 
of the reciprocal lattice levels recorded from several crystals 
rotating about the a axis consistently showed that diffuse 
streaking was present along festoons with constant k when h 
was odd; the origin of this observation is under further inves­
tigation. For the x-ray analysis the intensities of 1288 reflec­
tions with 8 < 65° were recorded at 25 0C on an Enraf-Nonius 
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Figure 1. Conformation, interatomic distances (±0.017 A), and valency 
angles (±1.0°), averaged according to C, symmetry, in the asymmetric 
crystal unit of MesNBt̂ CC^H; valency angles around nitrogen do not 
deviate significantly from tetrahedral. Small circles denote calculated 
hydrogen atom positions. 

CAD 3 automated diffractometer using Ni-filtered Cu Ka 
radiation (X 1.5418 A) and the 0-20 scanning procedure as 
described previously.11 The structure was solved by direct 
methods using the MULTAN program package.12 Refinement 
of atomic positional and thermal parameters (anisotropic B, 
C, N, O; fixed H contributions) converged at R = 0.109 over 
625 statistically significant [/ > 2.0<r(/)] reflections. The 
conformation and mean dimensions of the asymmetric crystal 
unit which comprises a hydrogen-bonded dimer with approx­
imate Cih symmetry are shown in Figure 1. Although the 
crystal structure of the corresponding carboxylic acid, 3,3-
dimethylbutanoic acid, which lacks the "B-N + dipole and 
consequently has a much lower melting point of 6-7 0C, has 
not been studied the dimensions of 4 may be compared with 
those of other carboxylic acids. The bond length and valency 
angle pattern at the carboxyl group in 4 are similar to that in 
simple carboxylic acids,13 but the 0 -H--0 hydrogen bonded 
distance at 2.714 A in the dimer is slightly longer than the 
corresponding distance of ca. 2.64 A in that same class of 
compounds. The remaining dimensions and molecular con­
formation reveal no unusual features. 

Preliminary in vivo antitumor screens14 in mice have dem­
onstrated significant antitumor activity for 3 and 4 in the 
Ehrlich Ascites screen and for 3 in the P388 Lymphocytic 
Leukemia screen. In the Ehrlich screen, dosages of 33.3 mg/kg 
per day into CF1 male mice resulted in inhibition of tumor 
growth15 of 82.4% for 4 and 69.4% for 3. In the P388 screen, 
using standard NCI protocols,16 compound 3 at a dosage of 
50 mg/kg per day into.DBA/2 male mice exhibited a T/C of 
132 compared to the control 5-fluorouracil of 126. Although 
no specific toxic dose studies have been completed, there have 
been no signs of toxicity exhibited in the tests at these dosage 
levels. 

Betaine and choline have been implicated as cofactors in the 
liver for synthesis of cholesterol. Examinations of the serum 
blood cholesterol levels14 of male mice after dosing with 4 for 
1 week at 1 mg/day resulted in a lowering of serum cholesterol 
by 29%,17 considered to be a significant reduction in the 
mouse. 

The synthesis of other boron analogues of amino acids and 
biological activity studies are in progress. 
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9,10-Dehydroanthracene. A Derivative of 
1,4-Dehy drobenzene 

Sir: 

Dehydrobenzenes have fascinated chemists since the 
suggestion of 1,2-dehydrobenzene (benzyne) as a reaction 
intermediate.1 Benzyne is now a well-characterized molecule2'3 

with a clearly defined triple bond4 and a singlet ground state.5 

The isomeric 1,4-dehydrobenzene which has been reported as 
a transient in time-of-flight mass spectrometry6 poses a par­
ticularly intriguing theoretical problem in that diradical 
(singlet or triplet) and bicyclic structures are possible.7-13 It 

has, in fact, been suggested that the diradical structure for 
1,4-dehydrobenzene and the butalene structure may each 
represent minima on the C6F^ energy surface.13 Chemical 
trapping evidence has been obtained for a 1,4-dehydrobenzene 
with a diradical structure (benzene-1,4-diyl)14 and for a 
1,4-dehydrobenzene with the butalene structure.15-16 We wish 
to describe the synthesis, spectroscopic observation, and 
chemical characterization of 9,10-dehydroanthracene, a de­
rivative of 1,4-dehydrobenzene. 
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