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t rum of 9,9-dimethyl-10,10-diphenyl-9,10-dihydro-10,-
9-borazarophenanthrene (VI) in the region >320 m/i. 
Since the ultraviolet spectrum of I I I appears to bear 
a closer resemblance to tha t of VI than to tha t 
of V, this implies tha t the aluminum and nitrogen 
centers in I I I are tetracoordinated also. Whether the 
degree of association (x) of aluminazarophenanthrene 
units in I I I is variable8 or whether the at tractive possi­
bility of a compact dimer unit (x = 2) is realized9 re­
mains to be resolved. 

The foregoing study enhances the feasibility of 
synthesizing other pseudophenanthrene systems by 
treating suitable 2-substituted biphenyls (HO-, HS- , 
H P ( R ) - , etc.) with group I I I organometallics. These 
extrapolations are receiving our earnest attention. 

Acknowledgment.—The authors wish to express 
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(8) A. W. L a u b e n g a y e r , K. W a d e , and G. Lengnick, lnorg. Chetn., 1, 
632 (1962). 

(9) Cf. J. I. Jones a n d W. S. M c D o n a l d . Proc. Chem. Soc, 366 (1962). 
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A New Carborane, B9C2Hn, and Its Derivatives 

Sir: 

In recent months a great deal of interest has de­
veloped with regard to the carboranes o-,1 m-,2 and p-3 

B10C2H12, B6C2H7,4 B4C2H8,* B4C2H6,4b'c and B3C2H6.40 

We have recently prepared a new carborane, B9C2Hn, 
and representative C-alkyl, C-aryl, and C,C'-dialkyl 
derivatives. These carboranes were obtained in mod­
erate to high yields by pyrolysis of the corresponding 
B9C2H13 derivatives6 at 110-150° in a suitable organic 
solvent. The B9C2Hi3 intermediates were generated in 
situ by treating the cesium or potassium salts of the 
proper B9C2H1 2" ion6 with polyphosphoric acid in the 
presence of solvent. At temperatures above 100°, 
hydrogen is briskly evolved and the resulting carborane 
is separated by distillation in vacuo. Table I presents 
representative yield and characterization data. The 
B9C2H11 carboranes survive brief exposure to moist 
air. 
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TABLE I 

YIELD AND CHARACTERIZATION DATA FOR B9C2H9RR' SPECIES 

, Analysis , % 
Yield, . Calcd. F o u n d 

R R ' M,p . , 0 C , % C H B C H B 

H H 212-213 22 18 .13 8 37 7 3 , 5 0 18 .40 8 ,64 73 .44 
C H j H 8 4 - 8 4 . 5 60 2 4 . 5 9 8 .94 66 46 2 4 . 6 8 8 .90 66 63 
CHs C H 1 57-58 75 2 9 . 9 2 9 42 60 66 30 17 9 .01 6 0 , 3 8 
CsHs H 3 7 - 3 7 . 8 57 4 6 . 0 7 7 . 25 4 6 . 6 9 46 87 7 . 5 7 46 14 

Aside from the elemental analyses obtained, each 
carborane described in the table exhibited the parent 
peaks in its mass spectrum which coincided with the 
assigned empirical formulas containing a random 
distribution of 10B and 11B isotopes in their natural 
abundance. 

The infrared spectrum of the parent B9C2H ii con­
tained a B - H stretching band at 3.S8 fj. and a C-H 
stretching band at 3.27 n. Although the 11B n.m.r. 
spectra of B 9 C 2 H n and its alkyl and aryl derivatives 
have not been unequivocally interpreted, the spectra 
obtained at 60 Mc./sec.7 are consistent with an eleven-
particle icosahedral fragment related to B9C2Hi2",6 

B11Hi4
- ,8 and B n H 1 3

2 - . 8 Degradation of the C-phenyl 
and C,C'-dimethyl derivatives with a palladium cata­
lyst and propionic acid at the reflux temperature was 
quite vigorous and afforded toluene (7%, yield) and 
ethane (67% yield), respectively. The similar deg­
radation of the C-phenyl derivative of 0-Bi0C2Hi2 

produced only ethylbenzene ( 2 1 % yield). Thus, the 
chemical evidence available suggests tha t the carbon 
atoms in B 9 C 2 H n are not near neighbors and tha t 
carborane formation is accompanied by rearrangement 
of the carbon atoms.9 

Additional evidence suggests tha t the gross struc­
tural features present in B 9 C 2 Hi 2

- are retained in B9C2-
H n . Trea tment of the B9C2Hn carboranes described 
above with a variety of ligands produced monoadducts 
of the general formula B9C2Hn(ligand) which are iso-
electronic with B 9C 2Hi 2

- . Representative ligands in­
clude triphenylphosphine (m.p. for the C-phenyl deriva­
tive, 255° dec. Anal. Calcd. for B9C26H30P: C, 
66.32; H, 6.42; B, 20.68. Found: C, 65.78; H, 
6.79; B, 22.62) and triethylamine (m.p. for the C-
phenyl derivative, 157-159° dec. Anal. Calcd. for 
B9C14H30N: C, 54.28; H, 9.77; B, 31.44. Found: 
C, 52.57; H, 9.89; B, 32.24). Titration of B9C2H10-
(CeH6) with methoxide ion in methanol was typical 
for a strong acid and 1 equiv. of base was consumed 
(equiv. w t , 206.8; theory, 208.6). 

Further studies are in progress and will be reported 
at a later date. 
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w-propyl group at C-4 and confirmed the L- configura­
tion. The amide of one of the two diastereomers so 
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Chemical Studies on Lincomycin. I. 
The Structure of Lincomycin 

Sir: 

The antibiotic l incomycin1 - 6 has been found to have 
structure 1 as shown by the following data. Linco-

C H 3 C H 2 C H 2 ^ 

SCH3 
1,R = H 
2,R = Ac 

mycin, CIgH34N2OeS, contains one N-methyl, two 
C-methyls, one basic function, pKj = 7.5, and 
gives a negative iodoform test.6 The infrared ab­
sorption is indicative of a monosubstituted amide 
(1530 and 1640 c m . ' 1 ) . A tetraacetate, 2, and iso-
propylidene lincomycin, 3, could be prepared. Aque­
ous 2 N acid liberated methanethiol and another frag­
ment isolated as the phenylosazone 4, C2QH42NeOs. 

H - C = N - N H C 6 H 5 

C=N-NHC 6H 5 

H O - C - H 

H O - C - H 

H - C - O H Q 
1 » 

H - C - N H - C 
H-COH 

I 
CH3 

CH3 

A vigorous acid hydrolysis freed an amino acid, 5, 
C9HnNO2 . Preliminary comparisons with L-hygric 
acid and n.m.r. studies suggested an w-propylhygric 
acid. Rotational shifts on acidification suggested the 
L-series.7 Synthesis from 4-keto-L-proline8 placed the 
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formed was found to be identical with tha t obtained 
from lincomycin. Oxidation9 of 5 to (./?)(+ ^propyl -
succinic acid showed it to be 2raws-L-4-w-propylhygric 
acid. 

Lincomycin and its acetonide (3) took up 4 and 2 
moles of periodate, respectively. Its nickel desulfuriza-
tion product, CnH32N2Oe, 6, consumed 2 moles, liber­
ating 1 mole of formic acid. 

Hydrazinolysis cleaved 1 into 5 as the hydrazide and 
compound 7, CgH18NO5S, methyl a-thiolincosaminide. 
The base 7, pKJ = 7.5, containing no amide, gave a 
negative iodoform test6 and consumed 5 moles of perio­
date. Acylation of 7 with the propyl carbonate mixed 
anhydride of 5, both natural and synthetic, yielded 
crystalline 1 as the hydrochloride. Two acetyl deriva­
tives, 8 and Q, were obtained. The n.m.r. spectrum of 7, 
in addition to suggesting galactose stereochemistry and 
an axial methylthio function,10 displayed a distinct 
doublet of doublets centered at <5 3.3, J = 10.5 and 3.0 
c.p.s., suggesting, in contradiction to the earlier iodo­
form data, tha t the hydrogen on the carbon bearing 
nitrogen was split by only two hydrogens. Therefore, 
the amine was not adjacent to the terminal methyl 
group. 

CH3 

I 
: C 3 H 5 

CH3 

HO-H 

C—HN-H 

H 0 HOj-O 

kW 
7, R1 = It, = H 
8, R1 = H; R, =Ac 
9, R1 = K2 = Ac 

Conversion of 8 to acetonide (10), hydrazinolysis to 
11, followed by oxidation, first with periodate, then with 
nitric acid, afforded mucic acid, confirming the galacto-
pyranose configuration. Borohydride reduction of the 
above periodate product (not isolated), hydrolysis with 

(9) A. Neuberger , J. Chem. Soc, 420 (1945); G W. Kenner , J. S Da lby . 
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