
DECEMBER 1967 NOTES 4053 

was achieved, the reaction temperature gradually being in- 
creased to  reflux. The flask was purged with nitrogen to 
remove excess phosgene, the solvent was evaporated, and the 
residue was distilled in vacuo. There was afforded 16.75 g 
(59.2%) of 111: bp 100-103° (0.3 mm); mp 30-33". 

Anal. Calcd for C8H4C1N02: C, 52.93; H, 2.22; N, 7.71; 
C1, 19.53. Found: C, 53.05; H, 2.42; N, 7.74; C1, 19.49. 

Di-n-butylamine titration: Calcd mol wt, 181.56. Found: 
mol wt, 181.3. 
2-Diethylamino-4H-3,l-benzoxazin-4-one (IV, R = C2H6).- 

A solution of 2-isocyanatobenzoyl chloride (3.6 g, 0.02 mole) in 
benzene (10 ml) was added during 5 min at  24-70' to a solution 
of diethylamine (2.9 g, 0.04 mole) in benzene (20 ml). On 
cooling, diethylamine hydrochloride (2.0 g, 91.4 %) precipitated 
and was removed by filtration. The solvent was evaporated 
and the remaining traces of amine hydrochloride were pre- 
cipitated with ether and were removed. There was afforded 
4.3 g of I V  (R  = C Z H ~ )  as a colorless oil: infrared spectra A%:!: 
C=O, 1761; C=N, 1667 cm-1. 

Anal. Calcd for C12H14N202: C, 66.03; H, 6.47; N, 12.84. 
Found: C, 65.73; H, 6.61; N, 13.00. 
2-Di-n-butylamino-4H-3,l-benzoxazin-4-one (IV, R = n-C4- 

HQ).-A solution of 2-isocyanatobenzoyl chloride (5.4 g, 0.03 
mole) in benzene (25 ml) was added during 5 min at  24-70' 
t o  a solution of di-n-butylamine (7.7 g, 0.06 mole) in benzene 
(50 ml). The reaction mixture was worked up in the manner 
stated above and there was afforded 7.9 g (96.3%) of IV 
( R  = n-C4HQ) as a greenish oil: infrared spectra Xc,c,l: C=O, 
1761; C=N, 1667 cm-1. 

Anal. Calcd for C18H?2N~02: C, 70.04; H, 8.08; N, 10.21. 
Found. C, 69, 70; H, 8.14; N, 10.25. 

Reaction of 2-Isocyanatobenzoyl Chloride with Isopropyl- 
amine.-2-Isocyanatobenzoyl chloride (1.8 g, 0.01 mole) was 
added slowly with stirring to a solution of isopropylamine (1.18 
g, 0.02 mole) in benzene (15 ml). The precipitated solid 
products were collected and the isopropylamine hydrochloride 
was removed with mater. Thus, 0.85 g (41.6%) of 3-isopropyl- 
quinazoline-2,4-dione (VI,  R = i-CaH;) was obtained: mp 193- 
194' (lit.* mp 188'); infrared spectra A::: NH 3279; C=O 1704, 
1639 cm-l. 

Evaporation of the mother liquor afforded 1.0 g (49%) 
of 2-isopropylamino-4H-3,l-benzoxazin-4-one (V, R = i-CaHr) : 
mp 138-140" (methanol); A",; NH 3289; C=O 1736; C=N 
1667 cm-I. 

Anal. Calcd for C11HlzN202: N, 13.72. Found: N, 13.81. 

Registry No.--III,5100-23-2; IV, R = CzH5, 14128- 
51-9; 
14128-53-1. 

IV, R = TL-C~HS, 14128-52-0; V, R = i-CaH,, 

(8) R. P. Staiger and E. C Wagner, J .  Org. Chem., 18, 1427 (1953). 
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Kaiser and co-workers2 have reported the opening 
of the cyclopropane ring in trans-N-(2-phenylcyclo- 
propy1)formamide by lithium aluminum hydride and 
have described a mechanism for this reaction. We 
have observed that the lithium aluminum hydride re- 
duction of IS-cyclopropyl-cr,cr,a-trifluoro-m-toluamide 

(1) Presented in part a t  the 154th National Meeting of The American 

(2) C. Kaiser, A. I3urger, L. Zirngibl, C. S. Davis, and C. L. Zirkle, J .  
Chemical Society, Chicago, 111.. Sept 1967. 

O w .  Chem., 27, 768 (1962). 

(I) in tetrahydrofuran results not only in an analogous 
ring opening but also in a stepwise defluorination of 
intermediate products to  give m-methyl-N-propylben- 
zylamine (VI) (Scheme I). 
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The hydrogenolysis of the aryltrifluoromethyl group 
was completely unexpected. Moreover, this is not a 
general reaction, for when m-trifluoromethylacetani- 
lide is reduced with a large excess of lithium aluminum 
hydride, the expected product, N-ethyl-(m-trifluoro- 
methyl)aniline, is obtained in good yield. Under the 
same conditions 2-(trifluoromethy1)phenothiazine and 
2-(trifluoromethyl) benzimidazole are recovered essen- 
tially unchanged. 

Hydrogenolysis of C-F bonds by lithium aluminum 
hydride in aliphatic systems has been described pre- 
viously by Papanastassiou and Bruni3 and by Pettit 
and Smith.4 We are unaware of any references to 
reduction of aryltrifluoromethyl groups with this re- 
ducing agent. However, methods for the conversion 
of aryltrifluoromethyl groups to  methyl groups by use 
of Raney cobalt and nickel alloys5 and also by electro- 
chemical reduction6 are known in the literature. 

The products obtained by the reaction of I with 
lithium aluminum hydride were isolated by partition 
chromatography and identified by comparison of their 
physical constants with those of authentic materials. 
The nmr spectra are summarized in Table I. Ex- 
pected patterns were obtained in each case. The chief 
distinguishing feature of m-(difluoromethy1)-N-pro- 
pylbenzylamine (IV) was the triplet centered a t  6.6 
ppm ( J  = 57 cps) which is characteristic for a proton 
on a carbon atom also bonded to  two fluorine atoms. 

Product distributions of crude mixtures obtained 
under a variety of reaction conditions are represented 
in Table 11. The approximate ratios were derived 
from the nmr spectra. 
(3) Z. B. Papanastassiou and R. J. Bruni, ibzd. ,  19, 2870 (1964). 
(4) G. R. Pettit and R. L. Smith, Can J. Chem., 43, 572 (1964). 
(5) N. P. Buu-Hoi, N. D. Xuong, and N. V. Brtc, C o m p t .  Rend., 317 (21), 

(6) H. Lund, Acta Chem. Seand., 13, 192 (1959).1 
3182 (1963). 
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TABLE I 
NMR SPECTRA O F  N-CYCLOPROPYL-ff,~,ff-TRIFLUORO-~-TOLUAMIDE (I) AND REDUCTION PRODUCTS~ 

Compd a b C d e f g R Aromatic 
I 0.7m 2.9m(4) b CF3 7.27-8.25m 
I1 0.5m 2.2m(5) 1.85 3 . 9  CF3 7.38-7.67m 
I11 1 .35  3.83 0.95t(7) 1.5m(7) 2.62t(7) CF3 7 . 5 - 7 .  65m 
IV 1 .36  3 . 8  0.93t(7) 1 .5m(7.5)  2.63t(7) (CHF2)6.6t(57) 7 42-7.58m 
VI  1.22 3.71 0.92t(7) 1.5m(8) 2.62t(7) (CH3)2.32 6.9-7.2m 

Absorp- 
All others are singlets. 

Signal for NH superimposed upon signal for aromatic protons. 

a Spectra were determined in CDCll solution on a Varian A-60 spectrometer with tetramethylsilane as internal standard. 
tions are given in parts per million. 
Figures in parentheses are coupling constants in cycles per second. 

Signals are designated as follows: t, triplet; m, complex multiplet. 

TABLE I1 
RATIOS OF PRODUCTS IN THE REACTION OF 

N-CYCLOPROPYL-a,a,a-TRIFLUORO-m-TOLUAMIDE WITH 
LITHIUM ALUMINUM HYDRIDE 

Molar 
ratio Reflux -Ratio of isolated productaa- 

LiAlH4:I period, 111 I1 I11 I V  V I  
1 . 5 : l  1 5  75 25 

2 :  1 3 55 40 5 
2: 1 24 20 50 30 
4: 1 48 30 60 
4: 1 72-81 276 65 

a Determined from nmr spectra by comparison of relative 
integrals of appropriate protons. Ratio based on yields 
obtained by partition chromatography. 

It is evident from these data that after initial reduc- 
tion of the carbonyl group, ring opening of the cyclo- 
propyl ring occurred even under mild conditions. 
Relatively little fluorine was removed after 3 hr a t  
reflux temperature in a reaction with 2 mole equiv of 
lithium alurninum hydride. Under increasingly vig- 
orous conditions, attack upon the trifluoromethyl 
group took place with the gradual removal of the 
fluorine atoms. 

Sone  of the nmr spectra of crude reaction mixtures 
gave any evidence for the presence of V, a monofluoro 
species. One might expect to observe a doublet a t  
approximately 4.5-5 ppm ( J  = ca. 50 cps) attributable 
to the protons of the -CH2F group if this intermediate 
were present,. Such was not the case and this region 
was always essentially clear of signals. 

I n  contrast to the results of Table 11, the reduction 
of I with diborane according to the procedure of Brown 
and Heim7 gave a 93% yield of Tu'-cyclopropyl-m-(tri- 
fluoromethyl) benzylamine (11), free of by-products as 
determined by thin layer chromatography. 

Experimental Section 
General procedures are given below for the preparation of the 

compounds described in this paper. Temperatures are uncor- 
rected. Infrared spectra were recorded with a Perkin-Elmer 
Model 137 Infracord. Thin layer chromatograms were devel- 
oped on silica gel G plates usually with a 7 :3  methanol- 
chloroform solvent system. Other solvents used were ethyl 
acetate and TWa (the upper phase of a mixture of 1 part 
benzene, 2 parts water, and 2 parts of acetone). Spots were 
visualized by development of the plates in iodine. Partition 
chromatography was carried out with diatomaceous silica as 
adsorbent. Heptane-methanol and heptane-Methyl Cello- 
solve solvent systems were used. Per cent transmission was 
measured a t  225 mp. 

( i )  H. C. Brovn and P. Heim, J .  Am. Chem. Soc., 86, 3566 (1964). 

N-Cycloprop yl-a,a,a-trifluoro-m-tolu amide (I) .-m-Trifluoro- 
methylbenzoyl chloride (10 g, 0.05 mole) dissolved in 25 ml of 
dry benzene was slowly added with stirring and cooling to 6 g 
(0.1 mole) of cyclopropylamine in 50 ml of benzene. Precipi- 
tation began immediately. After 24 hr the precipitate was 
filtered off and washed with ether. The organic phases mere 
combined, washed three times with water, dried (MgS04), and 
concentrated. The crude product, a white wax, was recrystal- 
lized from hexane. The yield of N-cyclopropyl-a,a,a-trifluoro- 
m-toluamide, mp 83-44', was 9.7 g (85%). 

Anal. Calcd for C11H1oFaNO: C, 57.6; H, 4.4; F, 24.9; N, 
6.1. Found: C, 57.4; H, 4.7; F, 24.9; N, 6.0. 

The Lithium Aluminum Hydride Reduction of N-Cyclopropyl- 
a,a,a-trifluoro-m-toluamide. Procedure A.--A solution of 1 
part of N-cyclopropyl-a,a,a-trifluoro-m-toluamide ( I )  in 50 
parts of tetrahydrofuran (THF) was slowly added with stirring 
and ice bath cooling to a solution of 1-4 mole equiv of lithium 
aluminum hydride in 40-160 parts of T H F  under a nitrogen 
atmosphere. The reaction mixture was heated at  reflux tem- 
perature from 1 to  81 hr. Decomposition of the lithium 
aluminum complex was achieved with stirring and cooling by  
the careful dropwise addition of 1-4 parts of water, followed by 
a threefold amount each of 15% aqueous NaOH and water. 
The reaction mixture was filtered and the precipitate was 
washed with ether. The organic filtrates vere dried ( MgS04) 
and concentrated to a yellowb oil. In some experiments the 
product mixtures were separated by partition chromatography. 
The products were identified by comparison of the nmr and 
infrared spectra with authentic samples and by melting points 
and microanalyses of hydrochloride salts. In reactions where 
selected aliquots were taken at  various time intervals, quenching 
was done using 6% NaOH. The course of the reaction was 
followed by thin layer chromatography of quenched aliquots. 
The spots produced by product mixtures were compared to  
authentic standards. 

m-( Difluoromethyl) -N-propylbenzylamine hydrochloride ( IV) 
was obtained in 14% yield by procedure A using a 4 mole equiv 
excess of lithium aluminum hydride and a 72-81-hr reflux period. 
The product was separated from the reaction mixture by par- 
tition chromatography. The base in ether solution was con- 
verted into the hydrochloride by the addition of ethanolic 
hydrogen chloride and the salt was recrystallized from ethanol, 
mp 184-186". 

Anal. Calcd for CIIH1&1FtN: C, 56.1; H, 6.8; C1, 15.0; 
F, 16.1; N, 6.0. Found: C, 56.1; H, 7 . 2 ,  C1, 15.2; F, 16.2; N, 
5.7. 

N-Cyclopropyl-m-( trifluoromethyl) benzylamine Hydrochlo- 
ride (11). Procedure B. Reaction of Amines with Benzyl 
Halides.-m-(Trifluoromethyl)benzyl chloride (15.5 g, 0.08 
mole) was slowly added with stirring and cooling to  22 ml of 
cyclopropylamine. After standing at room temperature for 
5 days, the reaction mixture was concentrated under vacuum 
on the water bath a t  50" to  remove the excess cyclopropylamine. 
The residue was acidified with 20 ml of 5 .I' HCl and extracted 
twice with 100-ml portions of ether. The acid was made 
alkaline with 30 ml of 5 N NaOH and extracted twice with 
150-ml portions of ether. The ether extracts were dried 
( MgS04) and concentrated, and the product was distilled. The 
yield of N-cyclopropyl-m-(trifluoromethyl)benzylamine, bp 
106-108' (10-12 mm), was 13.6 g (80%). The hydrochloride 
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was prepared by the addition of 28 ml of 2.5 N ethanolic HCl 
to  the base dissolved in ether. The salt was recrystallized 
from ethanol, mp 184-186'. 

Calcd for CllH1&1F3N: C, 52.5; H, 5.2; C1, 14.1; F, 
22.7; N, 5.6. Found: C, 52.6; H, 5.3; C1, 14.6; F, 22.3; N, 
5.6. 

m-Methyl-N-propylbenzylamine (VI) was prepared by pro- 
cedure B from a-bromo-m-xylene and n-propylamine in 68% 
yield, bp 120-122' (10-12 mm). The hydrochloride was 
recrystallized from acetone, mp 176-178'. 

Anal. Calcd for C11H18ClN: C, 66.2; H, 9.1; C1, 17.8; N, 
7.0. Found: C, 66.0; H, 9.3; C1, 17.7; N, 6.9. 

N-Propyl-m-( trifluoromethyl) benzylamine (111) was prepared 
by the above procedure from m-(trifluoromethy1)benzyl chloride 
and n-propylamine in 86% yield, bp 110-112" (20 mm). The 
hydrochloride was recrystallized from ethanol, mp 211-212'. 

Calcd for C1lH1&CIFBN: C, 52.1; H, 6.0; C1, 22.5; F, 
14.0; N, 5.5. Found: C, 52.5; H, 6.1; C1, 22.0; F, 14.1; N, 
5.3. 

Procedure C. Reduction of N-Cyclopropyl-a,a,a-trifluoro- 
m-toluamide with Diborane.-A solution of 2.3 g (0.01 mole) 
of N-cyclopropyl-n,a,a-trifluoro-m-toluamide in 10 ml of T H F  
was added dropwise under nitrogen to a cooled solution of 1 M 
borane in T H F  (20 ml, 0.02 mole). The reaction mixture was 
heated at  reflux temperature for 2 hr. The mixture was cooled 
to room temperature, 5 ml (0.025 mole) of 5 N HC1 was added, 
and the reaction mixture was heated on the steam bath to  distil 
off the THF.  The mixture was diluted with 10 ml of water, 
cooled, made alkaline with 3 g of NaOH pellets, and extracted 
with ether. Concentration of the ether solution yielded an oil 
which produced only one spot on thin layer chromatography. 
The yield of K-cyclopropyl-rn-(trifluoromethy1)benzylamine 
was 2 g (93%). The hydrochloride was prepared by the addi- 
tion of ethanolic HCl to the amine dissolved in ether, mp 185- 
186". 
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Streptomyces thioluteus is known to produce thio- 
lu tin, aureot hricin, aureo t hin, l, 6-phenazinediol (1 ) , 
1,6-phenazinediol 5-oxide, and 1,6-phenazinediol 5,lO- 
dioxide (iodinin).5 In  our study of this organism we 
have encountered all of these metabolites as well as 
several new ones described here. 

Using previously described methods6 the chloroform 
extracts of washed (.ells and filtered beer from S. 

(1) The U. S. Public Health Service Grant AI 06230-03 supported this 

(2) S. A. Wakaman and €1. A. Lechevalier, "The Actinomycetes," Vol. 

(3) Y. Hirata, H. Nakata, K. Yamada. K. Okuhara, and T. Naito, Telra- 

(4) H. Akabori and hl. Nakamura, J. Anfzbzotics (Tokyo), Ser. A . ,  12, 17 

investigation. 

111, Williams and Wilkins Co., Baltimore, hld., 1962, pp 215, 393. 

hedron, 14, 252 (1961). 

(1959). 
(5) N. N. Gerber and hl. P. Lechevalier, Biochemistry, 4, 176 (1965). 
(6) N. N. Gerber, ibid., 6, 3824 (1966). 

thioluteus fermentations were fractionated to give pure 
compounds which were then compared with authentic 
samples. Thus identified was 1-phenazinol (2) , 7  

2-amino-3H-phenoxazin-3-one (6) 6-methoxy-1-phen- 
azinol(3)) and 1,6-dimethoxyphenazine (4) .g Although 
4 is a known compound and 3 has been made recently 
by the reduction of myxin,1° neither had been found 
before in nature. 

Two other phenazines, not identical with any known 
naturally occurring phenazines, were isolated in 
amounts too small for complete identification. Their 
intense yellow-orange color with sodium hydrosulfite 
solution showed that both had a carbonyl containing 
substituent in conjugation with the ring system." 
The ester resembled, but was not identical with, the 
methyl ester of phenazine-1-carboxylic acid ( 5 )  
The phenol had an ultraviolet and visible absorption 
spectrum identical with that of griseolutic acid (l-hy- 
droxymethyl-4-methoxyphenazine-6-carboxylic acid), l3  

The isolation of such a variety of substituted phen- 
azines from one organism is unusual and suggests that 
all types of naturally occurring phenazines are bio- 
synthesized from a common intermediate.14 

S. thioluteus also produced a phenoxazinone which 
resembled 6 in color tests and spectra but was more 
polar. The mass spectrum molecular weight of 256 
and important fragmentation products of 11 - HzO 
and ;\I - CHzOH suggested the previously unknown 
structure, 7, 2-ethanolamino-3H-phenoxazin-3-one. 
This was synthesized in two steps15 from 2-hydroxy-3H- 
phenoxazin-3-onei6 and found to  be identical with the 
natural product. 

When the cell-extract residue was treated with hex- 
ane, then ethanol, the insoluble portion contained 3,6- 
dibenzylidene-2,5-dioxopiperazines. The major one, 
compound 8, recognized by its absorption at  338 mp 
and basic hydrolysis to benzaldehyde, was identical 
with an authentic sample.'? The minor one had an 
nmr band at 6 3.61 suggesting a methoxyl group. 
Therefore glycine anhydride, benzaldehyde, and anis- 
aldehyde were condensedi8 to give a mixture of 8, 9, 
and the dianisylidenedioxopiperazine. After separa- 
tion, the previously unknown 9, 3-anisylidene-6-ben- 
zylidene-2,5-dioxopiperazine, was identical with the 
natural product. 

Phenazines 3 and 4 showed some weak antibacterial 

(7) G. A. Swan and D. G. I. Felton, "Phenazines," Interscience Pub- 
lishers, Inc., New York, N. Y., 1957, p 174. 

(8) (a) N. N. Gerber and M. P. Lechevalier, Biochemistry, 3, 598 (1964); 
K. Anzai, K. Isono, K. Okuma, and S. Suzuki, J. Antibiotics (Tokyo), Ser. 
A , ,  13, 125 (1960); see reference in footnote 6. 

(9) I. Pachter and M. Kloetrel, J .  A m .  Chem. Soc., 73, 4958 (1951). 
(10) 0. E. Edwards and D. C. dillespie, Tetrahedron Letters, No. 40, 4867 

(1966); M. Weigele and W. Leimgruber, ibid., No. 8, 715 (1967). The melt- 
ing points and spectra of the 10-oxide of 3, reported as a degradation product 
of myxin, were identical with those of our N-oxide of 3 prepared enzymatically 
with sonicated Brenibacterium iodinum cells (for details of method see refer- 
ence in footnote 5). 

(11) L. Birkofer, Chem. Ber., SS, 1023 (1952). 
(12) F. Kogl and J. J. Postowsky, Ann., 480, 280 (1930). 
(13) K. Yagishita. J .  Antibiofics (Tokyo), Ser. A . ,  13, 83 (1960). 
(14) For a recent review of the biosynthesis of phenazines see hl. Podojil 

(15) H. Brockmann, H. Grone, and G. Pampus, Chem. Ber., 91, 1916 

(16) G. W. K. Cavill, P. S. Clery, and F. B. Whitfield, Tetrahedron, 12, 

(17) R. Brown, C. Kelley, and S. E. Wiberley, J. Org.  Chem., SO, 277 

(18) T. Sasaki, Chem. Ber., 54A, 163 (1921). 

and N. N. Gerber, Biochemistry, 6 ,  2701 (1967). 

(1958); H. Brockman, G. Pampus, and R. Mecke, i b id . ,  92, 3082 (1959). 

139 (1961). 

(1965). 


