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viously p ~ b l i s h e d . ~  The melting points of none of the  three 
were raised by attempted recrystallization. 

Picramide of 1-Amino-2-methyl-2-propanol (IV).-Four 
and two-tenths grams (0.014 mole) of 2,2-dimethylethyl- 
enimmonium picrate was refluxed for one hour in 15 ml. of 
acetonitrile. Most of the acetonitrile was then removed 
by passing dry air over the reaction mixture. Ethyl ace- 
tate (3 ml.) was added and the mixture was cooled in ice. 
The yellow picramide of l-amino-2-methyl-2-propanol was 
removed by filtration and washed once with 2 ml. of ice-cold 
ethyl acetate; yield 1.65 g.  (40%), m.p. 166-158". Sub- 
limation a t  140' (0.4 mm.) gave a n  analytical sample, m.p.  

The structure of the picramide was established by an 
independent synthesis. Equivalent amounts of picryl chlo- 
ride and l-amino-2-methyl-2-propanol were allowed to react 
in absolute ethanol. This picramide had a m.p. 158-160" 
and a mixed m.p. with the preparation just described was 
not depressed. 

160.6-161 .6". 

Anal. Calcd. for CloH12NaO7: C, 40.01; H,  4.03; S, 
18.65. Found: C,  40.16; H, 4.22; N, 18.33. 

B-Aminoether Picrates (V). A. 0-Methoxybutylammo- 
nium Picrate.-The following preparation is a representative 
procedure used in making the aliphatic aminoether picrates 
described in Table I .  
B. p-Phenoxyisobutylammonium Picrate.-2,2-Dimeth- 

ylethylenimmonium picrate (21 g., 0.07 mole) was kept a t  
80" with 20 g. of phenol (0.21 mole) for 2 hours and then 
was allowed to  stand overnight. The reaction mixture 
\vas filtered without cooling to remove 2.27 g. (13%) of 
ammonium picrate. 

Ethanol (40 ml. of 95%) was added to the filtrate and 
upon cooling 8 g. of a brown, crystalline precipitate was 
obtained. Two successive additions of 20 ml. of 50% eth- 
anol gave a total yield of 13.9 g. of crude material, m.p. 
160-165". The crude product was extracted with 95% 
ethanol to give 5.65 g. (20%) of P-phenoxyisobutylarnmo- 
nium picrate, m.p. 195-200". Repeated recrystallization 
from absolute ethanol gave an analytical sample, m.p. 200.0- 
200.5". 

The residue from the  ethanol extraction was determined 
to  be picramide in a mixed m.p. with an authentic sample, 
m.p. 188-190'; yield 8.0 g. (50%). 

p-Phenoxy-t-butylammonium Picrate.-One-half gram 
(0.003 mole) of P-phenox).-t-butylamine3 in 5 ml. of toluene 
was added dropwise to  0.70 g. (0.003 mole) of picric acid 
dissolved in 10 ml. of toluene. The picrate (1.1 g.,  91%) 
was washed with carbon tetrachloride and dried, m.p. 189- 

Analytical data  appear in Table I. 

190'. Recrystallization from absolute ethanol gave an 
analytical sample, m.p. 194.C-195.Oo 

A mixture of this sample with that of P-phenoxyisobutyl- 
ammonium picrate gave a lowered m.p. 175-190'. Since 
the structure of P-phenoxy-t-butylammonium picrate has 
been established3 it  is suggested that the picrate of m.p. 
200.0-200.5° is the isomeric P-phenoxyisobutylammonium 
picrate. Therefore, 2,2-dimethylethylenimmonium picrate 
must have opened a t  the tertiary carbon with phenol as it 
does with alcohols. 

Anal. Calcd. for ClaHlsS40s: C, 48.73; H, 4.60; S, 
14.21. Found: C, 48.76; H, 4.60; 9, 14.15. 

p-Aminoethers. p-Methoxybuty1amine.-The amino 
ethers compiled in Table I1 were prepared by a method 
similar to the following procedure for 8-methoxybutylamine. 

The picrate of P-methoxybutylamine, m.p. 145-148' 
(33.2 g., 0.1 mole) was dissolved in 100 ml. of water, 150 ml. 
of concentrated hydrochloric acid was added, and the mix- 
ture was allowed to stand for 3 hours with occasional stir- 
ring. Picric acid was removed by filtration of the cold mix- 
ture and last traces were removed by extraction with 20-ml. 
portions of toluene until a last portion of toluene remained 
colorless. The water solution was evaporated nearly to 
dryness a t  room temperature and the aminoether hydro- 
chloride was finally dried in a vacuum desiccator; yield 13 
g. (93%). The amirio ether hydrochloride was covered 
with 10 ml. of absolute methanol and treated with 6 g. (0.11 
mole) of sodium methoxide. The  reaction mixture was 
warmed one-half hour on the steam-bath, cooled, and 
filtered. Distillation removed the methanol and after a 
small forerun a t  110-118", the main fraction of p-methoxy- 
butylamine was collected a t  118-121°; yield 6.8 g. (67%). 

The analysis for nitrogen on the aminoether prepared in 
this way resulted in a high value, evidently due to the pres- 
ence of some ammonia in the sample. The aminoether was 
therefore converted to the hydrochloride in ether solution 
with dry hydrogen chloride. The hydrochloride \vas re- 
crystallized from acetone to remove ammonium chloride but 
was so hygroscopic the melting point could not be deter- 
mined. The solid hydrochloride was allowed to stand on 
solid potassium hydroxide which had been covered with an- 
hydrous ether. After adding a trace of water and allowing 
to stand a week, the ether solution of the amino ether W:IS 
fractionated to give pure P-methoxybutylamine, b.p. 118- 
121 ', of constant refractive index. Physical constants and 
analyses appear in Table 11. 
PROVIDESCE 12, R .  I. 
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A New Aldehyde Synthesis and its Use in the Characterization of Organic Halides 
BY HEITRY 11. FALES' 
RECEIVED MARCH 18, 1955 

Aliphatic and aromatic Grignard reagents have been found to add to the double bond of the methiodide of 6-methyl-3-p- 
tolyl-3,4-dihydroquinazoline (11) , itself formed by the reaction between p-toluidine, formaldehyde and formic acid, The 
resulting substituted tetrahydroquinazolines were hydrolyzed and the aldehydes of one more carbon atom converted directly 
to their 2,4-dinitrophenylhydrazone derivatives. A route to labeled aldehydes from labeled formaldehyde is suggested, 

The conversion of a Grignard reagent to an alde- 
hyde or aldehyde acetal with one more carbon atom 
has been accomplished by  a great variety of rea- 
gents. The methods generally involve addition of a 
Grignard reagent to a C!=X linkage (X = O,S,K) 
or the displacement of an alkoxide group from an or- 
thoformate. Smith and Pu'ichols,2 after reviewing 
the field, conclude that  N-ethoxymethyleneaniline 
and ethyl orthoformate are the most satisfactory 
reagents. The main disadvantage of ethyl ortho- 

(1) Laboratory of Chemistry of Ta tura l  Products, Kational Heart  
Insti tute,  National Institutes of Health, Department of Health, 
Education and  Welfare, Bethesda 14. Maryland. 

(2) I,. I .  Smith and J. h'ichols, J. Org. C h P w . ,  6 ,  48R (1911). 

formate is the frequent necessity for the application 
of heat over long periods to cause the reaction to 
proceed at a reasonable rate while N-ethoxymethyl- 
eneaniline is costly and troublesome to prepare. 

A new procedure, illustrated by the following re- 
action sequence I to V3 accomplishes the same end 
without the above complications and further sup- 
plies the aldehyde as an easily hydrolyzed deriva- 
tive I11 which may be converted directly to the cor- 
responding 2,i-dinitrophenylhydrazone (IV) . In 
spite of its apparent complexity the dihydroquina- 

(3) This reaction sequence mas evolved during a study of methods 
for the  synthesis of di- and tetrahydroquinazolines in connection with 
U. S. Army Ordnance Project #DA-30-06%ORD-88~. 
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TABLE I 
EXAMPLES OF THE SYNTHESIS 

Product (isolated as Yield, 
Z,&dinitrophenylhydrazone) % Grignard reagent 

CH3MgI 

CeHjCH2MgC1 
n-C4HgMgBr 

n-ClZHzjMgBr 
C2H5( CH3)CHMgBr 
(CH3 jZCHMgBr 
CsHsMgBr 
p-CH30CeH4MgBr 
2,5-Dimethoxyphenylmagnesium bromide 
2,5-Dimethoxyphenyllithium $- magnesium iodide 
2,5-Dimethoxyphenyllithium 
CcH5Li 
o-CH30CsH4MgBr 
Cyclopentylmagnesium bromide 
2,6-Dimethylphenylmagnesium iodide 
4-Biphenylmagnesium iodide 
2,4-Dimethylphenylmagnesium iodide 
p-ClCsHaMgBr 
0-Bromonaphthalene 

CHICHO 
n-CaH9CHO 
CeHsCHzCHO 
~Z-CIOH~SCHO 
CZH~(CH~)CHCHO 
(CH3)zCHCHO 
CeHjCHO 
p-CH3OCtjHaCHO 
2,5-Dimethoxybenzaldehyde 
2,5-Dimethoxybenzaldehyde 
HCHO 
CsH5CHO 
o-CH3OCsHaCHO 
Cyclopentanal 
2,6-Dimethylbenzaldehyde 
Biphenyl-4-carboxaldehyde 
2,4-Dimethylbenzaldehyde 

P-Saphthaldehyde 
p-CICsHdCHO 

78 
87 
74 
73 
34 
45 
95 
80 
34 
23 
94 
29 
a 
a 
a 
a 
a 
63b 
62b 

M.p., @C. 
147 
106 
120-121 
107-108 
128 
183 (lit. 187') 
237 
253 
198 
198 
165-166 
237 
249 
158 
262 
242-243 
228-229 
266-268 
270 

Ref .  
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e 

See Exptl. part 
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P 
n S o  effort was made to determine yields in these examples which were run according to the test-tube procedure. * These 

The aldehydes were isolated in the free state before conversion 
H .  J. Backer and N. H.  Ilaack, ' V. I. Lyubomilov and 

A John D. Roberts 
i R. A. Barnesand I. Nichol- 

R.  E.  Dunbar and H. Adkins, THIS 
D. H. 

P G. B. Pickering and J. C. Smith, 

yields were based on aryl halide instead of Grignard reagent. 
to 2,4-dinitrophenylhydrazones. 
Hec .  t m v .  chim., 57, 225 (1938). 
A. P. Terent'ev, J .  Gen.. Chem., 21, 1479 (1951). 
and Charlotte Green, ibzd., 68,214 (1946). 
son, private comm. 
JOURNAL, 56, 442 (1934). 
Hey, J ,  Chem. Soc., 2476 (1931). 
Rec. tratt. chim., 69, 536 (1950). 

W. M. D. Bryant, THIS JOURNAL, 58, 2335 (1936). 
e R. T. Gilsdorf and F. F. Nord, THIS JOURNAL, 72, 4327 (1950). 

a W. M. D. Bryant, THIS JOURNAL, 54,3758 (1932). 
Michele Ragno, Gam. chim. ital., 75, 175 (1945). 

E. K. Harvill and R. M. Herbst, J .  Org.  Chem., 9, 21 (1944). 
W. Th.  Sauta ,  M. J. E.  Ernsting and A. C. Faber, Rec. trau. chim., 60, 915 (1941). 

0. L. Brady and S. G. Jarrett, ibid., 1021 (1950). 

zoline (I)  is prepared in a one-step process by the 
interaction of p-toluidine, formaldehyde and formic 
acid.4 The methiodide (11) forms quantitatively 
when the amine is shaken or refluxed with methyl 
iodide in benzene. Although it appears quite in- 
soluble in ether, this methiodide reacts smoothly 
with primary aliphatic and aromatic Grignard re- 
agents in this solvent to produce the tetrahydroquin- 
azolines (111) in high yield. In favorable cases, the 
tetrahydroquinazolines may be isolated as crystal- 
line compounds. 

I I1 

Y 
I11 

I V  V (as dibenzenesulfonamide) 

The complete sequence from the methiodide can 
be carried out on a test-tube scale in a few minutes 

( 4 )  E C. Wagner, J Org Chein , 2 ,  137 (1037) 

with no special precautions. In fact, the dihydro- 
quinazoline methiodide may be added along with 
the halide and ether to the magnesium. It does 
not hinder Grignard formation and even assists the 
reaction in those cases where the Grignard reagent 
normally precipitates as an oil. The method would 
appear to have utility in the qualitative identifica- 
tion of aliphatic and aromatic halides as 2,4-dini- 
trophenylhydrazones of the corresponding alde- 
hydes. 

Results of several experiments are given in Ta- 
ble I. The yields were obtained from only one 
small-scale run in each case and are presumably not 
the maximum obtainable. In  the final two cases 
shown the aldehydes were isolated in the free state 
by hydrolysis of the tetrahydroquinazolines and 
steam distillation or extraction. 

When the organomagnesium reagents were re- 
placed by their lithium analogs a marked lowering of 
yield was observed. Thus the increased coordina- 
tion tendency of magnesium compared with lith- 
ium appears to have an important effect on the re- 
action,j and suggests a mechanism which involves 
primary coordination of the metallic atom with a 
nitrogen atom of the methiodide. A similar mech- 
anism has been suggested by Swain for addition of 
Grignard reagents to nitriles6 

In the case of hydroquinone dimethyl ether the 
lithium aryl appeared to reduce the dihydroquinazo- 

(5) Replacement of magnesium reagents by lithium analogs I S  also 
known to cause an increase in the ratios of 1,2- to 1,4-addition in the 
reaction with a,@-unsaturated systems and the same explanation has 
been offered. See H. Gilman and R. H. Kirby, THIS JOURNAL, 68. 
2046 (1941). 

(6) C. G. Swain, t b i d ,  69, 2300 (1947). 
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line salt to the unsubstituted tetrahydroquinazo- 
line (111, R = R), since upon hydrolysis a 94yo 
yield of formaldehyde 2,klinitrophenylhydrazone 
was obtained. The magnesium reagent of hydro- 
quinone dimethyl ether, when formed directly by 
rnagnesiilm on the halide or indirectly by the addi- 
tion of magnesium iodide to the previously formed 
lithium compound, underwent normal reaction to 
yield the aryl aldehyde derivative. 

The reagent employed in this synthesis inight 
well be rsplaced by simpler straight-chain tetra-al- 
kyl forniamidinium salts, although there appear to 
be no examples in the literature of the addition of 
Grignard reagents to such salts. Kecently Elder- 
field and Meyer7 have noted a similar addition of 
phenyllithium to a free 1 ,-"-dialkylbenzirniclazole 
2nd have hydrolyzed the product to a low yield of 
the corresponding ketone. On the other hand the 
free dihydroquinazoline (I)  did not successfully 
undergo reaction with either methylmagnesium io- 
dide or methyllithium. Salt formation via the meth- 
iodide probably assists these reactions by increas- 
ing the polarity of the bond being attacked. I t  is 
suggested that  benzimidazole methiodides and or- 
ganomagnesium compounds would afford im- 
proved yields in this reaction. 

Manganese dioxide prepared according to  d t -  
tenburrow* has been found to oxidize (i-methyl- 
:I-p-tolyl-l,2,:3,4-tetrahydrocjuinazoline to the dihy- 
clroquinazoline (I)  in high yield. Since the tetrahy- 
tlroquinazoline is itself p repred  in a nearly quanti- 
tative yield by the actioli of furinaldehyde (or prc- 
sumably C14-formaldehpde) on IC(2-amino-s-meth- 
vlbenzyl)-p-t~luidine,~ the sequence constitutes :I 
convenient method for the synthesis of radioactive 
aldehydes labeled a t  the aldehyde carbon atom. 

Experimentai lo 

6-Methyl-3-p-tolyl-3,4-dihydroquinazoline (I).--'lle 
filllmving is a slight modification of the procedure described 
by LVagner.4 p-Toluidine (42% g . !  W'LS stirred in an open 
beaker Tvith 377, fornialin (3% ml.) until it heavy solid pre- 
cipitated. rl s(i1ution of 887$ formic acid (3114 i d . )  \vas 
'iddetl rupitll)- Lint1 the red mixture heated juht below i t5  
boiling point f i x  2 hours. The hot reaction pniduct \YCLS 

Iiiade htrongly alkaline with sodium h:-droxitle mid tlie niis- 
ture of inethylated p-toluidines vol;itilized with steuni. The 
i-rsiduc in the flask \vas cooled and waslied hy decmtation 
\\-ith ievcral portiiins of water and xir-dried. The rewlting 
yellow gum was stirred with cold ether and filtered. The 
precipitate was recrystallized illice from methano l  or eth- 
;mol, m.p. 158-.lf3lo (lit. 163"i), L-ielti 109 g. 

The methiodide (11) was formed easily by shaking the cli- 
hydroquinazoline with an escess of methyl iodide in berizeiie 
solution in :i pressure bottle until no more precipitate formed. 
T h e  xvhite s a l t  which precipitatcd w:ii iuitable for u 
-ynthesis without further purificatirm hut it \vas e 
crystallized frl>m ~iIco1ii)l c ~ i -  EL large volume of hi1 
111,p. 272-274O 

.InaZ. Calcd. for C,iHloS21: C, 53.98; I I ,  S.Oi j .  Found: 
c, 53.m; H, 4.99. 

Procedure for Grignard Reactions (a) .  ---Ill sevcral of thc 
ruitiples listed ahove 110 attempt was made t r i  :iicert;tin 

(7)  R.  C .  Elderfield aud v. B. I leyer ,  T H I S  J o U R N 4 l . .  76,  1891 
(1034) .  
(8) J .  Attenburrow, el ai., i. C h e m .  SOL.,  1091 (1952). 
( Y )  A. Eisner and E. C. W'agner, THIS JOURNAL, 56, 1938 (1931). 
(IO) All melting points were observed on a Kofler microscope 

equipped with polarizer and are corrected. hlicroanalyses were 
performed by J .  Alicino, hIetuchen, S. J. ,  and  Dr. 1%'. C .  Alford and 
Staff, National Insti tute of Arthritis and Rfetabolic Diseases, Bethesda, 
l l a ry land ,  and Clark hl croanalytical Laboratories, Urhana, Illinois. 

yields. One to three drops of tlie Iialide \Y;L+ cruilietl 17 i t l i  
several magnesium turnings in a test-tube containing a i i h y -  
drous ether. A wad of cotton in the tcip of tlie teat-tube 
served to  protect the conteats against moisture. a f te r  the  
reaction had subsided, dih~-droquiiiazoline ~rietliiiididc (11) 
was added in spatulafulls until no more remained uiitlis- 
solved after 15 miti. Alcoliiil (5  ml . )  a i i c i  dilute 
acid ( 2  rnl.) were added arid the mixture \vas rapidly 
Addition of 2,4-ditiitroplienyllij~dr~~ziiie reagent" 
tated the derivative which \vab filtered and recrystallized 
from an spprupriate solvent. \\\'hen the Grignard re:Lgent 
precipitated a b  ail oil, improved results were obtained b y  
adding the diIi).droquiiiazo,liiie salt alrmg ~ v i t l i  tlie halide t[i 
the tnagiicsium in ether. The riiitgtie4uni was theii crus 
with a large stirring rod to initiate aiiri propagate the r 
tioii. This technique also improved the 1-ields of aldeh 
from especially reactive halides sucli as benzyl and allyl 
chlorides and \vas never found to  inhibit Grignard frlrmutioli. 

(bi.--To tleterniiiie j-ieltls, the halide (0.3 -1 .O 9.) \~a\ 
combined with :i slight K X C ~ > ~  over t h e  cdcuhteti amount of 
magnesium lithium iii aiiIiydr(iu, ether (4  mi . )  and itirred 
rapidly under riitrogeii. After the rext i im hat1 iul)sidetl 
ether ivas added tlJ briiig tlie total volume to  15 ml. TO 
effort was iliade to (ibtain maximum yield of C>rigiiurtl re- 
Ltgeiit sirice a %nil. aliquot ~ v a b  subsequeri tly \vitli<lr:iwti ; t ~ i d  
titrated usiiig methyl orange as an indicator i n  (irticr to dc- 
termirie the true cuiicentration of [irgatiornetallic reagcr:t. 
The C d h h t e d  quantity of diii~-drc,quiiiaz~iline inethiotlidc 
(11) was u.ided in miall portion!,. 111 fav~ii-,tble C:LW': t i l ?  
methiodide slowly hut cutnpletely di~wlvL~.tI .  He'tvy gu1115 
furmed with the secondary halides. but the!- tlissillvctl vcr!- 
slowly upon contiuued stirring. In  these c;t\es. thorough 
mixing wit11 a Hersliberg-t.~-pe stirrer \ v i~s  
the soluticm appwrtd lioinogeiiernis t l i e  
evaporated in :i current of iiitrogrti. ~Alc~~hiil  (5  nil.) W L I ,  
next added fiilluwed 1,- a lOy0 nioi~ir  e\:ce.;, o f  2 ,  k\ii i i tr<i-  
pheuylhytlraziiie reLigeiit .I1 'The preci:iitateti cleriv:itivc 
\vas collected [xi a tared glass filter, wa4ied {vitli .j% iul- 
furic acid, ivuter, &)yo ethanol iri that orticr a l i d  finall! 
dried. The  ~.4-c!i~iitroplienylliy~lr~tz~1tte. \vvrL '  itl:iitificti 
b>- m.p. aiid mixture in.(). Cyelopentaii:tl, .s~~c--v~il:~r,~ltlc.- 
hyde, 2 ,Ci-ditnetli?-lbeiiz~ildehj-(le, 2,l-dimct l i ~ - l l ~ e n z ~ l t i e l i y ~ ~ ~ ~  
aiid biphen)-l-~-carb[)saldeliyde were idciitifietl by in .]I. ~ I I I I I C , ,  

Tridecanal 2,4-dinitrophenylhydrazone I V ; L ~  prc pared ; L ,  
describe: above and recrystallized from cycloliesaiie, in .p, 
108-109 . 

A n a l .  Calcd. for C19HSoN404: C,  tiO.29; IT,  7.99. 
Found: C,  60.41; H ,  7.98. 

(c)  p-Chlorobenzaldehyde .-p-Chlori~broinobe!izet~e ( I .$I 
g.) was combined with magnesium turnings (0.31 g.) in dr)- 
ether. After the initial reaction had subsided, the nietli- 
iodide (11, 3.8 g.) wit.; added and then allowed to stir 2 hours. 
Hydrochluric acid ( 3  i d . ,  1070) was next iicided and the mix- 
ture subjected to ste;ini distillation. Tlic ~ - c l ~ l ~ ~ r ~ ~ l ~ e i ~ z ~ i l r ~ c -  
hyde (0.89 g., ti3yOj which distilled over melted :it 45 -47O 
and did not depress authentic matcri:tl. I t  forrnctl : t  ? , A -  
dinitroplien?-lh!-draz(iric, m.p. 268-96Xo.'2 B-Naphthalde- 
hyde \vas isolated in 62'74 :. ield b!. ;tllo\ving the Grigiixrd 
reaction product from ~-brornor i s~~l i t l i ; i l~ t ie  (3 .55  g. ), mag- 
nesium (0.30 g , )  and I1 (3.8 g.'i to stir i / ?  liiiur in tlie pre.;- 
ence of :in excess of  formalin wI~t io11 '3  aiid acetic acid. 
The ether layer was removed and evaporated leaving a n  oil 
which slowl>- crystallized ( 1  .I6 g 62%) m.p. 55-6r)".  
One recrystallization from water rkii d t h e  m.p. to .58-AO0. 
7'he aldehyde formed a L ' . ~ - d i n i t r o ~ ~ h e n ~ l ~ i y ~ l r ~ i ~ ~ ~ ~ i ~ ~ ,  in -11. 
270' .I4 

1,6-Dirnethyl-2-phenylJ-p-tolyl-l, 2.3,4-tetrahydroquin- 
azo1ine.-The reaction hetweeii I1 ant1 phenylmagnesium 
hromide i v a i  performed a 5  described ;thove but the Grignartl 
complex IKLS h!-drnlyzed with aqueous :tlcr~ltolic :ttnmimiuiil 
chloride t o  avoid estenaive hydrol!-si\. After i-\.:ipnr:itiiiii 
of the residual ether, the ;tlcoholic miyturc wurmed ;iti(l 

filtered. The product crystallized 1111 ~ ~ ~ > I i t i g ;  recr:'it.il- 
lized from petroleum ether, m.p.  105". 

- 
(11) I< I,. Shriner and R. C .  Fuson, "The Systematic Identification 

of Organic Compoiindq," John Wiley a n d  Sons, I n c  . h'ew York, N. Y . 
1918, p. 171.  

(12)  See 'Table I ,  footnote 0. 

(13) Formalin was included in an effort t o  cRec1 met;ithe& u i t h  t h c  

(14) See Tahle I ,  footnote .h. 

p-naphthaldehyde 
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.lnaZ. Calcd. for CnHPJS2: C, 84.10; H ,  7.37. Found: 
C, 84.10; H ,  7.10. 

N-(3-Methyl-6-methylaminobenzyl)-p-toluidine Diben- 
zenesulfonamide (IV).--Acetone was added to the filtrates 
from two of the above syntheses ( R  = CcHe, CHs) to pre- 
cipitate ercess ",-l-dinitrophenylhydrazine reagent. The 
filtrate was made strongly basic with sodium hydroxide 
(20'%) and excess benzenesulfonyl chloride added. The 
precipitate which formed after several hours of shaking 
was collected and recr!-stallized from ethanol, m.p.  159- 
161'. 
. 4 d .  Calcd. for CpsHpsS2S20d: C, 64.59; H, 5.42. 

Found: C, ti4.73; H ,  5.32. 

Manganese Dioxide Oxidation of 6-Methyl-d-p-tolyl-l,2 ,- 
3,4-tetrahydroquinazoline .-The tetrahydroquinazoline was 
prepared according to Eisner and \\-agnerg from formalde- 
hyde and N-(2-amino-5-methylbenzyl)-p-toluidine. The 
product even when pure exhibited a variable m.p. from 141- 
151' possibly due to polymorphism. After one recrystalii- 
zation from ethanol, the tetrahydroquinazoline (0.700 g.)  
was stirred with specially prepared manganese dioxide (1.5 
g.)* in benzene-ether (1 : 1, 20 ml.) for 4 hours. The solvents 
were removed from the product with a current of dry nitro- 
gen and the product was recrystallized from ligroin, m.p. 
158' (0.558 g., Slyo)  alone orwhen mixed with authentic 11. 
BETHESDA, MD. 
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Reduction of halogen-substituted xanthones (IIIa-d) with lithium aluminum hydride a-id with metallic sojium and a!cohol 
led to  the formation of xanthene with loss of the halogen. The reduction of xanthone to xanthene with lithium aluminum 
hydride is discussed. Xanthones IVa-b and the thiaxanthone IYc with halogen in positioi 1 condense with aromatic thiols 
ii; the presence of potassium hydroxide, t o  yield the corresponding arylmercapto derivatives T'a-c which are oxidized readily 
to  the corresponding sulfone derivatives YIa-c. TVhereas IIIa undergoes photochemical addition reaction with xantheie iIi 
sunlight t o  give the carbinol YIIb, I I I b  effects the photochemical dehydrogenation of xanthene to  9,9'-bixanthene. 9- 
Phenyl-2-chloroxanthene (1-IIIb) undergoes photochemical oxidation in sunlight in the presence of oxygen, yielding 9- 
phen;.l-~-chlorosanthyl peroxide (IXb).  

(a) Reactions with Lithium Aluminum Hydride. 
-Iiecently, Shah, Kulkarni and Joshi2 have shown 
that when desussatin methyl ether (I), a naturally 
occurring xanthone, is boiled with excess of lithium 
aluminum hydride in ether for about 12 hours to give 
the xanthene derivative 11, xanthone is reduced by 
this reagent to ~ a n t h y d r o l . ~  Mustafa and Hilmy' 
previously have reported that reduction of xan- 
thones, e.g., xanthone, 1,2-benzo- and 3,4-benzo- 
xanthones, with the same reagent proceeds a step 
further to give the corresponding xanthenes4 in an 
almost quantitative yield when the reaction was 
carried out in boiling ether-benzene solution. 

ITe now have iiivestigated the action of excess 
lithium aluminum hydride on halogen substituted 
xanthones, namely, 2-chloro- ( I I Ia) ,  3-chloro- 
( I I Ib) ,  ?-bromo- (IIIc) and 4-bromoxanthone (IIId) 
in boiling ether-benzene solution and have obtained 
xanthene in each case with the loss of ha1ogen.j 
Similar results are obtained when IIIa-d are treated 
with metallic sodium and alcohol under the same ex- 

( 1 )  For par t  I cf. A. Mustafa  and Mustafa K.  Hilmy, J .  Ckcm. Soc., 

(2) R .  C. Shah, A.  B. Kulkarni and C. G. Joshi, J .  Sci. I n d .  Res., 

(3) C~f. R. Mirza and R .  Robinson, Aiatuve, 166, 929, 997 (1950). 
(4) Generally, carbonyl compounds are reduced t o  carbinols by 

lithium aluminum hydride. Scattered observations of further re- 
duction of t h e  carbinol t o  t h e  methylene derivative have been reported. 
B .  R'itkop (THIS JOURNAL, '72, 614 (1950)) crhserved hydrogenolysis 

spiro-(cyclopentane-l,Z'-dihydrnindoxyl) t o  spirn-(cyclopentane- 
l,Z'-dihydroindole). I.. H. Conover and D. S. Tarhell (ibid., 72, 
3586 (19.50)) have shown t h a t  4,4'-dimethoxyhenzophenone and N,N- 
dialkyl-9-aminobenzophenone gave a considerable amount of 4,4'- 
dimethoxydiphenylmethane and  of N,N-dialkyl-9-aminodiphenyl- 
methane, respectively, on reduction with lithium aluminum hydride. 

( 5 )  C j .  t h e  reduction of 2,7-dibromoxanthone ( A .  Lespagnol and B. 
Bertrand, Bull. soc. ch im . ,  10, .YO (19.%:3)) and o f  4,7-diiodoxanthone ( B .  
Bertrand and A. Lespagnc,l, tbid. ,  15, 428 (1948)) with aluminum iso- 
ptopnxide t o  give the  propyl ether of the xanthydrol derivative without 
the  loss of halogen. 

1343 (1952). 

13B, 186 (1954). 
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perinien tal cotiditioiis by which xaii thotie is reducer1 
to ~an thene .~ , '  

On the other hand, the reduction of 1-chloro-4- 
methylxanthone with lithium aluminum hydride 
under the same conditions, led, without loss of halo- 
gen, to the formation of a colorless product believed 
to be 1-chloro-4-methylxanthydrol. The formxtion 
of the hydro1 and not the methjjlene derivative 
may be attributed to the precipitation phenome- 

Reactions with Arcmatic Thiols.-In COP 
junction with a study of pharmacologcal action 
of sulfur-containing compounds against bilharzin- 
sis,s the action of the thiolate anion on halogen 
substituted xanthones IVa-b and 1-chloro-4-meth- 
ylthiaxanthone (IVc) now has been investigated. 
The lability of the halogen in halogenated xanthones 
was demonstrated by effecting a replacement reac- 

n ~ n . ~ , ~  
(b) 

(6) J. Heller and St .  v.  Kostanecki. R e v . ,  41,  1325 (1908). 
( 7 )  This part  was carried out with l loharned Ezi: El-Din Sol h y .  
(8) .4. Mustafa,  A .  H. E. Harhash and h f .  Kamel, THIS J O U R N A L ,  77, 

3860 (1955). 


