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Preparation of 2-Methyladamantane (IIIf).-Methylene- 
adamantane ( I I Id)  (1.42 9.) was hydrogenated in ether 
solution using Pt02 catalyst, using a Parr apparatus. Evapo- 
ration of the solvent left a solid which was purified by subli- 
mation to  yield 1.1 g. of a white solid. Recrystallization 
from ethanol gave white crystals, m.p. 143.5-146.0”. 
The compound is quite different from 1-methyladamantane, 
n1.p. 103°.7 

Anal. Calcd. for CllH18: C, 67.92; H, 12.08. Found: 
C, 87.67; H ,  12.01. 

Reaction of 2-Methyl-2-adamantanol with Formic Acid.- 
X solution of 1.0 g. of 2-methyl-2-adamantanol (IIIc) in 
40 ml. of 98-100% formic acid was heated for 3 hours on the 
steam-bath. The reaction mixture was poured into mater 
and extracted with ether. The ether extracts were dried 
over K1CO3 and h’a2S04. Evaporation gave 0.98 g. of an 
oil, which showed none of the bands characteristic of 
methyleneadamantane ( I I Id)  in the infrared, but rather 
possessed a strong carbonyl peak a t  5 . 7 8 ~  and a formate 
ester band48 at 8 . 4 2 ~ .  

The material, presumed to be the formate ester IIIe, 
was not characterized or purified further, but was saponi- 
fied directly with 2.0 g. of KOH in alcohol solution. n’ork- 
up gave 0.85 g. of a yellow-white solid. One recr~stalliza- 

tion from petroleum ether gave a white solid identical with 
the starting material, 2-niethyl-2-adamantanol (IIIc).  

Kinetic Procedures.-Standard titrimetric procedures 
were employed.13-1~~24--26~3i~38 4 2 . 4 3  Aliquots of 0.03-0.04 
molar solutions of the tosylate ester were sealed into am- 
poules. Carefully dried and fractionally distilled acetic 
acid was used as the solvent. A t  the appropriate times 
the aliquot5 were titrated with 0.05 molar sodium acetate 
in acetic acid to  the brom thymol blue end-point. Ex-  
perimentally determined infinity titers were used to  calculate 
the rate constants. Two separate runs were made a t  each 
temperature; their agreement mas good. The constant 
temperature baths were checked against an XBS calibrated 
thermometer. 

Solvolysis Product of 2-Adamantyl Tosy1ate.-The com- 
bined acetic acid solutions from the kinetic runs were 
made ‘‘basic” by adding excess NagCOZ and were refluxed 
overnight. The solution was poured into water, and 
extracted with ether. After washing and drying, the ether 
solution was evaporated to give an oil which had infrared 
peaks a t  5.75 (ester carbonyl) and a t  8 . 0 5 ~  (acetate).18 
The acetate was saponified in ethanol with 1 g. of ICOH. 
The solid residue present after the work-up was sublimed 
to give a mdterial whose infrared spectrum was identical 
with that of pure 2-adamantan01 (IIIa). 
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New Heteroaromatic Compounds. Part VIIP. The Reactions of Some 
Borazarophenanthrenesl with Methyl- and Phenyllithium 

BY hI. J. S.  DEWAR^ AND P. hl. MAITLIS 
RECEIVED JUXE 27, 1960 

Previous papers3 in this series have described a It is true that the imino hydrogen exchanged rapidly 
number of derivatives of l0,9-borazarophenan- in alkaline deuterium oxide, but this exchange 
threne (I), all of which have an imino group in the could have involved an addition-elimination mech- 
9-position. The original purpose of this investi- anism, i.e. 

phenanthrenes. 
\* + H +  ?-H2 

I --+ -+ - h-H 
gation was to prepare 9-substituted-10,9-borazaro- \+ \ XI< + @€I- 
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11, R = X e  
111, R = Ph 

Since previous work3 has indicated that these 
compounds are aromatic, the dipolar resonance 
structures I must make significant contributions to 
their ground states. (For this reason they are 
f o r r n ~ l a t e d ~ ~ ~  in terms of dipolar structures rather 
than uncharged structures (IV) .) This suggests 
that the imino group should show acidity similar 
to that of the imino groups in five-membered hetero- 
cyclics such as pyrrole or indole where again dipolar 
resonance structures are important. We were 
therefore surprised to find that the 10-methyl 
derivative I1 failed to react with dimethyl sulfate 
in presence of alkali and that the potassio deriva- 
tive could not be prepared by the usual methods. 

(1) For  nomenclature see M. J. S. Dewar and  R. Dietz. J. Chem. 
Soc., 2728 (1959). 

( 2 )  Present address: Department of Chemistry,  University of 
Chicago, Chicago 37, Ill. 

(3) Cf. M. J. S. Dewar,  V.  P. Kubba  and R. Pet t i t ,  J .  Chem. Soc., 
3073 (1958). M. J. S. Dewar and V. P. Kubba ,  Tetuohcdron, 7, 213 
(1959) 

I I 
BROH ?HT BROH +- BR - O H -  

/- /- /- 
slorv fast 

Attempts to methylate I1 with diazomethane also 
failed; a vigorous reaction took place leading to a 
polymer (presumably polymethylene), but I1 could 
be recovered quantitatively. Evidently 11, like 
boron trifluoride, catalyzes the decomposition of 
diazomethane very efficiently; a likely mechanism 
seems to be 

Q \ 

01;- cH2--cH2-x2 et c 

NH + CH,N, I - -  - 8 I -  BR-CHZ 

Here again the borazarophenanthrene acts as a 
Lewis acid rather than a proton donor. 

We finally obtained the 9-lithio derivative (V) of 
I1 by reaction with one mole of methyllithium in 
ether, methane being evolved; and with freshly 
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Fig. 1.-Ultraviolet spectra of :  , 0, IO-diiii~tIiyl- 

10,9-borazarophenantliretie (YI I ) ;  --------- , Y-~ncth~-l-lO- 
phen~1-10,9-borazaroplieiiantlirenc: (1.111); . . , IO- 
rnetligl-l0,9-borazaroplienantlircIie (11). 

distilled dimethyl sulfate I' gave 9,10-dimethyl- 
10,9-borazarophenanthrene (T711). The structure 
of VI1 was indicated by elemental analysis, by the 
similarity (Fig. 1) of its ultraviolet spectrum to 
that of 11, by the disappearance of the NH band 
at 2.03 M and the appearance of a new CH band a t  
3.46 p (in addition to the band a t  3.30 p clue to the 
B-methyl group) in the infrared spectrum, and 
by the fact that the n.1n.r. spectrum showed the 
presence of two dissimilar methyl groups. 

Yh, - Q G I A i  .;ps n 1 e 
' I1 ?ab" CY"" 

V, R = M e  VII, H = Ale 
VI,  R = Ph L'III ,R=Ph 

Similar treatment of 111 gave O-lithio-(\T) and 
9-methyl- (VI1 I) 10-phenyl- 10, O-borazarophen- 
anthrene. The structure of IYII was indicated 
by the similarity of its ultraviolet spectrum (Fig. 
1) to that of I1 or 111, and by the appearance oC 
a methyl band in the infrared spectrum a t  3 . 4  ,u. 

When I1 was allowed to react with two moles of 
methyllithiuin, a brightly colored ethereal solution 
was obtained which apparently contained 9,9- 
dilithio-l0,lO-dimethyl-0,10 -&hydro- lO,!l -horaza- 
rophenanthrene (IX), formed by addition of the 
second mole of methyllithiurn to the B S  bond of 
Y and stable only in the absence of oxygen and 
moisture. Addition of water to the solution led 
mainly to regeneration of  ilic starting material ; 
but treatment with carbon dioxide iollowcd by 
dilute acid gave 1 O,li!-diniethyl-!~,lO-clihydro-l (I.!)- 
borazarophenanthrene (XI), presurnably sia a11 
unstable intermediate X-carboxylic acid. X sinii- 
lar reaction of I11 with two moles of phenyllithium, 
followed by carbonation and hydrolysis, gave 

10,lO - diphenyl-9,10-dihydro- 10,9-borazarophen- 
anthrene (XII). 

q ; L i 2  @H2 \ BRZ ~ ~ ~ ~ ~ e 2  \ BR2 1 

IX,  11 = Fle XI,  R = Me XIII, R = Me 

*BR2 
(/ / / 

X, R = E'h XII,  R = Ph XIV, R =  Ph 

These are stable crystalline compound of novel 
type where the boron is internally chelated to 
nitrogen. That a strong chelation does occur is 
shown by the stability to aerial oxidation and heat 
of these cornpounds and to the lack of a tendency 
for XI ,  which is a derivative of diniethylphenyl- 
boron, to undergo disproportionation. 

These structures have been assigned on the fol- 
lowing evidence. (a) The ultraviolet spectra of the 
10.10-dimethyl- (XI) and 10,10-diphenyl-(XII) 9,-  
lO-dihydro-l0,9-borazarophenanthrenes are nearly 
identical and bear a close resemblance to that of 
(),lo-dihydrophenanthrene (Fig 2). The character- 

1 ;..I.. .".., 

2000 2300 3000 3500 

, . . . , , , 10,10-tiipheti~ 1- 
9 , 1 0 - d i l i ~ - d r o - 1 0 , 0 - b o r ~ ~ ~ ~ r ~ ~ p l i e 1 ~ ~ t ~ t ~ ~ r e 1 ~ ~  ( X I ) ;  
10,10 - dimethyl - 9,lO - dihydro -10,S-horazaropltet~antllrene 
( S I ) ;  , 9,1O-dil:~-tlroplie~iaiitlirene (from K. S. 
Jones, TEE JOURSAL, 63,  1658 (1941)). 

istic phenanthrene-type spectra of the starting 
materials has been completely lost. This implies 
that the conjugation across the hetero-ring has now 
been destroyed and that the only conjugation re- 
maining is from the biphenyl rings. The similarity 
of the spectra of the B-dimethyl and B-diphenyl 
compounds again shows that the phenyl groups in 
the latter are quite isolated and not conjugated 
with the biphenyl rings, as would be expected 
with boron atoms in the sp3 state (due to three 
boron-carbon valences and the chelation from the 
nitrogenj. 

(b) Both compounds show two sharp peaks in  
the near infrared, a t  3.04 and 3 . 1 6 ~  (for the R -  

A, A. 
Fig. .L.--Ultraviolet spectra o f :  
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Fig. 3.--S.rn.r. spectrum of 10,10-dirnetliJ-1-9,1O-dihJ-dro- 
10,9-borazarophenarithrene (XI)  in trifluoroacetic acid. 

dimethyl) and 3.10 and 3.16 @ (for the B-diphenyl). 
These can only be due to an -NH2 group. 

(c) The proton magnetic resonance spectrum of 
10,10-dimethyl-9,10-dihydro- 10,9 - borazarophen- 
anthrene in trifluoroacetic acid shows (Fig. 3) the 
presence of only one set of aliphatic hydrogens; 
furthermore the ratio of the areas of the methyl 
hydrogens in the spectrum to that of the amine 
hydrogens is roughly 3 : l  which is the expected 
value. 

(d) Degradation of XI1 with sulfuric acid gave 2- 
aininobiphenyl as the only detectable product. 

(e) The ultraviolet spectra were unaltered by the 
addition of small amounts of acid, indicating that 
neither compound is appreciably basic. This must 
imply the presence of a strong BN bond; for rup- 
ture of this bond would give a basic derivative of 
2-aminobiphenyl. 

The dilithio derivatives IX, X are probably ionic 
in view of their strong color; their structure is 
discussed in more detail below. They gave on 
treatment with dimethyl sulfate in benzene 9,9,- 
10,lO-tetramethyl- (XIII) and 9,9-dimethyI-l0,10- 
diphenyl- (XIV) 9,lO-dihydro- 10,9-borazarophe- 
nanthrene, respectively. These like XI and XI1 
were well-defined stable crystalline solids with 
moderate melting points. 

The structures of XI11 and XIV were assigned 
on the following evidence: (a) Unambiguous 
elementary analyses and molecular weights. (b) 
The similarity of the ultraviolet spectra to each 
other (Fig. &), to those of the 10-disubstituted- 
9,10-dihydro-10,9-borazarophenanthrenes (V), and 
to g,lO-dihydrophenanthrene, showing that the 
same basic conjugated system must be present in all 
of these: (c) The absence in the infrared of any 
peaks due to N-H (or SHz) ; the presence in the 
spectrum of the B-dimethyl-N-dimethyl compound 
XI11 of a very strong band at  about 3.43 ,U (due to 
aliphatic C-H's) which must, by comparison 
with similar compounds, be due to the presence of 
a large number of methyl groups; and the presence 
of a band a t  cu. 3.4 in the spectrum of the B- 
diphenyl-N-dimethyl compound XIV due to ali- 
phatic C-H'S.~ These bands are more diffuse 
and have suffered a slight shift by comparison with 
the 10-methyl- and 10-phenyl-9-methyl- 1 (),n-bor- 

(4) All the  l0,9-borazarophenanthrenes and related compounds 
These have the usual aromatic C-H bands a t  cpprox. 3 .26  and :i 31 f i ,  

bands do not  vary appreciably from these vaiues. 

, 
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Fig. -l.--Ultraviolet spectra of: --__ , 9,9,10,10-tetra- 
niethyl-9,lO-dihydro-10,9-borazarophenantlirene (XI I I )  
- - - - - - - . - , 9,9-dimethy1-10,10-diphen~ 1-9,10-dihydro-10,9- 
borazarophenanthrene (XI'). 

azarophenanthrenes (VII), (VIII) , probably due 
to the increased steric hindrance which must be 
present in the former compounds. 

The reactions of the dilithio compounds IX and 
X with water, leading to loss of methyl or phenyl 
and formation of I1 or 111, are somewhat unusual. 
Evidently protons attack the methyl or phenyl 
groups more readily than they attack the nitrogen 
atoms. This could hardly be the case if both lith- 
ium atoms were present as ions; the dianion XV 
would surely react with water or acid to give a di- 
hydroborazarophenanthrene. On the other hand, 
the intense color of the dilithio derivatives seems to 
exclude a purely covalent structure. This argu- 
ment suggests that  the dilithio compounds must 
have the structure XVI, one of the two lithium 
atoms being covalently bound to nitrogen, the 
other present as a cation. Water should convert 
XVI very rapidly to the covalent monolithio 
compound XVII, SO the abnormal reaction prob- 
ably involves hydrolytic rupture of this interme- 
diate. 

XVII XVIII 

Xow hydrolysis of the lithium in XVII could 
well be slow; the nitrogen atom in i t  is tetrahedral, 
and so approach of a proton to the nitrogen would 
be sterically hindered. On the other hand, 
water should coordinate readily with the lithium 
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TABLE I 
REACTION OF 10-SLrBSTI.rUTE3-10,9-BOR.4Z~4ROPHEsaxlaRESES TVITH ONE &TOLE OF ORGAXOLITHIGM 

1,. = group R' = zroup 
h'o. in -SH.BR- in R'Li -XH.BR-, m.M R'-I,i, m.l2 Reactant Products (70) 
1 N e  Ale 2.86 3 .28  COs/dil. HC1 -SH.BMe- 2 . 6  (91) 
2 hl e Pll 7 . 8  4 . 7  Dil. HC1 -SH,Bhle- 6 . 2  (80) 
3 hle Mc 8 . 3  IO, 0 Me2SO4 (21.0 rnM) -XMe.BhIe- 8 . 0  (96) 
4 hIe P11 7 . 8  6 . 7  Me2S04 (18.3 mM) -NMe.BhIe- 1 . 9  (25) 

-SH,BMe- 5 . 2  (67) 

T.4BLE 11 
REACTION OF 10-SUBSTITVTED-10,~-BORAZ.4ROPHENAsTIrnErES \VITH T W O  MOLES O F  ORGASOLITHIUM 

R = xroup in 
-NH. B R- 

?io. or R I A  -SH.Br-,  m M  R-Li. mZ1 Reactant 

D hl e 9 9  21.4 Dil. HC1 
6 XI e 3 6  2n. 0 Dil. HC1 
c Me 9 .9  21.4 (a) Dil. HC1 

(b) COe/dil. HC1 

8 Ph 4 .9  10.7 COp/dil. HC1 

-1.7 ?de2SO4 (20 n iX)  9 PI1 3 1  

Me2SO4 (2 ,  14 111~11) 10 Ph 3 1  7 .2  
11 Me 10.3 16.4 RleLS04 (27 rnX) 

TABLE I11 
EXCHANGE OF GROUPS .ATTACHED TO BOROS 

R =  R ' =  
group in group in -NII.Rr-, R'-T, i ,  

h-o. -hTH.BR- R'LI mJf m .if Reactant 

Products CYc) 
-NH,BMe- 8 .55  (87) 
-NH,BhIe- 3 . 6  (100) 
-SH.BMe- 5.7 (58 )  
-iYH2..BMe2- 0.14 (1 .4)  
-SH.BMe- 0 . 5  (5) 
-NH2..BMep- 2 . 9  (29) 
-SH.BPh- 0 . 4  (8) 
-NH2..BPh2 3 . 3  (67) 
-Nhle.BPh- 2 . 2  (71) 
-S;LIe2.,BPhp- 0 . 8  (26) 
-Shlez..BPh2- 1 . 9  (62) 
-SMe,BMe- 5 . 1  (49) 
-S;lle~..BLle2- 3 . 2  (31) 

Products (Tc) 
12 Me Ph 6 . 5  10.4 Dil. I-ICI -NH,BMe- 3 . 4  (52) 

13 M e  Ph 4 .9  10 .7  Dil. €IC1 -NH.BMe- trace 
-NH.BPh- 1 . 9  (27) 

-NH.BPh- 4 . 1  (83) 
14 Ph nrc 4 . 7  25.0 Llil. HC1 -NH.BPh- 3 . 5  (75) 
15 hle E t  3 .  1 10. 7 IXl. HC1 -NH.BMe- trace 

16 Me Ph 4 . 9  21.4 COa/dil. HC1 -SH.B,lle- trace 
-NH.BEt- 2 . 9  (57) 

-SH.BPh- 0 . 7  (14) 
-NHa..BPh?- 2 . 4  (49) 

17 P 11 hf e 4 .9  1-1.4 CO?/dil. HC1 Oil (1.25 g . ) ,  presumablj; -SH2..BPhMe- 
which decomposes rapidly 

atom to give an adduct (XIrIII)  in which the in- 
dicated dismutation could lead directly to demeth- 
ylation or dephenylation. The geometry of the 
adduct XVIII should be particularly favorable 
for such an intramolecular electrophilic proton 
attack on the methyl or phenyl group. 

Exchange Reactions.-IYhen 10-methyl-10,9- 
borazarophenanthrene (11) was treated with excess 
phenyllithium, the methyl group underwent re- 
placement by phenyl. Two moles of phenyl- 
lithium gave, after hydrolysis, mostly 10-phenyl- 
10,9-borazarophenanthrene (111) together with 
some unchanged starting material (11). Addition 
of three moles of phenyllithium, followed by car- 
bonation and acid hydrolysis, gave mainly 1 0 , l O -  
diphenyl-9, 10-dihydro - 10,O - horazarophenanthrene 
(XII) together with a little 111. 

The formation of these products can be explained 
simply in terms of the addition reactions discussed 
above. The first mole of phenyllithium metal- 
lates the imino group of 11, and the second adds to 
give the mixed dilithio compound XIX. This on 

hydrolysis loses methyl rather than phenyl for 
two reasons; first, the B-methyl bond must be 
weaker than the B-phenyl bond since bonds formed 
by sp2 carbon are stronger than those formed by 
sp3 carbon5; secondly, there may possibly be a 
stabilizing resonance interaction between phenyl 
and the ring in 111. 

I1 A PliLi 

L&J 
XIX 

+l'iiLi 

-1'hLi 

- 
I11 r X 

The formation of the diphenyldihydroborazaro- 
phenanthrene (XII) on treatment of I1 with three 
moles of phenyllithium must imply that addition 
to the BN bond of I1 is reversible; thus the adduct 
XIX can either revert to the starting materials 

(19ILl) 
( 5 )  See R1 J S Dewar and H. K ,  Schmeising, Tetrahedron. 5,  10G 
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TABLE IV 
MISCELLANEOUS 

HCl 
18 Reverse reaction 

-NHY.BM~S- 1.44 mM + MeLi 10.7 mM-+-NH.BMe- 1 .0  mM(71%) + -NH-j..BMeT ( 0 . 3  mM (23%) 
19 Grignard reaction 

HC1 
-NH.BMe- 7.85 m M  + MeMgI 12.9 m M  -+ -NH.BMe- 7 . 8  m M  (79%) + -XH2..BMez- 1.2 m M  (12%) 

20 Grignard reaction 
HCl 

-NH.BPh- 4 . 3  mM + PhMgBr 20.0 m M  -* -NH.BPh- 1 . 0  (23% + -NH*..BPhl- 2 .9  (60%) 

I1 and phenyllithium, or dissociate to I11 and 
methyllithium. With an excess of phenyllithium, 
the I11 formed in this way can add a second mole 
of phenyllithium to form X,  which on carbonation 
followed by hydrolysis gives XII.  

This mechanism requires all the reactions in the 
formation of X to be reversible (as indicated in the 
scheme above); the fact that  XI1 is obtained in 
good yield by using just three moles of phenyl- 
lithium must imply then that the equilibrium 

I1 + PhLi J_ I11 + MeLi (1) 
is far over to the right. This was confirmed by 
experiments in which I11 was treated with a large 
excess of methyllithium, and in which exchange of 
phenyl for methyl did not occur. Hydrolysis of 
the product gave only 111, while carbonation fol- 
lowed by hydrolysis gave an intractable material 
which changed its nature during working up. 
Presumably XIX was formed, which on carbona- 
tion and hydrolysis gave lO-methyl-lO-phenyl-9,10- 
dihydro-10,9-borazarophenanthrene; this in turn 
disproportionated to XI  and XII ,  giving a mixture 
of at least three very similar products. A similar 
intractable product was obtained by carbonation 
and hydrolysis of XIX, formed by the action of 
two moles of phenyllithium on 11. Evidently 
the replacement of methyl by phenyl is not easily 
reversed, confirming that the equilibrium of eq. 
1 favors the phenyl compound 111. 

The fact that the equilibrium of eq. 1 lies far over 
to the right is interesting. It can be explained 
very simply in terms of the variation in bond energy 
of carbon bonds with hybridizations; bonds formed 
by sp2 carbon are stronger than those formed by spa 
carbon. Now the C-Li bonds in organolithium 
compounds are much weaker than the C-B bonds 
in organoboron compounds : the difference in bond 
energy between bonds formed by sp2 and spa 
carbon should therefore also be greater for bonds 
to boron than for bonds to lithium. Consequently 
the metathesis should be exothermic; and so the 

C.$-Li + C,,a-B + C.,s-Li + C p & B  

equilibrium of eq. 1 should favor methyllithium 
and phenylborazarophenanthrene-as is the case. 

Methyl groups can also be replaced by ethyl; 
when I1 was treated with two moles of ethyllithium 
and the product hydrolyzed, a 57% yield of 10- 
ethyl-lO,9-borazarophenanthrene was obtained 
The relatively low yield was undoubtedly due to 
the difficulty of separating the 10-ethyl compound 
from the starting material. 

Action of Grignard Reagents.-The action of 
Grinnard reagents on 10-substituted borazaro- 

phenanthrenes has been briefly studied. The re- 
actions seemed to follow the same general course 
as those with methyl- or phenyllithium, but hy- 
drolysis of the adduct XX gave mainly a derivative 
of dihydroborazarophenanthrene, demethylation 
or dephenylation taking place to a much smaller 
extent than in the corresponding reactions of IX 
or X (that some anomalous hydrolysis took place 
even here was indicated by the recovery of 23% 
of 111, even after reaction with five moles of phenyl- 
magnesium bromide). This difference may be due 

8 g : g B r l ,  

xx 
to the greater size of magnesium compared with 
lithium or to greater covalent character in the 
dimagnesium compounds XX compared with the 
dilithio compounds IX, X. The greater size may 
lead to increased strain in the cyclic transition 
state (cf. XVIII) involved in the internal rearrange- 
ment; while the groups attached to boron must be 
less negative in XX than in IX or X and so less 
susceptible to attack by protons. 

Conclusions.-It is hard to find good analogies 
for the reactions described here ; nucleophilic ad- 
dition to BN bonds does not seem to have been 
observed, although similar additions of organo- 
metallic compounds across C=N bonds have long 
been familiar. Electrophilic addition of hydrogen 
halides to borazine (XXI) to form the trichloro 
or tribromo compounds XXII  is well known, 
but the products are much less stable than the di- 
hydroborazarophenanthrene derivatives described 
in this paper. No cases of exchange of methyl 
attached to boron for ethyl or phenyl seem to have 
been reported, while the fission undergone by our 
dilithio compounds IX, X on hydrolysis seems to 
be unique. This last reaction is particularly 
interesting since it suggests that the hydrolytic 
replacement of metals from metal-organic com- 
pounds may be a relatively slow process. 

L 

” 
BH’ ‘BH 

I /  
- 

For convenience the results together with the 
- - quantities of reactants and products, expressed 
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in millimoles, have been tabulated. It will be 
noted that the amounts of organolithium reagents 
used in the reactions were usually rather more than 
the calculated values. Unfortunately, only small 
quantities of the borazarophenanthrenes were 
available for this work, thus limiting the scale of 
the experiments. This necessitated the use of 
very small amounts of organolithium reagents and 
due to a number of causes such as residual wetness 
of solvents, inaccuracy in the determination of the 
concentration of organolithiums, etc., rather more 
than the stoichiometric amounts had to be used. 

The following abbreviations are used: -NH. 
BMe- (lO-methyl-10,9-borazarophenanthrene (11)) ; 
-NMe.BMe-(9,10 - dimethyl - 10,9 - borazarophen- 
anthrene (VII)) ; -NH2.BMe-2( 10,lO-dimethyl- 
9,10-dihydro-10,9-borazarophenanthrene (XI)) ; - 
NMe2.BMe2- (9,10-tetra.methyl-9,1O-dihydro-l0,- 
9-borazarophenanthrene (XIII)) ; etc. 

The total yields of products in these reactions 
were usually 8045%;  i t  is thought that these re- 
actions in fact proceed quantitatively and that the 
loss of yield is due solely to difficulties of working 
up and of separating small amounts of thc different 
conipounds formed from each other. 

Experimental 
The starting materials, 10-methyl- and lO-phenyl-10,9- 

borazarophenanthrene were prepared as previously de- 
scribed4; for the deuterium exchange experiments the former 
was rigorously purified to  m.p. 102.5-103' by crystalliza- 
tion from light petroleum. All crystallizations from light 
petroleum were carried out using the fraction b.p. 40-60'; 
chromatography was carried out on Peter Spence alumina 
type H, usually in petroleum ether, b.p. below 40'. Anhy- 
drous magnesium sulfate was used for drying solutions. 
Ultraviolet spectra were determined in 95% ethanol on a 
Unicam S.P. 500 spectrophotometer. Infrared spectra 
mere determined, either in carbon disulfide and carbon 
tetrachloride solutions or as mulls in Nujol and hexachloro- 
butadiene on a Grubb-Parsons double-beam spectropho- 
tometer. Microanalyses were carried out by Alfred Bern- 
hardt, Max-Planck-Institut fur Kohlenforschung, Miil- 
heim, Germany. 

Hydrogen-Deuterium Exchange.-lO-Methyl-l0,9-bora- 
zarophenanthrene (0.46 g . )  was dissolved in a solution of 
0.45 g. of heavy water in 12 g .  of dry,  freshly distilled dioxane 
in which 0.02 g. of sodium had previously been dissolved. 
The contents were shaken for a minute to  ensure complete 
solution and mixing; then the contents were transferred 
into a distilling flask arid the solvent taken off in ~ C U O  
a t  room tempeiature until a dry residue was obtained. It 
was estimated that the solid could have been in contact 
with (at  least traces of) solvent for up to 45 minutes, even 
under the most favorable conditions of rapid handling. The 
solid was then extracted with dry petroleum ether, the solu- 
tion filtered and concentrated to give a quantitative yield of 
9 - deuterio - 10 - methyl - 10,9 - borazarophenanthrene, m.p. 
102.6-103", no depression of m.p. on mixing with starting 
material. The infrared spectrum of this material showed 
that the strong Ii-H peak present in the undeuterated 
material a t  2 . 9 3 ~  was almost completely absent and had 
been replaced by a new peak at  3 . 9 6 ~  due to N-D absorp- 
tion. 

Experiments carried out under the above conditions, but 
without sodium deuteroxidc being present and which were 
left standing at  room temperature, sliowed that after 
23 hours there had been negligible exchange; only after 
45 hours did exchange become appreciable. 

Attempted Direct Methylations. (a) Using Alkaline 
Dimethyl Sulfate.-lO-Phrny1-10,9-bornsarophenanthrene 
(l;O,g.), dimethyl sulfate (1.5 ml.) and water ( 5  ml.) con- 
taining potassium hydroxide (1.5 g . )  were refluxed together 
for 2 hours and then left for GO hours. Hydrolysis and ex- 
traction with ether gave unchanged starting material, m.p. 
109-llOo, as the sole product ill 70% yield. 

(b) Using Diazomethane.--An ethereal solution of diazo- 
methane6 was added to  solutions of 10-methyl- and 10- 
phenyl-10,9-borazarophenanthrene (0.2 9 . )  in ether (10 
ml.). The diazomethane solution was instantaneously 
decolorized with evolution of nitrogen and deposition of 
a white fluffy insoluble precipitate, containing no B or W, 
and presumably consisting of polymethylene. There 
appeared to  be no limit to the amount of diazomethane which 
these solutions would decolorize. A similar, though con- 
siderably slower, reaction was observed using solutions of 
10,lO-dimethyl- and lO,lO-diphenyl-9,10-dihydro-10,9-bor- 
azarophenanthrene. In  all cases there was quantitative 
recovery of starting material. 

Reactions of 10-Methyl- and lO-Phenyl-10,9-borazaro- 
phenanthrene with Methvl- and Phenvl1ithium.-Since the 
procedure followed was basically thesame  for all the ex- 
periments only a few typical ones will be described. A11 
the essential data for the other experiments has been 
presented under Results. 

Experiment 7.-A solution of methyllithium (21.4 m X )  
in ether (20 ml.) was added slowly to  a solution of 10- 
methyl-10,9-borazarophenanthrene (1.9 g., 9.9 m X )  in 
ether (15 ml.) a t  -10' with stirring under dry nitrogen. 
A vigorous evolution of gas was observed during the addi- 
tion of half the methyllithium; thereafter the color of the 
solution, which had been very pale yellow, became very 
much deeper yellow. The solution was stirred for 5 minutes 
a t  this temperature, then part was poured into hydrochloric 
acid (50, ml., 2N)  (fraction a)  and the remainder poured 
onto solid carbon dioxide (fraction b).  

Fraction a was extracted with ether and the ether evapo- 
rated leaving a reddish solid. This was chromatographed 
to  give unchanged I1 (1.1 g., 58%) and 10,lO-dimethyl- 
9,10-dihydro-10,9-borazarophenanthrene (XI)  (0.03 g., 
1.4%). 

When the carbon dioxide had evaporated, fraction b 
was acidified with dilute hydrochloric acid and worked up 
as described above. Chromatography of the product gave 
lO-metnyl-10,9-borazarophenanthrene (0.1 g . , 570), m .p. 
101-102°, and 10,10-dimethyl-9,10-dihydr~-lO,9-borazaro- 
phenanthrene(XI), (0.6g.,29%),m.p. 136 . 

Anal. Calcd. for ClrH16NB: C ,  80.40; H, 7.65; N, 6.70; 
B, 3.30; mol. wt., 209. Found: C, 80.53; H, 7.37; 
N, 6.71; B,3.20; mol. wt., 196. 

Experiment 8.-LJsing a procedure identical with that 
used in Experiment 7b, I11 (1.25 g., 4.9 mM) was treated 
with ethereal phenyllitliium to give a deep red solution; 
after carbonation and working up as described, unchanged 
I11 (0.1 g., 870) and lO,lO-diphenyl-9,19-dihydro-10,9- 
borazarophenanthrene (XII ,  1.1 g., 670j0), m.p. (in vacuo) 
232', were obtained. 

Anal. Calcd. for C24H20SB: C, 80.50; H,  6.00; N ,  
4.20; B, 5.26. Found: C,  86.89; H, 5.87; X, 4.22; B, 
5.47. 

Experiment 17.-A solution of 10-phenyl-10,9-borazaro- 
phenanthrene (1.25 g., 4.9 mM)  in ether (20 ml.) was treated 
with methyllithium (14.4 mM) in ether (20 ml.) and then 
carbonated. On working up and evaporating the solvent 
an oil (1.25 g.) was obtained which on treatment with ether 
and petroleum ether eventually solidified. Recrystallization 
of the solid (m.p. 140-160') from ether-petroleum ether, 
from nitromethane, from benzene-petroleum ether ("2. 
100-120') or ethanol-water onlyraised the m.p. to 180-190 ; 
this, however, was raised to  205-210" O T ~  the addition of 10- 
diphenyl-9,iO-dihydro-10,9-borazarophenanthrenc and it  is 
presumed that this solid must contain some of the latter 
compound. As this material also chromatographed with 
the m.p. unchanged the impurity must be X I  which chroma- 
tographs in the same way as XII. Thus the material ob- 
tained was a mixture of X I  and XII ;  this could only have 
been formed if the initially formed R-methyl-B-phenyl- 
dihydroborazarophenanthrene disproportionated during the 
working up procedure. 

Experiment 11 .-A solution of iiieihyllithiu~n (16.4 ruM) 
in ether (16 ml.) was added to  one of 10-methyl-10,9- 
borazaroplienaiithrene (2  g., 10.3 inM) in berizene (20 1111.) 
at room temperature. -%fter stirring for 5 minutcs a solu- 
tion of dimethyl sulfate (3.4 g., 27.0 mill; freshly distilled 
from potassium carbonate) in benzene (30 ml.) was added. 
The yellow color faded rapidly and after stirring for a few 

( 6 )  J. DeBoer, Re<. truw c h i m . .  73, 228 (3854) 
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minutes a t  room temperature the solution was refluxed for 
1 hour, then treated with sodium hydroxide solution (50 
ml., 2 N )  and extracted with ether. Chromatography 
separated the residue (2.0 g.) from evaporation of the 
ether into three fractions. Each of these was again chroma- 
tographed into two fractions which were suitably combined 
to give VI1 (1.05 g., 49%], m.p. 117-118', and XI11 
(0.75g., 31%), m.p. 108-109 . 
9,10-Dimethyl-10,9-borazarophenanthrene (VII).-Anal. 

Calcd. for C1&Hl4NB: C ,  81.16; H,  6.76; N, 6.76; B, 
5.31; mol. wt., 207. Found: C, 81.13; H,  6.57; N, 
G.59; B, 5.50; mol. wt., 189. 

9,9,1O,lO-Tetramethyl-9,10-dihydro-10,9- borazaro- 
phenanthrene (XIII): Anal. Calcd. for CI6H2JVB: C, 81.01; 
H, 8.44; N, 5.90; B, 4.64; mol. wt., 237. Found: C ,  
80.84; H ,  8.67; N, 5.66; B, 4.74; mol. wt., 206. 

Experiment 9 was carried out exactly as described for 
experiment 11. Separation of the product by chromatog- 
raphy gave VIII,  m.p. 122.5-123.5", and XIV, m.p. 224- 
2260. -- - 

9-Methyl- 10-phenyl- lo, 9-borazarophenanthrene (VIII) : 
Anal. Calcd. for C18Hl&B: C, 84.76; H, 5.95; N, 5.20; 
B, 4.09; mol. wt., 269. Found: C, 84.79; H, 5.85; N, 
5.32; B, 4.40; mol. wt., 243. 

9,9-Dimethyl-lO, lO-diphenyl-9,1O-dihydro-10,9 - bor- 
azarophenanthrene (XIV): Anal. Calcd. for CPGHPPNB: C,  
86.43; H, 6.65; N,3.88; B,3.05; mol.wt.,361. Found: 
C, 86.69; H, 6.81; N, 3.91; B, 3.23; mol. wt., 339. 

The Conversion of 10,lO-Dimethyl-9,10-dihydro-10,9- 
borazarophenanthrene (XII) into lO-Methyl-l0,9-borazaro- 
phenanthrene (11). Experiment 18.-A solution of methyl- 
lithium (10.7 mM) in ether (20 ml.) was added to one of 
X I  (0.3 g., 1.4 mM)  in ether (15 ml.). Gas was evolved 
and the solution turned yellow-green. After stirring for a 
few minutes the solution was poured into hydrochloric acid 
(30 ml., 2 N )  and extracted with ether. Chromatography 
of the residue fromoevaporation of the ether gave I1 (0.2 g., 
71%), m.p. 99-101 , mixed m.p. 101-102°. Elution of the 
column with ether gave starting material (0.07 g., 23%). 

The reactions of B-methyl- and B-phenyl-borazarophen- 
anthrenes with Grignard reagents were carried out in similar 
fashion to that described for experiment 7a. 

Deboronation of lO,lO-Diphenyl-9, IO-dihydro- 10,g-bor- 
azarophenanthrene (XII) .-The B-diphenyl compound (0.5 
g.) was dissolved in cold concentrated sulfuric acid (15 ml.). 
After 7 hours a t  room temperature the solution was poured 
onto ice and neutralized with ammonia. Extraction with 
ether gave an oil which on chromatography yielded 2- 
aminobipheriyl (0.15 g., S%), m.p. and mixed m.p. 
50'. 

The authors wish to thank the British Petroleum 
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Acids1 

Two new reactions of methylene ketones with carboxylic acids in poIyphosphoric acid are discussed. One leads to sub- 
stituted pyran-4-ones ( e . g . ,  1,3-dipheny1-2-propanone and acetic acid gave 2,6-dimethyl-3,5-diphenyl-4H-pyran-4-one) 
and the other to alkylated benzo [a] fluorenones ( e . g . ,  deoxybenzoin and acetic acid yielded 5-methyl-llH-benzo[a]fluoren- 
11-one). The reactions provide simple synthetic routes to these ring systems. 

It was reported recently that ketone I con- 
densed with acetic acid in hot polyphosphoric 
acid to give (76% yield) a substituted 4H-pyran- 
4 - m ~  (11) . 3  This novel reaction appeared particu- 
larly interesting since, if general for methylene 
ketones, i t  would provide an unusually simple and 
convenient route to the pyranones. No study of 
the reactions of methylene ketones with carboxylic 
acids in polyphosphoric acid seems previously 
to have been made, although condensations of 
great variety have been effected by polyphosphoric 

I 
k CH3 

I1 

acid.4 We therefore undertook an investigation 
of the scope of the reaction exemplified by the con- 

(1) Presented at the 137th Meeting of the American Chemical So- 

(2) Standard Oil Co. of Indiana Fellow, 1958. 
(3) R. L. Letsinger, J. D. Jamison and A. S. Hussey, J .  Oig. Chrm., 

(4) F. D. Popp axid E.  McEwen, Chem. Rews., 68, 321 (1958). 

ciety, Cleveland, Ohio, April la,  1960. 

48, in press (1960). 

version of I to 11. The present paper is concerned 
with the transformations involving 1,3-diphenyl- 
2-propanone, phenyl-2-propanone, 3-pentanone and 
deoxybenzoin. 

A crystalline product was isolated in 76% yield 
after the treatment of 1 3-diphenyl-2-propanone 
with acetic acid in hot polyphosphoric acid. The 
analysis was consistent with the formula (219- 
HlaOz; in agreement with a pyranone formulation 
the substance was soluble in 4 M hydrochloric acid, 
yielded a thio derivative (V) when heated with 
phosphorus pentasulfide, and exhibited a triplet 
of bands in the infrared between 6.0 and 6.3 p,  
characteristic of 4H-pyran-4-ones. Two structures 
appeared feasible: one (111) would have been pro- 
duced by a condensation analogous to that by 
which I1 was formed from I ;  the other (IV) would 
have resulted if the ketone had undergone diacyla- 
tion to give 3,5-diphenyl-2,4,6-heptanetrione as an 
intermediate. That IV is the correct structure 
was established by the n.m.r. spectrum. which 
showed a single band in the region for aliphatic 
hydrogen absorption, A more complicated spec- 
trum would be predicted for 111. 

Phenyl-2-propanone reacted with acetic acid in 
polyphosphoric acid similarly to the diphenylpro- 
panone; the product, 2,6-dimethyl-3-pheny1-4H- 
pyran-4-one (VI), was obtained in 48% yield. 
In  support of the assigned structure, VI was con- 
verted in high yield via typical reactions for 


