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DIFFERENTIAL SCANNING CALORIMETRIC STUDY OF THE 
TRANSITION HEATS OF SOME DIBENZAZEPINES, CARBAZOLES AND 
PHENOTHIAZINES 
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IBM Research Luborarory, San Jose, California (U. S. A.) 

(Received July 6th. 1971) 

The transition temperatures and heats of two dibenzazepines, three carbazoIes 
and three phenothiazines have been obtained. This represents a continuation of an 
earlier study of a series of acyldibenzazepines. Additional evidence for a back-folded 
acylchain in the solid state has been developed and good correlation of these bent 
ring molecuIes with well known spherical moIecules on the basis of transition entropy 
is possible. The behaviour of the aIky1 chain in acy1 substituted dibenzazepines, 
carbazoles and phenothiazines is contrasted with other alkyl substituted ring systems. 

In an earlier study the authors reported on the transition heats of tweIve 
N-substituted derivatives of diber,Tazepine’. It was reported in that study that these 
derivatives exhibited transition heats that could be correIated by assuming that the 
molecules behaved as oblate spheroids. In an oblate spheroid configuration, the 
rotational freedom of the moIecuIes in the solid phase is more restricted than in the 
case of truly spherical molecules. However, the entropy change on meiting is approxi- 
mately intermediate between spherica and rod-Iike molecules. For the dibenzazepines 
two linear correlations were obtained when transition entropy was plotted as a 
function of transition temperature_ 

This study continues the previous work with two additiona dibenzazepines, 
three carbazoles and three phenothiazines. The structures of these moIecuIes are: 

O=t-R 

Acyl czrbazole 

0=&R 
R = H, CH3. ClCH,C?i, 

Acyl phenothiazine 

R = CICHZ. CH,(CH,)8 
Acyl diben=a:epine 
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EKPERIMEXTAL 

Sr_dlesis qf compounds 

5-Choroacer_t-Z-Sff-diben=(b=f)a=epine (compormd 13a). - A mixture of 5.2 g 
(O_G27 moIe) dibenzazepine and 7-I g (0.054 mole) chloroacet>-I chIoride was refiuxed 

IS h in 200 mi dq toluene. The mixture was cooled and then rotary evaporated to 

gir-e an orange colored oil_ The oil after repeated washing with petroleum ether 
_ _ 

(X-50’) and cooling sohd!fied. Two rzcrystallizations from a 4:I heptane-benzene 

solvent mixture and treatment with decolorizing charcoal gave 4.1 g (56.3%) of white 

C~Sta!S. 
Anal. CaIc. for Ci6HI,CIXO: C, 7125; H. 4.48; CL 13-14; N, 5.19. Found: 

C. 71.31: H. 4.49; CI, 13.01: N. 5.15. 

5-Gecano_+SZf-diben=(b,f)a=epine (compom~d Z3b). - A mixture of 5.8 g 

(IX03 mole) dibenzazepine and I I-4 g (O-06 mole) decanoyl chloride was refiused 

18 h in 175 ml dq toIuene_ The mixture was cooled and then rotan’ evaporated to 
gi\-e a yellow oi1. The oil was dissolved in 150 m1 benzene and then passed through a 

200 x 25 mm chromatographic column containing WoeIm W200 neutral aluminum 

oxide. Unreacted dibenzazepint showing a sIight red fluorescence was ehxted first 

(_knzene solvent). A second band at the top of the column was eluted from the coIumn 

with diethyl ether_ The ether was removed under vacuum to give the desired com- 
pound. a viscous colorkss oil, in quantitative _vield. 

.-lnuZ. CaIc_ for CZ,H,&O: CI 82.95; H. 8.41; N, 4.03. Found: C, 82.76; 

H. 8.48; X;. 3-98. 

~~~-(FCZxZoropropion~l)carba=oZe (conr~7or97d 14) and N-(Jl-ChZoropropionyl)- 

phenoriiia=ine (compound 19). - The syntheses of these compounds have been 
previously reported’_ 

The Wacet>-I- and ?i-formyi carbazole and phenothiazine derivatives were 

synthesized by procedures used to prepare the analogous dibenzazepine derivatives’. 

:V-AceryZrarba=oZe (compound ZJ~ (30%). - Anal. Calc. for C,J-I, ,NO: 

C, 80.36; H, 5-30; N. 6.69_ Found: C. 80.38; Ht 5.30: N, 6.77. 

S-Form~icarba=oZe (compound ZS) (80%). - Anal. Calc. for C,,H,KO: 

C, 79_iS; H, 4.65; X. 7_ IS. Found : C. 79-97; H, 4-78 ; N, 5.23. 

S-Fomr_r-ZpirenorZliozilre (compound IT) (44%). - Anal. CaIc. for C13H,NOS: 

C. 68.70; H, 3.99; N, 6.16; S, 14.1 i. Found: C, 68.71; H, 4.00; X, 6.06; S, 14.12. 

~--Acel_r-/pixenofllio=inP (compozmd 18) (99%). - Anal. CaIc. for C,,H, ,NOS: 

C, 69.6s; H, 4-60; X, 5.80; S, 13.29. Found: C, 69.66; H, 4.63; N. 5.55; S, 13.33. 

Scanning calorimetry 

DifferentiaI scanning caIorimetry (DSC) was carried out in a Perkin-EImer 
DSC-IB scanning caIorimeter at a heating rate of 1.25 ‘C:min and a sensitivity of 

2 miIIicaIories per inch. The samples were encapsulated under nitrogen in aIuminum 

TioIatiIe sampIe sealers. These sealers used an additiona small insert to obtain good 

thermaI contact. The samples were positioned in the center of the celis and covered 
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with aluminum domes. The technique is described in detail elsewhere3. The calori- 
meter temperature axis was calibrated using 99.9999 mole o/o gallium, benzoic acid, 
indium, tin and lead. The thermal response was also calibrated in the same way. The 
purity analysis was made using the van’t Hoff equation described previously3-‘. The 
data are given in Table I. All temperatures represent the vertex of the endothermal 
minimum and are corrected for thermal resistence. The data are all obtained on first 
heating of the solvent recrystallized solids. The solids formed oils on melting which 
super-cooled without recrysta!hzation_ IR and UV spectra did not indicate decom- 
position. 

DISCUSSION 

DecanoyI dibenzazepine 

The estension of the alkyl chain to Cre produces a material of low melting 
point and extremely low transition entropy. The melting point, 3.3O’C, is “predict- 
able” from the mehing points of the forrnyl, acetyl and propionyl derivatives discussed 
previously’_ A general trend towards decreasing melting point and entropy of fusion 
wi’th increasing acyl chain indicates that the chain is progressively shifting the total 
moIecular configuration towards a more spherical geometry. This shift is further 
supported by the low transition entropy. The latter is very near the translational 
entropy of such we11 known spherical molecules as carbon tetrachloride and neo- 
pentane. In Fig. 1, the decanoyl derivative is shown to belong to the Iower series of 

m.i : f II I ! IIll I I It I !I 
200- 01 :z*_ 

u: 
lao- 

ZM 

o =Dibenzazepine Derivarives fl J 
0 =carbazole 
a =PhmoKhiarine .’ 

E M- c a =Carbon Tetrzchloride (8) 

o- 
c b =Methyl Chloroform (8) 
D c =Neopeentane (8) 

-2o- od =t.Eutvi Chloride (8) 

b, 
c e =Cartxx Tetrabromide 18) 

?3 1 ; 3 I : 5 I!. 6 ; 8 1 9 I1 10 11 1 12 ! 13 1 14 i 15 11 16 17 ! 18 I 19 b 

TRANSITiON ENTROPY, caf/moW’K 

Fig. 1. CorreIation of transition entrcpy with melting point for a group of dihenzazpines, car- 
bazoles and phenothiazines. 

dibenzazepines which contains the propionyl, chlorobutyryl, trit%.toroacetyl, bromc- 
isobutyry!, acetyl, and chloropropionyl derivatives_ If the solid state had involved the 
decanoyl chain in a paraffinic structure, the transition entropy would be expected to 
increase. Assuming that the decanoyl chain added only to the molecular weight but 
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did not contribute to the solid state order in any way (i.e., completely random in the 
solid), the transition entropy should be reduced by less than one haIf of the formyl 
value, i.e., approximately 6 kcal/mole. This, obviously, is not the case. The decanoyl 
chain must exist in the solid phase foIded over the dibenzazepine rings and contributes 
a generally more spherical configuration to the molecule. It is possible that the 
rotationally frozen state was not formed. MoIecules with a spherical configuration 
usually exibit two transitions: a rotationa (solid -+ solid) and transIationa1 (solid -+ 
liquid). The rotational transition is usually the larger of the two’. The decanoyl 
derivative appears to show onIy a translational entropy. A second solid phase 
probably exists below -20°C (the start of this study). Indeed, all of the materials in 
this study may have a second low temperature form. This is indicated by a calculation 
using the entropy ruIes given by Bondi’. The predicted 
entropy for these multi-ring materials is approximately 
symmetry factors). 

solid to Iiquid transition 
I9 cal/mole/ “K (excluding 

Carbazoles 
The three carbazole derivatives measured ercibit melting points about 20” 

higher than predicted by anaIo_w to dibenzazepines of the Icwer melting series 
(compounds 3,4,6,7,9, IO). This could be due to reduced midring pucker and greater 
moIecuIar poIarity. Both effects would tend to increase the intermolecular attraction 
in the solid phase. Intermolecular attraction in the solid phase is supported by the high 
mehing point of the fi-chloropropionyl derivative_ The length of the side chain, 
per se, is unimportant, since no regular increase in entropy of fusion is noted with 
increasing side chain length for these materials. The side chain is probably folded 
over the rings in the solid phase and is important to the soIid order o&y in altering the 
total electronic configuration. 

Pheno fhiazines 

These derivatives exhibit an entropy-fusion temperature relationship com- 
parabIe to the higher series of dibenzazepines (compounds 2, 5. 8, I2 and I3 a,b). The 
N-acetyl phenothiazine has an unusuaIIy high fusion temperature; higher than 
dibenzazepine. This elevated temperature must be due to hydrogen bonding in the 
solid phase. The sulfur atom in the bridge appears to affect molecular polarity and 
geometry in much the same way as the double bond bridge in dibenzazepine. It has 
been observed that phenothiazine is isosteric with dibenzazepine in the same way that 
benzene is isosteric with thiophene”. 

coNCLUSIONS 

The derivatives of dibenzazepine, carbazoie and phenothiazine described in this 
paper display entropies and temperatures of fusion characteristic of obIate spherical 
molecules. The substitution at the nitrogen apparently folds back over the moIecuIe 
to give a more spherical molecular symmetry. The decanoyl dibenzazepine derivative 
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has a very low entropy of fusion very close to well known spherical molecules_ The 
solid phase of this material restricts only translational freedom; not rotational 
Ceedom. Xo tendency for side chains to organize along the basis of the paraffins was 
noted_ The presence of a puckered ring system is essential for this kind of molecuiar 
symmetry_ Other ring systems which have been investigated do not show any tendency 
to form spherical molecules in the solid phase’_’ I _* ‘_ 

King structures simiIar to the carbazoles and phenothiazines are found in many 
drqs and allied natural products_ The esistence of spherical or oblate spherical 
symmetry in the solid phase could explain the unusual melting points, solubilities 
and polymorphy reported by many workers. 
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