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Abmtraat.. A variable temperature 300 MHz Nt4R investigation of 
tran~-10-bromo-10,ll-dihydro-11-hydroxy-5H-dibent[b,flaze- 
pine-5-carbonpl chloride has shown the prc8cnce of two 
conformationally restricted isomers, both bear i ng anti 
oriented o. protons and hydrogen bonded gauche substituents at 

C( 101 and C(111, which are interconverted through ’ ring 
inversion by torsion about the C(4al-N(5l-C(5al bonds. The 
free energy of activation for the ring inversion process, 
obtained in the 21-38 ‘C temperature range, is AC@ = 16.520.2 
Kcal mol-i . 

The IO,ll-dihydro-5H_dibenz[b,flazepinc ring system ia of considerable 

pharmacologicaj ‘interest, being present both in antidepressant drugs and in 

metabolites of several drugs having the 5H-dibonz[b,flazepine parent structure.1 

A deeper knowledge of the conformational bshaviour of this tricyclic system 

could’bc of help in understanding the baais of the biological activity of these 

compounds. 

In the course of previous investigations we observed that the ‘H NHR 

spectra of the 5-carbonyl chloride and 5-carboxyamlde derivatives of lO,ll- 

dihydro-5H_dibenz[b,f]azepine having two trans hydroxyl groups or bromine atoms 

at the 10 and 11 positions exhibit a nonequivalence of the H( 101 and H(111 

protons,‘* r pointing to the occurrence of restricted conformational processes in 

the seven-membered axepine ring. In this paper we are reporting on the NPIR 

observation at room temperature of two nonequivalent gauche conformers when two 

different trans substituents are present at C1101 and C(111. 

The 00 UHz iH NMR spectrum of trans-lo-bromo-lO,ll-dihydro-11-hydroxy-5H- 

dibenz[b,flazepine-5-carbonyl chloride (11 in chloroform-d showed for the H(101 

and H(111 protons an AB pattern at 8 5.7 and 5.25 ppm with a coupling constant 

Of about 9 Hz, with a considerable broadening of the 1 ouer field doublet 

persi8ting also after exchange with DrO. A splitting of this doublet into four 

lines was clearly apparent in methanol-da. In acetonitrile-da further splittings 

were observed for this signal, as well as for the OH signal, which were removed 

after exchange with DsO, showing that the couple of doublets at lower field 

corresponded to protons a to hydroxyl. Two sharp lines were ins toad always 
_L____._J ___ _L ooserveo ror rnc higher ficid doubiei. Furthermore, 

I . . 
one or me aromaiic protons 
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reaultcd to be more dcshielded with respect to the remaining ones, 8ppa8ring 88 

a multiplet integrating for 1 H, well separated from a complex absorption due to 

seven overlapping aror8tic protona. 

At 300 n!Ir; two nartim11v ovcrl~aaing daubletn al different intensity and r-- -----. 

slightly different coupling constant, J = 9.8 8nd 8.1 Hz, were observed 8180 in 

chloroform-d 8t 8 5.72 8nd 5.68 ppm, rnd a doublet with 8 8plitting of 9 Hz 

still 8ppeared at 6 5.28 ppm. The two lower field doublet8 were vu11 nparrted 

(8 5.71 and 5.62 ppm, J 9.4 8nd 8.1 Hz), in the 300 MHz 8pectrum in reth8nol-dc 

In this solvent a splitting of the higher field line and sore bro8dening of the 

lover field one "8s 8180 observed for the other sign81 8t 8 5.35 ppm, thus 

showing that the entire medium field part of the spectrum of 1 8CtU8lly 

consisted of two AB systems. A very 8iDil8r apcctrum W88 ob8erved 8lso in 

8cetonitri le-da. In 811 three solvents the more deshielded 8rom8tic proton 

appe8red as a couple of partirlly overlrpping doublets of different intensity, 

with similar J.rtr. of 8bOut 7.5 Hz md 8 small meta coupling producing 80.0 

broadening of e8ch line. 

The IR spectrum of bromohydrin 1 in dilute solution (S-10-4 MI of carbon 

tetr8chloride showed 8 hydroxyl stretching band 8t 3560 cm-* 8nd no absorption 

above 3600 cm-', where the free O-H stretching 8bsorption is uau8lly found,4 

indicating the presence of an intr8molecul8r hydrogen bond between hydroxyl 8nd 

the adjacent bromine. The occurrence of a relatively strong hydrogen bond was 

8180 8uggeated by an unusually slow r8t.e of exchange with Da0 observed in the 

chloroform-d NbR spectrum. 



The data indicrted the pre8encs in 8olution of two conformers of the 

bromohydrin, lr and lb, both bearing anti oriented s protons snd gauche 

substitucnts at C(10) sad C(l1). These two conformers have uncquivslent proton8 

o to CA, rn,.‘Arr+lllr rn..,vr1-r+ or sIigb.tly .ur,equivslsr,t proton= Q to -UU'...z.."-**, WY"*.-.=... Ppi, &Xi 

unequivrlent proton8 in only one position of the two aromatic rings. This 

position was expected to be one of the four (C(l), C( 4)s C(6), C(9)) adjacent 

to the seven-membered ring, where the hydroxyl, the crrbonyl chloride and the 

bromine stem are respectively located. 

An extra deshieldirg of the two aromatic proton8 at C(l) and C(9), adjacent 

to the hydroxyl groups, was observed in the 300 MHz chloroform-d spectra of both 

trsns-(2) and cis-l0,l1-dihydro-l0,ll-dihydroxy-5H-dibenzo[~,d)cycloheptene (31, 

where a methylene bridge is present in place of the NCOCl group. Isolated 

doublet8 with J = 7.5 Rs, intcgrsting for 2 H, were found at 6 7.61 and 6 7.56 

PPI, for the trms and cis iromer respectively, downfield from the overlspping 

absorption of the other aromatic proton8 at 5 7.2-1.4 QQI. No such extra 

deshielding of the C(l) and C(9) protons wan instead observed for trsns-lO,ll- 

dibroro-lO,ll-dihydro-5R-dlbenzo[~,d)cycloheptene (4). Theoe observstions point 

to C(1) as the site of the observed nonequivalence of aromatic protons in the 

two conformer8 of bromohydrin 1. 

The NliR aasignmsnt snd the reiative coupling constants in the three 

solvents are summarized in Table I. 

hble1. NUR parsmeters of the two conformer8 la and lb of Craw-lO-bromo-lO,ll- 
dihydro_l:_hyd-----_'"_"'---“ ___L_--. ruxr un urucns,",fjsscpinc-5-csroony~ chioride ri 2i 'C. 

Solvent 811 Ji,r brr-e* as*. 611. JI*,,, Confor8er 
ratio 

7.70 5.72 9.6 
CDClr 7.5 7.29-7.49 5.26 

7.14 5.68 0.7 

7.03 5.71 
CDIOD 7.5 7.39-7.61 5.35 

7.79 5.62 

9.4 

6.1 

40:60 

41:59 

7.71 5*6? Q, _.Y 
CDICN 7.5 7.32-7.60 5.31 43:57 

7.67 5.52 6.1 

Vmrisble temperature 300 UHz NH9 spectra were taken in chloroform-d and 

rethsnol-& in the 21-51 'C range. In the first solvent with increasing 

temperature the couples of doublets due to the protons at C(11) and C(l) tended 

to co8lesce with identiorl dynrmics. The same occurred in methanol-& where. 

furthermore, the splitting of the higher field line of the 5 5.35 aignsl 

dis8pperred giving s shsrp doublet. 

Figure 1 mhows the relevant prrt of the 300 MHz spectra of 1 in chloroform- 

d_ rt 21 'C md rt 51 'C. 



vi jure 1. Signals of the protons at 
spectrum of IO-brooo-II-hydroxy-10, 
chloride in chloroform-d at 21 ‘C (8) 

C(l), C(10) 8nd Cfll) in the 
11-dihydro-5H-dlbcnt[b,flazep 
8nd 51 ‘C (b). 

300 UHz NMR 
line-5-carbonyl 

The dynamic process was analyzed using the band shapes of the signala 

rel8tive to the protons at C(10) and C(11) in CDCLI. The chemical shifts of the 

sensor nuclei, reported in Table I, were 8ssumed to be independent of 

temperature. A natural line width of 1.55 Hz was evaluated from the spectrum at 

21 l c. On the brsis of the conformer population ratio, also deduced from the 

spectrum at 21 ‘C (see Table I), 8 free energy difference of 0.25 Kcal mol- ’ 

L-. 
oe~ween the two coniormarlons Uai computed. The popuiation raiios ai ihe other 

tenper8tures of interest were consequently determined. A single rate process was 

assumed and theoretical brnd sh8pes were computed with the DNHR 3 program, 8 

using the chemical shifts, the population r8tios and the line width determined 

as mentioned and with trial kinetic constanta k. By visually comp8ring the 

simulated spectra with the experi-ental ones, rn rpproprirte ret of k(T) vrlue8, 

ranging from 4.29 to 11.3 aec-1, “8s found for the 8evcn 8peCtr8 recorded 

between 21 rnd 38 ‘C. TWO exerple8 of experiment81 rnd computed brnd shrpes 

are shown in Fig 2. At temperrtures higher than 38 ‘C 8 good simulrtion required 

8 sUb8t8nti81 8nd propre88ive increase of the natur81 line width. Moreover, the 

spectral b88eline 8howed the rininp of sm811 new banda at 5 = 5.85 (see Figure 

1). These fret might perh8ps be ascribed to the activrtion of 8 second dyn8ric 

process. The information contained in the higher temperature apectrr, however, 

W8s i nadequatc for 8 significant anriysis oi this proces* md oniy the dai8 

relative to the 21-38 ‘C temperature Interval were considered further. 
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Pigure 2. Experimental (al and oomputed (bii) band shapes of the signals of 
protons st C(10) and C(11) in the 300 Mlr NRR spectrum of IO-bromo-ll-hydroxy- 
lO,ll-dihydro-5H-dibens[b,flazepine-5-carbonyl chloride in chloroform-d_ at 21 ‘C 
and 36 ‘C. 

The Byring equation, k = (KsT/h)e-Asb/sr, was used in its logarithmic form 

in order to determine &I+ from the experimental k(T) values for the 

conformational process under investigation. The calculation was performed by 

me.“. of a least squares fitting progras snd terminated with a RUS error of 

0.07. The result for the free sctivrtion energy is AC* = 16.520.2 Kcal Dal- 1. 

The quoted uncertainity largely overwhelms the standard deviation produced by 

the fitting procedure; it is evaluated by taking into account possible errors on 

the temperature values of up to f 3 ‘C and on the population ratios of up to 

10x.4 

;t has been recogniscdr=s .X.-A IL___ ._>_L__>__. ---*-I-L_> ~~ I_~__._~_. rnrr. ~“rcc lnacpsnoenr resrrlcreo conrornarlonal 

processes c*” coexist in lO,ll-dihydro-5H-dibenzIb,flazepine derivatives: 11 

rotation around the N-CO bond: 2) twisting of the C(IO)-C(l1) bond: 31 ring 

inversion by torsion about the C(Ia)-N(tJ)-C(5a) bond. It was also pointed out’-* 

that In N-acyl substituted derivatives process 3) should be prec 1 uded unless 

process 1) is simultaneously operating, since the plane of the carbonyl group 

should be perpendicular to the C(4a)-N(S)-C(5a) plane in order to minimize its 

repulsions with the aromatic hydrogens at C(4) and C(6) during ring inversion. 

The temperature dependent NMR spectra of the 5-acetyl, 5-chloroacetyl, and S- 

ethoxycarbonyl derivatives of the parent lO,ll-dihydro-5H-dibenzlb,flazepinc 

structure have been interpreted on the basis of a concerted rotational-inversion 

process of this type.‘ls Evidence for restricted processes of type 2) and 3) but 

not for amlda rotational isomers due to a restricted process 1) was obtained In 

a 100 UHt ‘H NMR investigation of 5-acetyl-10-cyano-10,ll-dihydro-5H- 

dibenz[b,flazepine.* 

The present results are consistent with a restricted twisting of the C( lOI- 

C(11) bond and a simultaneously restricted ring inversion by torsion about the 

C(la)-N(S)-C(h) bonds as the origin of the freezing of bromohydrin 1 in the two 
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conformera la and lb at room temperature. In fact, the observed large values of 

Jar, 1, are typical of anti oriented protons a to eleotronegativc aubatltusnta. 

Proceaa 2), .uhioh is normally the leant energy demanding of the thrma above 

discussed conformation81 proceaaea, appears thus to be hampered by the presence 

of the hydroxyl and bromine l ubatituenta whloh, at least in non hydroxylic 

solvents, are-held in a gauche orientation by hydrogen bonding. 

The clew spectral changea found in the 21-38 ‘C temperature ranKa are 

instead certainly due to the activation of a conformational interchange between 

la and lb by torsion about the C!la)-N(S)-C(Ia) bonds. The small but 
significant difference in the population of these tuo conformers, aimllar In all 

investigated aolvents, could be expected on the baaia of the different 

orientation of the 10 and 11 aubatituenta relative to the planes of the aromatic 

rings: In lr both the hydroxyl and the hydrogen at C(11) lie on the same side 

and the bromine and hydrogen at C(10) lie on opposite aides with reapeot to the 

adjacent phenyl ring, while the contrary Is true for conformer lb 

The free energy of activation for thla ring inversion proceaa found in the 

present invcatigation, .ACt = 16.5f0.2 Kcal mol-*, is comparable with those 

obtained, using approximate treatments, for the above mentioned rotational- 

inversion process in 5-acyl-10,11-dihydro-SH-dibenz[b,f)azepinea.* Restricted 

rotation around the N-CO bond would be antloipated also for brorohydrin 1, since 

X-ray diffraction of the correspondinK IO,ll-trans-dibromidc has ahowa bond 

angles at N(5) near to 120’ and a quite ahort N-CO bond.* No conclualvs evidence 

for the presence at room temperature of restricted conformational isomer8 of 

this type was obtained, however, in the preaent investigation. Non equivalent 

aromatic protons were, in fact, found only at C(l), and not at the carbon8 ortho 

to nitrogen, C(4) and C(6), aa could be expeoted for dlfferent rotuera around 

the N-CO bond. The iallure to obaerve diatlnct rota-era doea not necoaaari ly 

involve free rotation, however, since either the speotral difference8 between 

restricted rotamera may be too amall to be detected or only one rotamer may be 

substantially populated. Further inveat.iKatIons are beins planned in order to 

obtain more complete Information about the conformational processes operatins in 

the presently examined and in related trfcpolic systems of pharmacological 

interest. 

Xxparirental 

tleltlng potnta are uncorrected. ill NKR spectra were recorded on a Varian CFT 20 

and a Varirn XR 300 instrumenta. TR spectra were determined with a Perkin Elmer 

1750 FT apectrophotoreter. 

trrar-10-Bromo-10,1l-dih~ro-ll-bydrory-lH-dibenaCb,flraopine-S-orrbonyl 

chloride (1): This compound, rp 148-150 ‘C, was prepared by ring opening of 

lall0b-dihydro-6H-dibcnz!btfloxireno~d)azepine-6-carbon~l chloride with HBr, as 

reported.’ 

trrpr-i0,ii-Dib~ro-iO,ii~ih~xy-l~-dibea~oim,d)o~iohepiane '-': 5ii- 

dibento(a,dlcycloheptene~@ (1.2 I, 6 n mol) was added to a solutIon’x:f silver 

benzoate (2.7 K, 11.7 mmol) and 11 (1.6 g, 6 mmol) in anhydrous benzene (60 ml) 

and the mixture was refluxed for 8 h. After coolinK, the precipitate was 

filtered off and the solution was washed with 10% aqueoua NarCOa and water, 

dried (MgSOc) and evaporated in vacua. The crude residue (0.9 I) was di asolved 

In a aolutlon of KOH (0.9 K:) in EtOH (17 ml) and refluxed for 1 h. The solution 

was then neutralized and extracted with AcOBt and the extract was dried (UPSOI 1 
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md evrpor8ted in v8cuo. The residue ~8s cryat8llired from CHClx, to give 0.45 g 

(2 001) of pure 2, rp 180-161 'C. 'H NRR (CDCls): 6 2.0 (2H, OH): 4.08 (s. 2H, 

CHI 1; 5.06 (a, 2H, CHOH); 7.16-7.40 (I, 6X, 8rom8tic protons 8t C(2)-C(6)); 7.61 

(d, 2H, 8routio protons rt C(1) 8nd C(S), J 7.5 Hz). 

An81. C8lcd for CI~HI~OB: C, 79.62; H, 6.23 

Found: C, 79.94; H, 6.16. 

of,10,1l-Dib~-lO,1ldilJdr~-6~4ibm~otr,dlu~lo~~~o (3): SH- 

dibenzo[a,d)cycloheptene (0.2 g! 1 mmol) 8nd On01 (0.26 gr 1 mmol) were re8cted 

in benzene (30 ml) 8nd pyridine (0.6 ml) at room tempw8turr for 4 d8ys. The 

prccipit8te ~8s then collected, added to 8n 8queoum solution (5 rl ) of mannitol 

(0.26 g) and KOH (0.7 111, and the mixture ~8s stirred 8t room tcmperrture for 24 

h. The formed precipitate, conmisting of crude 6, was collected and crystallized 

from BtOH to give pure 3 (0.12 g), mp 176-178 'C. 'H NI(R (CDClr): 8 1.85 (2H, 

OH); 3.37 (d, lH, CHl, J 16 Hz); 4.36 (d, lH, CHI, J 15 Hz); 5.29 (II, 2H, CH_OH); 

7.16-7.46 (m, 6~, 8romrtic protons at C(2)-C(6)); 7.56 (d, 2H, aromatic protons 

at C(1) 8nd C(S), J 7.6 Hz). 

ArI8.l. C8lcd for CISHIIOI: C, 79.62; H, 6.23. 

Pound: C, 79.52; H, 6.23. 

tr-l0,ll-Dibr~-10,1l-diLJdro-6H4ibm~o[~,d~u~lo~~pt~no (4). A 10-l R 1,2- 

dichloroethsne solution of Br: I25 ml) was 8dded to 5H-dibenzo(8,d)cycloheptene 

(0.36 g, 2 mmol) in 5 ml of the same solvent. After stirring for 3 h rt room 

temper8ture, the solution was uaahed with 88tUr8ted N8HSOs and water, dried 

(RgSOa ) and evapor8ted in VICUO to give 0.6 g of crude dibroaide, that "a* 

crystrllized from 8cetonitrile to give pure 4, mp between 150 and 160 'C 

(depending on the rate of heating) with gas evolution (lit.11 mp between 155 8nd 

163 'C with evolution of 8 gra). 'H NHR (CDClr): 6 4.54 (II, 2H, CHx); 5.85 (s, 

2H, CHBr); 7.20-7.38 (m, 8H, 8romrtic protons). 

Anal. C8lcd for ClrHlaBra: C, 51.17; H, 3.43. 

Found: C, 50.8; H, 3.25. 

._----.-~-----L- _L . _~_,~ 
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