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without further purification. Column chromatography over 
silica gel with 70: 30 ether-hexane afforded colorless crystals of 4: 
mp 145-146' dec; ir (KBr) 2870, 1710, 1570, and 1440 cm-1; 
nmr (CDCla) 6 2.98 (m, 1 H), 2.78 (m, 1 H),  and 1.95 (m, 12 H) .  

Anal. Calcd for CZOHZ~NZS: C, 73.12; H ,  8.59. Found: 
C, 73.06; H, 8.98. 

Adamantylideneadamantane (5).-An intimate mixture of 
thiadiazine 4 (1.092 g, 3.32 nimol) and triphenylphosphine (2.04 
g, 7.79 mmol) was heated at  125-130' for 12 hr under an atmo- 
sphere of nitrogen. Column chromatography of the residue over 
silica gel with hexane gave 0.668 g (747,) of 5, mp 184-185' 
(lit.s mp 184-187'). 

Registry No.-1, 700-58-3; 2, 39555-34-5; 3, 40682-51-7; 
4,40682-52-8; 5,30541-56-1 ; hydrazine, 302-01-2. 
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Many reagents dehalogenate vicinal dihalides to 
yield a1ltenes:l I-, SH-, ArS-, ArS02-, A1H4-, 
RCHCOR-, ArllrTHz, Arn"n"2, CbH&, AmHg, (CHa- 
0)3P, Ar3P, Zn, JIg, Cr(II), Bu3SnH, C1-, Br-, Ph2- 

BH-, 2-C1oH70Hl (Ne3Si)zHg, (CZH~O)~P ,  Cu, 
Cu(I), Sn(II), Co(II), Fe(II), and Ti(II1). These 
reactions all involve attack on halogen, leading either 
to an E2 transition state or a halonium ion intermediate 
(two-electron reductants) or t o  radical intermediates 
(one-electron reductants) . l k J  

On the other hand only a single, inadvertent in- 
stance (below) of reduction to the alkane has been 
reported in systems of this type.2 (The reduction 
of vicinal dibromide to alkane by XaBH4 is apparently 
a pair of independent displacements by h ~ d r i d e . ~ )  

We have found that hydrazine reduces rneso-stilbene 
dibromide (STBrz) to bibenzyl (BB). 

CCH3-, PhzCH-, C10H8' -, RCHCOzCH,-, (CH30)3- 

Results and Discussion 

The Reaction with Hydrazine Alone. -Variable 
quantities of cis-l-bromo-l,2-diphenylethene are pro- 
duced (Table I). The anti stereochemistry and the in- 
creasing proportion of this product (Table 11) ac- 

(1) (a) J. F. King and R. G. Pews, Can. J .  Chem., 42, 1294 (1964); (b) 
R. Stroh in "Methoden der Organischen Chemie," E. Muller. Ed., Georg 
Thieme Verlag, Stuttgart, 1960, v. 5 / 4 ,  p 718; (e) TV. C. Kray, Jr., and C. E. 
Castro, J .  Amer. Chem. Soc., 66, 4603 (1964); (d) J. K. Kochi and D. R.I. 
Singleton, abad., 90, 1582 (1968); (e) R. J. Strunk, P. >I. DiGiacomo, K. Aso, 
and H. G. Kuivila, ibzd. ,  92, 2849 (1970); (f)  E. Baoiocchi and E. Sohiroli, 
J .  Chem. SOC. B, 554 (1969); (g) 7.V. G. Kofron and C. R. Hauser, J .  Amer. 
Chem. Soc., 90, 4126 (1968); (h) C. G. Scouten, et at.,  Chem. Commun., 78 
(1969); (i) W. Adam and J. Srce, J .  Org. Chem., 87, 507 (1972); (j)  D. G. 
Korzan, F. Chen, and C. Ainsworth, Chem. Commun., 1053 (1971); (k) J. F. 
King, A. D. Allbutt, and R. G. Pews, Can. J .  Chem., 46, 805 (1968); (1) 
I. M. Mathai, K.  Sohug, and S. I. Miller, J .  Org. Chem., 36, 1733 (1970); 
(m) J. P. Schroeder, L. B. Tew, and V. 31. Peters, J .  Org .  Chem., 36, 3181 
(1970); (n) R. E. Buckles, J. M. Bader, and R. J. Thurmaier, zbid. ,  27, 
4523 (1962); (0) H. Nosaki, T. Shirafuji, and Y .  Yamamoto, Tetrahedron, 
26, 3461 (1969); (p) IT. K. Kmok and S. I. Miller, J .  Amer. Chem. Soc., 92, 
4599 (19701, (a) J. Halpern and J. P. Maher, zbid., 67, 5361 (1965). 

(2) D. D. Davis and G. G. Ansari, J .  Org. Chem., 86, 4285 (1970). 
(3) R. 0. Hutohins. D. Hoke, J. Keogh, and D. Koharski, Tetrahedron 

Lett., 3495 (1969). 

TABLE I 
PRODUCTSa FROM meSO-STILBENE DIBROMIDE~ AND HYDRAZINEG 

Temp, % cis- u-Bromo- 
Solvent OC 70 BB % ST stilbene stilbene 

% czs- 

(CHz0H)z 110 33 24 24 
CHPOH 65 39 27 Trace 28 
(CH8)zCHOH 83 38 22 Trace 25 
CHaCOOH 120 18 22 
(CHa)zSO 110 18 7 66 
HCON(CH3)z 110 Trace 4 56 
CHaCN 80 6 10 79 
1,4-Dioxane 101 7 8 87 
Pyridine 116 4 6 85 
a Time, 24 hr. b 0.2 M .  c 4.2 M .  

TABLE I1 
PRODUCT DEPENDENCE ON HYDRAZINE COSCENTRATIONa 

% cas-a-Bromo- N , H ~  Mol N2H4 

21 105 8 + 1  2 6 i : l  7 2 f 1  
4.2 21 3 8 f 2  2 2 * 2  2 5 & 2  
0.84 4 .1  5 6 f 2  2 6 f l  4 + 1  

molarity mol STBrz % BB % ST stilbene 

a In refluxing 2-propanol under Nz; STBrz concentration, 
0.2 M .  Results are mean values for 2-3 runs. 

companying increasing concentration of NzH4 (a good 
base, pKaBH+ 8.11) are consistent with straightfor- 
ward E2 dehydrobromination of STBrz (eq 1). The 

PhCHBrCHBrPh + NzH4 + 
meso 

PhCH=CBrPh + NzHs+Br- (1) 

more basic solvents also dehydrobrominate STBrz 
in parallel with K2H4 (Table I). 

trans-Stilbene (ST) formation (Table I) results 
from stereospecific anti dehalogenation, implying 
nucleophilic attack on bromine by a two-electron donor," 
either SzH4,  the Br- present as a result of reaction 1, 
or solvent. The production of BB as well as ST can 
then be rationalized by paths 2-4 or 5-7. Both paths 

(2) 

(3) 

(4 1 

( 5 )  

NH=NH + 2KzHb+Br- (6) 

cis 

Y2H4 + >CBrCBr< = >C=C< + N H z N ~ z B ~  Br- 

N H z ~ H z B ~  Br- + 2Pu'zH4 = NH=NH + 2NHzkHs Br- 

NH=NH + >C=C< = >CHCH< 4- Tu'z 

Br- (or S) + >CBrCBr< = 

Brz (or BrS+ + Br-) + 3NzHa = 

>C=C< + Brz (or BrS+ + Br-) 

NH=NH + >C=C< = >CHCH< + Nz (7 ) 

involve the potentially interceptible intermediate di- 
imide, EH=i\H. We demonstrated the presence of 
SH=NH by the reduction of cyclohexene added to 
the STBr2-N2H4 reaction; cyclohexane is formed at  
the expense of BB (Table 111). 

TABLE I11 
EFFECT OF ADDED CYCLOHEXENE" 

yo cis-a-Bromo- 
Additive % BB % ST stilbene % CaHiz 

None 3 8 f 2  2 2 & 2  2 5 ~ 4 ~ 2  
C6HlO 1 7 3 t 1  3 9 & 1  4 3 h l  1 7 * 1  
a Equimolar CGHIG and STBrt in refluxing 2-propanol; mol 

of NZH4:mol of STBrz = 21; time, 24 hr. 
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Consider the choice between paths 2-4 and 5-7. 
Analogies for the former path are provided by nucleo- 
philic displacements by NzH4 on bromine in the sys- 
tems BrCHXY (X, Y = COOR, COR, CN, NOz) 
according to eq 8,4 by the demonstrated intermediacy 

+ - /x BrCH /’ + N,H, - NH2NH,Br + CH,x, 
\v 

J. / 1 

J 1 BrCHXY (8) 

of diimide in the oxidation of hydrazine by CCl15 and by 
the protodebromination of hexabromobenzene.B With 
respect t o  the second path, debromination by Br- 
(eq 5 )  is known (at least in aprotic solvents; see below) ; 
the oxidation of NzH, by halogen (eq 6) is rapid,I 
and by analogy with oxidation by N-chloramines is 
expected to give diimide;s the reduction of alkenes by 
diimide (eq 11) is well known. Thus both paths 
appear plausible and several tests can be designed t o  
distinguish between them. If N2H4 is the nucleo- 
phile (as well as the dehydrohalogenating base in eq 1) 
then the ratio (BB + ST) : a-bromostilbene should be 
independent of the hydrazine concentration. If Br- 
or solvent is the nucleophile this ratio should decrease 
with increasing N2H4 concentration. Table I1 shows 
that a 25-fold increase in N2H4 concentration produces 
a ea. 44-fold depression, favoring path 5-7. Addi- 
tion of Br- increases (BB + ST) a t  the expense of 
dehydrobromination (below) in a 2-propanol solvent, 
which further implies that eq 5 is operative. The 
more nucleophilic solvents may dominate Br- in eq 
5 ,  however. The above indications of dehalogena- 
tion by Br- in 2-propanol contrast with the report 
that Br-, though reactive in DMF, is unreactive toward 
STBrz in methanol (conditions unspecified) . 9  The 
explanation may be that the unreactivity derives from 
an unfavorable equilibrium position and is overcome 
in the present system by the reduction of product 
Br2 (eq 6). 

An excess of diimide is generally employed in alkene 
reductions in order to achieve good yields in the face 
of competitive disproportionation of diimide. Based 
on the behavior of similar systems, the 1 : l  NH= 
NH/ST ratio characteristic of the present system 
should result in a ca. 25% yield of BB.s Reduction 
of ST with 1.0 molar equiv of I2 + NzH, gives in fact 
only 4% of BB. In  contrast, the STBr2-N2H4 reac- 
tion gives reduction yields [lo0 BB/(BB + ST)]  
as high as 84%. That the increased efficiency is not 
due to consumption of NH=NH in the original sol- 
vent cage is shown by two pieces of evidence. (1) 
(4) A. K. Macbeth and D. Traill, J .  Chem. Soc., 892,1118 (1925). 
(5) J. Wolinsky and T. Schultz, J .  Ore. Chem., 30, 3980 (1965). 
(6) I. Collins and H. Suschiteky, J. Chem. Soc. C ,  2337 (1969). See also 

J. F. Bunnett and R. R. Victor, J .  Amer. Chem. Soc., 90, 810 (1968). 
(7) “Gmelins Handbuch der Organischen Chemie,” 4/2, 8th ed, Verlag 

Chemie, Weinheim, 1935, p 318; L. F. Audrieth and I3. A. Ogg, “The Chem- 
istry of Hydrazine,” Wiley, New York, N. Y., 1951, p 160. 
(8) S. Htinig, H. R. Mtlller, and W. Thier, Angew. Chem., Int. Ed. Enol., 

4, 271 (1965). 
(9) W. K. Kwok, I. M. Mathai, and S. I. Miller, J .  Oro. Chem., 96, 3420 

(1970). 

Added cyclohexene is able to compete for the diimide. 
(2) The BB/ST ratio increases from ea. 0.2 to 2 
during the reaction, ie., the efficiency of ST reduc- 
tion increases with increasing ST concentration, im- 
plying that NH=NH survives long enough to encounter 
ST diffusing up from bulk solution. The efficient BB 
formation thus appears t o  result from generation of 
NH=NH at high dilution, favoring reduction of alkene 
over second-order disproportionation of diimide. 

The Effect of Added Nucleophiles.-An added 
nucleophile, X-, which is more reactive in dehalo- 
genation than Br- or NZH4 should increase (BB + ST) 
a t  the expense of a-bromostilbene. If the oxidized 
form, XBr, is also capable of oxidizing NzHa rapidly, 
BB formation should be maintained, though perhaps 
in altered proportions. Table IV contains results for 
several nucleophiles. 

TABLE I V  

HYDRAZINE, AND ADDITIVES~ 
PRODUCTS FROM m&¶O-STILBENE DIBROMIDE, 

Additiveb 

None 
Nonec 
K I  
KIc 
KBr 
KBrc 
NaSCIi 
NaSCN 
C Z H ~ S O Z N ~  
CzHsSOzNa 
CeHsSKd 
CeH5SKd 
KNCOd 
KNCOd 
KCN 
KCN 
NaOCHa 
NaOCH3 
Znc 

Nonef 
CU(1)’~~ 

AgC,e 

Mol  NiH4 
mol STBrz 

4 . 2  
21.0 
4 . 2  

21.0 
21.0 
21.0 
4.2 
6.0 
4 .2  
6.0 
4 .2  
6.0 
4 . 2  
6 . 0  
4 . 2  
6.0 
4.2 
6 . 0  

21 
21 
21 
21 

% BB 

56 
39 
70 
55 

Trace 
37 
57 
65 
27 
30 
24 
21 
19 
22 

6 
4 

10 
10 
13 
32 
5 
9 

% 
ST 

26 
27 
13 
29 
70 
42 
24 
25 
17 
20 
67 
68 
14 
16 
7 
9 

18 
21 
81 
64 
13 
83 

To cis-a-Bromo- 
stilbene 

4 
28 

Trace 
9 

Trace 
16 
9 
5 

20 
21 
0 
0 

38 
50 
28 
29 
80 
67 

0 
0 

71 
0 

a Solvent 2-propanolJ except as noted. 

Additional, unidentified peak in gas chromatogram. 

Reaction time 24 hr, 
a t  reflux in nitrogen atmosphere. b0.2 M. c I n  CHIOH. 

8 From 
AgN03 in the presence of excess N&. In CH3CN. 0 From 
CuClz in the presence of excess NZH4. 

I-, which is known t o  be a superior dehalogenating 
nucleophile, when added at  low NzH4 concentration 
eliminates dehydrohalogenation altogether. The re- 
action is visualized as eq 9 + 10 + 11 = 12.lO The 

>CBrCBr< + 21- = >C=C< + IZ + 2Br- (9) 

Iz + 3NzH4 = NH=NH + 2NzHs’I- (10) 

NH=NH + >C=C< = >CHCH< + Nz (11) 
>CBrCBr< + 3NzH4 = >CHCH< + 2NzHs+Br- + NZ (12) 

BB/ST ratio is also increased. The other highly 
polarizable nucleophiles (SCS - and PhS-) increase 

(10) The possible involvement of PhCHI-CHBrPh is apparently elim- 
inated by evidence tha t  I -  attacks STBrz more rapidly at Br than a t  C,  
both in methanol and DMF.llS19 
(11) C. S. T .  Lee, I. M. Mathai, and 6 .  I. Miller, J .  Amer. Chem. Soc., 

92,4602 (1970). 
(12) I. M. Mathai and S. I. Miller, J. Org. Chem., 36, 3416 (1970). 



3064 J .  Org. Chem., Vol. 38, N o .  17, 1973 NOTES 

(BB + ST) and depress a-bromostilbene strongly, 
as exprctcd for attack on bromine.13 In the case of 
PhS- the BB/ST ratio is also depressed, apparently 
owing to reaction 13 (linown14 to accompany dehalo- 

PhSBr + PhS- --3 PhSSPh + Br- (13) 

genation by PhS-) n-hich competes with oxidation 

The more basic nucleophiles attack H, and the pro- 
portion of a-bromostilbene increases. 

The remaining dehalogenating agents [Zn, Ag, and 
Cu(1) ] are efficient a t  suppressing dehydrobromina- 
tion and generally depress the BB/ST ratio as ex- 
pected for one-electron reductants, since their oxidized 
states do not oxidize hydrazine to diimide.15 

Davis and Ansarij2 attempting to dehydrobrominate 
RCHBrCHBrPh with "2- in liquid ammonia, ob- 
served the formation of RCH=CHPh and RCH2- 
CHzPh (ca. 2:1),  which they attribute to eq 14-17.16 

RCHBrCHBrPh + NHz- + 
RCII=CHPh + NHzBr + Br- (14) 

XHpBr + 2NHz- + "2"- + KH3 + Br- (15) 

of NZHI. 

NHZNH- + RCH=CHPh + NHg + 
NHzXHCHRCHzPh + XHz- (16) 

NHzNHCHRCH2Ph 
RCHZCHzPh + l/zNz + '/zNzHa (17) 

Our results open the possibility that diimide is also 
an intermediate in this reaction, production of hy- 
drazine in eq 15 being followed by either reactions 
2-4 or 5-7. 

Other Substrates. --In preliminary experiments we 
failed to observe reduction of lj2-dibromoheptane, 
trans-l,2-dibromocyclohexane, or 2,3-dibromopropanol 
by N2€14 under the conditions applied to STBr2. This 
is consistent with the reported formation of only prod- 
ucts of nucleophilic displacement on carbon in the 
reaction of 1,Zdihaloethanes with hydrazine.17 

Experimental Section 

General.-cis-l-Bromo-l,2-diphenylethene was prepared by 
the method of Wislicenus and Seeler18 and purified by trapping a 
center cut from the gas chromatographic peak. The 'H nmr 
spectrum (CCla) displayed a broad singlet (6  7.4 ppm) due to one 
phenyl group and the cy proton, and a multiplet ( 6  7.0 ppm) due 
to the other phenyl group, with area ratio 6:5. 

Anal. Cdcd for CIIH11Br: C, 64.89; H,  4.28; Br, 30.83. 
Found: C, 64.68; H, 4.30; Br, 31.09. 
meso-l,2-Dibromo-l,2-diphenylethane (Aldrich) was recrys- 

tallized from xylene: mp 237-238" (lit.19 mp 240-241'). Bi- 
benzyl (Distillation Products Industries) was recrystallized from 
ethanol: mp 51.4" (lit.20nip 51.8'). All other chemicals were the 
highest quality commercial materials, used without purification. 

Nmr spectra were obtained with a Varian A-60 instrument. 
Melting points were measured by hot-stage microscopy, and are 
corrected. Analyses were performed by Galbraith Laboratories, 
Inc. 

Analytical Procedure .-Product solutions (containing 100 mg 

(13) J. 0. Edwards, J .  Amer. Chem. Soc., 76, 1540 (1954). 
(14) R. Otto, J .  Prakt. Chem., [2] 89, 1 (1896). 
(15) C. E. Miller, J .  Chem. Educ., 42, 254 (1965). 
(16) T. Icauffmann, H. Henkler, and H. Zengel, AnQew. Chem., 74, 248 

(1962); T. Iiauflmann, K.  Lotasch, E. Rauch, and 1%'. Schoeneck, Chen. 
Ber., 98, 904 (1965). 

(17) R. F. Evans, J. I. Jones, and W. Kynaston, J .  Chen. Soc.,  4023 
(1983). 

(18) J. Widicenus and F. Seeler, Be?., 28, 2693 (1895). 
(19) W. K. Kmok and S. I. Miller, J .  OW. Chem.,  35,4034 (1970). 
(20) J. Timmermans, "Physico-Chemical Constants of Pure Organic Coni- 

pounds," Elsevier, Amsterdam, 1950. 

of diphenylacetylene per 25 ml as an internal standard) were gas 
chromatographed at 150' through 5-ft columns of 3% SE-30 on 
Varapost 30, 100/120 mesh, using a Varian Aerograph 600-D 
chromatograph with flame ionization detection. The sample size 
was 0.4-0.6 pl; the carrier gas was Nz. For those runs to which 
cyclohexene was added the stationary phase was 12% Carbowax 
1500 on Chromosorb W, 60/8Omesh, a t  50°, and ethylbenzene was 
the internal standard. Response coefficients were determined 
on standard solutions and peak areas were measured by planim- 
etry. Analyses were carried out in duplicate; precision ca. 
3%. The precision of typical duplicate runs (standard devia- 
tion) is shown in Table 11. 

Reaction of Hydrazine with meso-Stilbene Dibromide.-340 
mg (1.0 mmol) of STBrz and 4.0 ml of solvent were placed in a 
one-piece glass apparatus consisting of round-bottom flask, con- 
denser, and port with Teflon stopcock (this apparatus served as a 
separatory funnel for the work-up, avoiding transfer of the con- 
tents). The condenser was capped with a mercury bubbler and 
oxygen was purged with a stream of nitrogen while the solution 
was heated to reflux (or 105' for solvents with bp > 1 0 5 O )  for 5 
min. The hydrazine and any additives were added through the 
condenser and the mixture was heated with magnetic stirring 
under nitrogen, usually for 24 hr. To the cooled mixture were 
added 7 ml of CHC13 and a t  least 25 ml of water. The aqueous 
layer was extracted twice more with 6-7 ml of CHCl, and the 
combined extracts were made up to 25.0 ml. This solution was 
dried by adding a few pieces of molecular sieve. In the runs to 
which cyclohexene was added toluene was used as extracting 
solvent. 

We ex- 
perienced difficulty with the liquid chromatographic separation of 
bibenzyl and trans-stilbene and resorted to destruction of the 
latter by aqueous permanganate. The product of a 1.0-nimol 
run in presence of KI,  so treated, gave on elution from silicic acid 
with benzene-hexane (1:2) 0.128 g (0.70 mmol, 70%) of colorless 
crystals, melting point and mixture melting point identical with 
those of bibenzyl. 

Extent of Reduction of Stilbene Due to Adventitious Oxidation 
of Hydrazine.-A solution of 180 mg (1.00 mmol) of trans- 
stilbene, 0.7 ml (21 mmol) of hydrazine, and 119 mg (1 .OO mmol) 
of KBr in 4.0 ml of 2-propanol was refluxed for 24 hr under Nz. 
Work-up and analysis as above gave the following results for 
duplicate runs: bibenzyl, 3 and <17,; trans-stilbene, 100 and 
97.8%. 

Reduction of trans-Stilbene by Diimide Generated from NsH, 
and IZ.-To a refluxing solution of 180 mg (1 .OO mmol) of trans- 
stilbene and 0.35 ml (10 mmol) of hydrazine in 7 ml of methanol 
was added 254 mg (1 -00 mmol) of iodine in 10 ml of methanol and 
the solution was refluxed for 36 min. Work-up and analysis as 
above revealed the presence of 0.038 mmol (3.8'%) of bibenzyl 
and 0.930 mmol (937,) of trans-stilbene. 
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Registry No.-meso-1,2-Dibromo-1,2-diphenylethane, 13440- 
24-9; 1,2-diphenylethane, 103-29-7; hydrazine, 302-01-2; cis- 
1-bromo-1 &diphenylethene, 15022-93-2. 

The identity of bibenzyl was confirmed by isolation. 
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In the young chemistry of the triafulvenes,2 a lead- 
ing role has been played by diphenylcyclopropenone 

(1) Fulvenes and Thermochromic Ethylenes. Part 80. For part 79, 
see M. Rabinovita and A. Gazit, Tetrahedron Lett., 3523 (1972). 

(2) B. S. Thyagarajan,lntra-Sei. Chem. IZep., 4, 1 (1970). 


