MCI'CLASS IFIED
REPORT DOCUMAENTATION PAGE

1&

AD-A207 869

RESTmaRIVE

~MRKIN

3 DiSTRtIBUTIONIAVAILASILITY
9

2bELS

4

.

L.L
Of REPORT

Approved for public release;
Distribution unlimited

'AINDWNRDPGS~E~I.

PERFORMING ORGANIZATION REPORT NJMBERIS,

6&. NAME of PERFORMING ORGANIZATION

S. MONITORING ORGANIZATION RE PORT NUMBEPIS)

D. OPPFICE SwIMBO&01. ft. NAMEJ OF MONITORIING ORGANIZATION

Universitv of North TeiaslAORN
&CADDRESS (City.. 56289 and 7.1P C0111)
NTSU Station, Box 5068
Denton, TX 76203-5068
III NVAME OP P LNDiNO/SPONSORING
ORGANIZATION

7b. ADDRESS

OFPFICE SYMBOL

S. PROCUAEMENT INSTRUMIENT IDENTIFICATION NUMIE A

NC

APOSR-88-0132

Be ADDRESS (Cily. State and ZIP Code)

to

Building 402

SOURCE Of FUNDING NasB
PROGRAM
PROJECT

IL

Boiling AFB, D. C.

86116 801SP C110-

(grweeicbit

I

AFOS R

ft.

Building 410
Boiling AFB, D. C. 20332-6448

20332-6448

ITN.

TASK

o

LMTN.

WORK UNIT

O

O

O.O.N

61102F
2303
B2
"Synthesis of 4,4,8,8,ll,ll-Hexanitropentacyclp[5.4.0.02,6. 1 3,10.05,9 lundecane

i I TITkLE fintiode Socionly Chmaftecaaaa)
12. PERSONAL

AUTwORIS)

1.1=

I

=-arM,~.~ge

-Adrsn
A. P. Marchand, P. R. Dave, D. Rajapaksa, B. E. Arriey, Jr., J. L. Flippen-desn
13& TYPE OP REPORT
16

14. DATE OP REPORT M~r.. Me.. fty)

130. TIME COVERED

Reprint

PROM

1S. PAGE COUNT

April 18

____TO1989

3

SUPPLEMENT~ARY NOTATION

J. Org. Chem., 1989, Vol. 54, No.
17

COSATI CODES

FIELD

I

GRUP

7, p

IS SUBW
SC aI

rip

1769-1771

TEM

(Cmiwo

or

~eul7odit~tf

Hexanitropentacycloundecane

lc

Sythesisc,,

X
I

aflr

Polycyclic Cage Carpounds)
'

~ray structure

~

-

.

TRCT (Conin&#U oin rverme jfnevouaa' and iden tsfy by blocit,eomerj

The synthesis of the title caiqpound (1)has been acccnplished in seven steps bysatn
wit
rediy
th aailbl 4,,11 1-bis (ethylenedioxy)pentacyclo [5.4.0.02 ,6.Q3,0.05,91undecane-9-one (2). Thus, 2 was converted into the corresponding oxinm, 3 (79%). The
oximino group in 3 then was subjected to oxidative braniination with N-braosucciniide,
thereby affording the corresponding exo-8-brcmD-endo-8-nitro derivative, 4. (62%). Sodium
borohydride reduction of the C-Br bond in 4 affre
5 (84%), which was converted subsequently into the corresponding 8, 8-dinitro derivative, 6 (83%). Acid promoted hydrolysis
of the ethylene ketal nmiety in 6 afforded 7 (50%), which was converted subsequently
into the corresponding dinitrodioxinre, 8 (75%). Oxidative nitration of 8 afforded 1 (19%).
The structure of 1 was established unequivocally by single crystal X-ray structural*
analysis.
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H atoms on water molecule 02W were not located and assumed
to be disordered. -Final R - 0.066, R. - 0.082 for 2047 data and
182 variables. Maximum residual electron density is 0.33 A-3.
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(a) NH2OH HCI. K2CO,, EtOH, reflux 24 h (79%); (b)NS8,
diozane, room temperature, overnight (62%); (c) NsBH4, 60%
aqueous EtOH, 0 *C- room temperature, I h (84%); (d) KsFe(CN)b, NaNO,, aqueous MeOH, room temperature, 2 h (83%); (e)
concentrated H090 4, CHCI,, room temperature, 24 h (50%); (0)
NHOHHC NsOAc, MOH, reflux 2 h (75%); (g) 98% red nitric

acid, NH4NOs, urea, dry CHCl,. reflux 0.5 h, then 30% aqueous
H&Os, reflux 15 min (19%).

There is considerable current interst in the synthsi and
chemistry of polynitropolycyclic 'cage" molecules.1"2
Compounds of this type are of interest as a new claw of

energetic materias. 2 Additionally, these compounds are
of theoretical interest; the cumulative effects of increasing
NO 2 substitution upon the structure, thermodynamic
stability, and chemical reactivity of carbocydlic cage sys-TA
tems can be probed through studies of the physical and
chemical properties of individual compounds in a series
of increasingly NO 2 substituted cage molecules.
As part of a continuing effort to synthesize new poly.
nitropolycyclic systems' and in accordance with our
long-standing interest in the synthesis and chemistry of
novel, substituted petcco5400uII.~iiwn
(PCU),3 we now report our synthesis of the title compound,
1. Compound 1 is isomeric with Dr-hezanitrotrishomocubane, whose synthesis was reported recently."' To our
knowledge, 1 is the most highly NO, substituted PCU
derivative to have been synthesized.CJ
46.5405. (b)
(1) (a)Sollott, G.P.; Gilbert, L K J. Org. Chem. IM,
Rtavi Shankar, B. KL; Price, G.D.; Pluth, J.J.; Gilbt. 3.
Eaton. P. 1.;
.; Alsder, J.; Sandus, 0. J. Org. Chsem. 13644.,186. (c)Marchand, A.
P.; Suni, S.C.; Earlywine, A.D.; Powell, D.R.; van der Helm, D.J. Org.
Chem. 19. 49,670, (d)Marchand, A.P.; Suri, S.C.J1.Org. Claen. 134
49,2041. (9) Marchand, A.P.; Reddy, D. S. .1.Org. Chem 1104, 40,407L9
(0)Paquette, L A.; Fischer, J. W.; Engel, P. J. ft. Chemn. 1955,50, 2524.
(g) Paquette. L A.; FiscFer, J. W.; Fngel P. Chems. Be. 19M,lit,2S2M
. zuprnG.S;Viysqr
. Osoegs.
(h R.;arhnd
Chems ISP, 52.4781.
C.; Amnon. H.L J.rg V;Flp'..seiOi
J. L; Gilardi,
6I) Marchand, A.P.; Shams, G.V.M.; Annapurna, G.8.; Pednehar P.
R. J1.Org. Chem. 1967,52,4754. (j) Marchand, A.P.; Armey. B. U., Jr.;
Dave, P. R. J. Or#. Chems. IOU,53.,443.
(2) Marchand, A.P. Tetrahedron 11144, 44. 2377.
(3) Marchand, A. P. In Advances in 7'heoreically Ineetn U010.
cuts; Thummewl, R. P., Ed.; JAI: Greenwich, CT; Vol. 1, in press.
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Recently, we demonstrated that NO 2 groups

C

1-L

introduced conveniently into the 8- and 11-positions of the
pentacyclo[5.4..OM.OS,1.0.B]undecane ring system via
xdtv irainoIhKorsonig8l~ihm.
xdtv.irto ftecorsodn ,1doie'
Hence, our strategy simply was to functionalize the 4-

position of the PCU ring system with a masked carbonyl

group, which ultimately would be converted into a C(NO,)
group.
Our synthesis of I that begins with the readily available
4,4:11,1 1-bi(ethylenedioxy)pentacylo[.4..ZS.0-1.OUI.
undecan-9-one (2)" is shown in Seheme 1. Initially, 2 was
converted into the corresponding oxiane, 3. The ouintino

g
Vd
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Notes

group in 3 then was subjected to oxidative bromination
with N-bromosuccinimide,iJ thereby affording the corresponding exo-8-bromo-endo-8-nitro derivative, 4.d' Reduction of the carbon-bromine bond in 4 afforded 5, which
was converted into the corresponding 8,8-dinitro derivative,
6, by using the Procedure described by Kornblum and
co'worker.4 Hydrolyis of the ethylene ketal functionality
in 6 was carried out by stirring with concentrated sulfuric
acid at room temperature.- The corresponding dinitro
diketone, 7, was thereby obtained. Oxidative nitration of
the dioxime, 8, derived from 7 was carried out by using
98% red fuming nitric acid s in refluxing methylene chloride. This reaction afforded 1 in low yield (see Experimental Section).
X-ray Crystallographic Study of 1. The results of
the X-ray crystallographic study of are
w illustrated in
Figure 1. The refinement indicates that, while the overall
conformation of the two molecules in the asymmetric unit
is essentially the same, there are significant differences
between the torsions of the nitro groups. The C-C-N-O
torsion angles vary by as much as 33.50 between comparable NO2 groups. In addition, the molecular mirror plane
which passes through atoms C(4), N(4a), and N(4b) is
distorted significantly in the solid state. Comparison of
NO2 torsion angles that are related by this pseudo mirror
plane reveal an average difference of 10.50 in molecule I
and 32.80 in molecule IL These results most likely are due
to differences in the packing environments among the
various NO2 groups in the molecule. The two molecules
in the unit cell are similar in that (i) the geminal nitro
groups are all approximately perpendicular to one another
and (ii) the two NO2 groups that occupy axial positions
on a boat-shaped six-membered ring [i.e., N(b) and NMail are mutually parallel. The cag moieties in the two
molecules that comprise the asymmetric unit are also very
similar structurally. The two bonds in the six-membered
ring adjacent to the cyclobutane ring [i.e., C(7)-C(8) and
C(1)-C(1l)] are abnormally short, averaging 1.494 (5) A.
The cage bond which lies across the cage from the cyclobutane ring [i.e., C(9)-C(10)] is lengthened, averaging 1.587
(6) A. Similr extremes were noted by Coxon et al.7 intheir
study of three cage diketones that are closely related
structurally to 1.
There is another unusual, yet consistent, departure from
normal geometry" in 1, i.e., the C-NO2 C-N bond distances for axial nitro groups on the boat-shaped six-mem-

bered ring average 1.503 (5) A, while the average value for
the corresponding equatorial NO groups is 1.562 (6) A.
The structure of 8,8,11,11-tetranitropentacyclo.
[5.4.0.00.0O
mundecome has also been studied by X-ray

diffraction,' and its conformation agrees with that found
in the present study for 1.
Experimental Section
Melting points are uncorrected.
exe-8-Bromo-eado.-nitro.4,4:ll,ll.bis(ethyleaedloxy).
pentaeyelo[S.4..u.0,o.0S.C]undeeane (4). 4,4:11,1I-Bis.

(ethyknedioy)pentcydo5.4.0.0U.02 *.Oulsundecn4.

on-me

(3) was synthesized via reaction of the coreponding ketone, 2,11
with hydroxylamine hydrochloride; the procedure described by
Sasaki and co-workers was employed for this purpose. Thus,
(4) Komblum, N.; Singh, H. K.; Kelly, W. J. J. Or. Chem. I13, 48,
K332.
(5) SbrK.V.Tetrahedron it. Im ,s.
(6) Gilbert, E. K., personal communication,
(7) Cozon, J. M.; O'Connell, M. J.; SteeL P. J. Act. Cryetallogr., Sect.
C: Cryst. Strt. Commun. 191, C42, 1773.
(8) Flippen-Andenion, J. L; George, C.; Gilardi, R.; Marchand, A.P.;

n.,

".IQVV

V;

"

to a stirred suspension of hydroxylamine hydrochloride (20.0 g,
288 itol)and potassium carbonate (23.0 g, 166 mmol) in absolute
ethanol (300 mL) was added 2 (17.0 g,61.6 mmol), and the resuiting mixture was refluxed for 24 h. The reaction mixture was
then cooled to room temperature and concentrated in vacuo.
Water (300 mL) was added to the residue, and the restuting
mixture was extracted with dichloromethane (4 x 75 mL). The
combined organic extracts were washed with water (100 mL), driei
(anhydrous sodium sulfate), and filtered. The filtrate was con'
centrated in vacuo, thereby affording a viscous oil, which solidified
upon trituration with ethanol. The resulting solid was recrystallized from ethanol to afford 3 as a colorless microcrystalline
solid (mixture of geometric isomers, 14.1 g, 79%): mp 173-174
"C; IR (KBr) 3410 (bra), 1683 (w), 1334 cm -' (in). This material
was used without further purification for the ensuing synthesis
of 4.
To a suspension of N-bromosuccinimide (NBS, 25.0 g, 140
mmol) and sodium bicarbonate (33.0 g, 393 mmol) in 5% aqueous
dioxane solution (800 mL) was added oxime 3 (14.0 g,48.1 mmol).
The reaction mixture was stirred overnight at ambient temperature. Crushed potassium hydroxide pellets (17.0 g,303 mmol;
wen added, and the resulting mixture was stirred for an additionai
20 min at room temperature. The reaction mixture then was
extracted with methylene chloride (3 X 125 mL), and the combined
organic extracts were washed with 10% aqueous potassium hydroxide solution (200 mL). The organic layer was dried (anhydrous magnesium sulfate) and filtered, and the filtrate was
concentrated in vacuo. Compound 4 (12.3 g,62%) was thereby
obtained as a cream-colored microcrystalline solid. Recrystallization of this material from ethanol afforded pure 4 as colorless
prium" mp 120-12 1 °C; IR (KBr) 1656 (s), 1347 cm - ' (a); IH NMR
(CDCI3) &2.43 (in, 1 H), 2.63 (in, 2 H), 2.79 (in, 1 H), 2.98 (m,
1 H), 3.18 (in, 1 H), 3.49 (in, 2 H), 3.7-4.0 (i, 8 H); 13C NMR
(CDC13) 6 36.33 (d), 38.70 (d), 40.89 (d), 44.95 (d), 46.80 (d), 48.5b
(d), 50.19 (d), 50.69 (d), 62.78 (t), 65.20 (t), 65.28 (t), 65.89 (t),
97.61 (a), 113.44 (s), 117.44 (s).
Anal. Calcd for C, 5 HBrNO6: C, 46.45; H, 4.18. Found: C,
46.64; H, 3.99.
endo-S-Nitro-4,4:ll,1 1-his(eshylenedioxy)pentacyclo.
[5.4.0.O.04."O]undecane (5). A suspension of 4 (12.0 g,31.0
smol) in 96% aqueous ethanol (800 mL) was cooled to 0 OC via
application of an external ice bath. To this cooled suspension
was added dropwise with stirring a solution of sodium borohydride
(6.5 g,172 smol) in 60% aqueous ethanol (100 mL)daring 5 min.
The ice bath was removed, and the stirred reaction mixture was
allowed to warm gradually to room temperature during I h.Dilute
acetic acid was added dropwise with stirring until all solid material
had dissolved. The resulting dear solution was then concentrated
in vacuo. The residue was partitioned between water (300 mL)
and methylene chloride (200 mL). The layers were then separated,
and the aqueous layer was extracted with methylene chloride (3

x 50 mL). The combined organic layers were washed with water
(200 mL), dried (anhydrous magnesium sulfate), and filtered, and
the filtrate was concentrated in vacuo. The resulting solid (8.1
g, 84%) was recrystallized from ethanol; pure 5 was thereby

obtained as a colorless microcrystalline solid: mp 169-170 *C;
I

IR (KBr) 1547 (a),
1358 cm (s); 'H NMR (CDCI3) a 2.07 (m,1
H), 2.21 (in, 1 H), 2.57 (m,2 H), 2.95 (m,2 H), 3.38 (in, 2 H),
3.7-4.0 (in, 8 H), 4.14 (dd, J , - 4.2 Hz. Js - 3.2 Hz, I H); PC NMR
(CDCI,) 6 35.68 (d), 37.59 (d), 37.69 (d), 38.71 (d), 41.69 (d), 44.20
(d), 46.91 (d), 46.99 (d), 62.90 (t), 65.03 (t), 65.15 (t), 65.47 (t),
82.39 (d), 114.66 (a), 119.01 (a).
Ana. Caled for CI~s$7N0 : C, 5863 H, 5.58. Found. C, 58.41;

H, 5.40.

8,8-Dinitro-4,4: 11,11 -bls(ethylenediosy)pentaeyelo.
[,4,0ga
ew°.,undsc
(6).s Compound 5 (7.50 g,24.4 innol)
was dissolved in a solution of potassium hydroxide (6.00 g, 107
mmol) in 40% aqueous methanol (100 mL). The resulting yellow
solution was filtered, and the filtrate was added to another solution, which contained potassium ferricyanide (40.0 g.121 mtol)
and sodium nitrite (24.0 g, 348 mmol) in water (300 mL). The
reaction mixture was stirred at room temperature for 2 h, at which
time methylene chloride (150 mL) was added, and stirring was

t
r
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continued for an additional 1 h. The layers were separated, and
the aqueous layer was extracted with methylene chloride (2 X 100
mL). The combined organic extracts were washed with water (2
X 150 mL), dried (anhydrous magnesium sulfate), and filtered,
and the f'ltrate was concentrated in vacuo. Solid 6 (7.1 g, 83%)
was thereby obtained. Recrystallization of this material from
ethanol afforded pure 6 as colorless prisms: mp 151.0-151.5 *C;
IR (KBr) 1572 (e), 1355 (a), 1339 cm 1 (a); 'H NMR (CDCI5 ) a
1.98 (in, 1 H), 2.35 (in, 1 H), 2.74 (in, 2 H), 3.01 (in, 1 H), 3.17
(in, 1 H), 3.7-4.0 (in, 10 H); 13C NMR (CDCI3) 6 37.37 (d), 38.89
(d), 39.05 (2 C, d), 45.51 (d), 46.62 (d), 46.70 (d), 47.74 (d), 63.17
(t), 65.27 (t), 65.36 (t), 65.90 (t), 113.79 (a), 11&47 (s), 124.26 (s).
AnaL Calcd for CoHiNaONs C, 51.14; H, 4.5& Found: C, 51.02;
H, 4.56.
8,Dilitropntacyclo[5.4O.OAU]undecane4,ll-dione
(7). To a solution of 6 (3.0 g, 9.52 mmol) in methylene chloride
(30 mL) was added concentrated sulfuric acid (5 mL), and the
resulting mixture was stirred at room temperature for 2 h. The
reaction mixture then was poured over crushed ice (50 g). Solid
sodium bicarbonate was added portionwise with stirring (CAUTION) until evolution of carbon dioxide had ceased. The resulting mixture was diluted with water (30 mL). The layers were
separated, and the aqueous layer was extracted with methylene
chloride (2 x 25 mL). The combined organic extracts were washed
sequentially with 10% aqueous sodium bicarbonate solution (2
X 20 mL) and with water (20 mL). The organic layer was dried
(anhydrous magnesium sulfate) and filtered, and the filtrate was
concentrated in vacuo, thereby affording 7 (1.1 g, 50%). Recrystallization of this material from ethanol afforded pure 7 as
colorless needles: mp 272 "C dec; IR (KBr) 1760 (s), 1725 (s),
1545 (a), 1345 cm" (in); 'H NMR (CDCI,) 6 2.54-2.70 (m, 2 H),
30-3.6 (in, 3 H), 3.75-4.2 (in, 3 H); "3C NMR (CDC,) 6 29.81 (d),
38.51 (d), 39.98 (d), 41.28 (d), 43.19 (d), 44.36 (d), 44.81 (d), 46.38
(d), 121.90 (a), 203.10 (a), 204.10 (a).
Anal Calcd for CiHsN0s C, 50.01; H, 3.01. Found C, 49.53;
H, 3.13.
8,-Dinitr
pentaeylo[L4A .A
.OJundecaa4,1l-dioee
Dioxime (8). 1 To a solution of 7 (1.00 g, 3.79 mmol) in methanol
(50 mL) were added hydroxylamine hydrochloride (1.74 g, 25.0
emol) and sodium acetate (4.1 g, 50 emol), and the resulting
mixture was refluxed for 2 h. The reaction mixture then was
concentrated in vacua; cold water (30 mL) was added to the
residue, and the resulting mixture was extracted with methylene
chloride (3 x 20 mL). The combined organic extracts were washed
with water (20 mL), dried (anhydrous magnesium sulfate), and
filtered. The filtrate was concentrated in vacuo, thereby affording
8 (0.82 g, 75%) as a colorless microcrystalline solid (mixture of
isomers): mp 15-160 C; IR (KBr) 3400 (), 168 (w),
1540 (a), 1330 cm' (in). This material was used without further
purification for the ensuing synthesis of 1.
4,4,88,1 1,11ltpntaeyelo(r.40 Ae#h~undee__
(1). To a refluxing solution of 8 (950 mg, 3.28 mmol) in dry
methylene chloride (50 mL)
under nitrogen was added a solution
of red nitric acid (98%) IJ (20 mL, excess), urea (200 mng, 3.33
mmol), and ammonium nitrate (200 mg, 2.67 rol) in methylene
chloride (30 mL). A deep blue-green color developed initially;
the color of the reaction mixture changed to brown as more nitric
acid was added. After the addition of nitric add had been completed, the reaction mixture was refluxed for 30 min, at which
time 30% aqueous hydrogen peroxide solution (5 r) was added
cautiously to the refluxing mixture. The reaction mixture was
After the addition of hydrogen
thereby rendered colorles.
peroxide had been completed, refluxing was continued for an

additional 15 min. The reaction mixture then was allowed t ool

to room temperature. The cooled reaction mixture was washed
with ice-water (3 x 75 mL), dried (anhydrous magnesum sulfate),
and filtered, and the filtrate was concentrated in vacua. The
residue was purified via column chromatography (silica gel etationary phase, 3:2 methylene chloride-heane mixed solvent as
eluent). The first frection thereby collected afforded pure 1 (240
mg, 19%) as colorless microcrystalline solid: mp 19-200 IC; IR

(KBr) 1565 (a), 1535 cm-1 (in); 1H NMR (acetone-do) 6 3.85 (in,
4 H), 4.50 (in, 2 H), 4.70 (in, 2 H); "C NMR (acetone-dg) 8 378
(10) Corey, E. J.; Melvin, L. 8.; Huslanger, M. F. Tetrahedron Lett.
1975, 3117.

1771

(d), 39.45 (d), 47.57 (d), 49.41 (d), 120.20 (s), 121.83 (s).
Anal. Calcd for CI,HgN 6012 C, 31.70; H, 1.94. Found: C, 31.76;
H, 1.94.
Single-crystal X-ray structural analysis of 1: C,1 H5 N.O 2 ,
molecular weight 416.25, monoclinic, space group P21/c, a - 13.080
(3) A, b - 17.842 (2) A, c - 13.530 (3) A, 0 - 106.67", Did. = 1.83
g crn- , M = 1.44 nm-, Z - 8 (two molecules per asymmetric unit).
A total of 4094 independent reflections were measured out to 20.
= 112" with a Nicolet R3MV diffractometer by using CuKa
radiation (h - 1.5418 A) with an incident beam graphite monochromator. The data were collected at 295 K from a colorless
crystal by using the 0/20 scan technique with a variable 20 scan
rate depending upon the intensity of a reflection (10°/min
minimum to 30°/min maximum). An empirical absorption
correction was applied. The minimum and maximum transmission
factors were found to be 0.675 and 0.752, respectively. The
structure was solved by direct methods as implemented by the
SHELXTL system of programs."1 Least-squares refinement was
performed on 588 parameters (coordinates for all atoms, anisotropic thermal parameters for non-hydrogen atoms, isotropic
thermal parameters for hydrogen atoms) by using the 3601 reflections for which IFJ > 3vIF0 gave a final R factor of 0.060 (Rw
f 0.077). The goodness of fit parameter was 3.20, and the final
difference map was featureless.
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Cyclopropanation of 2-Ylideneoxaaol-5-one
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Aminocyclopropanecarboxylic

acid derivatives are

known to possess a wide spectrum of biological action.'
Introduction of a gem-diphenyl group into the cyclopropane system leads to compounds that have shown
pronounced action as plant growth regulatory, insecticidal,
and anticancer activity. In our attempts to prepare cy-

clopropyl amino alcohol and acid derivatives for biological

screening, we have achieved a stereospecific synthesis of
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