Pyrolysis of Spirotrithianes

Anal. Calad for CpoHagO,: C, 71.82; H, 9.04. Found: G,
71.48; ¥, 8.96.

0.342 g (10.28) of (£)5,6-Dehydxo-1l-desoxyprostaglandin E,
(15, R = ¥) was eluted next:
nmz § 5.65 (m, 2, CH=CH), 4.1 (m, 1, Cjy—H) and 0.88 ppm (5, 3,
7 = sHz, CHy); mess spectzim (7D eV) m/e (rel intensity) 334 (2),
316 (10), 263 (42), 244 (51), 181 (67), 163 (100), 43 (90),

Anal, Caled for ChgHuq0,: G, 71.82; €, 9.04. TFound: c,’
71.63; H, 8.88,

(#)3-(trens-l-octenvl)-_-trimethyl siloxy cyclopentene (19).

7.64 g of trans-l-brome-l-octene (40 mmol) in 12 ml of ether was
added over 30 min to 0.79 g of lithium wire containing 1% sodiim in
tirring,

40 ml of ether under argon with magneti The reaction

ir (£iim) 1740 (0=0) and 1710 om™t (CO,H);

nmx (CCl,) 5.30 (m, 2, CH=CH), 4.42 (m, 2, OC~CE), 3.2 (m, 1,
C=CH~CH—CH~CH} , 0.91 {t, 3, CH,CH,), and 0.20 ppn [s, 9, Si(cHj)] 4
mass spectrum {70 ev) m/e (rel intensity) 266 (&), 195 (25), 181

(10¢), 75 {18), 73 (30},

Anal. Caled for CpgH;,084: C, 72.10; B, 11.35. Found: C,
71.97; K, 11.45.
(2)11,15-Desoxyprostaglandin B, methyl ester (20, R = CH ).

B solution of 1,331 g of silyl enol ether 19 (5 mmol) in 20 ml of
tetrahydrofuran was added to a suspension of lithium amide prepaxed
from 73 mg of lithiwn, 80 ml of amronia, 30 ml of tetrahydrofuran
end a trace of ferric nitrate. The reaction mixture was stirred

moisture by means of a

tically and from

nitxr . After stirring for 10 min at -35°, a solution

terperature was held at -5 to -10° for 2 hr. This solution was
then added to a slurry of 3,86 g (20 mmol} of cuprows iodide in

lution

of 4,45 g {20 rmmol) of methyl gis-7-bromo-S-heptencate in 5 ml of
tetrahydrofuran was added over a 30 sec interval. Following an

aitional

20 ml of THF at =35°, After stirring at~35° for 15 min, a
f 1.64 g (20 mmol) of cyclopant-Z-enone in & ml of THF was added
to the reaction mixture. Following a 20 min period az -40°, 5 ml
. of chlorotrimetnyl silane was added to the reaction mixture end
the cooling bath removed, On warming to rocm temperature, the

reaction mixture was poured into 200 ml of hexane, 3} ml of tri-

with anwoniur chioride., The ammonia was evaporated under a straam
of nitrogen and the resuiting residue poured into 200 ml of ice

water and 40 mi of acetic acid, This solution was then extracted
with tharee 200 ml portions of ether, the combined ethereal extracts

washe@ with brine, dried over sodium sulfate and concentrated in

tion peried of 3 min at -35°, the reaction was quenched
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sample of 20, R = CH, was evaporatively distilled for spectral

analysis: ir (cCl,) 1750 em™?

4, CH~CB), 3.65 (s, 3, OCK,), and 0.89 ppn (£, 3, CHy); mass

(€0, CHy and C=0): nmx & 5.4 (m,

spectrur (70 eV) m/e (rel intensity) 334 (2), 303 (3), 184 (20)
and 109 (100).

hnal. Caled for CpyHy 041 ©, 75.40; K, 10,25, Found: C,
75.14; H, 10.25,

11 15~Desoxy Prostaglandin E, {20, R = H). A solution of

0.227 g of potassium hydroxide, 10 nl of water, 10 ml of tetrahydro-
furan, 3 ml of nethanol aad 0.304 g of keto ester 20, R = CH; was
stirred under nitrogen for 4 hx. Tl analysis showed the absence
of starting ester and the reaction mixture was diluted with 100 ml
of water, eXvracted twice with 200 ni of ether, acidified to pH2
with concentrated hydrochloric acid, and extracted three times with
100 ml of ethyl acetats. The combined sthyl acetate soletiom were
washed wits brine, dried over sodivm sulfate and concentrated in
vacuc. The residue was evaporatively d:srilled at 150°/0.005 mm
to yield 0,248 g of 20, R = H, ir (CC1,) 1750 (C=0) and 17i5 en™®
(CO,H); nmr 3 8.5 (s, 1, COy4), 5.4 (r, 4, CH=CH) snd 0,89 ppm (¢,
3, CHy); mass spectrum a/e (rel intemsity) 320 (1), 302 (1), 194

(7) and 10¢ (103},

ethyl amine and ice water. The hexane solution was separated, vacuc.

washed with saturated picarbonate, dried over sodium sulfate and to renove acetic acid.

concentrated in vacuc. Short path distillation gave 5.211 g {97%)

1

of enol ether {19}: bp 93-98° (0.1 mm); ir (£ilm} 1640 ca™* (0C=CH);

Remit check or money order for $4.00 for photocopy of $2.00 for
microfiche, referring to code number JOC-74-2506.
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Pyrolysis of spirotrithianes 3-7 at reduced pressure gave volatile mixtures consisting almost entirely of cyclic
thioketones and their enethiols. At higher temperatures volatile products were mixtures of mercaptans and ole-
fins. The nonvolatile residue of higher temperature pyrolysis of cyclohexanethione trimer contained dibenzothio-
phene, tetrahydrodibenzothiophene, octahydrodibenzothiophene,and spiro-2,2-pentamethylenebenzodithiolane
(13). Bicyclo[2.2.1]heptane-2-thione (1) is a further example of a relatively stable thioketone.

Several methods for preparing aliphatic thioketones
have been reported recently.l-> Each suffers from lack of
generality. The absence of a general synthetic method for
preparing thioketones, their instability, and the disagreea-
ble odor of their intermediates all have slowed the investi-
gation of the chemistry of the thiocarbonyl group. In the
course of synthesis of thiols we prepared norbornanethione
(1) by pyrolysis of trithiane 3 in good yield despite previous
reports®7 that pyrolysis of trithianes is unsatisfactory for
preparation of aliphatic thioketones. The results of pyro-
lyzing the structurally related spirotrithianes 4-7 at re-
duced pressure are shown in Table I.

These pyrolyses were stopped after generating workable
quantities of red distillate and were not necessarily pushed
to completion. Thioketone content of products was esti-

Table I
Pyrolyses at Reduced Pressure

Composition of

Pot temp, ———-distillate~——
Pyrolysis Pressure, °C Time, 9 dis- A
of mm (external) min tilling 9, thione enethiol
3 ~20 210-293 60 85 91
3’ 10 240-278 198 43 96 <1
4 13 195-247 30 10 >13 34
5 13-17  290--310 10 68 a
6 13 165-210 80 45 >34 12
7 10 180-260 95 23 ~33 32

¢ Red liquid distillate rapidly crystallized to give trimer.

mated from the absorption maximum at about 500 nm and
enethiol content was estimated from nmr spectra.
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Experimental Seation

Semeral. - Spectra were recorded using the follewing instru-
merve: Cary model 14 (vis and uvl; Perkin-Elmer model 137 and
Beckman acculab b (ir); Varian T-80 (nmr), using tetramechylsilane
as internal standard; A.E.I. M3-9 mass spectrometer. Vpe analyses
were done cn an Aerograph A-90-P gas chromatograph using silicone
SE-30, 4% on 80-1C0 mesh chromosorh G (column a), silicone SE-52,
2% on chromosorb K (column b), silicone GF S¥-96 (column ), on
didecylptichalaze, 15% on 0-30 mesh chromosorb ¥ {column d).
Melving points were determined on a Fisher-Johns apparatus and
are urcorrected. Elemental analyses wers parfovmed by Chemalytics,
Inc., Temps, Arizona. Commerciaily available cycloolefirs,
Sicyolol2.2.1] heptene, bicyelol3.2.13-2-octene, cyciohexansthicl,
ivenzothiophene, and thizmthrene were used as szandards in identi-
fying pyrolysis products. 2,4-Dinitreprenyl derivatives were
prepared by the method of Bost,l” except that 2,4-¢initrofiuore-
benvene (FDNB) was used rather Than 2,4-dinitrochlovcbenzene.

1taneously

ough
15,18

g choliz solutions of the ketonee ccoled with ice H,0
baths, To make efficient usa of HyS, several preparations

were carried out in seriss on a gas train, A 40% NaOE solution was

used as a final trap. Gas flow “hrcugh each peaction mixture was
maintained until <he maximum amounz of white solid had formed,
Reaczion times in the gas traln varied between b and 3 hr. The

cruge white solids were collected, washed with alcohol, vacuum dpied

to conszant weight over Ka0H, and recrystallized from CHOLy-EtOH,

Recrystaliized b hac mp 98.1-89.5%,%% recrystalllized § had np

of vhe still pot heater was monitgred, The pyrclyses were often

stopped after 1 or 2 hr, and were not necessarily pughed to
complesicn.
Y¥ethod C, - The still pot, containing & bed of sand, was heated

to an externally reasured temperature of 300 # 1(° and maintained

theve throughout the pyrolysis. Molten 5 was Injected onto the

sand. A room temperature or ice-chilled receiver was used.

Trithiane Pyrolyses at Atmcspheric Pressure, Methot D - In a
§711l pot squipped with & H,O-cooled short path distillation appa~
ratys, mized tritvniane and an equal weight of ordinary dry sand
were pyrolyzed completely until ne moye distillate was eollectec

(receiver at room temperature). Heating times varied Zrom 5C to

120 min, The maximum temperatures atzainad by the still pct heater

varied from 34l zo 358°, The temperature at the svill head was

tored.

Pyrclysis of Trigw2-Norbornanethione (3) by Metnbd 4., - 8

z0l) and an equal weight of dry sand were heated under

(18,34 g, 0.85

the stiil

reduced pressure, Red liquid (15,08 g) was collected

pos tempersture mange 2.0-293° over a periad of 1 hr. Vpe araly;

(celun &, 162°) the re¢ liguid was dons 90 min after collecting

the product and showed 3 peaks witn relative areas 3178.5:0,5. The
3.5% component ha¢ approximately The same revention time as 2-

Yieid of : (based cn 91% thiokeTone content, &n

o

norbernarethisl,

X¥ass spectrum (70 eV

sh.

rinimal emethiol content) was 1b.33 g, 77%.

of the red iiqui¢, m/e 125,0482 (126,050% calce for Lyl

- Following a proceduve for the reductiorn

ketones,'* 6,37 g of the red liquid (erude 1) was reduced

with NeBH, and gave 1.8% g of coloriess liquid, bp £8,5-70.2°

in this vis spestrum when it was recorded again § hr later. Nmr
(Czy) 8 3.4-2.9 (complex), 2,3~3.7 Cimpurity), $.52 and £.87
{&,2% of total integration, 3%% ensthiol). There was no rmeasurable
change In this nre spectrum when it was reconded agein 2.5 hr later.
The ir (neat) epectrum was recorded 25 min after the red liquid

<)

was warmed to voom temperaTure and showed bands at 1§83 (G
2520 (SE), and 3C30 em™ (2C-#). Ype analyels was deme 70 min
after warming the product £O TOOR Temperature. By this Time the
red color of the liquid had faded to pale pink. No cyclopentene
waz present.

P,

olyses cf t 1 trhione {5) by Method C. =

(3.38 g) was deliverec onto 3.-3 g of sand at 13 zm. Taere was
an imrediaze on of red liquid distillate, with the col-

lection rate becsming quite slow by 10 min after injectlon, at which

time =he red distillate (2.2C g) began to crystallize rapidly t=

a white solic still bearing scme orange ccior. The residual
colored liquid was dissolved ir heptane, vie max (main peax)
centered at §37 nm (with shoulders at 453, usZ, 526), §69.7 A 3%
Cecrease of absorbance at §07 nm was observed when this spectrum

was rewrecorded 3T min leier. & portion of the largely solidifiec

tillate was pecrystallized from CHCL ~Lt0H, mp 99-10,8°.

3ase-washe¢ 5 (1.€h g) was dslivered onto 1.71 g of sand at

There was an immedicte @

Llection of red liquid distillate,

15 am.
The system was cpened U min after injection, at which tire white
solid formed repidly in the recel

Pyrclysis of tris-Cycloheptanethione (§) by Method B, - Wizth

2 105° and ® = 13 mm, base-washed § (3,85 g, C.01 mol) was heaved

T

starting from room temperatire. Red liquid (1.72 g) was collesred

100.3-101,5%; % reenystallized § nad mp 74-780.1% page-washed

5 and_§ were prepaved as desoribed for 3'.

tris-3icyelol3.2.2)octane-2-thione (7). - Biecyelo[3.2.1]1-

sctan-2-one (2.3 g, (,075 mol) in 3) ml of methanol was reactec by

simultaneous bubbling of H,S and KC1. An orange il separated
after 30 min, beconming quite viscous after 2 nr. Some ethanol
(13 ml) was addsd after 2 hr, and the gas flow was maintained for
3 more hr., A crude white solid was cbrained, §.82 g (23% yield).
Recrystallization from CHC1,~EtIH gave 7.38 g of white erystels,

mp 178.5-178.8%; nme (CCL) all signals 0.8 ~ 3.03 ppm. Recrystal-

lizatlon from TtOH gave an analytical sample, mp 180.7-1B2.2%; zass

speatrum (5C eV) m/e (rel intensizy) L20.19§3 (420,:978 caled fer
Hy383") (D)) 280 (dizer®) (37), 140 (monomex®) (100,

Anal. caled fap C, He 8.: C, B8.51; H, 8,62; S, 22.3

263653

Found: €, 38.82; E, 8.74; 5, 21.7%.

Oligomeric 2-Norbornanethione (3'}. - 2-Norbornanone (22.9 g,

3.2 mel) i 185 ml of EtOF was reacted by simultaneous bubdling of

HyS and HCL to glve 22,41 g (89% yield) of crude white solid, broad

mp begirning 2t 135.5°, Three recrysza ations of a § g porzion
from CEC13-EtOR gave a highly crystelline semple’® (2.73 ), np
148-175%; mass spectrum (47 e¥) m/e (rel intemsity) 278 (1), 252
(18), 220 (8), 126 (L00),

A CH

e solid was washed

1y solution of 1L.5 g of the crude
firet with 5% Xait0, and then repestedly wizh 5,0, dried (§a,80,),
and svaporated. Recrystallization from CHCL,-EtOH provided 12.95 g
f base-washed 3% bread rp beginning at 133°; the nmr spectrum

was nearly iderzical <o that of 3.

€15 zm); naw (CCLE 3,682, (conplex), 2.4=2.35 (very small
signale), £.95-3.45 (1 H), no sigrals downfield from 3.45 ppm.
The nmr shows that the veduced product is precominantly the endo
thiel.

Follewing a procedure describirng the use of sedium cyanoboro-
2o

hydrice,?~ 2,59 g of crude > was recuced with NaBHCN using bromo-
cresol green s The color indicator 2rd dropwise edditions of 2 ¥
HC1 in MeCE to maintain the pH. There was obtained (.7 ml of
colorless liquid, bp 7-81° (28 mm); nmr (CC1)0§ 0.88-2.4
Ccemplex), 2.4=2.83 (much less thar 1 H), 2.98-3.45 (almcet 1 H),
no signals downfield Zvor 3.45 ppm. The nmr shows that the reduced

product is predominantly the endo thicl. Ir (neaz liquid) 1785

(weak, C=0 due t¢ a trace of rorbornancne}, 2570 em™* (strong, SH);
mags specsrur (70 e¥) m/e 126.2626 (126,630 caled for S,Hy,5%).

Pyrolysis of Oligomeric 2-Nerbornanetbione (3!) by Method B. -

Wirh T. = 132° and P = 10 mm, base-washed 3' (3.79 g, equivalent tz

Red~orange

0.0 mel of_3) was heated starting from room temperature.

liquid (1.€4 g) was collectec

the T2 =emperature range Z40-278°
over & period of 3.3 ar, leaving 2.0¢ g of cark brows residue in
<he still pos, nar (CCL,) idenvical =o thas of 3'.

The rac-orange liguid was warmed tc room temperature ané portions
av-vis (heptans) max

8), 861

rizec:

were promptly removed and char

217 nm (e 370C); 232 (9300), 313 (12.9), 480 (sh), Le7 (

(1,572 - no decrease of absarbance was observed in the vis spectrur

and b days later; rmr (IC138 l.1- .

when it was recorded aga:
2,3 fcomplex, 6 HJ, 2.35 (2 H), 2,78 (1 H), 3.33 (I H), 5.85 (<<i%

of totel integration) - no change waE observed in this nmr spectrum

wher it was pecerded again & cays laver; ir (neat film) no bands at

in the T, temperature range 165-210° over a pariod cof 80

leav:

1¢ & brown-amber residue in the still pot.

The red liquid was warmed to rcom temperature and portlons
were promptly removad and characterized (wizhin 2 hr): vis
(heptane) rax S10 nm (with shoulderse at 575, 585)7; nmr (CCL,)
§1,3-2.7 teomplex), 3.0-3.25 (broad), §.67-6.03 (not okserved
in an eavlier and lower temperature pyrolysis of §), 5.06-6.40
(1% of total integration, 12% enethiol). The neat liquid was
still ved after Zb nr at raom temperature.

Pyrolysig of rrie;8ic
Ty = 112° (later increased to 150°) and P e 10 mm, 7 (.15 g,

0.307% mol) was heated starring from voom terperature.

1)egzener2-thiore (7) by Method B,

Grange
1iquid (D.74 g) was collected in tre T, emperature range 180~26C°
over = periocd of 95 min, leaving 2,35 g of pale amber solid {after
cooling) in the still pet, nmr (CC1,) identicel to that of 7.

The ovange iiquid was warmed £o room temperature and porzions
were promptiv removed and characterized: uv-vis (heptane) max 219 nm,
251, 49E (rain vis peak with shoulders -30, $05, £22), 563 - <he vis
spectrum Sor the same solution was recorded again after 2 hr and
showed no decay of absorbarce; ir (neat) 153C (C=0), 255C (SH), and
3025 o™l (C-E)y mmr (CCL,) § 1.3-3.3 (complex), 3,8 (broad, 1% of
on, 32%

r), 5.26-5.43 (2,7% of total integr:

total integras
ithin

anethiol). Tre above spectral chavecterization was completed

2 hr, except for resordirg the uv spectrum, The neat liquié still
retaired some of 1ts crange coler after 2U hr at room temperature.

Fyrolysie of Cligozeric 2-Norbgrranethione (3') by Method 3. -

PByrolyeis of §.73 g of base-washed 3' gave 2.64 g of hard black

pesidue and 1.7% g of light orange liquid distillate, bp 32-1837.
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tris-2-Norbornanethione (3). liquid HyS procedure. - 4

solution of 11.02 g of 2-norbornancne (0.1 mol) in 100 ml of EtOH

wap added slowly to approximately 20 ml of liquid H,S maintained a1
-585° by a dry ice-acetone bath. Hydpogen chlcride gas was
bubbled through the reaction sclution for 1 hr. The reaction

mixture was maintained at -33° for 2 more hr, and became opagque
with cyystal formation. The miwture was warmed cautiously (H,S

evolution) and partitioned between ice K0 (500 ml) and perroleum
ether (500 m1). The petroleum ether phase was washed with Hy0
(6 x 100 ml) until the H,0 washes were neutral, dried (Na,80,),
and evaporated to dryness. A portion of the crude product (95%

yield) was recrystallized from E40H and gave ar analytical sample,

white crystals, mp 127-128° (82% yield); mmr (CCL,) all signals

0.75-2,80 ppm; mass specirurm (70 eV) m/e 378.1484 (37B.1§1C caled

for CyHe,8ety, 252 (etmer”), 220, 127, 128 (monomer’), €3, 67, 88,
Apal. Caled for CppfiycSyt C, 86.613 H, 7.993 8, 25.4C.

C, 63,87

Found: . B.225 8, 24,71,

General Methods, -

ithiane Fyrolyses at Reduced Pressure,

thianes were pyrolyzed with an equal weight of ordinary dry
sand, except where stazed otheruise.
Mexhod A, - The still pot was equipped wif: a short path distill-
ation apparatus. Redused pressure was provided by a H,0 aspirator.
Yethod B, - & short glass tube, heated by an electrical heating
tape, wae used =o connect the still pot with the receiver. & regu~

lazed partial vacuum () was established for =he system, a dry ice-

acetone bath was used To chill the receiver, and a steady tempera-

ture (T,) was establiched for the glass tude. The temperature (1)

or near 1640 (C=C), 1785 (CeD), 2850 (SH), 3028 am™ % (:C-H)j ir
{neat liquid in cavity cerl) still no bands were observable at
1640, 1785, 2552, or 3020 en’ %3 vpo (column b, 152°) showed 2 peaks
with relative areas 95:4, The 4% component had the same retention
tire as 2-norbornanethiol. The above characterization was com-
pleted within U hr, except for recording the uv spectrum and
re-recording of spectra.

The reraining reat red-orange liquid was stered at room tempeéra-

ture for § to 6 days and per:ions were agein removed and characterized.

At this time the red-ovange liquid contained B4% thioketone (caicu-

1ation based on € g, ® L1.8), The amr spectrum was rearly unchanged.
The viryl signal at & 5,96 ncw acceunted for about 0.7% of the
sotal integraticn (7% enethici). The ir spectrum was rearly un-

changed except for a new band at 1735 om™d (week, C=0 due %o norborn-

anene). No bands were observable at 1640, 2850, or 3020 om l. Vpe

(colurn b, 15°) was unchanged except Zor & rew peak (5%) whick had
the same retention time as norbornancne,
Method B, - With

Pyrolysis of tris-Cyel znethicne (4) b

Ty = 65° ane Pz 13 mn, Y (3.0 g, 3,0 mol) was heated starting from

2id (0,31 g) was collected in the

Toor. temperature. Red , tepera-

Ture vange 195-247° over a period of 30 min, leaving an amder liguid

the still pot which sclidified rapicly on cooling to ¢

crystals, 2.68 g, mp 32-98%; ame (00,0 icentical to that of 4.

The red iiquid wes warmed tc ook temperature ané portions were
promptly reroved and characterized: cilutions for vis and nmr spectra
were made 15 to 22 min after the red Liguid was warmed TO room terpara-
ture; vis (heptare) max 512 rm (with shoulcers at 4L5, 473, 496,

$23), su2, 573.7 An 11% decrease of absorbance at 512 nm was observed

Ype (column d,#16C°) showed 2 major peaks (relative arsas M5:55)
with vetention timee coincident with these of 2-morbormamethiol
ané norbormere respectively. Nmr (CCIL‘] signals at § 2.84 and §5.87
showed +the presence of ncx‘hcrnans.“ After further manipulation of
the distiliave, a trace of norbornanone was detected by vpe and

by ir (neat tiquid) 1765 em™l (=0). A band was also observed

at 2550 om™ (SH).

A portion of frest distillate (1,22 g) was reantad with FDNB
(3,008 rol) and, after work-up and two recrystallizaticns from EtOH,
gave tuc types of yellow crystals (I and II). Physical separation
with & spatula gave 0,85 g cfi, mp 110-1.2°, and 30 =mg of II, mp
120-1%2.5°, Nmr fo:"I\I_ (C:)Cls) § 1.0-2.7% (complex, 1C H), 2.1l-
3,45 (complex, ~ C.5 H)Y, 3.45-3.3 (compzex, v C.5 ¥), 7.62, §,37,
end 9,04 (3 Ar H), no vinyl sigrals were cbsarvad. I was recrys-

tallized b more times to give sn analytical sample (0,41 g cf

homogeneous appearing yeilow crystals), mp 112-112.€%; nmr (CLCly)
§ 1.9-2.75 (complex, 10 H), 3.11-3.45 (complex, v 0.7 H), 3.45-2.9
(complex, ~ 0.8 H}, 7,62, .37, and 8.C4 (3 Ar H), no vinyl signals
were cbeerved. The nmr spectrum of this material, containing v 70%
£ the enco-DNP derivative,

the exo-2-DNP derivative and v 30%

1 to the spectrum of the pure exo-2-DNP

was very nearly icent;

derivative,
Anal., Caled for Gy H:,Np0,8: Cy §3.05; B, 4.79; 8, 10.0
Found: €, 52,85; H, 4,95; S, 10.1s,

thione (4) by Methed D, - Fyrolysis

Pyrolysis of tris-Cycl
SYIOLyRNE oL IS
of 3.0 g of & (0,01 mol) gave 1.0 g of black charred solid residus

and 1.18 g of ewtremely pale pirk liguid distillate, Sp 118 1339,




Pyrolysis of Spirotrithianes

0
¥pe (eolumn b, 152° and column c, 133°) shdwad 2 peaks with relative
areas 75:25, The 2§% component had the same retention time as
cyclopentene. Nmr (CC1,) signals at § 2.22, 2.33, and 5.7 showed
the presence of oyclopentere. Rediszillarion of 1.9 g of *he
liquid at 1 atm gave a (.24 g center fraction, colorless liquid,
bp 125-129° [cySiopentanethiol 1it. bp 132.292;%* ir (neat) showed
all the bands of cyclopentanethiol. A combined fraction (0.24 g)
of the redistille¢ colorless liqui¢ [estimate¢ by vpe to contain
0.2 g of cyelopentanethiol (0,002 mol} an¢ 0.0 g of ayelopentene]
was reacted with FDNB (C.002 mol) and gave yellow erystals, mp 96~
97°. Reerystallization (StOH) provided an anzlytical sample, 0.32 g
(6% yieldd, mp 96-37°; nme (01,0 § 1,5-2.5 (B H), 8,5-3.95 (L H),
7.82, 8,34, and §.03 (3 Ar H), no vinyl signals were observed in the
nme spectrum,

Anal. Caled for Cy.Hy,N,0,S:
S, 48.304 K, W.6C; $, 11.61.

C, 48,255 H, k.81; 8§, 11,95,
Found:

Pyrolysis of tris-Cyclohexanezhicne (5) dy Method D, - Pyrolysis

©f 3.43 g of £ (0.CL mol) gave an uncharred, light-yell quid
residue and 2,13 g of colorless liquid distillate, bp 145-177°, 1Ir
{neat) was identical to that of cyclcohexansthicl, Nmr (CC1'4> was
very similar fo <hat of cyclohexanethiol except for axtra signals
at 6 5.6 (<23 of toral integration, 125 cyclohexene) and & 7.2
(also <2% of total integration),

Pyrolysis of tris-Cycloheptanathione (§) by Nethed D. - Pyrolysis

of 3.88 g of base-washed 8 (0.0l mol) gave 1,45 g of hard brown=tlack

residue and 1.66 g of colorless licuid distillate, >p 96-169°, Vpc

areas §4:13., The 8L
Rediszilla-

(coiumn a, 163°) showed 2 peaks with relat
componert had the same retention time ae cycloheptene.
tion of 1,33 g of the liquid at . atm gave .89 g of cclorless
cycloneptene (>33% pure by vpel; bp (of center portion) 103-106°)
ir (neat) and nmr (CCl,) spectra were ilentical ts those of

authentic eycloheptene.

Pyrolysis of tris-Bicyciol3.2,1]octans-2-thione (7) by Method D =

Pyrolysis of 2,20 g of 7 (0.005 mol) gave :.15 g of hard black residue
and 2,45 g of colorless cistillate which solidified on cooling, bp

~ 103-125°. Nmr (CCl,) strong signals centered at § 1.8, 1.7, 1.77,
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of bicyalel3.2,1]-2-0ctene, but other signals were chserved

including a vingl signal centered at § §.24.

Nen-volatile Pyrolysis Products from =ris-Cyclchexanethione (5), -

5 {6.85 g, $.2 nol) was heated without sand in & still pot squipped
with a Hy0-cooled reflux condenser and drying tuve. A reflux of
cclorless liquid was established (oil bash 24(°). Heating was stcpped
after 7.8 hr., Oistillation of the resuliing yellew liguid at 1 atm
gave 3.66 g of cclorless lijuid, bp 74-120°, and left 2.27 g of high
boiling yeliow liquid residue in the still pot. Recistillation of
the colorless liguid at 1 atm gave an initifal fraction containing
cyclonexene, and a center fraction (1.28 g), bp 155-187°, Ir (neat)
and nmr (OC1.) spectra of this fraction were idertical to those cf
cyclohexanethicl except for a small signal at § 7,2,

Vacuum distillation of 2.0 g of the pot residue gave 1.3% g of
light yellow liguid, bp 108-132° (1 mm). A poriion, distilled twice
move using & micromoiecular still, gave a coloriess liquid distillate,
4 (146 mg) was chroratographed

bp v160¢ (1 mr). The colerless liqui

on preparative layers of sillca gel 3

s, (L. Merck) using heptare
as the developing solvent (3 passes) giving approximately s mg
of pale yellow cil (faster band) and 23 mg of pale yellow oil

(slower band).

Spirc-2,2-pertanethylenebenzo¢itaiolane (13}, - Slower band, amr
(CC1.) ¢ 1.3-1.82 (broac, § H), 1.92-2.35 (proad, & B), 5.8-7.33
(complex, + Ar H); mass spectoum (7C eV, 230°) m/e (rel intensity)

224 (%), 223 (73, 222 (47), 198 (@), 131 (10), 1BO (1%), 178 (10%),
186 (15), 153 {8); mass spectrum (chem icnization with ischutane,
200°) base peax m/e 223; uv (heptane} max 237 nm, 274 (e 28530, 8830);

tic (Eastran silica gel chromagram sheet with fluorescent indicator)

with heptane as the solvent showed only a trace of contamination

in this sarple.

Octanydrodibenzo hene (9),

e 8L ng sarple (faszen

Sand on siliza gel) was further chro raphed on a prepavative

leyer of aluminum oxice HF,.

using reptane as the developing
solvent (2 passes) giving three bards (4, 3, C). The faszest

moving band (A} contained ¢.8 mg of a sloudy glass; nmr (zhick-

walled Tube, CCl) no signals observed downfield from 6 2.65; mass

12

1,2,3,4~Tetranydrodibenzothiophene (10); - Intermediate tlo
band 3 contained bh.5 ;g 'of aclorlese oil; mmr (CC1,) § 1,6h-2.%4
(broad, 4 H), %.5-3.C (broad, 4 H), 7.0-7.8 (ccmplex, 4 Ar H); raes
spectrum (70 eV, 17859} m/e (rel intemsity) 130 (11), 189 (30}, 188
(102, 127 (427, 161 (17), 18D (3003, k7 (1), 118 (273, 43 (733,
42 (28), 1 (32), LD (11D, 38 (15); mass specsrur (chem ionization
with isobutans, 175°) mie (rel intemsity) 2§ (23), 132 (100);
ir (neat) wae izenzieal <o that of 10;%7 uv (neptane) max 232 mm
(log € L.hu), 264 (3,78), 270 (3,76, 288 (3.u2), 298 (3.57).%°

1,2,3,k-Tetranydrodibenzothiophens-§,9~dioxide. - Following

s sulfone,?’ avout 40 mg

a precedure for the cenversicr of 1 to
of 10 was oxidized wizh 30% Hy0, to give white crystals (from

EtCE), mp 285-187°. Ir (K3r)

Dihenzethi:E?\ene (1), - 5L

22.7 mg of white crystals, mp 95,5-93¢,

and 1289 en” (50,

moving tiz bané € contained
¥mr (SCL,) 8 7.2-7.3
(complex, h &r ), 7.6-8.23 (corplex, b Ar #), identical <o that

of authentic ¢iberzothiophene,

- S-hcetyl gxc-?-norbornanethiol, bp

ttion of thicaceric acid
28

te norbornene,

<hioacetate (63,11 g, C.b ;ol) was vefluxed
for 1 hr with I liter of alcohoiic KOF (93% DCH and 10% XCH ir
equal volumes), The reaction flask was cooled, and § N ECl was
added o adiust to ph 7, causing the Proditt to oil. The mixture
was extracted with ether (300, 500, 230 ml), and the comdined
ether extrzets were wasted with HyT (5 x 100 1), dried (Nay50.),

and concentrated. Distillatlon gave 31.8L g (62% yield) cf coler-

less liquid, bp EL.5-8%,5° (13 mm); Ir (neat liqui¢ in cavity cell)

2575 om~l (SH). A& por-ion was r illed, bp (centzer fraction)
71,8° (19,3 mm); mass spectrum (70 eV) m/e 128; nur (C:-'N) 8 L.8-2.h
{cerplex, 11 ¥), 2.6-3.C (ccmplex, 1L H).

2,4-3initrophenyl Perivative of sxc-2-Norbornanezhicl. - The exo

thiol (.28 g, 0,01 mal) was reacteé wizh 1,35 g of FDXB (0.1 mol).

Work=up ané reerysrall from Et3E gave 2,66 g (3C% yield) of

yellow oryszals, mp 5-118.3°, Two wore recrystallizations gave

a0 analytical sample (2.08 g), mp 113-115.2%; maw (IDCly) & 1.08-
2.25 (complex, 8 B), 2.25-2,53 {ccmplex, 2 H), 3.11-3,45 (complex,

2.31, 5.3% (d, broag), and .88 (t, 5road) indisated the presence

SQS
(HQC@\ S CCHz)n

4,n=4 7
5,n=5
6,ﬂ=6

Two oligomers of norbornanethione, both evidently tri-
mers from mass spectra, gave good yields of monomeric
thioketone on pyrolysis at reduced pressure. Monomeric
norbornanethione was found to be a remarkably stable
thioketone. When initially generated it contained less than
1% (nmr) enethiol 2, and after 5 days at room temperature
7% enethiol with 64% (visible) of the neat liquid surviving
as the thioketone. In contrast to this stability, injection of
molten cyclohexanethione trimer (5) onto sand at 300° in-
stantly produced a red liquid (thioketone) in the condenser
which became crystalline and colorless within minutes. The
crystals were indistinguishable from the starting trimer.

The few previously reported stable thioketones involve
heavily a-substituted rigid skeletons. Thiofenchone,89
2,2,4,4-tetramethyl-1,3-cyclobutanedithione,?® " and ada-
mantanethione!! are all rigid, highly hindered, nonenoliza-

spectrun (chem ionizaticn with {sebutane) main peaks m/e 207, 19%.

1 H), 7.62, 8,37, and 9,04 (3 Ar H),
Anal, Caled for C,K;.N,0,8: C, 53.05; H, 4.79; S, 10.69.

Found: C, 53.18; H, 4.75) S, 10.99,

ble thioketones. Thiocamphor?® and thioketo steroids!Z
possess rigidity and some quaternary « carbons. The trimer
of adamantanethione is known, but no trimers have been
prepared from any of the other stable thioketones. From
the relative stability of norbornanethione it appears that
the hindrance or conformation provided by the bicyclo-
[2.2.1]heptane skeleton is sufficient to stabilize the thioke-
tone without the encumbering methyl groups of thiocam-
phor or thiofenchone. The thioketone stabilizing effect
does not extend to its homolog, bicyclo[3.2.1]octane-2-
thione. The qualitative order of stability of neat thioke-
tones studied at room temperature is norbornanethione
(days) > cycloheptanethione (days) > cyclopentanethione
(hours) > cyclohexanethione (minutes). The major causes
of fading of the red color are enolization and trimerization.
Freshly generated norbornanethione contained 4% (vpc)
of a mixture of exo- and endo-2-norbornanethiol. These
thiols were major products of atmospheric pressure pyroly-
sis. The appearance of a small amount of norbornanone
was observed in several instances by ir, vpe, and mass spec-
trum after norbornanethione was manipulated or stored for
prolonged periods at room temperature. Assuming that the
fresh pyrolysis distillate contains 96% norbornanethione, as
suggested by its nmr and vpe, pure norbornanethione has
Amax (heptane) 497 nm (e 11.8). This value is close to that
observed for other relatively stable thioketones.”-811
Cracking of trithianes at atmospheric pressure produced
no thioketones but only pyrolysis products of thioketones
which are characterized by hydrogen disproportionation
and H»S elimination. Pyrolyses of 3’7 were pushed until
no more distillate was collected, by which time the heating
bath temperature was about 350°. Hard black residues
were left after pyrolysis of 3, 4, 6, and 7, while the residue
from pyrolysis of cyclohexanethione trimer was a yellow oil.
The distillates had the following compositions: from 3', 45%
2-norbornanethiol and 55% norbornene; from 4, 75% cyclo-
pentanethiol and 25% cyclopentene; from 5, 88% cyclohex-
anethiol and 12% cyclohexene; from 6, 84% cycloheptene;
and bicyclo[3.2.1]-2-octene as the major product from 7.
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Scheme I

13 /\ 10

disulfide  cyclohexene

Cyclopentanethiol and 2-norbornanethiol were character-
ized as crystalline 2,4-dinitrophenyl (DNP) derivatives.
The 2,4-dinitrophenyl-2-norbornyl sulfide was a mixture of
endo and exo isomers which could not be completely sepa-
rated by recrystallization. However, integration of the
unique methine nmr signal showed that the major pyrolysis
product was exo-2-norbornanethiol. Pure exo-2-norbor-
nanethiol was prepared by addition of thioacetic acid to
norbornene followed by saponification of exo-2-norbornyl
thioacetate. endo-2-Norbornanethiol, containing some exo
isomer, was prepared by NaBH, reduction of 2-norbor-
nanethione. endo-2-Norbornanethiol is distinguished from
the exo isomer by its exo methine proton resonance at
2.95-3.45 ppm in CCly; this methine resonance occurs at
2.6-3.0 ppm in exo-2-norbornanethiol. In the endo-DNP
derivative the methine resonance occurs at 3.45-3.9 ppm
and in the exo-DNP derivative at 3.11-3.45 ppm.
Distillation products from atmospheric pressure pyroly-
ses were generally more hydrogenated than the starting tri-
thianes. Pot residues must then be relatively dehydrogen-
ated. The dehydrogenation products of triscyclohex-
anethione, which appeared to give the least polymeric pot
residue, were fractionated by molecular distillation fol-
lowed by preparative tlc. Major components were identi-
fied as 1,2,3,4-tetrahydrodibenzothiophene (10), character-
ized as its crystalline sulfone, crystalline dibenzothiophene
(11), 1,2,3,4,5,6,7,8-octahydrodibenzothiophene (9), and
liquid spiro-2,2-pentamethylenebenzodithiolane (13).
Dehydrogenation product 13 had a chemical ionization
mass spectral ion at m/e 223 (M + 1) with.sotopic peak in-
tensities expected for natural abundance 348 and 13C in a
C12H1482 compound. It had a uv spectrum compatible with
an o-dithiobenzene derivative.!® Spiro structure 13 was as-
signed primarily on the basis of a four-proton multiplet at
1.9-2.3 ppm rather than a two-proton multiplet in this re-
gion required for the conceivable isomer hexahydrothian-
threne. Under the dehydrogenative conditions hexahy-
drothianthrene, if present, could have been expected to un-

Fraser, Robbins, and Chilton

dergo extensive dehydrogenation to thianthrene. Pyrolysis
of thianthrene is known to give dibenzothiophene.'* How-
ever, no thianthrene could be detected in any fractions.
Further, the presence of hydrodibenzothiophenes suggests
that the route to dibenzothiophene is one of those shown in
Scheme I rather than via thianthrene. Fromm investigated
the pyrolysis of triscyclohexanethione under similar condi-
tions.'® He did not examine the pot residue but did isolate
a major volatile component to which he assigned structure
8 based on elemental analysis and the decolorization of
bromine. Although the structural evidence is not compel-
ling, compound 8 could be an intermediate between trimer
5 and dibenzothiophene. Katritzky and coworkers observed
the formation of spiro dimer 12 on treatment of an ethereal
ethanolic solution of cyclohexanethione monomer, from
which the red color had faded, with diazomethane at 25°.16
Since 13 was probably formed via 12, the diazomethane
used by Katritzky and coworkers is probably not necessary
in the conversion of cyclohexanethione into its dithiolane
dimer.

Although reduced pressure pyrolysis of trithianes is not
necessarily a general method of preparing thioketones, it
has some range of utility and is a very good method of
preparation of 2-norbornanethione. The stability of nor-
bornanethione compares favorably with the most stable
thioketones known. Thus norbornanethione provides a
good model for investigation of thioketone chemistry be-
yond enthiolization and trimerization.
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Iron and cobalt complexes [Fe(RSO;N)2CO-H20],, and [Co(RSO;N)sCO-1%6H20],, which are deficient of termi-
nal and bridging metal carbonyls have been isolate. rom the reaction of methane-, benzene-, and p-toluenesul-
fonyl azide with iron pentacarbonyl, diiron nonacarbonyl, and dicobalt octacarbonyl. Hydrolysis of these with di-
lute hydrochloric acid leads to the corresponding N,N’-bis(sulfonyljurea. Possible structures for the complexes
involving coordination of a sulfonyl oxygen to the metal are presented and supporting evidence for such coordina-
tion is given, Free singlet sulfonyl nitrenes are not formed in these decompositions. The decomposition of tert-
butyl azidoformate with iron pentacarbonyl and diiron nonacarbonyl gave impure complexes, still containing ter-
minal and bridging carbonyls, which could be hydrolyzed to give mainly tert-butyl carbamate, di-tert-butyl imi-

nodicarboxylate, and N,N-bis(tert-butoxycarbonyljurea.

Despite the large volume of information available on the

thermal and photochemical decomposition of organic azid-

es, 224 gtudies pertaining to the decomposition of organic
azides by transition metal carbonyls have only recently ap-
peared. Phenyl azide, which thermolyzes only above 120°,
decomposes at room temperature in the presence of diiron
nonacarbonyl to give a low yield of the nitrene product,
azobenzene. The main product is the complex 1, which de-
composes spontaneously in solution to the urea complex 2.5

Ph Ph
' Fe(CO)
\N g ’ N—Fe(CO),
\ | O’<N/\:i
/ le(co)a /A —Fe(CO)g
Fh Ph
1 2

A similar complex was obtained from 2-azidobiphenyl, to-
gether with the urea and nitrene-derived products.® As part
of our interest in generating sulfonyl nitrenes under mild
conditions to study their behavior with aromatic com-
pounds under kinetic control conditions,®” we now report
the results for the decomposition of sulfonyl azides and
tert-butyl azidoformate by transition metal carbonyls.

Results and Discussion

The decomposition of excess methane-; benzene-, and
p-toluenesulfonyl azide and p-toluenesulfonyl isocyanate
with diiron nonacarbonyl at room temperature (heteroge-
neous) or iron pentacarbonyl at 60-65° (homogeneous) in
benzene gave a low yield of the corresponding sulfonamide
(3) and a high-melting amorphous iron complex (4) devoid
of both terminal and bridging iron carbonyls. N-Sulfonyl-
azepines (5), the expected aromatic addition products if
discrete nitrenes were formed, were not detected nor were
the corresponding sulfonanilides (6). Thus, no free singlet
sulfonylnitrenes are generated in these catalyzed decompo-
sitions.

RSO,N=C==0 (R = p-CH,C¢H,)

‘{4: GNSOZR or ©NHSO R
(R = CH,, Ph RSOZNHz + iron complex + Ny + CO

RSO,N;
p-CH,C;H,)
x [ \1\ HCl
(RSO,NH),CO
7

basic alumina

The nmr spectra of these complexes could not be ob-
tained owing to their paramagnetic nature (vide infra) and
their insolubility in solvents that did not effect their de-
composition, and the mass spectra could not be determined
owing to their insufficient volatility., Elemental analyses
(reproducible from run to run) satisfied an empirical for-
mula corresponding to Fe(RSOsN),CO-H.0. Hydrolysis of
these complexes with dilute hydrochloric acid gave the cor-
responding N,N’-bis(sulfonyljurea (7) in high yield (70-
80%), while chromatography on basic alumina gave the cor-
responding sulfonamide (80%). The crystal structure of the
complexes obtained in this study could not be determined
because of our inability to obtain them crystalline. They
gave blue solutions in dimethyl sulfoxide from which the
complex could not be recovered.

The stoichiometry of the reaction was found to be azide:
Fe3(CO)g = 4. For the decomposition of methanesulfonyl
azide with diiron nonacarbonyl, the molar ratio of nitrogen
to carbon monoxide evolved was 0.68. The calculated molar
ratio, in which seven molecules of carbon monoxide are lost
from diiron nonacarbonyl and four molecules of nitrogen
are evolved from methanesulfonyl azide, is 0.57. The ob-
served ratio is expected to be higher since a low yield of
methanesulfonamide was also formed.

The decomposition of methanesulfonyl azide with dico-
balt octacarbonyl in benzene at room temperature gave a



