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Table I 
Yields of Isothiocyanates by  the Reaction of the N-Lithio Carbamates  2 with Carbon Disulfide 

RNCS formed 7 

Amine used (RNHz) Registry no. Reaction temp, ' C  BP, 'C (mm) Yield, % Registry no. 

EtNHz 75-04-7 
n-PrNHz 107-10-8 
n-BuNHz 109-73-9 
t-BuNHz 75-64-9 
C yclohexyl-NHz 108-91-8 
PhCH2NHz 100-46-9 
PhNHz 62-53-3 
p-CH3CtH4NH2 106-49-0 
a-Naphthyl-NH2 134-32-7 

a 
a 
a 
a 
a 

80 
80 
b 

70-80 

a Room temperature. * Distilled with decomposition. 

tilled i n  uacuo (15 mm) at 150" to afford phenyl isothiocyanate 
in 46% yield. 

Thermal Decomposition of Lithium N-Phenyldithiocarba- 
mate, 1 (R = Ph). The solution of 1 (R = Ph) in tetrahydrofuran 
was evaporated to dryness i n  vacuo (15 mm). The residue was py- 
rolyzed at 150" to afford the mixture of N,N'-diphenylthiourea 
(mp 154-155", main product) and phenyl isothiocyanate. The lat- 
ter compound was isolated by filtration of the mixture in 11% 
yield. 

One-Step Thiocarbonylation Reaction of Aniline. Aniline 
(2.79 g, 30 mmol) was dissolved in dry tetrahydrofuran (30 ml) 
and treated with butyllithium (66 mmol) under dry nitrogen at 
room temperature. To the resulting solution was added carbon di- 
sulfide (5.02 g, 66 mmol) at 0". The mixture was refluxed for 4 hr 
and evaporated to eliminate the solvent. The residue was distilled 
i n  uacuo (15 mm) to afford crude N,N'-diphenylthiourea, con- 
taminated with a trace amount of phenyl isothiocyanate. The 
crude thiourea was recrystallized from ethanol to give pure 
N.W-diphenylthiourea, yield 2.80 g (82%), mp 154-155" (lit.5 mp 
154"). 

Registry No.-Butyllithium, 109-72-8; carbon disulfide, 75-15- 
0; N,iV'-diphenylthiourea, 102-08-9. 
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We have previously shown that 2,7-cyclodecadien-l-ol 
derivatives undergo facile and stereoselective solvolysis- 
cyclization to  give hydroazulenes in high yield.' The cy- 
clodecadienols, in turn, are conveniently prepared from 
9-methyl-5(10)-0ctalin-1,6-dione.~ In this report we de- 
scribe an application of this approach to the synthesis of 
racemic globulol ('i), a tricyclic hydroazulene sesquiter- 
pene found in e u ~ a l y p t u s . ~  

Our previous preparation of cyclodecadienol 3 involved 
treatment of the unsaturated keto methanesulfonate 1 
with borane-tetrahydrofuran followed by methanolic sodi- 
um methoxide to effect the boronate fragmentation reac- 
ti0n.l Presumably carbonyl reduction precedes hydrobora- 
tion, in which case the stereochemistry depicted in struc- 

55 (50) 
50-55 (20) 
47-48 (10) 
50-53 (22) 
109 (10) 
105-110 (10) 
96-98 (15) 
77-78 (0.2) 
109-112 (0.2) 

80 542-85-8 
85 628-30-8 
81 592-82-5 
75 590-42-1 
74 1122-82-3 
55 622-78-6 

103-72-0 99 
99 622-59-3 
71 551-06-4 

ture 3 would be e ~ p e c t e d . ~  This presumption was con- 
firmed in the present study by first reducing enone 1 with 
lithium tri-tert-butoxyaluminum hydride and then 
subjecting the resulting equatorial alcohol 2 to hydrobora- 
tion-fragmentation. The cyclodecadienol 3 thus secured 
gave the identical crystalline p-nitrobenzoate derivative 4 
with that obtained in the combined reduction-hydrobora- 
tion-fragmentation sequence .5 Solvolysis of this p-nitro- 
benzoate in aqueous dioxane containing sodium bicarbon- 
ate as previously described yielded the hydroazulenol 51 
(Chart I). 

While simple hydroazulenes tend to show considerable 
conformational flexibility, thus rendering stereochemical 
predictions highly problematical, hydroazulene 5 projects 
a clear-cut picture upon examination of molecular models. 
The trans-fused cyclopentane ring tends to restrict cyclo- 
heptane pseudorotation and the double bond removes the 
most serious eclipsing interactions present in the idealized 

Chart I 

OH 

C,H,HgCBr, 

7 



Notes 1972 J. Org. Chem., Vol. 39, No. 13, 1974 

Scheme I 

R 
5, R = CH, 
8 , R = H  

R 
6, R = CH,; X = B P  

10, R =  H; X = B r  

chair conformation.6 This chair conformation (Scheme I) 
thus appears to be a highly preferred one for hydroazulene 
5 .  On this basis the prediction that carbenoid reagents 
should preferentially attack the top (convex) face of the 
double bond seemed quite reasonable. In that event ad- 
ducts (Scheme I) with the assigned stereochemistry of the 
aromadendrane class of sesquiterpenes would be readily a t  
hand.7 

A test of this hypothesis (Chart 11) was carried out on 
the more readily available demethyl analog 8l of hydroaz- 
ulene 5 .  Treatment of hydroazulene 8 with the Simmons- 
Smith reagent derived from methylene iodide afforded the 
adduct 9 in nearly quantitative yield.8 Of the numerous 
methods tried, only that of Seyferthg gave a dibromocar- 
bene adduct 10 of hydroazulene 8. Other methods led to 
recovery of starting material .lo Hydrogenolysis of the di- 
bromide 10 afforded the cyclopropane derivative l l ,  whose 
spectral and chromatographic properties indicated an iso- 
meric relationship with the Simmons-Smith-derived cy- 
clopropane 9. The stereochemistry of cyclopropane 9 can 
be assigned on the basis of the hydroxyl directing effect of 
the Simmons-Smith reaction.8 The carbene adduct 10 
would therefore appear to possess the predicted stereo- 
chemistry 

Chart I1 

B r  Br 
10 

11 

Addition of the Seyferth reagent to hydroazulene 5 af- 
forded the unstable dibromocyclopropane 6. Prolonged 
treatment of this material with lithium dimethylcuprate 
yielded the methylated derivative 7, identified as racemic 
globulol by spectral and chromatographic comparison 
with natural globulol.11 

Experimental Section12 
e-1 -Methanesulfonoxy-t-4,r-9-dimethyl-5(lO)-octalin-c-6-ol 

(2). The method of Burgstah1e1-l~ was used. A solution of 0.478 g 
(2.0 mmol) of the keto mesylate l1 in 15 ml of dry tetrahydrofu- 
ran was added to a cold (0") solution of 1.85 g (8.0 mmol) of lithi- 
um tri-tert-butoxyaluminum hydride in 25 ml of tetrahydrofuran. 
The solution was stirred for 0.5 hr a t  0" and for 1 hr a t  room tem- 
perature. At the end of this time the mixture was poured into 100 
m1 of water-ice slurry containing 3 ml of concentrated hydrochlo- 
ric acid. The product was isolated with ether. Work-up afforded 
0.48 g (100%) of a light yellow oil: A,,, (film) 3.0, 3.45, 3.53, 6.05, 
6.9, 8.55, 9.55, and 11.0 mF; d ~ ~ s  (CDC13) 1.00 (d, CHCH3, J = 6 
Hz), 1.15 (s, CH3), 3.0 (s, C H ~ S O Z ) ,  3.65 (m, CHOH), 4.25 (m, 
CHOMs), and 5.46 ppm (s, vinyl H) .  

The crude hydroxy mesylate 2 was subjected to fragmentation 
conditions described earlier for the enone 1 The cyclodecadienol 
obtained in 37% yield had the same spectral properties as that  
obtained directly from enone fragmentation. 

The p-nitrobenzoate 4, mp 90-92", obtained as described ear- 
l i d  in 92% yield, was identical with that prepared from the 
enone 1. 
t-2,c-9-D~methyl-6,6-d~bromo-r-1~,~-~~,~-7H,t-8~-tr~cyc~o- 

[6.3.0.05~7]undecan-c-2-01 (6). A mixture of 0.180 g (1 mmol) 
of the hydroazulenol 5l and 1.59 g (3 mmol) of phenyltribro- 
momethylmercury in 25 ml of benzene was refluxed with stirring 
for 2 hr.9 The reaction mixture was cooled to room temperature 
and filtered to remove the precipitated phenylmercuric bromide. 
Saturated ethanolic sodium borohydride solution was then added 
dropwise to the filtrate until the vigorous reaction subsided. The 
mixture was then poured into water, and the product was isolated 
with ether. The crude product was purified by column chroma- 
tography on 10 g of basic Woelm alumina (activity 11-111). The 
benzene eluate afforded 0.17 g (50%) of a light yellow gum, which 
underwent extensive decomposition upon attempted short-path 
distillation [oven temperature 160"(0.1 mm)] or upon preparative 
thick layer chromatography on silica gel H:  Amax (film) 3.0, 3.45, 
3.53, 5.85, 6.10, 6.90, 7.28, 8.10, 9.05, 9.70, 10.65, 11.05, 13.25, and 
13.55 mp; 6 , r ~ t s  (CDC13) 1.02 (d, CH3, J = 6 Hz) and 1.1 ppm (s, 
(333). 

dl-Globulol (7). A 0,180-g (0.515 mmol) sample of the dibro- 
mohydroazulenol 6 was added to 20 ml of a cold (-15") solution 
of 3.5 mmol of lithium dimethylcuprate in ether.14 The reaction 
mixture was stored a t  -15" for 120 hr. At the end of 24-, 48-, and 
96-hr reaction times, the mixture was recharged with 20 ml of a 
fresh solution of 3.5 mmol of lithium dimethylcuprate in ether. 
After 120 hr the reaction mixture was poured into a slurry of con- 
centrated ammonium hydroxide solution and ice. The product 
was isolated with ether. The work-up afforded 0.14 g (95%) of a 
light yellow oil which contained 60% globulol by glc analysis. 

A gc-mass spectral comparison was made with the crude prod- 
uct and a sample of authentic globulol.1' The mass spectra were 
iden t i~a1 . l~  

An analytical sample was secured by preparative glc on a 6 f t  
X 0.375 in, column packed with 4% DC-550 on Chromosorb G,  
followed by short-path distillation [oven temperature 70" (0.1 
mm)]: A,,, (film) 3.0, 3.45, 3.55, 6.9, 7.3, 8.0, 9.25, 10.70, and 11.3 
mp; 6 . r ~ ~  (CDC13) 0.98 (d, CHCH3, J = 6 Hz), 0.98 (s, CH3), 1.0 
(s, CH3) and 1.1 ppm (s, CH3). Coinjection of this material with 
an authentic sample of natural globulol on a UCW-98 and DC-550 
column gave a single peak. The infrared and nmr spectra were 
identical. 

ilnal. Calcd for C15H260: C: 81.01; H; 11.78. Found: C,  81.05; 
H! 11.51. 
t-2-Methyl-6,6-dibromo-r- lH, e -5H, e- i" ,  t-8H -tricycle- 

[6.3.O.O5~7]undecan-c-2-ol (10). A mixture of 0.166 g (1 mmol) 
of the hydroazulenol 8l and 1.59 g (3 mmol) of phenyltribro- 
momethylmercury in 25 ml of benzene was refluxed for 2 hr.9 
After cooling to room temperature the mixture was treated with 
saturated ethanolic sodium borohydride dropwise until the vigor- 
ous reaction subsided. The reaction mixture was poured into 
water, and the product was isolated with ether. The crude prod- 
uct was purified by column chromatography on 10 g of Woelm 
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(ac t i v i t y  11-111) basic a lum ina .  T h e  benzene eluate af forded 0.190 
g (56%) o f  a l i g h t  ye l low o i l .  

T h e  p r o d u c t  underwen t  s l ight  decomposit ion u p o n  d i s t i l l a t i on  
[short pa th ,  oven temperature 140" (0.1 m m ) ]  or u p o n  preparat ive 
t h i c k  layer  chromatography w i t h  si l ica gel H: Amax  ( f i lm)  3.0, 
3.45, 3.55, 5.90, 6.10, 6.92, 7.30, 9.05, 10.60, 11.0, a n d  13.25 mp; 
6 ~ ~ s  (CDC13) 1.08 ppm (s, CH3).  A f te r  s tanding for  several weeks 
a sample so l id i f ied (mp 77-78") but satisfactory ana ly t i ca l  values 
could n o t  be  obta ined.  
t-2-hlethyl-r-lH,~-5~,~-7H,t-8H-tricyclo[6.3.~.~~~~]undecan- 

e-2-01 (11). A m i x t u r e  o f  100 m g  (0.55 m m o l )  o f  t he  d ib romohy-  
droazulenol 10, 100 m g  o f  lithium wire, a n d  3 ml o f  t e r t - b u t y l  a l -  
cohol in 3 ml o f  te t rahyd ro fu ran  was s t i r red a t  r o o m  temperature 
for  2 days.16 T h e  m i x t u r e  was caut ious ly  quenched w i t h  12 ml of 
water  a n d  t h e  p roduc t  was iso la ted w i t h  ether. Shor t -pa th  d i s t i l -  
l a t i o n  [oven temperature 70"(0.1 m m ) ]  a f forded 50 m g  (500/0) o f  a 
colorless o i l ,  w h i c h  gave a p redominan t  peak o n  the  gas chro- 
ma tog ram (UCW-98  c o l u m n  a t  205") w i t h  re ten t i on  t i m e  of 3.2 
min: A,,, ( f i l m )  3.0, 3.45, 6.9, 7.3, 9.0, 11.0, a n d  13.75 mp; &MY 

(CDC13) 0.68 (m, cyc lopropy l  H )  a n d  1.10 ppm (s, CH3).  
A n a l .  Ca lcd  for  C12H2oO: C, 79.94; H, 11.18. Found :  C, 79.68; 

H, 11.19. 
t - 2 - M e t h y l - r - l H , t - 5 ~ ,  t-7~,t-8~-tricyclo[6.3.~.~~~~]undecan- 

e-7-01 (9). A m i x t u r e  o f  0.332 g (2 m m o l )  o f  t h e  hydroazulenol  8,l 
3.42 g (6.5 m m o l )  o f  methy lene iodide, a n d  1.4 g (20 m m o l )  of 
zinc-copper couple in 20 nil o f  ether was s t i r red a t  r o o m  tempera-  
ture for  3.5 days.8 T h e  m i x t u r e  was f i l tered, a n d  the  ether was 
washed w i t h  3% aqueous hydrochlor ic  acid. W o r k - u p  o f  t he  ether 
so lut ion a n d  sho r t -pa th  d i s t i l l a t i on  [oven temperature 70" (0.1 
m m ) ]  o f  t h e  p roduc t  a f forded 0.350 g (97%) o f  a colorless o i l  w h i c h  
showed a p redominan t  peak o n  t h e  gas ch romatog ram (UCW-98 
c o l u m n  a t  205") w i t h  re ten t i on  t i m e  o f  3.8 m i n :  Amax  ( f i l m )  3.0, 
3.45, 6.95, 7.35, 9.20, 9.82, 10.62, 11.05, a n d  13.75 mp; 
(CDC13) 0.44 ( m ,  cyc lop ropy lH)  a n d  1.10 ppm (s, CH3) .  

H, 11.31. 

dis t i l la t ion.  

A n a l .  Ca lcd  for  C12H200: C, 79.94; H, 11.18. Found :  C, 79.95: 

A sample o f  t h i s  ma te r ia l  so l id i f ied ( m p  43-44") u p o n  shor t -path 
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In the course of examination of selected amides of po- 
tential value in the Vilsmeier-Haack reaction it became 
evident that little information is available on otherwise 
unsubstituted N-aroylazetidines. Only a few of these com- 
pounds appear to have been r e p ~ r t e d . ~ . ~  Moreover, exist- 
ing methods for the preparation4-' of azetidine itself are 
not only lacking in experimental simplicity but are un- 
suitable when it is desired t o  prepare small quantities 
only. 

Investigation of certain of the reactions reported indi- 
cated that the sequence employed by Vaughan, et a/. (eq 
1) could, by the application of improved methods, be used 

TsKHCH2CH2CH,OTs -- T s N 3  -+ H Z T 3  (1) 
1 2 3 

in small-scale operations to afford a somewhat better yield 
than previously r e p ~ r t e d . ~  Thus, the cumbersome cycliza- 
tion of 1 by the action of ethoxide or tert-butoxide over 16 
hr was found to be unnecessary, as the same result could 
be obtained by use of aqueous hydroxide over approxi- 
mately 4 hr with much less effort. 

For the reductive detosylation of 2, sodium naphthalen- 
ides in diglyme medium (which in the present context is 
far superior to dimethoxyethane or tetrahydrofuran) was 
found to be suitable. The benefit of this method lies not 
only in considerably improved yields but also in the great- 
er simplicity of operation than that of Vaughan's method 
where reduction by sodium in amyl alcohol affords some 
40% of product only after a somewhat tedious sequence of 
operations. 

The present radical-anion reduction is quick and avoids 
complex work-up procedures, as the azetidine is obtained 
as an approximately 1 M solution in diglyme by simple 
distillation from the reaction mixture. The yield of azeti- 
dine is approximately 70% of theoretical. 

The N-aroylazetidines listed in Table I were prepared in 
fair yield by the use of the azetidine-diglyme solution (to 
which was added an equimolecular quantity of triethyl- 
amine in order to conserve azetidine and simplify purifi- 
cation) and the appropriate aroyl chloride. The identity of 
each of these derivatives was established by the usual in- 
strumental and analytical means. 


